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Welcome to the 2nd Annual Jackson School Research Symposium
It is with great pleasure we welcome you all to the 2nd Annual Jackson School Research
Symposium at UT-Austin! This symposium would not have been possible without the hard work
of student volunteers, the support of faculty/research scientists, and generous support from
ConocoPhillips. Thank you for taking part in supporting our students and growing research
program within the Jackson School. Enjoy the posters!

Schedule of Presentations and Events
Breakfast, A.M. session poster set-up...............................................8:30 a.m.
Climate, Carbon & Geobiology (CCG) posters......................9:00-11:30 a.m.
Solid Earth & Tectonic Processes (SETP) posters..................9:00-11:30 a.m.
Planetary Science (PS) posters................................................9:00-11:30 a.m.
Lunch, A.M. session poster take-down............................................11:30 a.m.
P.M. session poster set-up...............................................................12:30 p.m.
Surface & Hydrologic Processes (SHP) posters.......................1:00-3:30 p.m.
Energy Geoscience (EG) posters..............................................1:00-3:30 p.m.
Marine Geoscience (MG) posters.............................................1:00-3:30 p.m.
Happy hour/judging...........................................................................3:30 p.m.
Awards/closing...................................................................................4:00 p.m.
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SHP02

Quantifying Effects of Flux Controls on Autogenic Processes in Fluvio-deltaic
Settings: A Computer Modeling Approach
Abdelaziz, A.M.1 and Kim, W.1
abidabdelaziz@ymail.com
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Understanding of the connection between sedimentary processes and their resulting stratigraphic
signatures provides an important key to indicate paleo-depositional environments. Changes in the external
(allogenic) forcing of sedimentary systems are, traditionally, the main avenues through which the
sedimentary past is understood; intrinsic (autogenic) sedimentary processes are regarded as minor events
and are not understood well enough to be quantified. Certain signatures that can be produced via
autogenic processes are often attributed to high-frequency alogenic forces. However, in this study, we
treat autogenic processes as significant contributors to the sedimentary record and test the autogenic
processes as possible recorders of depositional environmental changes. In order to specifically examine
the controls of sediment flux and water discharge on autogenic behaviour, no subsidence and no sea level
change conditions are applied while sediment flux and water discharge are system changed through a
series of experimental runs. A numerical model is implemented in order to test model behaviour and
inquire into the characteristics of autogenic change.
Keywords: Autogenic, Delta, Flux Controls, Numerical Model

EG17

Fracture growth processes in sandstone inferred by textural investigations on crackseal fracture cements
Alzayer, Y.1, Eichhubl, P.2
zayer@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. Bureau of Economic Geology, The University of Texas at Austin, Austin, TX
Opening-mode fractures are ubiquitous structures in sedimentary rocks even in slightly deformed and flatlying sequences. Opening-mode fractures in sandstone are often partially or completely cemented in deep
reservoirs (>1 km depth). Such fractures in sandstones develop by progressive opening over a long period
of time. The history of the fracture opening can be recorded in crack-seal textures of quartz cement
bridges, where each crack-seal increment represents a stage of incremental fracture opening. We can
distinguish several mechanisms by which opening-mode fractures can form. Fractures may widen in
aperture at the same time as they lengthen by tip propagation. Alternatively, fractures may propagate to a
certain length followed by an increase in aperture without further propagation. This second process can be
envisioned for fractures with high ratios of aperture to length, common in deep gas sandstone reservoirs.
To test for these different mechanisms of fracture growth, we will utilize several methods in examining
partially cemented fractures in sandstones from outcrops and cores of different basins (e.g.: E. Texas
Basin, NW Scotland, and Utah). Thin sections will be examined under polarized light microscope, SEM,
and SEM-cathodoluminescence imaging to reconstruct quartz cement bridges in partially cemented
fractures from cross-cutting relationships of crack-seal textures. The reconstruction of cement bridges
determines the relative timing of different crack-seal increments. Moreover, we will compare crack-seal
textures for cement bridges near the tip of fractures and bridges near the center of fractures. More crackseal increments in the center of fractures compared to the tip would be consistent with widening of
fractures while lengthening. An equal number of crack-seal increments in both locations, with thinner
increments near the tips, will indicate that fractures widen in aperture without lengthening. Understanding
the relationships between fracture propagation and fracture aperture growth in various structural and
diagenetic settings may enable us to predict fracture length and flow properties in reservoirs that are
relevant to energy resources and CO2 sequestration.
Keywords: fractures, crack-seal texture, sandstone, quartz bridges, fractured reservoirs

CCG11

Investigation of sources of variability inherent in the MBT-CBT paleotemperature
proxy from a field study of the Eastern Cordillera of Colombia
Veronica J. Anderson1, Timothy M. Shanahan1, Joel E. Saylor2, Brian K. Horton1
v.anderson@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. School of Earth Sciences and Environmental Sustainability, Northern Arizona University, Flagstaff, AZ
Recently, the distribution of branched GDGT’s (glycerol dialkyl glycerol tetraethers) has been
proposed as a proxy for temperature and pH in soils via the MBT/CBT index, and has been used to
reconstruct past temperature variations in a number of settings ranging from marine sediments to loess
deposits and paleosols. However, empirical calibrations of the MBT/CBT index against temperature show
significant scatter, leading to uncertainties as large as ±2 degrees C . In this study we seek to add to and
improve upon the existing soil calibration using a new set of samples spanning a large elevation (and
temperature) gradient in the Eastern Cordillera of Colombia. At each site we buried temperature loggers
to constrain the diurnal and seasonal temperature experienced by each soil sample. Located only 5
degrees north of the equator, our sites experience a very small seasonal temperature variation – most sites
display an annual range of less than 4 degrees C. In addition, the pH of all of the soils is almost invariant
across the transect, with the vast majority of samples having pH’s between 4 and 5. This dataset
represents a “best-case” scenario – small variations in seasonal temperature, pH, and well-constrained
instrumental data – which allow us to examine the brGDGT-temperature relationship in the absence of
major confounding factors such as seasonality and soil chemistry. Interestingly, the relationship between
temperature and the MBT/CBT index is not substantially improved using this dataset, suggesting that
there remains substantial uncertainty in MBT-CBT-derived temperature estimates that cannot be
explained by soil pH variations or poorly constrained soil temperatures. However, the reduction in
scatter that we observe in our dataset when compared to the global dataset seems to be related to the
absence of a seasonal signal in our field area, suggesting that further investigation is needed on the effect
of seasonal variability on GDGT growth.
Keywords: biomarkers, soils, paleotemperature proxies

SETP23

Impact of meteoric fluid flow on the thermal evolution of the Gotthard
Massif: insights from Alpine railway tunnels
Arnost, D.R.1, Stockli, D.F.1
danielarnost@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
The Gotthard base tunnel provides a unique window into the subsurface of the Swiss
Alps and into the complex thermal evolution of the Gotthard Massif. The 57 km tunnel
trends north south, providing an orogen perpendicular cross section through the backbone
of the Swiss Alps, Aar and Gotthard massifs. The modeled temperature profile in the
tunnel mimics topography, increasing from 11°C at the north entrance to 42°C in the
middle where overburden exceeds 2.5 km. A 15°C negative temperature anomaly exists
37 km south of the Erstfeld portal at the intersection of the Piora zone aquifer. The Piora
zone is a syncline comprised of a heavily deformed and kartsified Triassic dolomite that
overlies the gneissic basement of the Gotthard Massif. This aquifer is a conduit that
funnels cold Alpine meteoric water deep into the massif. The water absorbs heat from
the adjacent bedrock, creating an advective thermal regime and a local negative
temperature anomaly. The proposed study will describe spatial and temporal evolution of
this anomaly using apatite (AHe) and zircon (ZHe) (U-Th)/He thermochronometry from
the Gotthard base tunnel and its surface line. The main objective is to observe an
anomaly in the AHe and ZHe ages that corresponds to the thermal perturbation. The
results will prove that these thermochronometers are sensitive enough to analyze near
surface, fluid induced thermal perturbations and will also provide age constraints on the
anomaly. The AHe and ZHe ages within the perturbed zone are expected to be older than
surrounding samples outside the perturbed zone. The resulting data will reveal the shape
of the paleoisotherm at the two closure ages thereby chronicling the evolution of the
thermal depression.
Keywords: Thermochronometry, Swiss Alps, apatite, zircon

SETP05

Deciphering P-T conditions of metamorphic core complex rocks in the Southern
Menderes Massif, SW Turkey
Atakturk, K.R.1, Catlos, E.J.1, Diniz, E.2
Atakturk@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. Boone Pickens School of Geology, Oklahoma State University, Stillwater, OK
The Aegean region contains numerous metamorphic core complexes that reflect post-collision
extensional tectonics, and can be used to evaluate multiple models developed to infer the nature and
timing of the tectonic evolution of the region. The largest exposed of the metamorphic core complexes is
the Menderes Massif of southwest Turkey, which crops out over 40,000km2 and is sub-divided into three
regions (Northern, Central, and Southern) split by grabens of two separate time frames. The Menderes
Massif comprises a series of horizontally stacked nappes with shear sense showing N-NE movement. In
stratigraphic order from top to bottom the nappes are Selimiye, Cine, Bozdag, and Bayindir. The Selimiye
Shear Zone (SSZ) separates the Selimiye and Cine Nappes that make up the Southern Menderes Massif
(SMM) and is a key location for understanding the Menderes system, because it provides a contact for
widely varying pressure and temperature (P-T) conditions recorded in adjacent rocks. To model thermal
evolution of the region accurately requires an understanding of the peak P-T conditions the rocks in the
region experienced and the time at which they were at those conditions. Only limited and scattered P-T
data exists in the SMM, and to supplement the thermal evolution, a better understanding of the SMM’s
metamorphic record is needed. Evidence supporting polymetamorphism is found by studying garnetbearing rocks. Improved spatial resolution of polymetamorphism occurring in the SMM is needed and
obtained by sampling multiple transects across the contact of the SMM and SSZ that separates the SMM
to Selimiye Nappes in the south. There is an apparent inverted thermal gradient from previous P-T
conditions collected in the Menderes system suggesting an inverted metamorphic thermal structure
existing during a single metamorphic event. Alternatively, this region may have experienced a
polymetamorphic history thus providing another explanation for overlying-adjacent rock units recording
different P-T conditions. To resolve which hypothesis is correct, systematic P-T data is required between
rocks of the SMM and Selimiye Nappes adjacent to the SSZ.
Keywords: metamorphic core complex, extensional tectonics, garnet, Electron Microbeam analysis,
geochemistry, petrology, geochronology, and monazite

EG07

Phase-space imaging of 3-D seismic reflection data
Bashkardin, V.1 and Fomel, S.1
vbash@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Modern seismic exploration often operates in complicated geologic areas in presence of complex
overburden such as salt bodies. Reflection seismic data recorded on the surface in such cases contain
wavefields that are impossible to use directly for geologic interpretation. Those data need to be imaged to
provide any useful information to explorationists.
Seismic imaging maps data from acquisition and time coordinates to depth coordinates, thus allowing
identification of geologic features in the subsurface. One popular way of achieving this, known as
Kirchhoff imaging, treats such features as secondary sources (scatterers), which generate reflection data
during seismic acquisition. Relationship between pieces of surface reflection data and subsurface
scatterers is established through ray tracing.
Ray tracing is a numerical simulation of wave propagation from the scatterers that needs to be computed
for every possible subsurface location to achieve the most accurate imaging results. Unfortunately, the
computational cost of such procedure for a sizeable seismic survey can be prohibitive. However, there is a
different mathematical framework for describing ray tracing that allows for a more robust and flexible
computation of wavefield arrivals to surface from subsurface. In this framework, extra dimensions are
added to depth and lateral axes. This higher-dimensional space (phase-space) brings new computational
possibilities for simultaneous estimation of neighboring ray trajectories.
In this work, we outline the principles of an efficient algorithm for computing multi-arrival traveltimes in
the above framework. We demonstrate that this algorithm can be used for Kirchhoff imaging of 3-D
reflection seismic data. We show results for a synthetic benchmark model as well as for a real exploration
dataset.
Keywords: computational seismology, depth imaging, Kirchhoff migration, multi-arrival traveltimes,
angle gathers

EG35

Analysis of fracture-related seismic attenuation and scattering: insights gained
through numerical modeling
Becker, L.1
lebecker12@yahoo.com
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
The orientation, geometry, and fill attributes of subsurface fracture networks can be characterized
by seismic surveying through the study of seismic energy attenuation, wavefield scattering, and
directional phase velocities. This method of understanding in-situ reservoir features is an indirect
approach, however, and requires an in-depth understanding of the seismic response to each property and
how the signatures of these properties combine to form what we see in seismic data. To properly control
any characteristics of a fracture network for study, a model must be implemented to represent the
subsurface and predict the outcome of changes in individual fracture attributes. Previous studies using
finite difference modeling techniques have correlated these properties to differing patterns in energy
attenuation and scattering for transversely isotropic media. For more complex media, such as
orthorhombic symmetry or fracture clustering, this technique is incapable of overcoming wavefield
interference and cancellation. To advance this study, I propose the use of finite element wave propagation
techniques which give more freedom to modeling parameters. This freedom allows for better contouring
of the discontinuous fracture interface and, therefore, can more accurately represent the reflection and
diffraction off these surfaces. Through the application of this better suited method of modeling, I will be
able to more accurately identify the presence of and characterize complex fracture networks.
Keywords: finite element modeling, fracture modeling, seismic attenuation, wavefield scattering

SHP14

Rarotonga: groundwater-surface water interactions in sustainable water
management
Befus1, K.M., M.B. Cardenas1, D.V. Erler2, D.R. Tait2
kevinbefus@utexas.edu
1. Department of Geological Sciences, The University of Texas at Austin, Austin, TX
2. Southern Cross University Centre for Coastal Biogeochemistry Research

Rarotonga is a picturesque volcanic island with a broad fringing reef. Over the past 20 years, its
appearance remains the same, but now only dead coral frames and sea cucumbers populate large
portions of the reef lagoons. This same time span coincides with a boom in the tourist industry
on the island and construction of many beachside hotels. Without a centralized sewer system,
both old and new residences rely on septic systems to manage effluent, where almost all septic
systems are installed in sandy sediment no more than 1 km from the coast and generally within
200 m. Together with pig farming, septic systems contribute large quantities of nutrients into the
lagoon that have supported algal blooms that overgrow corals, eventually destroying fish habitat
and killing the corals. Both surface water and groundwater inputs into the lagoon contribute to
this nutrient flux. We investigate the groundwater flowpaths into the Muri fringing reef on
Rarotonga, Cook Islands. Electrical resistivity surveys in the lagoon indicate freshwater seeping
well beyond a classically defined seepage face at the shore. Discrete plumes of fresher
groundwater also occur in the alongshore direction, suggesting preferential flowpaths. On land,
the shape of the local freshwater lens reflects the presence of variable geology controlling the
freshwater-saltwater mixing zone. Despite spatial variability in the distribution of fresher
groundwater, high frequency monitoring of groundwater levels suggest mainly upward and
seawards discharge. We hypothesize that the presence of high elevation alluvial fans and terraces
allows for groundwater recharge that is substantial enough to support discharge far into the reef,
even in the absence of recharge in the high mountains or fracture flow directly to the reef. These
long flowpaths from high elevation could flow under nutrient-rich local groundwater flows and
may not contribute to the eutrophication of the lagoon. However, fresher groundwater plumes in
the nearshore extend into the lagoon and may be local vectors for nutrient transport. Sustainable
management and rehabilitation of the reef lagoon requires a sufficiently detailed understanding
of multi-scale subsurface structure and groundwater flowpaths to prevent continued nutrient
loading.
Keywords: groundwater-surface water interaction, electrical geophysics, sustainability

SETP07

Eruption dynamics of high silica rhyolites inferred from pyroxene and feldspar
microlites
Befus, K.S.1, Gardner, J.E.1
Kenny.befus@gmail.com
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
The eruption dynamics of magmas can be linked to the microlite textures and assemblages found in the
eruptive products. Previous studies have successfully related natural microlite textures with those
generated by decompression experiments, thus constraining ascent rates. But, those studies have focused
on feldspar microlites, which are not always present in high silica rhyolites. In fact, Fe-Ti oxides and
pyroxene are more common in most high silica rhyolites. We identify microlite phases and quantify
microlite number density (MND) in samples from 10 Central Plateau Member Rhyolites from the
Yellowstone caldera. Those flows comprise a suite of ~20 high silica rhyolite lavas that erupted from 17070 ka. Eruption volumes of individual units range from 0.01-70 km3, and maximum flow distances range
from 0.13-22 km. Phenocryst compositions, phase equilibria experiments, and geothermometry indicate
similar storage conditions for all of the flows. Thus, differences in microlite assemblages and textures are
likely to have been caused by variations in eruption dynamics. Fe-Ti oxides are the principal microlite
phase in all samples. They are morphologically consistent in all samples, occurring as roughly equant
crystals, 1-10 µm across, as well as high-aspect-ratio needles, 3-40 µm long. Fe-Ti oxide MND ranges
from 108.1-109.4 cm-3. Pyroxene is the second most common phase, occurring in 8 of the 10 flows we
examined. Pyroxene occurs as overgrowths on Fe-Ti oxides and as prismatic crystals. When present,
pyroxene MND varies from 107.3-108.7 cm-3. Feldspar microlites were identified in only 2 of the 10 flows.
They occur as individual high-aspect-ratio prisms, 5-20 µm long, often with swallowtail extensions.
Hopper and skeletal forms were not observed. Feldspar MND range from 105.9-108.1 cm-3. Feldspar
microlites only occur in samples that also contain pyroxene. The average total MND of individual flows
varies from 108.1-109.5 cm-3. Thicker flows and those with longer flow lengths have the highest number
densities, but the relationship between microlites and flow characteristics is seldom straightforward. For
example, there is no correlation between eruptive volume and microlite assemblage. In addition,
variations of MND from different portions within individual flows may exceed an order of magnitude,
whereas others are steady. The variability of assemblages and MND within all of the flows and across
individual flows implies eruption dynamics were also variable. Toramaru et al. (2008) developed a model
that links MND to decompression rate. According to that model the flows studied here were fed by
magmas that underwent decompression rates of 0.02 to 0.2 MPa/hr. At such slow rates, all of the lavas
should contain feldspar microlites according to previous experimental work. In contrast, most of the flows
do not have feldspar, suggesting the model is not yet calibrated for high silica rhyolites. Furthermore, all
previous experimental work was calibrated for feldspar microlites. Our dataset suggests that pyroxene,
rather than feldspar, may be the most sensitive indicator of eruption dynamics in high silica rhyolites. We
have designed a set of decompression experiments to target the nucleation and growth of pyroxene
microlites. When completed, those experiments will allow us to place quantitative constraints on the
eruption dynamics of high silica rhyolite lavas.
Keywords: experimental volcanology, obsidian, yellowstone

PS05

Regional Heterogeneity of Mid-Latitude Glaciers in Deuteronilus Mensae, Mars
Berney, J.1, Holt, J.W.1
jesseberney@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Lobate debris aprons (LDA) are features in the middle latitudes of Mars which show evidence of flow.
Their origin and history has been debated for decades. Using orbital radar sounding data, they have been
shown to be debris-covered glaciers, with a thermally insulating cover that protects massive water ice
[Holt et al., 2008; Plaut et al., 2009]. Pressure and temperature conditions on Mars' surface today do not
allow ice to flow; therefore understanding the conditions under which lobate debris aprons formed can
offer insight into paleoclimate on Mars. LDA are clustered in three main locations in the northern midlatitudes of Mars: Deuteronilus Mensae, Tempe/Mareotis, and Phlegra Montes. LDA do not appear to
have much internal structure, but those in the Deuteronilus Mensae region of Mars show variations in
radar subsurface reflectors that change with longitude. From west to east in Deuteronilus Mensae, radar
detections of a subsurface interface (i.e., the base of the deposit) become less common. This longitudinal
trend could represent a change in the internal composition of LDA, or properties of the protective layer.
These variations may help us distinguish between end-member hypotheses on the origin of mid-latitude
glaciers. If most LDA have very similar characteristics, they may have formed as part of a single,
regional ice sheet which has since mostly retreated, leaving these LDA as remnants. On the other hand, if
the LDA are dissimilar, they may have formed non-contemporaneously as individual piedmont-like
glaciers. These end members have quite different implications for models of paleoclimate. We present
the geographic patterns of variability and how this may inform us regarding which formation scenario is
most likely.
Keywords: Mars, lobate debris aprons, SHARAD

SETP21

The formation of a retroarc fold-thrust belt by the closure and inversion of a backarc basin; Patagonian-Fuegian fold-thrust belt, Chile.
Betka, P.1, Klepeis, K.2, Mosher, S.1
pmbetka@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. Geology Dept. The University of Vermont, Burlington VT
The Late Cretaceous closure and inversion of the Late Jurassic Rocas Verdes back-arc basin (RVB)
defines the onset of the Andean orogeny and the development of the Patagonian retroarc fold-thrust belt
(FTB) be- tween 50°-54.5° S. Back-arc extension in the RVB led to the generation of new oceanic crust
that was coeval with the deposition of syn-rift silicic volcanoclastic rocks on the continental margin. A >
500 m thick succes- sion of mudstone and distal turbidite deposits accumulated in the RVB (post-rift).
New maps and line- balanced cross-sections from three transects across the FTB show a transition
through time from thin-to thick-skinned structural styles that is controlled by the inherited stratigraphic
architecture and structure of the RVB.
The closure of the RVB and development of the FTB occurred in two stages. During the initial stage,
mafic schist, gabbro, basalt, and hemipelagic mudstone of the RVB floor were imbricated and thrust onto
the continental margin resulting in the formation of the Magallanes foreland basin and underthrusting of
the continental crust to depths of ~ 35 km. Displacement from the obduction of the RVB was transferred
along two decollement levels into the FTB by ~85 Ma. Each decollement level formed at a rheological
boundary within the syn- and post-rift stratigraphy. The lower decollement formed in quartz-chlorite
schist (basement) > 1 km beneath the top-basement contact with relatively strong syn-rift volcanoclastic
deposits. The lower decollement is defined by a ~1 km thick ductile shear zone. C-S fabrics, C-C’ shear
bands and prominent SW plunging quartz stretching lineations that occur within the shear zone indicate a
top-NE transport direction. Isoclinal recumbent F2 folds and inclined tight F3 folds refold the S1/L1
surface. The decollement cuts up- section through the syn-rift volcanoclastic deposits to join a structurally
higher decollement that formed within weak, post-rift mudstone and turbidite deposits on the continental
margin. A low-taper triangle zone formed at the tip of the thrust wedge where Late Cretaceous strata of
the foreland basin are backthrust (top-SE) above the shale decollement. Several NE-vergent thrusts sole
into the shale decollement and imbri- cate foreland basin strata. Shortening in the basement beneath the
lower decollement is detached from the cover and accommodated by polyphase folding and penetrative
strain. A minimum of ~10 km (16%) of shortening is transferred into the FTB during this stage.
The second stage is marked by basement-involved, steeply dipping (>60°) reverse faults that cut the initial decollements. One high-angle reverse fault places basement and RVB rocks above the foreland basin
strata and can be traced for >100 km along strike. Two other basement-involved reverse faults cut early
phase structures of the retroarc FTB. On the basis of steep dip, and the cross cutting relationship with the
early decollements, basement-involved reverse faults are interpreted to reactivate Jurassic normal faults.
Thick-skinned faulting accounts for a minimum of ~7 km (10%) shortening. The Patagonian-Fuegian
FTB pro- vides an important example of how decollement levels and structural style of a retroarc FTB
can be con- trolled by the inherited stratigraphic architecture and structure of a back-arc basin in a
noncollisional setting.
Keywords: retroarc fold-thrust belt, basin inversion, Andes, tectonics, foreland basin

MG17

Can Resedimentation Reproduce In-situ Porosity and Permeability in Gulf of
Mexico Mudrocks?
Betts, W.1, Flemings, P.1, Germaine, J.2, Reece, J.S.1
betts@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. Department of Civil and Environmental Engineering, Massachusetts Institute of Technology,
Cambridge MA

Porosity in mudrocks of the EI-330 field declines from 39% to 20% over a depth range of 2.2
kilometers. Permeability of these mudrocks has been found to be 1.15x10-19 m2 when the
mudrock has a porosity of 38%. We have taken material from mudrock at a depth of 2.51-2.64
km from this field and then uniaxially consolidated this material using resedimentation, a process
which creates homogeneous mudrock specimens from disturbed sediments. Constant rate of
strain consolidation tests on the resedimented material show experimental porosity-effective
stress behavior that is fundamentally similar to that observed in the field. Furthermore, we show
that the permeability measured on intact cores is reproduced during consolidation of
resedimented specimens. These results suggest that resedimentation is a very useful tool to
interpret in-situ material behavior for mudrocks.
Keywords: Gulf of Mexico, Geomechanics, Consolidation, Mudrock

SHP23

Henry Darcy’s Public Fountains of the City of Dijon
Bobeck, P.1
pbobeck@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Darcy’s Law, first published in 1856, is widely accepted as the foundation of quantitative hydrogeology.
Experiments on water flow through sand led Darcy to formulate the empirical law he published as an
appendix to The Public Fountains of the City of Dijon, his account of the planning and construction of
Dijon’s water system in 1840. Darcy wrote the book as a guide for engineers tasked with building water
supply systems in 19th century Europe. Darcy’s 650-page book provides valuable information on the
historical context of his accomplishments and on Darcy the man.
Darcy describes how, as a young engineer of the Corps of Bridges and Roads assigned to his native city,
he gauged nearby springs and selected an abundant spring to divert to Dijon via a 12-km underground
aqueduct. He collected information from British and French engineers to calculate the amount of water
Dijon needed. He built two reservoirs, 13 kilometers of pipes, and 115 street fountains in Dijon. These
public fountains supplied free water for all inhabitants, for street flushing, and for fire suppression. As a
result of Darcy’s work, Dijon became a water-wealthy city, second only to Rome in terms of water quality
and quantity.
By 1855 when Darcy conducted the experiment on fluid flow through porous media, he had retired on
disability. Seeking to determine the laws governing water filtration to help cities reduce the surface area
of their filters, Darcy first gathered information from cities that used surface water as their water supply.
Because the data was inconclusive, Darcy devised a column experiment, conducted it in the courtyard of a
Dijon hospital, and formulated the law known today as Darcy’s Law.
Patricia Bobeck translated Darcy’s Public Fountains of the City of Dijon into English and has
photographed much of what remains of Darcy’s water supply system.
Keywords: Darcy’s Law, porous media, Dijon
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Decadal variability of the Atlantic – Pacific tropical bridge and its effect on Texas
hydrology
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Beginning the late 1990's, the South-Central region of the United States has seen a climate shift from the
historically wet conditions of the late 20th century to drier conditions in the 21st century. Variations in
atmospheric and oceanic circulation over the North Pacific Ocean have been shown to play a substantial
role in the climate regimes of the South-Central region at multiple time scales, and the Pacific Decadal
Oscillation (PDO) is thought to be the major low frequency contributor. Through monthly analysis of the
general atmospheric circulation we demonstrate a link between low frequency Pacific variability and a
multidecadal drift in the intensity of the Pacific-North American (PNA) teleconnection pattern during the
boreal fall, winter, and spring months. Also, in the summer months, we show a teleconnection bridge
between the tropical Pacific and the North Atlantic Subtropical High (NASH) through expansion and
contraction of the global tropical belt. Does the PDO induce a preferred phase of the PNA during specific
months in fall, winter, and spring? Can we identify the mechanisms that trigger the tropical belt
expansion and contraction that are associated with the PDO and variability of the NASH? The methods
that we employ to intimate these questions include: a) analysis of 500 hPa geopotential height to
determine the monthly progression of the PNA teleconnection pattern associated with the PDO, b)
analysis of zonal and meridional wind to elucidate changes in the global general circulation, including
tropical belt expansion, total stratospheric variability, and circulation changes in the upper
troposphere/lower stratosphere, c) analysis of 850 hPa geopotential height to determine how decadal
changes in the southern NASH boundary relate to expansion of the tropical belt. Understanding the
timing and teleconnection relationships between the PDO, the PNA, the NASH, and tropical belt
expansion will help to increase the skill of decadal climate predictions for the South-Central United
States.
Keywords: Drought, Decadal Climate Variability, Pacific Decadal Oscillation, North Atlantic Subtropical
High, Pacific North American Pattern
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Stratigraphy of icy deposits within Korolev crater, Mars and their relationship to
Planum Boreum
Brothers, T.C.1, Holt, J.W.1
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1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Korolev crater is a large, ~80 km diameter, well-preserved crater located at 73o N, 163o E on Mars. The
proximity of Korolev crater to Planum Boreum, essentially the north polar ice cap of Mars, causes it to be
influenced by a seasonal, polar cover of CO2 ice as well as the existence of perennial H2O ice [Armstrong
et al. 2005]. In fact, as a result of the Shallow Radar (SHARAD) sounder on Mars Reconnaissance
Orbiter (MRO) we now know that the water ice deposits in Korolev are up to ~2 km thick [Moore et al.,
2012]. The domal, icy deposit within Korolev may either be a remnant of a once-larger polar ice sheet, or
an independent construct deposited essentially as we see it today. Intriguingly, the radar characteristics of
the water ice deposits within Korolev appear very similar to the nearby north polar layered deposits
(NPLD) of Planum Boreum. This work attempts to both characterize the three dimensional structure of
the deposits within Korolev crater and to investigate their relationship to Planum Boreum and the NPLD.
The icy deposits within Korolev crater are stratified into three radar-distinct zones with the possibility of
one additional deep zone. This zonation is purely based on the presence or absence of radar reflectors and
their vertical distribution. While the analysis of radar stratigraphy using radar-derived units can be
improved via careful bedding analysis and sequence stratigraphy, the isolated and relatively small
Korolev deposit makes this more of a challenge and perhaps intractable. Additionally, a first order
analysis of radar facies within Planum Boreum as done by Putzig et al. [2009] indicated that there were
four to five radar units in the NPLD separated by dark, reflector free zones. To first order, the results
from this early radar study seem to complement the mapping results from Korolev crater.
As Korolev crater and the icy deposits contained therein do not directly connect with the polar ice cap of
Planum Boreum, attempts to constrain the ice deposits in Korolev using the NPLD have not yet been
successful. However, our work here attempts a broad correlation of the radar reflectors in Korolev and
Planum Boreum rather than a very specific and sequence stratigraphic correlation. Additionally, the
results from a recently concluded radar study of another circumpolar deposit, Abalos Mensa, have
indicated that north polar domed landforms not directly connected to Planum Boreum can be independent
features. However, these deposits are still genetically linked to growth of the modern ice cap through
regional atmospheric processes [Brothers et al. submitted]. This research explores the independent
formation scenario for Korolev crater. Can the sequence of radar reflectors in Korolev be linked to
sequences in the NPLD as has been done for Abalos Mensa? If feasible, then the simplest explanation for
the Korolev's deposits and their position deep within the crater would be local atmospheric deposition.
This would illustrate the significance of atmospheric conditions on ice deposition for the entire north pole
of Mars.
Keywords: Mars, SHARAD, ice, radar
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New Fossil Box Turtles from the Paleogene of West Texas: A New Taxon With
Critical Insights into the Evolutionary History of Box Turtles
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Two new fossils of functional box turtles from the Vieja Formation of Texas provide insights into the
evolutionary history of North American box turtles. The formation is latest Eocene/early Oligocene
(Chadronian) in age. The specimens are immediately recognizable as functional box turtles because of the
separation of the plastron into two distinct lobes, the presence of a well-developed kinetic plastral hinge,
and the reduction of the plastral-bridge to bony projections similar to those seen in the extant box turtle
genera Terrapene and Cuora. These specimens are the most complete known specimens of box turtles
from the North American Paleogene, and are younger in age than a previously described extinct box turtle
Planetochelys. The specimens are mostly obscured by hard matrix. Both were CT scanned at UTCT and
were digitally prepared. Digital preparation exposed the nuchal bone, which is otherwise completely
obscured by matrix and allowed the mostly complete anterior lobe of the plastron to be visualized and
studied. The entoplastron of the specimen is roughly oval in shape and more similar to that of extant
Terrapene than Cuora; the entoplastron of Planetochelys has never been described. The nuchal bone does
not have features of Cuora, but does have features similar to those described for Planetochelys and
Terrapene, such as intruded contact of the first neural. The carapace is highly domed, similar to that of
extant Terrapene, but distinct from Planetochelys. The specimens have more neural bones than extant
species of Terrapene (8 compared to 7), and have a suprapygal consistent in shape with that of Terrapene.
They have post-neural elements similar to those described for Planetochelys. These fossils provide
insights into the convergent evolution of box turtle morphology within Testudinoid turtles (the larger
group that includes Cuora and Terrapene), because at present, these fossils appear to be more closely
related to those two taxa than Planetochelys.
Keywords: Paleontology, Geobiology, UTCT, Morphology, Turtles
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New geochronologic evidence exposes kinematic transitions detailed by stratigraphic
complexities for the previously broadly classified Weepah Hills supradetachment
basin, western Nevada
Burrus, Joshua B. 1, Stockli, Daniel F. 1
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1. Jackson School of Geosciences, TheUniversity of Texas at Austin, Austin, TX
The Weepah Hills extensional complex is part of the greater Silver Peak-Lone Mountain extensional
complex that transfers dextral strike-slip motion, derived from the Eastern California shear zone, through
the Death Valley-Fish Lake Valley fault system to the central Walker Lane structural belt. Previous
research conducted in the Weepah Hills metamorphic core complex and the overlying extensional
allochthon of the Alum Prospect area suggested that the dissected upper-plate sediments were deposited
as a single, temporally continuous stratigraphic package, formerly known as the Esmeralda Formation, in
a supradetachment basin that formed as a result of northwest directed transtension. Former research also
contends that the detachment fault and high angle normal faults that cut these sediments were
kinematically linked. New geochronologic data paired with detailed stratigraphic sections and geologic
mapping elucidates a more complex structural and depositional evolution; three temporally distinct
stratigraphic packages comprised primarily of laterally discontinuous alluvial and lacustrine sedimentary
deposits interbedded with tuffaceous units are separated by two distinct unconformities. This stratigraphic
and structural evidence, framed by the geochronologic dating of tuffaceous units, records the kinematic
transition from Basin and Range related east-west extension to northwest oriented transtension and
detachment faulting. (U-Th)/He thermochronology, for both zircon and apatite, and U-Pb geochronologic
analysis of zircons has been conducted on samples from the footwall of the detachment fault to constrain
the timing of footwall exhumation and to determine if the magmatism responsible for the Weepah Hills
pluton temporally coincides with other, compositionally similar plutons in the region (e.g. Lone Mountain
and Mineral Ridge plutons).
Keywords: supradetachment basins, thermochronology, western Nevada
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Ultra-depleted isotopic compositions in fertile asthenosphere-derived peridotites:
constraints on the composition of the upper mantle
Byerly, B.L.1, Lassiter, J.C.1
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Recent studies of abyssal peridotites (AP) and OIB xenoliths have reported refractory,
isotopically ultra-depleted domains within the convecting upper mantle with Nd- and Hf-isotope
compositions that extend far beyond the MORB field. These results have important implications
regarding the average composition of the depleted upper mantle and the genetic relationship
between MORB and AP. However, the abundance of ultra-depleted domains in the mantle is
unclear. In addition, recent melt extraction processes at mid-ocean ridges make it difficult to
evaluate the compositions of ultra-depleted domains prior to exhumation and thus evaluate their
role in melt generation. To better constrain the abundance and composition of typical convecting
upper mantle, we examined a suite of spinel peridotite xenoliths from the central Rio Grande Rift
(RGR) where most of the preexisting lithosphere has been convectively removed and replaced
with depleted upper mantle.
Seismic tomography indicates that the lithosphere beneath the RGR has been substantially
removed (Gao, 2004), and geochemical evidence supports this. Two distinct populations of
xenoliths are observed from Elephant Butte, central RGR. One population, interpreted to derive
from residual Proterozoic lithospheric mantle, is refractory (bulk Al2O3 <2.3 wt.%), LREE- and
LILE-enriched, has enriched Sr, Nd, and Pb isotopic compositions and along with xenoliths from
the Eastern Colorado Plateau define a strong Lu/Hf-176Hf/177Hf “pseudo-isochron” with an
apparent age of ~1.6 Ga. In contrast, the majority of the RGR xenoliths have fertile major
element compositions (bulk Al2O3 ~ 4.0 wt %), low spinel Cr# (~10), and LREE-depleted trace
element patterns, and overlap with composition estimates for the depleted mantle (Workman &
Hart, 2005). We interpret these xenoliths to reflect recent replacement of the pre-existing
lithosphere with material from the convecting upper mantle.
The fertile xenoliths have cpx Sr-, Nd-, and Hf-isotope compositions that extend from the range
for MORB to more depleted values (87Sr/86Sr ranges from 0.7018-0.7025, εNd ranges from 8-27,
and εHf ranges from 14-43). Hafnium- and Nd-isotopes are well correlated and extend the mantle
array, in contrast to several ultradepleted AP suites which display decoupling between Nd- and
Hf-isotopes. The observed Hf-isotope compositions overlap with the compositions of ultradepleted samples from the Gakkel Ridge and Salt Lake Crater, Hawaii. However, whereas
previously reported isotopically ultra-depleted samples have largely possessed refractory major
element compositions, the RGR samples have fertile compositions and would, if advected
beneath a mid-ocean ridge, contribute to melt generation.
Our results suggest 1) that mantle domains isotopically more depleted than MORB are in fact
common, and that the average isotopic composition of the upper mantle may therefore be more
depleted than suggested by studies of MORB; 2) these domains are not limited to refractory,
non-melt productive lithologies. Therefore, the isotopic mismatch between average MORB and

average peridotite samples from the convecting upper mantle require that a more enriched
component, potentially eclogite or pyroxenite veins, is also involved in MORB genesis.
Keywords: Ultra-depleted mantle, hafnium, asthenosphere, geochemistry, xenolith
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Noah-MP Land Surface Model in Supporting Drought Forecast for Texas
Cai, X.T.1,2, Yang, Z.L.1,2, Nielsen-Gammon, J.W.3
xtcai@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. Center for Integrated Earth System Science, The University of Texas at Austin, Austin, TX
3. Department of Atmospheric Sciences, Texas A&M University, College Station, TX

Improved hydrological parameterization in land surface models (LSMs) over the past decade has
enabled us to simulate root-zone soil water availability, as a sophisticated approach for early
detection of drought (Crow et al., 2012; Sheffield et al., 2012). The Noah LSM with multiparameterization option (hence Noah-MP) developed in the Center for Integrated Earth System
Science at The University of Texas at Austin (Niu et al., 2011) is one of such LSMs that can be
applied for this purpose. To help reduce losses caused by future drought in Texas like the one in
2011, we use Noah-MP to create a drought forecasting system in near real-time using the
meteorological forcing provided by North American Land Data Assimilation System (NLDAS),
which has been increasingly used in drought monitoring (Mo et al., 2011; Sheffield et al., 2012).
This framework is implemented through five steps: (1) Use 30 years of historical NLDAS
meteorological forcing data (1981-2010) to drive Noah-MP, which produces historical runoff
and soil moisture; (2) Update individual years of the 30 years of historical NLDAS forcing based
on the CPC (Climate Prediction Center in NOAA National Weather Service) temperature
prediction; (3) Adjust the specific humidity to keep the relative humidity unchanged; (4) Use the
updated NLDAS meteorological forcing to drive Noah-MP; (5) Weight the 30 scenarios on the
basis of the precipitation prediction. We conducted a forecast of soil moisture and runoff for May
to July 2012 and later this forecast was validated by what actually happened. Results show that
the real drought condition is close to the median forecast, which indicates Noah-MP is able to
provide a range of possible drought condition forecasts. By continuously forecasting soil
moisture and runoff, decision makers could make more reasonable policies.
Keywords: Texas drought, Noah-MP, land surface model, NLDAS, soil moisture
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The evolution of a hydrothermal system: P-T-t constraints from geothermal
exploration well GAR-1
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The Washington Cascades represent an underutilized geothermal resource. This volcanic arc contains 7
Quaternary volcanic centers, more than 30 thermal springs, and an estimated 300 MWe of undiscovered
geothermal reserves. However, despite several decades of reconnaissance and increasing government
incentives, viable commercial geothermal resources remain elusive.
The most recent effort at development culminated in 2011 with the drilling of geothermal exploration
well GAR-1 (1433 m) at Garland Mineral Springs. Garland Mineral Springs was identified as a favorable
target for development based on a large (>8,000 m2) surface manifestation of warm (>25°C) spring waters
and high CO2 and magmatic He discharge. Within the well, promising shallow temperature gradients in
excess of 80°C/km reverted to lower gradients (~32°C/km) at depths >600 m. The well encountered
pervasively bleached granite and CO2 charged artesian pressures, however, low flow rates and low
temperatures necessitated that the project be abandoned.
Snohomish Public Utility District has made available to the Fracture Research and Application
Consortium all of the cuttings from GAR-1. Analysis of this material represents a rare opportunity to
address questions about the evolution of geothermal systems in the North Cascades, and about the
maintenance of permeability in crystalline rock in general. I will explore the evolution of Garland Mineral
Springs using a complimentary suite of techniques, including petrography, microstructural and fluid
inclusion analysis of vein material, and thermochronology of minerals in the host rock. These techniques
are particularly well suited to the lithologies and temperature conditions encountered in this borehole, and
may provide constraints on the pressure-temperature-time (P-T-t) history of the geothermal system.
Petrographic characterization includes thin section analysis to identify primary and secondary mineralogy,
a constraint that is lacking from current geochemical models of Cascade thermal springs. Vein textures
will be further described using SEM-CL imaging. SEM-CL is used to distinguish post-kinematic infilling
from syn-kinematic (i.e. “crack-seal”) textures indicative of multiple opening episodes, and may help
differentiate between tectonic or geochemical controls on permeability. Euhedral and vein-quartz
obtained from the cuttings will be examined for fluid inclusion assemblages. Microthermometry will be
conducted on inclusions to identify homogenization temperatures, and, if appropriate, Ramanspectroscopy will be used to constrain fluid pressures during formation. The P-T evolution of vein
minerals will be coupled with T-t histories obtained from apatite and zircon (U-Th)/He (AHE, ZHE) and
fission track (AFT, ZFT) thermochronology. These minerals are abundant in felsic plutonic units like
those encountered in GAR-1 and are sensitive to a wide range of temperatures (ZFT ~250ºC; ZHE
~200ºC; AFT 70-110ºC; AHE ~60ºC). The lower end member thermochronometers include temperatures
recorded in GAR-1 (~15-85ºC), while the upper end members would capture the theoretical temperature
limit (i.e. boiling conditions) in the upper ~1/3 of the well.
Petrographic, fluid inclusion, and chronometric analysis will help to constrain the types and rates of
geochemical processes involved in this geothermal system. These constraints may in turn provide new
insight into assessments at other known thermal features throughout the Cascades.
Keywords: geothermal, P-T-t, thermochronology, vein, fracture, fluid inclusion, Cascades
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Understanding the Effects of Vegetation Planform Densities on Shoreline Morphology
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ABSTRACT
The Mississippi River delta is sinking into the ocean due to a starvation for sediment along with
compaction and subsidence of deposits through extracting hydrocarbons. Presently, engineered levees
cause sediment and fresh water to be carried far out into the Gulf of Mexico rather than deposited on the
delta, resulting in a 44 km2/yr loss of land during the past several decades (Kim et al., 2009). The
Mississippi River delta is crucial for decreasing the impacts of waves, storms, and especially hurricanes
on New Orleans and surrounding areas, making continued loss of land on the delta detrimental to coastal
Louisiana. We used flume experiments to investigate the cohesive effects of vegetation on shoreline
roughness under varying vegetation densities. Experiments that were preferentially seeded in only the
unchannelized portions of the delta displayed rougher shoreline morphologies, while experiments that
were seeded uniformly over the entire delta surface displayed a more parabolic delta. The delta with
preferential seeding displayed more obvious cycles of avulsion, which can be attributed to the existence
of stabilized, discrete lobes of delta growth. The delta with uniform seeding was characterized by a
steadier overall growth rate in response to the lack of preferential flow paths on the delta. The completely
unvegetated delta showed the least number of avulsion cycles due to a high rate of lateral migration
evenly distributing sediments across the delta topset in the absence of vegetation. The results of these
experiments provide insight as to how vegetation may affect land-building on a delta, with direct
application to proposed diversion projects for restoring the Mississippi River delta.
Keywords: delta, vegetation, shoreline morphology

CCG21

Microbial activity in speleothem fluid inclusions from a central Texas cave
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Secondary cave calcite deposits (speleothems) are a well-established terrestrial paleoclimate
proxy. Carbon- and oxygen-isotope ratios (δ13C and δ18O) in precipitated calcite provide
commonly studied speleothem records, recording a combination of the drip water composition,
temperature of formation, and kinetic isotope fractionation effects during calcite precipitation.
δ13C in the drip water is controlled by a combination of surface vegetation (C3 versus C4
photosynthesis), micro-organism respiration in the soil, and the composition of the dissolved
carbonate host rock. The δ18O in the drip water is controlled primarily by the source and amount
of meteoric precipitation.
While most studies of speleothems focus on inorganic geochemistry, a nontrivial portion of the
deposits is formed from organic material of either allogenic or autochthonous origin. These
materials, dissolved in a film of water on the speleothem or growing directly on the speleothem
surface, can become incorporated into the growing speleothem, either between crystals or in
small water- and air-filled pores (30-150 nm) in the crystal structure.
These inclusions of drip water, cave air, and organic material in actively forming calcite can
provide records of changing geochemistry in the cave and overlying soil environments. Analysis
of trapped gases in the speleothems by mass spectrometry can inform interpretation of coeval
carbonate isotopic records and potentially provide a record of microbial effects within and on the
surface of the speleothems (Blamey and Norman, 2002; Norman and Blamey, 2001). We
hypothesize that this analysis, applied to speleothems from central Texas caves, will provide
evidence of microbial activity occurring in the speleothem inclusions or on the speleothem
surface.
We propose to measure fluid and gas inclusions for CH4, H2O, N2, O2, Ar, and CO2 in central
Texas speleothems and speleothem analogs grown in situ on glass plates. The calcite inclusion
measurements will be performed by incremental crushing and heating under a vacuum followed
by mass spectrometry. We will collect monthly cave air, drip water, and plate calcite samples
from various environments within the cave as well as soil air samples above the cave for analysis
and comparison to the values in the speleothem inclusions. The abundance of O2, CH4, and CO2
in the speleothem inclusions and plate calcite samples should reflect the nature of microbial
activity in the inclusions, a poorly understood factor in speleogenesis and cave environments.
Elevated levels of N2 above atmospheric N2 concentrations could indicate breakdown of
nitrogenous biomolecules in the speleothem inclusions.
Keywords: Speleothems, Paleoclimate, Biogeochemistry
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Analysis of the effects of injected CO2 on the seismic response of reservoirs is important because it can
provide improved characterization and monitoring of sites undergoing CO2 injection for both utilization
and storage purposes. In this study we used two different inversion schemes to better understand the
effect of CO2 saturation on the elastic parameters of the Cranfield reservoir in to which over 3.4 million
tons of CO2 have been injected. The first was statistical classification to determine which combination of
elastic parameters were best discriminated CO2 saturation. The second scheme used that combination to
invert jointly a rock physics model for CO2 saturation and porosity. This determines the reliability of the
chosen parameters and the rock physics model for discriminating fluid composition and correlated
properties. For the first scheme, we calibrated a rock physics model to well data from the Cranfield
reservoir interval. We then performed fluid substitution to model density and velocity logs for different
in situ CO2 saturations. From the modeled synthetic logs, we computed bivariate probability density
functions (PDFs). The modeled logs were statistically classified to these PDFs to determine which elastic
parameters and parameter combinations best discriminated fluid composition. P-impedance and the
Vp/Vs ratio was the best combination. The logs of the highest performing parameter combination were
then input into an inverted rock physics model to generate modeled logs of CO2 saturation and porosity.
In the second step, this combination was used to invert the contact cement rock physics model for CO2
saturation and porosity. This rock physics model provides a quantitative link between elastic parameters
and the lithology and fluid saturation of the reservoir, and through inversion, can be used to model CO2
saturation and porosity. Results from the second phase of this study showed that the model was able to
predict porosity and an absence of in situ CO2 with a relatively high degree of accuracy. However, when
some CO2 was present, the ability to discriminate among varying CO2 concentrations was reduced. The
two-step approach taken here estimates the relationship and associated uncertainty between the elastic
properties and the reservoir properties of interest at the well log scale. Future work may use these
estimates along with high-resolution seismic data to provide spatial distribution of injected CO2.
Keywords: Rock Physics, Carbon Capture Utilization and Storage, Geophysics, Cranfield, Joint
Inversion
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Evaluating the hydrologic connection of the Blanco River and Barton Springs using
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Delineating flowpaths in karst aquifers is important for understanding contaminant transport and water
availability. This is especially important for groundwater availability in highly populated, drought-prone
regions such as the Edwards Aquifer, in central Texas. South of Austin, the EdwardsAquifer is typically
considered hydrologically separated into two segments, the more northern Barton Springs segment and
the more southern San Antonio segment. One unknown is the extent to which there is cross -boundary
flow between the two segments. We mined historical discharge and geochemical data, and examined
conclusions from dye-tracing studies to determine the hydrologic connection between the Blanco River
and Barton Springs, which allows us to investigate cross-boundary flow between the two segmen ts.
Dye-tracing studies indicate that during extremely dry hydrologic conditions there is flow from the
Blanco River to Barton Springs. To further investigate cross-boundary flow we isolated extremely dry
hydrologic conditions when there was no recharge occurring in the Barton Springs segment and recharge
was occurring from the Blanco River, located in the San Antonio segment. During extremely dry
hydrologic conditions we found 16 instances of increased recharge from the Blanco River with
associated, tim e lagged increased discharge at Barton Springs.
Geochemical data were analyzed to determine their usefulness as tracers of recharge arising from the
Blanco River and contributing to discharge at Barton Springs. The results of the geochemical analyses
are inconclusive due to (1) variations in the specific conductance of discharge at Barton Springs being
within instrumental error; and (2) a lack of temporal matching between major ion data and the time
periods of interest.
There appears to be a hydrologic response via increased discharge at Barton Springs, which is correlated
with increased recharge from the Blanco River. This is supportive of a hydrologic connection of the two
segments of the Edwards Aquifer during extremely dry hydrologic conditions. Our conclusions agree
with dye-tracing studies, although there are differences between the proposed lag times and the travel
times of dye-tracing studies.

Keywords: Edwards Aquifer, cross-boundary flow, drought
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South Pole ice stream temporal and spatial evolution in the last glacial cycle
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While considered to be the most stable part of the Antarctic continent, recent studies show East Antarctic
ice sheet as a high potential for rapid change and significant sea level contribution. Airborne radar
sounding has shown that major ice stream tributaries have disrupted ice at the South Pole, portraying a
complex evolution for the East Antarctic ice sheet. We confirm the temporal and spatial extent of these
flow regime changes through the analysis of dated internal layers observed using airborne sounding data.
Layering is time-registered to the local dust record from ICE CUBE boreholes and the SPRESSO core,
which constrains ice stream transient penetration between 50 ka and about 10 ka, corresponding to the last
glacial maximum. The ice stream margin position has migrated through time, initially at 10 km grid north
of the South Pole, and migrated to the grid south by 40km before shutting off. The active portion of the
ice sheet has undergone significant melting, bringing ice from the MIS 5e interglacial very close to the
bedrock with respect to the inactive portion to the grid north. Shear heating from the ice stream margin
migration is consistent with subglacial lakes previously observed in the area (Peters et al, 2008). This ice
stream is further evidence for a substantial, rapid sea level contribution from the deep interior of the East
Antarctic Ice Sheet.
Keywords: Antarctica, South Pole, ice stream, ice sheet, sea level, radar
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Recent droughts over the different parts of the world including the Amazon rainforest and the United
States have raised the concern to understand the cloud variability more clearly. Scientist have tried to
explain droughts by linking them to teleconnections (Kripalini, 1998; Wolter,1999). However, drought
prediction and mitigation is still in a crude shape and need further investigations to understand the other
factors that might be important for the occurrences of the drought conditions. One such neglected factor
could be the cloud formation and precipitating efficiencies. It is well known that aerosols can suppress the
precipitation by changing the cloud microphysics (decreasing the cloud nuclei radius below 14 μ which is
the precipitation threshold cloud droplet size) and can cause evaporation of the clouds (Albrecht, 1989).
Over the tropics (the Amazon, the Congo) forest fire and agricultural burning are the most prominent
reasons for aerosol formation whereas over the States, the primary sources of aerosols could be the fossil
fuel burning and forest fire. This polluted ambient atmosphere can directly affect the naturally occurring
cloud formation process as well as they can also change the microphysics of the already formed cloud and
reduce precipitation. Hence, apart from the ongoing researches regarding the influence of the global
variability like El Niño and Atlantic meridional oscillation (Özger et al, 2012), influence of aerosols on
drought could be countless and important.
To identify deep convective clouds and its maturity, we are using geostationary International Satellite
Cloud Climatology Project (ISCCP) data. On the other hand, NASA A-Train satellites are gathering many
measurements on pollution and different cloud properties. Hence to answer this question, identification of
the collocated convection using geostationary satellite and the NASA A-Train satellites are important.
After collocating convections, we identify different cloud properties from Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observations (CALIPSO), CloudSat, Moderate Resolution Imaging
Spectroradiometer (MODIS), NASA Goddard Global Modeling and Assimilation Office (GMAO), and
ISCCP. To measure pollutants and their properties and concentrations, we use Aerosol index (AI) and 388
nm scene Lambertian reflectivity from Ozone Monitoring Instrument (OMI), AURA Microwave Limb
Sounder (MLS), CALIPSO, and MODIS.
Our preliminary analysis shows that interaction between the deep convection and the aerosols depend on
the lifecycle of the convections. Convections in their active stages transport aerosols
strongly than the decaying stages. Matured stages act in-between. Hence we separate clouds in terms of
their maturity and perform analyzing the influence of the aerosols on deep convections. Furthermore,
pixels with cloud particle ER less than 14 μ increase with the increase in the polluted ambient AOD
pixels. Reduction in the cloud droplet size less than 14 μ inhibits rainfall. This causes more and stronger
updraft to go on with increasing the cloud height and formation of more ice. Also, cloud liquid-ice ratio
decreases with increase in the ambient AOD with values more than 0.3. Rainfall suppression is confirmed
when rainrates measured from TRMM satellite show a decline with increasing ambient AOD and in-cloud
ER pixels for active convections.
Keywords: Aerosol, Deep convection, Microphysics
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Geological carbon sequestration aims at long-term storage of carbon dioxide (CO2) in deep geological
formations, and its viability depends on how much of the CO2 can be injected into the storage formation.
Estimates of the storage capacity are therefore essential to the evaluation of individual storage sites as
well as the feasibility of the technology as a whole. One important limitation on the storage capacity is the
lateral extent of the pressure perturbation, which is called as the radius of review of the storage project.
We show that pressure dissipation into ambient mudrocks retards the lateral pressure propagation
significantly and therefore increases the storage capacity. For a three-layer model of an aquifer
surrounded by thick mudrocks, the basin-scale pressure perturbation is well approximated by a singlephase model. Through dimensional analysis and numerical simulations, we show that the lateral pressure
propagation follows a power-law that depends on a single parameter M ~ log10(RkRSRl2), where Rk and RS
are the ratios of mudrock to reservoir permeability and storativity and Rl is the aspect ratio of the confined
pressure plume. Both the coefficient and the exponent of the power-law are sigmoid decreasing functions
of M. The M-values of typical geological storage sites are located in the sharp transition zone where the
power-law is changing rapidly. The combinations of large uncertainty in mudrock properties and the
sigmoid shape lead to wide and strongly skewed probability distributions for the predicted radius of
review. Therefore, the determination of the mudrock properties is an important component of the site
characterization, if pressure dissipation has the potential significantly increase storage capacity. After
injection the pressure will continue to diffuse and the radius of review may continue to increase, which
will emphasize the significance of monitoring post-injection overpressure to secure the stability of the
storage formation.
Keywords: overpressure, mudrock, carbon dioxide storage, radius of review, storage capacity
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The Os isotopic composition of the continental crust is difficult to constrain owing to the
extremely low concentration of osmium in the Earth’s crust (few 10’s of ppt) and its extreme
susceptibility to contamination due to such low concentrations. Existing data [1] indicate that the
mean 187Os/188Os of the continental crust is highly radiogenic (1.05). Limited data on 186Os/188Os
of crustal materials [2] is inconclusive with a few loess samples showing supra-chondritic values
(0.119849-0.119866) although a number of analyzed black shales are within error of chondritic
values. Clearly more data is required in 186Os-187Os space to better understand the Os isotopic
evolution of crustal materials.
The Os isotopic compositions measured from steel can be used to constrain the Os isotopic
composition of the crust. This is because three of the major components used in making steel
namely iron, carbon & chromium, are extracted from crustal reservoirs. Steel is chosen for Os
isotopic analysis of the crust because high precision 186Os/188Os requires several 10’s of ng of Os.
Steel can contain several ppb of Os and extracting enough Os for the high precision 186Os/188Os
analysis is feasible.
In this study, we have examined different varieties of steel (3 stainless steels, 2 alloy steels and 1
steel of unknown composition). The Os concentration in the steels range 11-22 ppb for the
stainless, high Cr and 0.03-2 ppb in the alloy, low Cr steel varieties. Os concentration is
positively correlated with Cr concentration in the steels, suggesting that the osmium budget in
the steels is dominated by chromium. The 187Os/188Os for these steels are highly radiogenic
(0.1435-1.4129). Two separate analyses of a high Cr-steel of unknown composition show
186
Os/188Os – 0.1198363±  28 and 0.1198391±  23, indistinguishable from the chondritic
186
Os/188Os of 0.1198398 [3] but have highly radiogenic 187Os/188Os (0.1711). Literature data
suggests that the source for Cr (chromitites) can have very high Os concentrations (average 87
ppb) relative to the source for Fe (e:g laterites) and C (terrestrial coals) with 0.29 and 0.04 ppb
respectively. The average Os isotopic composition in terrestrial coals and laterites is highly
radiogenic (1.9316 & 1.499) compared to chromitites (0.1312). Clearly there can be a range of
isotopic composition in 186Os-187Os space between our current estimates for DMM (186Os/188Os 0.1198350 [4]) and the model continental crust (186Os/188Os -0.119885 [1]) controlled by the
position in Fe-C-Cr ternary. Future 186Os-187Os studies on varieties of steel with different
proportions of these components would help in deciphering their composition and put additional
constraints on the isotopic composition of the crust.
We modeled varieties of alloy and stainless steels, with variable proportions of iron, carbon and
chromium, for their Os concentration and isotopic composition. The modeled steels, with Os
concentrations (1.3-65 ppb) and isotopic composition (0.1447-1.5579), closely reproduce the OsCr & 187Os/188Os-Cr trends as shown by the analyzed steels. This suggests that our estimates for

the Os concentration & isotopic compositions in the different components of steel are robust and
no additional reservoir for Os may be present in steel.
	
  
Keywords: Osmium, continental crust, steel, 186Os/188Os, 187Os/188Os
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Facies and architecture of the tide-dominated Late Pliocene Orinoco Delta (Upper
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The exceptionally high subsidence rates (0.8-6.0+mm/yr), great dimensions and basinward stepping of the
paleo-Orinoco shelf prism allow the process regime and the evolution of Late Pliocene paleo-Orinoco
Delta to be evaluated onshore SW Trinidad. The repeated transgressive-regressive phases of shelf-delta
growth caused aggradation of the topsets of the shelf prism and were produced by interaction of Icehouse
sea level changes, sediment flux across the shelf and rapid subsidence of the Orinoco margin.
The study focuses on the outcropping strata of the Upper Morne L’Enfer Member (Late Pliocene) along
Cedros Bay and Erin Bay in southwest Trinidad, and documents sedimentology and architectural data of
the 302m-thick and 706m-thick successions in Cedros Bay and Erin Bay respectively. Large fossilized
tree trunks occur in both successions and are used as a partial aid in correlation. The study sites are some
50-100 km landward of the coeval shelf-slope break on the shelf margin. The initial subdivision in the
facies associations is between those that are transgressive and tend to show an overall fining upward of
grain size, which include the inner estuary fluvial-distributary channel sandstones with minimal brackishwater or tidal influence (FA1), the central zone fluvial-tidal distributary channel sandstones (FA2), tidedominated, estuarine channel-bar association (FA3), and tidal flat units (FA4), and those that are
regressive, mainly showing an upward coarsening , which includes tide-dominated delta front deposits
(FA5), and shoreface deposits (FA6). These facies associations define the tide-dominated deltaic and
estuarine depositional systems. The tidal signals in the succession include bi-directional paleocurrents
(channels), extensive mud drapes on cross-stratal foresets and topsets (delta front), and flaser and
lenticular bedding (tidal flats) as well as the thick successions of stacked cross strata on the delta front.
There are very few signals of open-coast storm waves in the succession.
Likely correlation between the two study locations (15km apart) suggests that: (1) Cedros bay represents
a slightly more proximal site compared to Erin Bay, because of a higher frequency of distributary
channels here as compared to more frequent tidal estuarine bars at Erin Bay, (2) the paleocurrents
directions are northward or northeastward in Cedros Bay and more eastwards in Erin, which accord with
the likely northeastward progradation of the Orinoco Delta, and (3) the lower part of both sections,
especially at Erin Bay, represents the most distal reaches of the deltaic-shelf system. The overall vertical
change from distal deltaic up to coaly delta plain deposits in both successions show the clear
progradational character of the Upper Morne L’Enfer deltaic prism, despite the superimposition of the 17
high-frequency regressive-transgressive units. A prediction of the larger scale, continuation of the
succession to the outer shelf and shelf edge in the east is presented.
Keywords: Orinoco Delta, time-space evolution, tide-dominated, Upper Morne L'Enfer Member
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Simultaneous source technique has been attracting more and more attention becasue of its intuitive benefit
in largely improving acquistion efficiency and somewhat resulting in higher record quality. However, the
intense crosstalk between two or more sources lays a challenge for processing the blended seismic data,
which calls for more specific and robust processing methods. In the paper, we introduce a new iteration
based estimation scheme for the separation of the blended seismic data. We first deem the shots to be
separated as the models to be estimated and construct an common estimation problem, then we use
shaping regularization to constrain the characteristics of the model and iteration to enpower the effect of
estimation. In our method, we use seislet transform as our shaper to remove the crosstalk noise and at the
same time preserve the useful dip components of seismic data. Synthetic and numerically blended field
datasets indicate that the proposed method is feasible and robust.

Keywords: simultaneous source, shaping regularization, iterative estimation
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Chlorine isotope geochemistry of hydrothermally altered oceanic crust:
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Chlorine stable isotopes (37Cl and 35Cl) can provide an important fingerprint for geochemical
recycling of subducted oceanic lithosphere and fluid-rock interaction due to chlorine’s high
solubility in aqueous phases. To implement Cl isotopes as a tracer of volatile element recycling,
we must constrain the δ37Cl value of potential Cl reservoirs and determine fractionation factors
between Cl-bearing phases.
δ37Cl and Cl concentrations of hydrothermally altered oceanic crust (AOC) samples from seven
IODP/ODP/DSDP drill sites have been measured on bulk rock samples (n = 50). For ease of
comparing results, samples are categorized into three lithologies: 1) extrusive lavas, 2) sheeted
dikes, and 3) gabbros. Extrusive lava Cl concentrations vary from <0.01 wt% to 0.03 wt% (avg =
95 ppm Cl; n= 20) and δ37Cl values range from -1.4 to +1.0‰ (avg = 0.0 ± 0.6‰). Chlorine
concentrations of the sheeted dikes range from < 0.01 wt% to 0.05 wt% (avg = 163 ppm Cl; n =
11) and δ37Cl values of dikes range from − 0.4 to + 1.4‰ (avg = 0.1 ± 0.3‰). Bulk chlorine
concentrations of the gabbros range from < 0.01 wt% to 0.09 wt% (avg = 244 ppm Cl; n = 19).
δ37Cl values of gabbros range from − 0.6 to + 1.8‰ (avg = 0.6 ± 0.6‰). Three general
conclusions can be derived from these AOC bulk rock results:
1) δ37Cl values and Cl concentrations increase with increasing total amphibole content.
2) Based on re-calculations of mass balance equations using updated AOC Cl concentrations (~3
times higher than previous estimates, this study), the total amount of Cl hosted in AOC is higher
than previously estimated.
3) [Cl] and δ37Cl values can provide a crude estimate of metamorphic grade in AOC samples.
Amphibole-water Cl isotope fractionation experiments are necessary for quantifying the
magnitude of Cl fractionation and to aid in interpreting the range of natural Cl isotope variation.
Determination of equilibrium fractionation factors between hydrous minerals and co-existing
fluid often also provides the ability of determining the isotopic composition of the water
removed from the original mineral-water pair. ‘Pseudo’ isotope exchange experiments (O’Neil,
1986) are currently being carried out in cold-seal pressure vessels by synthesizing hastingsite in
the presence of a Cl bearing solution of known isotopic composition. Several variable
hornblende compositions (near ferro-pargasite or hastingsite) have successfully been synthesized
at 700°C and 0.2 GPa, carrying out experiments for 2-4 days, approximately at the wuestitemagnetite buffer. Fractionation experiments are being run at a constant pressure and varying
temperatures that will successfully synthesize amphibole and approach reasonable kinetic rates

in order to achieve equilibrium. It will also be important to note the variation in equilibrium
fractionation factors based on amphibole composition and fluid/rock ratio (Graham et al., 1984).
Keywords: Stable isotope geochemistry, hydrothermal alteration, isotope fractionation
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Derived Turbidites in the Fish Creek-Vallecito Basin, southern California
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The stratigraphy exposed at Split Mountain Gorge in the Fish Creek-Vallecito Basin preserves a
complete and relatively undeformed section of Miocene to Pleistocene sediments recording the
opening and filling of the Gulf of California as slip along the San Andreas fault created a pullapart basin. Previous studies have chronologically constrained the stratigraphic units and linked
these units to tectonic activity. As basin lowering began, local terrestrial sediment accumulated
followed by local marine sedimentation as the area became part of the Gulf of California.
Capture of the Colorado River at the Miocene-Pliocene boundary resulted in progradation of a
delta into the Gulf. The focus of this study will be examination of the Colorado River from a
source to sink perspective. Detrital zircons from throughout the section will be dated for
crystallization through U-Pb geochronologic methods and cooling age through (U-Th)/He
thermochronometry. Inferences can be made for both provenance and basin history based on the
results. The Miocene-Pliocene age Wind Caves member turbidites of the Latrania formation will
be of primary sedimentological study as it represents the furthest extent of Colorado Riverderived sediment into the Gulf of California. Characterization of the turbidites will be done
through fieldwork consisting of creation and correlation of sections measured in the field with
LIDAR and photographic data.
Keywords: Detrital zircon, double-dating, turbidites, geochronology, thermochronology, sedimentology,
Colorado River
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Stimulated reservoir volume (SRV) is the reservoir volume effectively connected to a wellbore through an
in-situ fracture network (both natural and hydraulically induced/enhanced)and is an important parameter
in reservoir production forecasting. Interpreting for SRV (and evaluating hydraulic fracture strategy
success) in gas shale reservoirs is especially challenging because it requires either knowledge of the
extent, distribution, and transport properties of the in-situ fracture network or knowledge of shale matrix
transport properties (permeability), both of which are relatively poorly understood.
We perform transient pressure-pulse decay (TPPD) permeability measurements on intact shale cores to
measure effective Darcy’s law permeability to gas (Argon) to investigate the hypothesis that
measurements at the core length scale can describe in-situ matrix transport (Darcy’s law
permeability).TPPD permeabilities range from nano- to microDarcy (1x10-21–1x10-18m2) with high
sensitivity (1-2 orders of magnitude variation) to effective stress, suggesting the closure of microfractures in some cores. It is not known whether these micro-fractures exist in-situ or are created during
coring, but they nonetheless must be characterized to address how micro-fractures contribute to gas
transport at the core-scale, and potentially at the reservoir scale if our hypothesis is correct.
To investigate the presence and transport role of potential micro-fractures in shale cores, the TPPD
apparatus is being modified to attempt to experimentally identify dual-porosity behavior (if it exists and is
observable). Our numerical dual-porosity modeling efforts have simulated various conceptual physical
models, ranging from a single planar fracture imbedded in matrix to a “sugar cube” model, where the
matrix is represented as many small cubes surrounded on all sides by fractures. We present synthetic
experimental data for some of these cases. In future work, we intend to compare numerical fractured-core
realizations with experimental results to illuminate gas transport at the core-scale, and potentially, through
matrix at the reservoir scale.
Keywords: gas transport, shale, permeability, porosity
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The Cascade volcanic arc is located above a young (~6Ma) and slowly subducting (~4 cm/y) Juan de
Fuca plate. Because of the high temperatures in the subduction slab, dehydration reactions are thought to
occur at shallow depth to the west of the Cascade volcanic front. Spatial devolatization trends may be
observed at the surface by examining geochemical trends from along and across the volcanic front. We
have measured the concentration of halogens (F, Cl, Br, I) and the stable Cl isotope compositions of
thermal spring waters and primitive basalts along and across the Cascade arc in order to further quantify
the extent of halogen cycling through the Cascadia subduction system.
Thermal springs from 35 localities, between north-central Washington to Lassen, Northern California
with Cl concentrations ranging from 250 to 14,000 ppm (Bergfeld et al., 2008, Hurwitz et al., 2005) were
analyzed for their Cl isotope composition. The δ37Cl values range from -2.0 to +1.9 ‰ (n=35), and show
no correlation with Cl concentrations and sample location along the arc. The majority of samples are
characterized by slightly negative values, whereas only five have positive values (0.6‰, 0.8‰, 1.1‰,
1.2‰, 1.9‰). Given the upper mantle has a δ37Cl value near 0‰, the variation in the Cl isotope data
suggests either that the chloride isotope compositions of these spring waters were modified upon ascent to
the surface by the interaction of underlying sediment and/or contain a subducted slab derived component.
Nine well characterized basalt samples from across the southern Washington Cascades, (Leeman et al.,
2005) were analyzed for their bulk halogen concentrations and δ37Cl value. δ37Cl values range from 0.1‰ to 0.7‰ (n=7). Cl concentrations are highest at the volcanic front (140-157 ppm Mt. St. Helens and
Mt. Adams) compared to the forearc (17-82 ppm) and in the backarc (19-65 ppm). Br shows a similar
trend to Cl with the highest concentrations at the volcanic front (0.22-0.31 ppm) compared to the forearc
(0.08-0.13 ppm) and in the backarc (<0.06 ppm). In contrast, F and I show decreasing concentrations
from the forearc to the backarc. F concentrations are highest in the forearc (144-600 ppm) decreasing to
120-197 ppm at the volcanic front and 75-164 ppm in the backarc. Iodine concentrations are highest in the
forearc (0.09 to 0.10 ppm) to <0.03 ppm in the volcanic front and backarc. Like F and I, B concentrations
decrease steadily toward the backarc (Leeman et al., 2004).
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From the 1970s to today, various plate tectonic reconstruction models have been proposed to explain
geologic observations in the Indian Ocean. Despite the abundance of proposed models, significant debate
still exists concerning the processes and timing of the events that eventually created the Indian Ocean as
we know it today. Initial formation of the Indian Ocean began with the rifting of East Gondwana (India,
East Antarctica, Madagascar, Sri Lanka, and the Seychelles) away from W. Africa during the Jurassic.
The evolution of the region following this initial breakup can be inferred by deciphering the history of
seafloor spreading preserved in the oceanic crust. Using satellite gravity data we are able to create
detailed maps of ocean bottom topographic features including transform faults and possible abandoned
spreading centers. Because transform faults form perpendicular to spreading ridges they provide a fairly
accurate method for estimating divergent plate motion. The timing of seafloor spreading can be estimated
through analysis of marine magnetic anomaly data available in the literature and NSF-sponsored global
datasets. Using bathymetric and magnetic anomaly data to model the growth history of the Indian Ocean
is complicated by an abundance of volcanic activity, multiple rift events, and at least one major seafloor
spreading reorganization event. Using GPlates and software developed by UTIG’s PLATES group, we
have created a plate reconstruction model following a holistic approach that incorporates available
paleomagnetic, gravity, and geochronologic data, while adequately addressing observed geologic features
of the region. We have also investigated the plausibility of recent published Indian Ocean reconstruction
models which propose that ridge jumps may explain some of the anomalous magnetic observations.
Keywords: Indian Ocean, plate tectonic reconstruction, paleomagnetism
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Seismic diffraction imaging provides a method for detecting scattering objects in the subsurface with
greater resolution and precision than conventional imaging techniques. Applying a plane wave
destruction filter to seismic data removes the majority of energy which comes from plane wave reflection
and leaves only low-energy signal associated with diffraction scattering from inhomogonaities like vugs
and voids in karstal topography, the edges of channels, and steeply dipping velocity interfaces. Migration
of this data provides a more focused and precise image of subsurface scattering features.
This study examines the results of seismic diffraction imaging on a set of synthetic seismic volumes.
Images created by seismic diffraction methods and those produced by conventional methods are
compared to each other and the initial velocity model to determine their relative accuracy and resolution.
Situations where diffraction imaging techniques are unable to detect velocity model inhomogenaities are
explored and described. Results are used to illustrate situations where seismic diffraction imaging can be
particularly useful for accurate feature detection and situations where the methods do not accurately
image the subsurface.
Keywords: seismic imaging, diffraction, computational seismology, synthetic seismic imaging,
Madagascar, plane wave destruction
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A key goal of tsunami research is to quantitatively reconstruct flow parameters from paleotsunami
deposits, to better understand the geohazards of coastal areas. These methods rely on careful grain size
and thickness measurements of tsunami deposits, combined with simple models that allow an inversion
from deposit characteristics to wave characteristics. We conducted flume experiments to evaluate some
proposed models. Key variables in the flume experiments were sediment size distribution, and ponding
depth of water in the flume before bore is released. Physical experiments were run in a 32m x 0.5m x
0.8m flume at PRC. Various sediment mixtures (silt to coarse sand) were introduced to the upstream end
and mobilized by a bore released from behind a mechanical lift gate. The decelerating flow behind the
bore deposited thin sediment layers along the entire length of the flume. Deposits were sampled for grain
size trends and thickness. The sand sheets generated in the flume thin and fine with distance away from
the source. This is consistent with field observations of recent and paleotsunami deposits studied
worldwide, in which tsunami deposit thickness is highly variable, while grain size distribution in a
suspension-dominated deposit consistently fines landward along shore-normal transects.
Keywords: sediment, coastal, tsunami, grain size
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The Amundsen Sea Embayment of the West Antarctic ice sheet (WAIS) is currently one of the most
rapidly changing sectors of a continental ice sheet. As a marine ice sheet, the WAIS is in a potentially
unstable configuration. In addition to known active volcanoes such as Mt. Takahe and Mt. Murphy,
subglacial volcanic activity has been identified using ice layer drawdown anomalies. Drawdown
anomalies are features identifiable by a characteristic radar signature and represent significant loss of
basal ice. We identify several features with the geometry of drawdown anomalies in the Thwaites Glacier
along an ice stream tributary near Mt. Takahe. By modeling the flow of ice along the ice stream, we
assess the hypothesis that these drawdown anomalies are a coherent feature caused by basal melt that is
consistent with subglacial volcanic activity. The melt rate is then used to determine the spatial and
temporal variations of geothermal heat flux in the region. We discuss these variations in the context of
their geologic, morphologic and glaciologic setting and their implications for local volcanism and its
impact on ice flow.
Keywords: ice sheet dynamics, Antarctica, airborne geophysics
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Time lapse seismic signal analysis for Cranfield, MS, EOR and CCS site
Ditkof, J.1, Caspari, E.2, Pevzner, R.2, Urosevic, M.2, Meckel, T.1, Hovorka, S.2
jditkof@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. Curtin University of Techonology, Perth, Western Australia
The Cranfield field located in Southwest Mississippi is an EOR and CCS project which has been under
continuous CO2 injection by Denbury Onshore LLC since 2008. To date, more than 3 million tons of
CO2 remain in the subsurface. In 2007 and 2010, 3D seismic surveys were shot and an initial 4D seismic
response was characterized showing coherent amplitude anomalies in some areas which received large
amounts of CO2, but not in others. Previous work used Gassmann fluid substitution at two different wells,
31F-2 observation well and the 28-1 injection well to predict a post-injection saturation curves and
acoustic impedance change through the reservoir. The two seismic volumes were cross-equalized with an
appropriate correlation coefficient through well ties. Acoustic impedance inversions were carried out on
each survey resulting with higher acoustic impedance changes than predicted by Gassmann for the 28-1
injection well. The time-lapse acoustic impedance however is similar to the difference calculated from a
time-delay along a horizon below the reservoir.
Keywords: time lapse, 4D seismic, CO2 sequestration, EOR, seismic
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Cycles of shelf-edge construction and destruction, Eocene Santos Basin, offshore
Brazil
Dixon, J.F.1, Steel, R.J.1
jfd@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Eocene strata from the northern Santos Basin, offshore Brazil include shelf-edge clinoforms that record
progradation of the basin margin into a slope mini basin. Analysis of four depositional sequences imaged
in industry-grade, three-dimensional seismic data reveals complex spatial and temporal patterns in shelfedge accretion, catastrophic failure and reestablishment, all of which contribute to basin-margin
progradation. For each sequence, shelf edge development is defined by four distinct phases: 1)
progradation of the shelf-edge defined by offlapping clinoforms characterized by shelf-attached turbidites
and strike-fed sediment drifts recognizable in surface amplitude maps. These systems deliver limited
sediment volumes to the basin floor as turbidites during the lowstand; 2) aggradation of the basin margin,
transgression and back stepping of the point of onlap of shelf and slope strata; 3) catastrophic shelf-edge
collapse during the highstand causing up to 15 km long, 0.5km wide sections of the outer shelf to collapse
and be deposited on the lower slope as mass transport complexes (MTCs). These MTCs are defined by
stacked lobes and basinward vergent thrusts of what are interpreted as slump deposits; and 4) healing of
the collapse scars and irregular bathymetry of the MTC packages and subsequent progradation of the
basin margin. Although the majority of turbidites delivered to the basin floor in this area were transported
during lowstand, the largest volumes of basin-floor deposits were deposited during highstand, being
derived from highstand shelf-edge collapse. Analysis of the Eocene strata of the northern Santos Basin
sheds light on the depositional system scale development of a basin margin that adds to an increasing
number of examples that show inconsistencies with conventional sequence stratigraphic models.
Keywords: clinoforms, mass transport, sequence stratigraphy, turbidites
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Evidence of a Volcanic Rifted Margin: a Velocity Model for the Gulf of Mexico
Basin Opening Seismic Refraction Project
Duncan, M.1, Van Avendonk, H.1, Christeson, G.1
markhduncan@gmail.com
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
The Gulf of Mexico Basin Opening marine seismic refraction project (GUMBO) is a study of the
lithological composition and structural evolution of the Gulf of Mexico (GoM) that uses Ocean Bottom
Seismometer (OBS) data from four transects in the Northern GoM. Our analysis focuses specifically on
line 4, the easternmost transect which extends over ~500 km from the continental shelf near Gainesville
across the Florida Escarpment to the deep water GoM. Shear-wave first arrivals are picked from eleven
out of the 39 OBS shot records in order to perform a tomographic inversion. The resulting shear-wave
velocity model is used in conjunction with a previously constructed P-wave model to plot Vs as a
function of Vp. This graph is then compared with empirical velocities from the literature for the purpose
of constraining lithological composition below the transect and to make an interpretation of the structural
evolution of the eastern GoM.
The crust landward of the Florida Escarpment appears from our comparison with external data to be
normal continental crust. Velocities plot within ~100 – 200 m/s of samples of felsic crystalline basement
shown by Brocher, 2005 and Christeson, 1996 (Vp = 6.2 – 7.0 km/sec; Vs = 3.8 – 4.0 km/sec). Seaward
of the escarpment, velocities in the oceanic crust are anomalously high (Vp = 6.5 – 7 km/sec; Vs = 4.0 –
4.6 km/sec). A possible explanation for this is that early-Jurassic basaltic sheet flows formed subaerially,
reducing the vesicularity found in basalts that have cooled rapidly underwater. An increased magnesium
and iron content could also account for these high velocities, and would suggest that the oceanic crust
formed at higher temperatures than previously thought. Earlier studies of the eastern GoM have found
what can be interpreted as seaward dipping reflectors (Imbert et al., 2001) which are evidence of a
volcanic rifted margin. Geometrically, the transitional crust under line 4 is relatively narrow, moving
from continental to oceanic crust within ~100 km, another indication of a volcanic origin for rifting
(Menzies et al., 2002).
We propose that seafloor spreading in the eastern Gulf of Mexico may have been sub-aerial. Pillow
basalts would not be produced without the presence of seawater, and the high seismic velocities at the
seaward end of GUMBO line 4 suggest the absence of this type of lithology seaward of the Florida
Escarpment.
Keywords: Gulf of Mexico, shear wave, velocity model, tomographic inversion, volcanic rifted margin,
structural evolution, geologic history

MG02

Milestones in arc-continent collision evolution: The transition from intra-oceanic
subduction to incipient collision
Eakin, D. H.1, McIntosh, K.1, Van Avendonk, H.1, Lavier,L.1
deakin@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Two tomographic velocity models, T1 (south) and T2 (north), extend east-west across the Manila
subduction zone into the northern South China Sea Basin (SCS) to reveal deep crustal structure in the
incipient collision setting of the Taiwan arc-continent collision. Data were acquired offshore southern
Taiwan in 2009 as part of the TAIGER program. The area between Taiwan and Luzon represents a
transition from a tectonic regime dominated by eastward subduction of oceanic crust of the SCS near
Luzon to one dominated by subduction and eventual collision of rifted Chinese continental crust with the
North Luzon Arc culminating in the Taiwan orogeny. Due to the oblique nature of plate convergence,
collision propagates south through time. One of the keys to obtaining a complete geodynamic
understanding of the Taiwan arc-continent collision is to document the crustal structure in the incipient
collision zone offshore southern Taiwan. In this area we acquired two wide-angle seismic datasets using
30 OBS’s spread over ~480 km along the northernmost transect T2, and 18 OBSs spread over ~280 km
along the southernmost transect T1. Data quality is extremely variable due to complex geological
structure and quality of seafloor coupling at each instrument. Although the velocity structure of the
Chinese continental margin has been well documented in this region by previous tomographic studies, the
new data constrain the velocity structure and ocean ward extent and thickness of the thinned continental
crust entering the Manila trench along both transects. These models also illuminate several interesting
structures of significance including what appears to be a high velocity body (5-6.5 km/sec) at the base of
the accretionary prism along transect T2 that suggests arc-continent collision is preceded by the accretion
(structural underplating) of blocks of continental material into the prism. Along the southern transect T1,
we observe the accretionary prism to be composed of material with lower seismic velocity (3-4.5 km/sec)
indicating the prism here is primarily composed of sedimentary material with no evidence of basement
accretion as observed along T2 to the north. We also constrain the prism ward extent and geometry of the
forearc block along transect T1 that appears to be a very abrupt, near vertical boundary dissimilar to the
wedge shape described by earlier studies and may be a relic clue to the mechanism of subduction
initiation along the Manila subduction zone.
Keywords: marine geology and geophysics, marine seismics, subduction zone processes, tomography,
tectonics and magmatism
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Marine seismic refraction data from the northern Gulf of Mexico provide new
constraints on continental rifting and tectonic evolution of the North American
margin
Eddy, D.1, Van Avendonk, H.1, Christeson, G.1, Norton, I.1
drew.eddy@utexas.edu
1. Jackson School of Geosciences, Institute for Geophysics, The University of Texas at Austin, Austin, TX
The Gulf of Mexico (GoM) formed by continental rifting and seafloor spreading during the breakup of
Pangea as the Yucatán block rotated southward from North America. The effects of magmatism and
mechanisms of rifting are poorly constrained by available geophysical data. We examine new marine
seismic refraction data from the northern GoM in an attempt to better understand the regional crustal
structure and shed new light on the early evolution of this restricted ocean basin. We present results from
two of the four seismic profiles collected by the 2010 GUMBO cruise (GUlf of Mexico Basin Opening).
On both GUMBO Line 2 and Line 3, ocean-bottom seismometers at 10-12 km spacing recorded 150 m
spaced airgun shots. Instruments from GUMBO 3 record offsets >100 km, whereas typical GUMBO 2
offsets are shorter (50-80 km), limited by attenuation of compressional waves by complex salt structures.
We use travel-times from long-offset reflections and refractions to image seismic velocities in the
sediments, crystalline crust, and upper mantle using a tomographic inversion. GUMBO Line 3 extends
from offshore Alabama through the De Soto Canyon towards the central GoM. We interpret velocities
>5.0 km/s in the sediment layer landward of the Florida Escarpment as a Lower Cretaceous carbonate
platform. Seaward of the Florida Escarpment, crystalline crust (5.5 – 7.5 km/s) thins significantly from 25
km to 7 km across a narrow, ~100 km-wide necking zone. Multi-channel seismic (MCS) reflection data
coincident to GUMBO 3 display possible seaward-dipping reflectors within this zone of crustal thinning.
A deep, localized region of anomalously high seismic velocities (>7.5 km/s) underlies thick crystalline
crust at the landward end of GUMBO 3, exceeding the velocities of continental lower crust in the eastern
US. We interpret this region to be under-plating and/or infiltration of asthenospheric melts, common at
volcanic rifted margins. The seaward end of GUMBO 3 is interpreted as mafic ocean crust produced by
normal seafloor-spreading on the basis of high crustal velocities (6.0-7.5 km/s), a consistent crustal
thickness (~7 km), and minor lateral velocity variations.
GUMBO Line 2 extends from offshore Louisiana southward across the Sigsbee Escarpment. We find a
massive (15-20 km) sediment package with noticeable lateral heterogeneities that we attribute to salt
tectonics. We do not recover a sharp velocity contrast between the deepest sediments and the uppermost
crystalline crust, and therefore we assign the top of basement to a 6.0 km/s velocity contour, which agrees
well with coincident MCS data. GUMBO 2 crust thins slightly from north to south, but varies greatly in
thickness from 3 – 10 km with seismic velocities between 6.0 – 8.0 km/s. We interpret the entirety of
GUMBO 2 as oceanic crust formed by slow seafloor-spreading. This result substantially increases the
amount of ocean crust interpreted in the GoM, and we invoke a ridge jump to explain the asymmetry in
oceanic crust between North America and the Yucatán peninsula. We further suggest that the effects of
heat and asthenospheric melt were more impactful and prolonged in the eastern GoM than in the west,
infiltrating and weakening the thick continental crust at GUMBO 3 and producing a sharp transition from
a volcanic rifted margin to ocean ridge basalt production. Although our velocity models do not show a
rifted margin beneath the western GoM, ocean crustal thickness variations suggest an overall lower melt
supply and more slow-spreading crust than in the East. Proximity of the eastern GoM to the likely origin
of Central Atlantic Magmatic Province volcanism (CAMP) as well as mid-ocean ridge basalt production
in the Atlantic Ocean may explain differences in melt supply and seafloor-spreading.

Keywords: Gulf of Mexico, continental tectonics, rifting, extension, seafloor-spreading

SETP34

Petrogenesis of Franciscan Complex and Coast Range Ophiolite Serpentinites in
northern California
Rania Eldam1, Jaime Barnes1, Cin-Ty Lee2, Jessican C Errico1, Staci L Loewy1, Miguel Cisneros1
Rania553@utexas.edu
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2. Department of Earth Sciences, Rice University, Houston, TX
Franciscan Complex serpentinites have been interpreted as eroded pieces of the overriding Coast Range
Ophiolite (CRO), off-scraped pieces of the subducting oceanic plate, and as sedimentary serpentinites
(e.g., Wakabayashi, 2004); however, most of these interpretations are based on tectonic models and field
relationships. Here we present bulk rock major and trace element geochemistry, pyroxene and spinel
geochemistry, and stable isotope data (O, H, Cl) for serpentinite samples with the goal of determining
protolith origin and subsequent serpentinizing fluid sources of several metasomatized Franciscan and
CRO ultramafic rocks in order to decipher the tectonic setting of serpentinization.
We focused on serpentinite bodies found in the Franciscan Complex (west of Cuesta Ridge; south of San
Francisco; Tiburon Peninsula; Healdsburg) (n = 12). Three samples from Cuesta Ridge (CRO) were also
analyzed for comparison. All samples are >~95% serpentinized and consist of lizardite +/- chrysotile.
Relict grains are rarely preserved.
Franciscan serpentinites (Tiburon Peninsula, west of Cuesta Ridge) show positive-sloped REE patterns.
This depletion in LREE is typical of abyssal peridotites. Relict clinopyroxenes from Tiburon Peninsula
have high HREE concentrations, also supporting an abyssal origin. 2 of the 3 samples from the Cuesta
Ridge show flat REE patterns; whereas, one is U-shaped. This enrichment in LREE is similar to forearc
peridotites. Spinels from Cuesta Ridge have Cr# > 0.60 also implying a forearc setting; whereas,
Franciscan localities have typically have lower Cr# (0.21 to 0.51). All samples show remarkable positive
Ce and Y anomalies. We speculate that these anomalies may be due to interaction with ferromanganese
nodules and crusts (also high in Ce and Y) on the seafloor prior to subduction.
Cuesta Ridge samples have 18Ο values between +6.0 to +6.6‰. Franciscan serpentinites (except those
south of San Francisco) have 18Ο values of +5.4 to +7.9‰. These 18Ο values are similar to typical
oceanic serpentinites and likely represent low-T seawater hydration on the seafloor. Δ values of all
samples are extremely low (-107 to -90‰) and likely result from post- serpentinization, postemplacement interaction with meteoric water at low temperature. Samples south of San Francisco lie on
the San Andreas fault and have high 18Ο values (+7.2 to +9.5‰) and low Δ values (-107 to -104‰)
likely due to low-T interaction with meteoric water at high fluid-rock ratios. Most of the serpentinites (12
of the 15) have 37Χλ values between +0.2 and +0.9‰, typical values for serpentinites formed by
interaction with seawater.
Based on bulk rock geochemistry and pyroxene and spinel compositions, serpentinites located within the
Franciscan Complex have geochemical characteristics of abyssal peridotites; whereas, those from Cuesta
Ridge are more chemically heterogeneous with most having affinity to forearc peridotites. All stable
isotope geochemistry indicates seafloor serpentinization by seawater.
Wakabayashi, J., 2004, International Geology Review, 46, 1103-1118
Keywords: Stable isotope geochemistry, Subduction zone processes, Major and trace element

geochemistry, Franciscan Complex
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Allometry of the Pterosaur Wing Skeleton
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Differences in relative lengths of skeletal elements are known to influence flight mechanics and
aerodynamic performance in extant vertebrates. To explore the possibility of similar patterns in
Pterosauria, I examined allometric scaling of the lengths of pterosaur wing elements across their entire
phylogenetic range and through ontogenetic growth in three taxa. Using a phylogenetically-informed
regression analysis to examine scaling patterns between different wing elements, I found that metacarpal
IV and the femur were significantly longer in pterodactyloids than basal pterosaurs and the second
phalanx scaled with positive allometry relative to the other bones, but all other relationships were
isometric for all pterosaurs. A test for shifts in rates of evolution supported a significant change in the
relative length of metacarpal IV at the root of Pterodactyloidea, but not the femur. The ontogenetic
analysis focused on one basal pterosaur (Rhamphorhynchus muensteri) and two pterodactyloids
(Pterodaustro guinazui and Pterodactylus kochi). In Rhamphorhynchus a significant change in scaling
patterns was found between the older and younger age groups, which may correspond to a significant life
history event, such as sexual maturity. Additionally, the distal wing bones of Rhamphorhynchus generally
scaled positively relative to the proximal bones. However, in both pterodactyloids the central wing
elements scaled with positive allometry relative to the proximal and distal bones. This result may indicate
that the difference in skeletal proportions between pterodactyloids and basal pterosaurs was the result of a
change in growth strategies.
Keywords: Pterosauria, allometry, ontogeny, functional morphology, flight
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Dacian Basin: basin margin clinoform analysis and infill architectures
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rattanapornf@utexas.edu
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The main objective of this research is to investigate the western Dacian Basin evolution between 7-4 Ma,
(Meotian-Dacian) through the study of stratigraphic architectures and its structural context. The basin has
been through a period of being hydrologically open and closed. The focus will be on large scale,
approximately 400 m high, upper Miocene clinoforms that have been documented in 3-D seismic data.
An integration of outcrop, well logs as well as 3-D and 2-D seismic data have been used to document
clinoform geometry and to interpret depositional settings and filling mechanisms
3-D seismic data reveal clinoforms that infer basin-margin progradation for 20-25 km from at least two
directions: NE to SW and E to W. Some of these clinoform sets show an unconventional way of filling
the basin by featuring thick foresets and bottomsets while the topsets appear to be thin or absent. This
character is associated with abundant slope gullies varying in size from 300 to 1,500m wide on the
clinoform foresets that might imply erosion on the shelf and large amount of sediment bypass to the slope
and basin floor.
A typical motif of well logs in the study area is a thousand-meter vertical stacking of, previously
interpreted, thick sandstone beds (Meotian), mudstones with rare sandstones (Pontian), and thick
coarsening-upward sandstone successions (Dacian). From field observations, Meotian deposits are
interpreted to be delta front and prodelta turbidites associated with deformed remobilized bodies downdip.
Pontian deposits are mud dominated with mollusc fossils occasionally interbedded with cm-thick fine
sandstones representing low energy shelf to outer-shelf environments. Dacian time is characterized by
shallow water and fluvial deposits with coal fragments and thin coal seams. The overall succession may
represent the bottomsets-foresets-topsets of the aforementioned large clinoforms on seismic data. The
idea that Meotian-Pontia-Dacian deposits are genetically linked is departing from the conventional layercake stratigraphy of the basin.
In addition, we are working further with a hypothesis of thick turbidite deposits at the clinoform toes and
a link between hydrology of the basin and the clinoform architecture. An application of clinoform
concepts and a more rigorous depositional model we aim to develop for the Dacian Basin could shed light
on the unique basin filling style and lead to better understanding of sediment transfer from the
Carpathians (source) into a deeper water setting (sink).
Keywords: sedimentology and stratigraphy, clinoforms, turbidites
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Continuing Investigation of Structures of the Accretionary Wedge off Aceh
Province, Sumatra, using 2D MCS and Multibeam Bathymetric Data
Frederik, M.C.G.1, Gulick, S.P.S.1, Austin, J.A.1, Martin, K.M.1, Udrekh2, Henstock, T.J.3, McNeill,
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The Indo-Australian Plate is being subducted obliquely at a rate of 4-6 cm/yr under Sumatra, which is part
of the Eurasian Plate. Following the December 2004 (Mw ~9.2) giant earthquake and March 2005 (Mw
~8.6) great earthquake offshore of Aceh Province, unprecedented seismic and bathymetric field data were
collected. The study area is 1-7°N and 92-97°E, extending over the entire forearc from northwest of Aceh
to west of Simelue Island. The accretionary wedge offshore Aceh is comprised of a plateau ~200 km wide
with seafloor depths ranging from 4.5 km near the Sunda Trench to <1 km on the forearc high proximal to
the Aceh (forearc) Basin. In the south, the wedge width narrows to ~50 km offshore of Simelue Island,
with the same seafloor depth ranges. Merged bathymetric data reveal that the accretionary wedge is
comprised of lineated highs and lows with distances between presumed anticlines of 2-16 km. The high
regions have widths of 2-45 km and the troughs are 1-8 km wide. Dominant trends in the strike of the
anticlines are ~320° in the north and ~290° in the south, which we suspect is the result of changing
vectors of the subducting plate along strike. For comparison, the deformation front strikes ~310° in the
south and ~330° in the north. A prominent lineated trough is observed which strikes ~0° and continues to
be evident within the accretionary wedge between 93-93.5°E. This feature may be the surface expression
of a subducted oceanic fracture zone being reactivated by recent seismicity.
All MCS profiles show that the surficial wedge is affected by a complex system of both landward- and
seaward-dipping fault planes. Resulting anticlinal structures (lineated highs on the bathymetry) each
exhibit a separation between a first-order thrust fault and its paired conjugate of 2-14 km; second and
third order (i.e., smaller- scale) faults are separated by generally <1 km within the anticlines. Near the
Sunda Trench, faults are identifiable down to the interpreted décollement (~7 km depth), but within the
plateau they are harder to identify >2 km below the seafloor due to presumed highly compacted, lithified,
dewatered sand- and silt-rich sediment. Within the observed fold and thrust belt, there are piggy-back
basins bounded by active faults. Analysis of the seismic profiles and bathymetry simultaneously reveal
four main structural zones: 1) landward-vergent fold and thrust dominated, 2) seaward-vergent fold and
thrust dominated, 3) mixed vergence folds, and 4) erosion/landslide dominated. The landward-vergent
zone is located closer to the Sunda Trench with a width of ~70 km (north) and ~50 km (south), spanning
the slope from the Trench to the outer portion of the plateau. The seaward-vergent zone makes up the
eastern portion of the plateau, towards the Aceh Basin, and has a width of ~60 km (north). In between
these zones, the region of mixed vergence folds is 20-35 km wide. The erosion/landslide dominated area
is 20-50 km wide, and is located within the landward-vergent zone. Slope failures occur presumably due
to over-steepening.
Keywords: subduction zone, bathymetry, seismic reflection profile, landward-vergent, Sumatra
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Pore pressure within dipping aquifers in overpressured basins
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We first use forward modeling to study how mudstone permeability controls the pore pressure in sand
bodies. We show that when dipping aquifers are surrounded by constant permeability mudstone, the pore
pressure of the sandstone equals the pore pressure of the mudstone at the midpoint. In contrast, when the
permeability is a function of stress, the pore pressure in the sandstone equals the pore pressure in the
mudstone at a higher depth. The reason for this is that mudstone is more compressed and has lower
permeability at the down-dip end of the structure. As a result, less of the higher pressures present at deep
depth contribute to the sandstone pressure. We then present an approach to predict the reservoir pore
pressure if the mudstone properties are known. This static model successfully predicts in-situ pressure in
reservoirs and results in a centroid depth approximately 1/3 the depth of the structure. This study also
further the understanding of regional fluid field within sedimentary basins and the control of large scale
of stratigraphy and material properties on subsurface pressures.
Keywords: overpressure prediction, permeability, basin modeling
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Geochemistry Study of Gabbroic Xenoliths in Hualalai Lavas
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The post-shield stage alkali lava flows from Hualalai Volcano, Hawaii contain abundant xenoliths of
dunite, wehrlite and gabbro. Geochemical properties of the gabbroic xenoliths can provide valuable
information for further understanding of the structure of lower oceanic crust and its interaction with the
Hawaiian magmas. Clinopyroxenes from one group (Group 1) of the gabbroic xenoliths have rare earth
element (REE) pattern in equilibrium with light rare earth elements (LREE) enriched lava. Their Sr-Nd
isotopic compositions are also consistent with Hualalai lavas (87Sr/86Sr = 0.7035-0.7038, εNd = 4.4-6.7).
These characteristics suggest Group 1 gabbros are associated with plume magmas. Clinopyroxenes from
another group (Group 2) show REE pattern in equilibrium with LREE depleted lava and Sr-Nd isotopic
compositions that overlap the range of East Pacific Rise (EPR) basalts (87Sr/86Sr = 0.7025-0.7028, εNd =
6.4-10.6). Therefore, Group 2 gabbros are believed to be gabbroic cumulates from ancient oceanic-crustal
layer 3. There is one Group 2 sample have more enriched radiogenic isotopic composition and elevated
La/Sm ratio than all the other Group 2 gabbros, which may be results of interaction between the ancient
Pacific oceanic crust and the Hawaiian plume magma. Oxygen isotopes are measured for plagioclase and
clinopyroxene separates from the xenoliths. Plagioclases of Group 1 xenoliths have elevated δ18O
values (~6.2‰) which is consistent with Hualalai lavas. In contrast, Group 2 xenoliths have relatively
uniformδ18O values in equilibrium with fresh MORB lavas (5.7‰-5.9‰), while δ18O values of
plagioclase and clinopyroxene of Group 2 xenoliths are in good equilibrium with each other (△plag18
cpx=0.5-0.7‰). The non-depletedδ O values would suggest no significant hydrothermal alteration in the
lower layer 3 oceanic crust, which tend to support accretion of lower oceanic crust from “gabbro glacier”
instead of multiple sills. It also preclude the possibility that the enriched and variousδ18O in Hawaiian
lavas is obtained from crustal assimilation.
Keywords: gabbroic xenoliths, geochemistry, Hualalai Volcano, lower oceanic crust, accretion model,
crustal assimilation

CCG13

Morphometry.org: a new website for sharing, searching for and resampling
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Morphometrics, the study of structure through shape, has blossomed as a field of study over the last two
decades, with a proliferation of techniques for collecting and applying data. The most immediate
impediment to advancing morphometrics as a mode of investigation has been the lack of an efficient way
to share data between researchers. Morphometry.org is a new website for sharing traditional
morphometrics, as well as 2D and 3D geometric morphometric data, in a searchable database. In the
same spirit as GenBank and MorphoBank.org, Morphometry.org aims to improve morphometric
investigations by eliminating time-intensive redundant data collection, enhancing collaboration, and
allowing incremental addition to ongoing projects, facilitating peer-review of data accuracy and precision
as well as the resulting analyses. Requirements of submission for all linear measurements and landmark
coordinates include written definitions of how the measurement was taken or where the landmark is
placed, the list of specimens examined with associated specimen numbers, and the values of the data as a
tab-delimited table. For 2D geometric data, submissions must include the photographs used for landmark
placement. Morphometry.org does not yet store voxel or surface maps for 3D morphometrics, but will do
so in the future. Submitted data can optionally include illustrated references for taking measurements or
placing landmarks, links to additional data about the specimens examined (such as in VertNet.org and
Digimorph.org), geographic coordinates for the collection site of the specimen, and user-defined
classification and metadata tags.
Keywords: paleontology, morphometrics, information science, collaborative infrastructure
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Multiple suppression in the t-x-p domain
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Over the years many attempts have been made with varying degrees of success to attenuate multiple
reflections. Multiples are conventionally suppressed using information on their periodicity or velocity
discrimination. Some of the popular methods to suppress multiples involves using the Radon transform.
However, some of the Radon transform methods face challenges when the water column is shallow and
there is little difference in velocity between multiples and corresponding primaries. In addition, an
invertible hyperbolic Radon transform can be computationally expensive.
We propose a novel approach for suppression of multiples using the t-x-p domain, where p is the local
slope of seismic events, and discuss the merits and demerits of this approach. We take CMP gathers and
transform them from the original t-x space to the extended t-x-p space. We pick the velocities for primary
reflections and form filters as functions that go to unity for primaries and zero for multiples. Multiplying
the gather in the extended space by such filters and stacking along the p axis produces a gather with
multiples suppressed. Synthetic and real data examples demonstrate the potential of the proposed
approach.
Keywords: multiples, radon transform, CMP gathers, velocity, periodicity, t-x-p, filters, synthetic, real

SHP25

Reconstructing patterns of aeolian sand accumulation in the Jurassic Gulf of
Mexico using a physical model
Goggin, H. 1, Lopez-Gamundi, C. 1, Dong, T. 1
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This project involved an experiment in a wind tunnel used to simulate wind patterns in the Gulf of
Mexico during the Jurassic. The goal of the experiment was to predict the patterns of aeolian sand
accumulation to better understand the locations of potential hydrocarbon reservoirs. To visualize the
possible sites of sand accumulation we used an oil and zinc oxide mixture that was applied to a vertically
exaggerated and scaled down three-dimensional plastic model of the Jurassic basin. The model was then
placed inside a wind tunnel and run oriented with two paleo-wind directions. Locations of oil plus zincoxide accumulation are taken to represent possible sites of significant sand accumulation during the
Jurassic. Preliminary work involved determining the ideal oil to zinc ratio to carry out the experiments.
Tests were also carried out using varying vertical exaggerations on a small model section before a fullsized three-dimensional basin model with the ideal vertical exaggeration was printed. The work consisted
of applying oils with differing viscosities and a specific ratio of zinc oxide to the basin model and then
recording its migration when subjected to different wind directions. Time lapse photos were taken in fivesecond increments for step-by-step observation of evolving patterns of oil plus zinc oxide accumulation.
These images were the basis of further quantitative analysis by imaging software.
Keywords: aeolian sedimentation, wind tunnel, Gulf of Mexico
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Variability in coseismic and long-term slip along the El Mayor-Cucapah surface
rupture assessed using terrestrial lidar
Peter O. Gold1,2*, Michael E. Oskin1, Austin J. Elliott1, Alejandro Hinojosa-Corona3, Michael H.
Taylor4, Oliver Kreylos1, & Eric Cowgill1
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We analyze high-resolution (>104 points/m2) terrestrial lidar surveys of the 4 April 2010 El MayorCucapah earthquake rupture (Baja California, Mexico), collected 12 to18 days after the event at three
sites. Using point cloud-based tools in an immersive, virtual-reality environment, we quantify coseismic
fault slip for hundreds of meters along strike and construct densely constrained along-strike slip
distributions from measurements of offset landforms. Uncertainty intervals ranging from ±12-17% (2σ)
for each offset or fault-perpendicular profile are determined empirically by repeatedly measuring each
sequence of offsets. This analysis suggests that short wavelength (101-102 m) variations in displacement
do not reflect recognizable earthquake mechanisms but rather are the result epistemic (interpretive)
uncertainties that are difficult to quantify in the field. At all three sites, a linear slip gradient either
satisfies all measurement distributions or accounts for unmeasured sagging of the hangingwall detected
with differential airborne lidar. Conversely, fitting an envelope curve above the local slip maxima
overestimates true fault slip by ~30% and along-fault strain by over an order of magnitude by favoring
measurements with large, positive, epistemic errors. In aggregate, these datasets show that the true slip
distribution at each site is likely to be smoother than that implied by a single set of field- or virtual realitybased measurements. In addition, we measured two populations of striations on exposed fault faces
plunging ~25° and ~56° to the southeast. The shallower set of striations overlaps within error the ~30°
plunge of the 2010 slip vector determined from offset measurements, implying that the steeper striations
preserve the slip direction from the penultimate earthquake. Fault-perpendicular profiles across a
paleoscarp that we interpret to have resulted from a single pre-historic earthquake reveal ~3.2 m of
vertical displacement. Thus we find that the Borrego fault produced ~2.5 m of strike-slip dominated
displacement in 2010, and ~4 m of dip-slip dominated displacement in the penultimate earthquake. Both
interpretations suggest that the Borrego fault violates the common assumption that faults produce
kinematically similar slip events.

Keywords: terrestrial lidar, surface rupture, slip distribution, El Mayor Cucapah, uncertainties
NOTE: This research was completed while first author Gold was at UC Davis.
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The Effects of Radiation Damage as Measured by Raman Spectroscopy on
Apparent (U-Th)/He Ages and He Diffusion in Zircon
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Zircon is one of the most commonly used minerals in (U-Th)/He thermochronometry, based on He
ingrowth from the alpha decay of U, Th, and Sm. Helium retention in zircon is characterized by a closure
temperature of ca. 180°C (dT/dt of 10°C/m.y.) and a partial retention zone between ca. 140-200°C.
However, several studies have shown that zircon (U-Th)/He (ZHe) ages are significantly affected by
radiation damage. The emission of the alpha particle and the recoil of the parent nuclide, as well as
spontaneous 238U fission, create defects in the crystal lattice which accumulate over time. Despite a large
number of published step-heated, fractional-loss He diffusion experiments in zircon, most studies only
use uniform values for He diffusion kinetics without consideration of the potential for variations due to
accumulation of damage. An understanding of variations in diffusion kinetics is therefore imperative for
the reliable interpretation of thermochronometric data. Several case studies from the North African Tethys
Margin (Gulf of Suez and Western Desert, and Morocco) show strong correlations between apparent ZHe
cooling age and effective uranium concentration (Ue, as proxy for maximum accumulated radiation
damage) within individual samples; i.e., low Ue (less damage) yield older apparent ZHe ages than high
Ue grains that exhibit systematically younger ages. The spread of ages obtained from Pan-African rocks is
commonly ca. 400 m.y. Furthermore, obtained apparent ZHe ages occur in clusters around known
regional tectonic events, such as the East African Orogeny, Hercynian Orogeny, Neotethyan rifting, or
Santonian inversion. These data demonstrate unequivocally a strong and systematic relationship between
radiation damage and He diffusion kinetics in zircon. We use Raman spectroscopy to directly measure
accumulated damage within each grain, followed by U-Pb LA-ICP-MS measurements to remove the
effects of inheritance from our data in detrital zircons, and finally ZHe age dating and low-T He diffusion
experiments to quantify the correlation between total accumulated damage, diffusion kinetics, and
apparent (U-Th)/He age and allow the use of zircon as a thermochronometer capable of measuring more
robust and continuous thermal histories.
Keywords: zircon, thermochronology, U-Pb, Egypt
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Shake, rupture and flow: hydraulic constraints on the formation of Europa’s chaos
Gooch, B.1, Schmidt, B.1, Blankenship, D.1
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Europa’s chaos terrains may have formed above shallow water lenses formed by melting of the upper ice
shell with ascending thermo-compositional plumes. A key factor in the creation of chaos terrain may be
dramatic disruption and collapse of the ice lid above the forming melt lens along with potentially violent
mixing upon its rupture; this is analogous to the collapse of terrestrial ice shelves in which massive ice
bodies disintegrate in a few days. At Thera Macula, there is evidence for modification by water
immediately external to the scarp that bounds the collapsed region. Since water runs either subaerially
down hill or sub- or englacially from high pressure to low, the swollen appearance of bands entering
Thera Macula, which are uphill in terms of hydraulic and topographic gradients, raises the possibility that
this steep scarp represents the place where the lens initially broke. As the ice lid ruptures, the
overpressure within the lens may create sufficient pressure within the fracture to drive water through it,
allowing water to escape into and modify surrounding terrain. Similar effects are seen when aquifers or
subglacial water sources are tapped: water flows up the pipe until the pressure in the water body is
relieved and the hydraulic “pressure head” in the pipe is lowered. We have modeled the hydraulic
potential associated with a rupturing lens in order to investigate the range of parameters for overpressure,
fracture width, and lid thickness that could produce such modification as is observed at Thera
Macula. These place important constraints on the pressure within the lens and the energetics of a collapse
event. These estimates may explain how ice masses within chaos are initially disrupted and provide a
means for quantifying the vigor of surface-subsurface mixing critical to Europa’s putative habitability.
Keywords: Europa, overpressure, chaos, subglacial hydrology

SHP28

Suspended Sediment Transport in Flash Floods: Turbulence and Boundary Shear
Stress
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Sediment transport in flash flood dominated channels has received relatively little study compared to
perennial streams, despite arid and semi-arid landscapes covering one-third of the earth’s surface.
Precipitation events in arid regions can result in high surface runoff into ephemeral channels, resulting in
flash floods that can be highly erosive and destructive. A flash flood hydrograph is composed of three
major parts. First is a flash flood bore or “wall of water,” a front of water typically characterized by
increased turbulence, followed by a rising limb with increasing discharge, and lastly a decreasing falling
limb. Field observations show that sediment transport rates are elevated in the flood bore and decrease in
the rising limb even though discharge is increasing. Two experimental facilities are used to test the
hypothesis that elevated turbulence in the bore results in higher sediment transport rates; the first is a
large channel-like flash flood flume and the second is a rotating drum flume. Data from these experiments
show that flash flood bores have higher suspended sediment transport rates, turbulent kinetic energy, and
boundary shear stress than steady flow.
Keywords: Flash Floods, Suspended Sediment Transport, Laboratory Experiments, Turbulence,
Boundary Shear Stress
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Climate variability from Diploastrea heliopora corals from the southwest tropical
Pacific at ~1ka
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Understanding El Niño Southern Oscillation (ENSO) variability prior to anthropogenic influence is
crucial to understanding natural climate variability and to informing predictions of future climate change.
Coral-based climate records from ENSO-sensitive regions provide unique high-resolution archives of past
ENSO variability. However, the massive coral most commonly used in climate studies, Porites spp.,
rarely provide climate record lengths in excess of 200 years. This presents a challenge because recent
work suggests that proxy records of ENSO variability need to exceed 500 years in length in order to
capture the full range of natural variability of the ENSO system. Here we present preliminary oxygen
isotope (δ18O) data from a slower growing Diploastrea heliopora coral from Lambumbu Bay, Vanuatu
(LBV; 16.19°S, 167.39°E), located at the southern edge of the Western Pacific Warm Pool (WPWP), a
species which has the potential to live continuously for up to a millennium. Coral-based climate records
from this region have been shown to be reliable recorders of ENSO-related variability of the South Pacific
Convergence Zone (SPCZ). The LBV coral was drilled live in 2010 and data over the period 1980-2007
is used as a comparison to a δ18O record from a nearby Porites lutea coral (Sabine Bank, Vanuatu, ~130
km away). Our initial observation is that 20th century D. heliopora coral δ18O variability agrees well with
previously published Porites lutea δ18O variability, providing us with confidence in using Diploastrea
heliopora corals for multicentury, continuous coral-based paleoclimate reconstructions. Following this,
we analyzed coral δ18O from a fossil D. heliopora coral head drilled nearby the live colony at Lambumbu
Bay. Here we present a 45 year δ18O time series from ~1ka that shows similar annual and interannual
variability to the modern. Modulations of the amplitude of the interannual signal are present, displaying a
period of quiescence followed by a period of increased variability. This pattern is similar to that observed
during the 20th century, suggesting that such modulations are a natural part of interannual variability in the
southwest tropical Pacific. Data acquisition from the ~1ka coral core is ongoing.
Keywords: ENSO variability, coral geochemistry, climate variability at ~1ka
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Inclusion Foliation in Murchison as Revealed by High-Resolution X-ray CT
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Several classes of chondritic meteorites have been found to contain flattened chondrules which exhibit a
preferred orientation. However, one of the most extensively studied carbonaceous chondrites, the CM2
Murchison chondrite, has thus far not been reported to have any organized 3D fabric or foliation apart
from a microscopic matrix foliation defined by the alignment of the basal plane of serpentine. One study
did analyze Murchison chondrule shapes in situ but reported that the chondrules had a low mean aspect
ratio (1.17) with no evidence of a preferred orientation. We have acquired preliminary volumetric data of
a Murchison sample using high-resolution X-ray computed tomography (HRXCT), which has revealed
the apparent alignment of elongated inclusions. HRXCT is well suited to the study of macroscopic 3D
textures in meteorites as it can be used to non-destructively image the interior and produce a
highresolution 3D digital dataset that can be analyzed to quantify such fabrics. The purpose of our study
is to quantify and fully characterize the 3D texture evident in Murchison using HRXCT and identify and
describe the components that define it.
Murchison sample USNM 5487 (~44 g) was scanned on the ultra-high-resolution ACTIS subsystem at the
University of Texas High-Resolution X-ray CT Facility. Two separate populations of inclusions were
identified in the HRXCT data based on their shape and differential X-ray attenuation. The first
component is a set of inclusions that are brighter (more attenuating) than the matrix and appear to have a
wide variety of shapes, some quite irregular and angular. The second component is a group of inclusions
that are darker (less attenuating) than the matrix and are commonly spherical or elliptical in cross-section.
We segmented and extracted 3D spatial information for both the bright and dark inclusions using Blob3D
and fit a 3D ellipsoid to each extracted inclusion. Shape analysis was done by plotting the best-fit
ellipsoids for each component on Sneed and Folk ternary diagrams using the TRI-PLOT software.
Our analysis suggests that the dark inclusions display a preferred orientation consistent with flattening
while the bright inclusions do not. Because the dark inclusions are the least dense phase in the meteorite
and can also be quite large (> 2 mm diameter) it is unlikely that they represent true, unaltered chondrules
(reported to be rare in Murchison). Based on their elliptical cross section, low apparent density, and
occasional evidence of bright, denser cores, we interpret the dark inclusions to be altered chondrules and
the bright inclusions to be unaltered chondrules and anhydrous mineral fragments. Petrographic work
will be done to verify this interpretation.
Keywords: meteorite, carbonaceous chondrite, chondrules, asteroid secondary processes, textural
analysis, X-ray computed tomography, X-ray CT
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The Ertsberg Mining District in Papua, Indonesia, contains one of the largest Cu-Au deposits on the
planet. Igneous intrusions rose through the crust along weak points of a strike-slip faulting regime.
Cooling and crystallization of anhydrous phases caused fluid accumulation at the top of a cupola in a
stock above a batholithic magma chamber. Hydrothermal fluid episodically escaped through fractures,
forming veins which are combinations of quartz, pyrite, chalcopyrite, and anhydrite.
Anhydrite is a common vein mineral phase in these hydrothermal systems. It precipitates from magmatic
fluids when sulfur dioxide reacts with water to form hydrogen sulfide and sulfuric acid. This reaction
occurs between 400-600°C and results in the precipitation of sulfide and sulfate minerals. The purpose of
this study is to determine if trace element analysis of anhydrite can be used to chemically fingerprint
veins to specific source magmas.
Ninety-seven anhydrite samples were chosen from several locations in the Ertsberg Mining District based
mineral assemblage and volume. This study uses Quadrupole Inductively Couple Plasma – Mass
Spectrometry (ICP-MS) solution analysis of anhydrite to determine trace element abundances, including
Rare Earth Elements (REE). This data has been compared to major and minor trace element geochemistry
of igneous rocks from the district. Almost 30 trace elements are easily detectable in the sample. While Sr,
Ba, Mg, K, Na are the most abundant, there are no obvious correlations of trace elements from the
concentration plots. It was discovered that chondrite normalized REE ratios have two distinct patterns in
the veins, but the parental igneous rocks have only one pattern. Both anhydrite and igneous rocks have
REE patterns with a La/Yb ratio of twenty or lower (n=10; 36). The anhydrite shows similar patterns, but
also exhibits high light REE (LREE) concentrations with La/Yb ratios as high as 241 (n= 14).
REE profiles appear to be a basis for correlating anhydrite with potential parental intrusions. This study
has discovered that REE in anhydrites can be measured, and have patterns similar to the intrusive rocks in
the district. The hypothesis is that the increase of LREE comes from the fractionation effect of REE from
the fluid into precipitating anhydrite. Two studies are ongoing: 1) Sedimentary anhydrite analysis to
compare with values of magmatic anhydrite and 2) Sr isotopic analysis on anhydrite to make another type
of correlation with the intrusions in the district. 	
  
Keywords: Anhydrite, REE, porphyry ore deposit, hydrothermal systems
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Modern thermochronometric dating techniques have become increasingly powerful tools with a
diverse range of applications in quantifying tectonic and sedimentary processes at rifted
continental margins. While detrital zircon U-Pb is commonly used in detrital provenance studies,
zircon (U-Th)/He (ZHe) dating has been shown to be a complimentary tool that not only
constrains sediment provenance, but also the exhumation history of a sediment source region(s).
In particular, analysis of ZHe lag time - time required for exhumation, erosion, and deposition in
a sedimentary basin – is a powerful tool in elucidating the temporal and thermal evolution of
tectonically active source areas. In hyper-extended margin basins, such as the Mauleon basin,
inverted unroofing sequences with up-section variations in lag time can record changes in either
sediment source(s) or exhumation rates during progressive continental break-up.
During progressive thinning and exhumation, different exhumed lithospheric levels will shed not
only zircons but also lower-crustal rutile into syn-rift basins recording progressive crustal rifting
and thinning. Zircon and rutile U-Pb-He double dating studies have shown the power of coupling
these data with other geochemical characteristics or fingerprints (e.g., REE spectra, Hf isotopes,
or trace-element thermometry) to further refine provenance signatures. Rutile double dating
should be of particular use in hyper-extended margin settings, as rutile-bearing granulitic, lowercrustal rocks are exhumed during the thinning and exhumation phases. In summary, modern
detrital U-Pb-He dating of accessory phases is ideally suited to reconstruct the complete tectonic
evolution of hyper-extended continental margins, as syn-rift basins tend to archive a more
complete record of evolution of the margin compared to bedrock thermal histories that are prone
to thermal overprinting or loss to erosion.
The Mauléon Basin of the Western Pyrenees is an ideal hyper-extended basin for this study due
to extreme crustal thinning during Cretaceous rifting followed by Pyrenean reactivation. Due to
the fact that the Western Pyrenees experienced less reactivation and deformation, many of the
pre-rift structure of the Western Pyrenees are preserved and can be analyzed and compared to the
syn- and post-rift units and structures. This study is the first major chronologic study completed
in the Mauléon Basin. The sample transect runs north-south and covers the length of the basin
and intra-basin structures. By using the discussed techniques, this study will give new insights
into the structure of the Mauléon Basin and the Western Pyrenees, rifting of the Pyrenees and
also plate reconstructions and kinematics of the Iberian and European plates.

Keywords: Pyrenees, Zircon, Rutile, Thermochronology, Double-dating, U-Pb, (U-Th)/He, Extensional
tectonics
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Speleothems are cave calcite deposits and are common paleoclimate proxies. Whereas previous
analysis of cave drip waters from many settings has led to a detailed understanding of the
mechanisms that control geochemical evolution of the drip waters, factors affecting the
partitioning of trace elements into speleothem calcite are not well understood. To understand
how dripwater and speleothem compositions are related, this study will measure the Mg/Ca,
Sr/Ca, Ba/Ca and 87Sr/86Sr ratios in dripwater and calcite grown on artificial substrates from
Natural Bridge Caverns New Braunfels, Texas.
Previous research has focused on understanding the controls on cave dripwater compositions
from which speleothems form. As meteoric water percolates through the vadose zone, the
Mg/Ca, Sr/Ca, Ba/Ca and 87Sr/86Sr ratios can be modified by water-rock interaction (i.e. calcite
and/or dolomite dissolution and reprecipitation) along a flow path from the surface to the cave.
The ratios can also be influenced by prior calcite precipitation (PCP) (i.e., calcite precipitation in
the vadose zone above the cave or on the cave ceiling). The amount of PCP that occurs can be
controlled by the level of CO2 in the cave and vadose zone and/or antecedent moisture conditions
that influence the relative saturation state of the vadose zone above the cave and the relative
water travel times. The co-variation of Mg/Ca (and Sr/Ca) and 87Sr/86Sr values is useful for
identifying if dripwater is controlled by water-rock interaction, PCP, or a combination of both.
Water-rock interaction results in higher Mg/Ca (and Sr/Ca) and lower 87Sr/86Sr values, and PCP
results in higher Mg/Ca (and Sr/Ca) with constant 87Sr/86Sr values.
For this research, monthly dripwater and calcite samples will be collected to assess how calcite
growth rate and geochemistry relate to drip rate and dripwater geochemistry and characterize
seasonal variations in this relationship and in calcite geochemistry. The substrates will be placed
under drip sites that have previously been identified to be controlled by distinct combinations of
water-rock interaction and PCP: i) dripwater dominantly controlled by PCP; ii) dripwater
dominantly controlled by water-rock interaction and iii) dripwater controlled by a combination of
both. The results will be used to improve upon quantitative transfer functions that relate climate
with drip water and speleothem geochemistry, and will be used to forward model synthetic
speleothem records.
Keywords: Trace elements, paleoclimate, speleothems
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Magnetite is an excellent candidate for (U-Th)/He geochronology because it forms as a common mineral
phase in felsic, mafic and hydrated ultramafic igneous and metamorphic rocks, has measurable amounts
of U-Th, and grains can be separated by hand magnet. Magnetite (U-Th)/He dating has been proven as a
viable geochronometer in basaltic to intermediate volcanic rocks and has the potential to extend to rocks
that do not commonly contain mineral phases that are datable by traditional geochronometry. The present
study is specifically interested in the ability to temporally constrain serpentinization by dating the
formation of magnetites resulting from the reaction of olivine with water. Magnetite formation has been
shown to be favored at temperatures lower than 250°C, which is promising for magnetite (U-Th)/He
geochronology, which has a closure temperature of 250°C in basaltic rocks. Application of magnetite (UTh)/He dating should provide critical temporal insights into continental rifting and serpentinization during
break-up along magma-poor continental margins.
	
  
As attractive and powerful as magnetite (U-Th)/He dating is, refinement of the technique has highlighted
the importance of screening grains to ensure suitability for dating in light of skeletal grain morphology
and He implantation, as matrix [U] is commonly up to one order of magnitude greater than magnetite.
While air-abrasion tends to correct for outer matrix and alpha implantation in large magnetite, irregular
and complexly intergrown magnetite require further pre-analysis screening. SEM backscatter imaging is
useful to determine the presence of skeletal or impure magnetite within a sample, but is destructive to the
grain and unable to resolve heterogeneities in 3D. To overcome these challenges, this research
incorporates high-resolution X-ray computed tomography (CT) as a powerful and non-destructive method
to effectively screen the entire grain volume. Once magnetite grains are scanned with the CT, Avizo
software is used to compile a 3D image of the magnetite grains and map the location of any matrix or
inclusions present. Blob3D software is used to quantify volume and surface area measurements to
monitor air-abrasion progress and high [U] matrix removal.
Keywords: (U-Th)/He geochronology, magnetite, high resolution x-ray computed tomography,
serpentinization
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High Resolution Correlation Framework of the Grayburg Formation-Shattuck
Escarpment and Plowman Ridge: Testing Models of Shelf-to-Basin Frameworks
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The Grayburg-Queen interval in the Guadalupe Mountains is one of the least studied of the major
formations exposed in this classic outcrop belt and is second only to the San Andres Formation in terms
of cumulative hydrocarbon production in the subsurface. Correlation frameworks of the Guadalupe
Mountains hinge on the Grayburg-Queen interval as these strata form a transition between the San Andres
ramps of the Algerita Escarpment and the reef-rimmed Artesia Group/Capitan system of the southern
Guadalupes. Significant discrepancies exist between published models of shelf to basin correlations
within this stratigraphic interval. Central to the different interpretations is the nature of correlations of
mixed carbonate-siliciclastic cycles between the Shattuck Escarpment and the Plowman Ridge area of the
Brokeoff Mountains. This study revisits these contrasting models using high resolution cyclostratigraphy
in conjunction with chemostratigraphy to determine a best-fit correlation of the Grayburg Formation
mixed carbonate-siliciclastic high-frequency cycles between the Shattuck Escarpment of the Guadalupe
Mountains and the Plowman Ridge area of the Brokeoff Mountains.
The G10, G11, and G12 Grayburg high-frequency sequences are mapped at Shattuck Escarpment and
Plowman Ridge. Relative to the inferred Grayburg shelf margin, the Shattuck Escarpment section S7 is
located 2km seaward of the Plowman Ridge section PR1. One dimensional vertical facies proportion
analysis and cycle stacking patterns at Shattuck section S7 and Plowman section PR1 record the overall
progradation of the Grayburg Formation during the deposition of high-frequency sequences G10 through
G12. A detailed comparison of cycle sets between Shattuck section S7 and Plowman section PR1 shows
an excellent match in terms of cycle thickness and number, as well as, facies proportions. These
observations support the assertion that Grayburg strata exposed in the Guadalupe Mountains may be
correlated to strata exposed in the Brokeoff Mountains at cycle scale resolution. Lateral and vertical facies
patterns described in this study may provide a useful guide for reservoir characterization in
stratigraphically equivalent subsurface reservoirs, and in other transitional mixed carbonate-siliciclastic
shelf reservoir settings.
Keywords: cyclostratigraphy, chemostratigraphy, Grayburg Formation, reservoir characterization
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Quantification and standardization of resolution for X-ray computed tomography
scanners
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Determining the resolution of X-ray computed tomography (CT) scans is of utmost importance for
quantitative assessment of the scanned material. Without knowledge of the uncertainty associated with
any given border between two substances, fundamental calculations like volume, porosity, and fracture
widths are unreliable, especially when these features are small with respect to the CT data resolution.
Yet, comparison of images produced by different scanners, without scanning the exact same item, has yet
to be standardized. The Point Spread Function (PSF) tool proposed here fulfills this need - operating
independently of what the scanned object is, and thus allowing any data set to be evaluated and
characterized.
Due to the inherent blurriness of boundaries between materials in CT data, a step function is too idealistic
to model a boundary. A PSF is a continuous function that more realistically describes the observed
gradual transition from one material to another in CT data. The PSF radius is a measure of the length of
the transition period, and it is this radius that can be employed to compare the image quality produced by
different CT scanners. A longer radius corresponds to greater blur, and thus a less resolved scan.
After creating the PSF radius tool, it was tested on basic images convolved with known PSF radii.
Images were tested with blur in both 2 and 3 dimensions to confirm the robustness of the underlying
algorithms. The implications of this development are: a simple, reliable way to compare CT scanners
that does not require them to image the exact same object, and better constrained boundaries for 3-D CT
imagery. These constraints permit future developments in CT analysis, such as 3-D fracture tracing with
uncertainty quantification and sub-voxel accuracy in aperture and position.
Keywords: x-ray computed tomography, point spread function, uncertainty quantification
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Effects of elevated CH4 and CO2 on the mobility of metals in near-surface sediments
Hingst, M. 1, Romanak, K.1, Young, M.H.1
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1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Carbon capture, utilization and storage (CCUS) is one practice to reduce atmospheric CO2 emissions by
capturing CO2 from stationary, sources, transporting it to suitable storage sites, and injecting it into deep,
geologic reservoirs for enhanced hydrocarbon recovery and storage. One concern with respect to CO2
storage is that unintentional CO2 release to the surface may occur through direct seepage pathways such
as fractures and/or improperly plugged and abandoned wells.
We hypothesize that CO2 migration into the vadose zone and subsequent Eh and pH changes in partially
saturated sediments could mobilize metals and contaminate ground- and surface-waters; however, this
contamination potential has not been addressed. The goals of this study are to understand if metal
mobilization through soil pore water may occur due to CO2 release and to assess the potential for impact
to underlying aquifers and/or the biosphere. The study was conducted at a CCUS site in Cranfield, MS,
where localized (10m2) seepage of CH4 (45 %) from depth reaches the surface and oxidizes to CO2 (34%)
in the vadose zone near a plugged and abandoned well. Four sediment cores (4.5-9m long) were collected
in a transect extending from a background site through the area of anomalous soil gas and were sampled
at approximately 1-m intervals. Samples were analyzed for Eh and pH in the field and for occluded gas
concentrations, metal concentrations (water-mobile, acid-mobile, and total), moisture content, and carbon
content (inorganic and organic) in the lab. Data from the background area (occluded gas ~21% O2, <1%
CO2, 0% CH4) showed oxidized conditions (Eh from 464-508mV) and neutral pH (7.0-7.8) compared to
samples collected near the soil gas anomaly (13-21% O2, 0.1-5% CO2, <0.1% CH4) that were more
reducing (Eh 133-566mV) and of lower pH (5.3-8.0). Strong correlations were found between Eh and O2
(r=0.95), pH and CO2 (r=-0.88), and between these parameters and acid-leached metals in samples from
within the soil gas anomaly. Correlations quickly weaken and disappear away from the anomaly and in
the background area. While total metal concentrations and the percent of water-mobile metals are
relatively consistent between cores, the percent of acid-mobile metals increases toward the gas anomaly.
Preliminary conclusions are that 1) Oxidation of CH4 to CO2 depletes O2 causing reducing conditions; 2)
high CO2 and low O2 alter the Eh and pH of sediments affecting metal mobility; 3) geochemical
alterations are localized to the extent of the gases. Additional work will use modeling to predict the
potential outcomes of altered sediment geochemistry observed in the field on aquifers – specifically to
assess the potential for metals to exceed the maximum contaminant levels (MCLs) set by the EPA in
underlying drinking water.
Keywords: Metals, soil, redox, carbon dioxide, methane, oxygen, pH, Eh
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Comparative morphology of the pectoral girdle and forelimb of a phytosaur
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Phytosauria is a widespread clade of large, quadrupedal, carnivorous archosauriforms known only from
the Late Triassic. Despite recent phylogenetic analyses revising phytosaur ingroup relationships and
taxonomy, many details of the anatomy, phylogeny, and diversity of non-phytosaurid phytosaurs remain
unknown. Complete skeletons are rare, and only two taxa are known from more than cranial material.
Because of this lack of data, there is no comprehensive understanding of their skeletal anatomy. We
address this by elucidating the forelimb anatomy of a specimen similar and possibly referable to
Angistorhinus (TMM 31100-1332). Current diversity estimates for Angistorhinus range from one to eight
species, though specimen-level systematic have not been tested. Angistorhinus and Brachysuchus both are
known from the Otis Chalk localities of Texas. A newly prepared specimen from the Otis Chalk is the
only specimen referable to Angistorhinus that consists of a nearly complete skeleton in articulation, and is
one of the most complete North American phytosaurs known. Pectoral girdle and forelimb material
prepared from the field jacket includes right and left coracoids, one right and two left scapulae, right
humerus, left ulna, left radius, 1st-4th left metacarpals, 1st-3rd and 5th right metacarpals, six complete and
five partial phalanges, and two distal phalanges. In comparison to Smilosuchus gregorii, the most
common phytosaur taxon used in higher-level archosaur phylogenies, the anterior notch of the coracoid is
rounder and more extensive and the olecranon process of the ulna is less expanded. In addition to
clarifying the skeletal anatomy of a non-phytosaurid phytosaur, TMM 31100-1332 is skeletally immature
based on the open neurocentral sutures in all observable presacral vertebrae. We developed phylogenetic
characters based on comparative anatomical examination of the morphology of the forelimb to test
whether inclusion of the postcranial information affected our understanding of relationships within
Phytosauria. A potential issue with inclusion of postcranial characters is the paucity of specimens that
include both identifiable cranial remains as well as postcranial elements. We analyzed the dataset in two
ways: first, with all taxa and only cranial characters, and second, only including the taxa that have
postcrania with only the cranial characters. We compared the two resultant trees to examine the topology.
Our results from this analysis showed that the topology does not change when excluding the taxa without
postcranial material. This specimen represents presents a rare opportunity to clarify phytosaur postcranial
anatomy, develop phylogenetic characters from the entire skeleton, and explore the effects of an expanded
phylogenetic dataset on phytosaur relationships.
Keywords: Phytosauridae, systematics, morphology, Triassic, postcrania
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Seasonal and Diurnal Variation of Aerosol Extinction Profile and Type Distribution
from CALIPSO 5-year Observations
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We perform a statistical analysis on seasonal variations of the vertical distributions of aerosol
properties, including extinction coefficient, aerosol type and layer top altitude, by using 5-year
CALIPSO lidar measurements at 532 nm. Results show that dust contribution to the all-aerosol
extinction is highly dependent on the emission source and time period. The vertical distributions
of aerosol types also show large seasonal variation. The diurnal variations (differences between
nighttime and daytime measurements) of aerosol properties are similar within the same aerosol
regime. The all-aerosol extinction is generally larger during nighttime, while dust extinction
shows little diurnal variation except when dust dominates in the aerosol composition. In general,
smoke occurs more frequently at high altitude during nighttime, while dust and polluted dust
occur less frequently. Aerosol layer top appears to reach high altitude more frequently during
nighttime than during daytime.
Keywords: CALIPSO, aerosol profile, aerosol property, remote sensing
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Modeling Migration Pathways in Washover Fans Using Modern Geometries and
Subsurface Data
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Washover fan (WOF) deposits are part of a much larger system of highly heterolithic barrier and shoreline
margin deposits which form notoriously hard to produce reservoirs (e.g. large amounts of hydrocarbons
are often stranded in these systems). A review of production data from these heterolithic systems reveals
that little data specific to WOFs exist, and very little is understood regarding their subsurface character. A
spatial analysis on modern WOFs using satellite imagery to quantify various morphometric characteristics
shows that fan length increases exponentially with total fan area, but no other fan attributes display any
correlation. Data from modern geometries will be combined with data from a WOF found in the
subsurface in the McMurray Formation of Canada that has excellent well-control. Geometries, facies,
facies associations, and petrophysics will be used to construct a three-dimensional facies model of a WOF
with a goal of identifying barriers to flow. With this model of a WOF we will assess how hydrocarbons
inhabit, migrate through, and potentially become stranded within these complex systems.
Keywords: washover fan
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Development of reacted channel during flow of CO2-rich water along a cement
fracture
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Risk assessment of CO2 sequestration projects must assign a likelihood of leaking wells and both an
estimate of the leak magnitude and change in flux over time. Experiments are essential for characterizing
coupled reactive transport phenomena along a leak path. In previous work we found self-reinforcing
behavior that tended toward self-limiting in a leakage path representative of a likely field situation (a
rough-walled fracture within cement) using dilute mineral acid to represent CO2-saturated brine. In this
work we show that leakage of CO2-rich water (composition typical of storage conditions) through
fractured cement also exhibits self-forcing behavior. In the hydrodynamic conditions likely to apply in
sequestration, this behavior should tend toward self-limiting or self-sealing of leaks.
To create a leakage pathway, we use Class H neat cement cores and generate a single natural fracture
using the Brazilian method. The sample is then placed into a Hassler cell and elevated confining and pore
pressure are applied. The injected aqueous phase is pre-saturated with CO2, and the carbonic acid in the
water reacts with cement during injection. The series of experiments reported here were designed to
maximize dissolved CO2 by using deionized water and operating at ambient temperature. During the
experiment pressure differential is recorded and effluent samples are collected for analysis. Post
experiment scanning electron microscopy (SEM) and energy dispersive x-ray spectroscopy (EDS) are
conducted on the fracture surface.
For all but one experiment, injection rate was held constant. For these experiments pressure differential
across sample showed little fluctuation. In one experiment pressure differential was held constant and
showed a significant decrease in flow rate. Effluent compositions imply carbonic acid reaction with
cement and calcium liberation. Visual analysis of each sample’s fracture surface shows reaction is
strongly localized along discrete channels. SEM images showed distinctive textures in reacted, transition,
and unaltered zones. In the reacted zone, a fine grained porous texture with polygonal joints is present. In
the transition zone, calcium bearing minerals have precipitated. In the unaltered zone, typical cement
textures are present. EDS analysis supports effluent composition results which show that calcium is
leached from reacted zone, leaving the zone relatively enriched in silicon.
A key result of our work is that no experiment showed a sustained decrease in pressure differential over
time, which would imply self-enhancing of the leakage pathway conductivity. SEM/EDS observations are
qualitatively identical to previous work with mineral acid. In that work, precipitation of minerals along
the boundary of the reacted channel led to self-limiting of flow path. A similar mechanism is proposed for
the present work, where calcium is liberated in the reaction pathway and precipitated as calcite along the
slow flow channel edges where velocity is lower. Development of reacted channels appears to be
controlled by coupling between the geochemistry and local heterogeneity of flow through the roughwalled fracture. These observations suggest that leakage of CO2-saturated brine from a storage formation
along a cemented wellbore into shallow formations is unlikely to become worse with time, and could
even be self-sealing.

Keywords: wellbore integrity, cement, reactive transport, carbon sequestration, fracture
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Lithostratigraphic Correlation and Reservoir Characterization of the Permian Age
Cutoff Formation; Guadalupe Mountains, West Texas
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The Leonardian-Guadalupian age Cutoff Formation has recently become a topic of interest in the energy
industry due to its association with organic rich siltstones and sandstones of the Bone Spring play in the
Delaware Basin of West Texas. Ongoing research in outcrop exposures of the Guadalupe Mountains and
wireline logs is being conducted in order to refine the lithostratigraphic correlation and tight-hydrocarbon
reservoir characterization of the Cutoff Formation.
The Cutoff Formation is a ~600 ft (~183 meters) section of carbonate facies and siliciclastic rich facies
deposited on the shelf margin, slope ,and basin of a distally steepened ramp. Logging of over 2390 ft
(728 meters) of measured section allows for the recognition of 8 facies types. Carbonate facies
include: wackestones – packstones, grainstones-rudstones, breccias, floatstones, and silty mudstoneswackstones. Siliciclastic facies include: black-green siltstones, radiolarian siltstones, and coarse
siltstones-very fine sandstones.
Facies identified in the Cutoff Formation have been assigned to three lithostratigraphic units based upon
their position relative to the Leonardian-Guadalupian boundary (LGB). The LGB is defined at an
erosional surface within the Cutoff Formation that stretches from the proximal slope to the basin floor.
The Lower Cutoff Formation is truncated by the LGB and is comprised of alternating packages of
carbonate facies and siliciclastic facies. The Lower Cutoff Formation is divided into 8 subunits. The
Middle Cutoff Formation consists of breccias and coarse quartz siltstones-very fine sandstones that onlap
the LGB. The Upper Cutoff Formation is Guadalupian in age and is composed of carbonate facies. The
Upper Cutoff Formation is divided into 3 subunits.
There is tight oil potential within siliciclastic facies of the Lower and Middle Cutoff units. Reservoir
facies within the Lower Cutoff formation are radiolarian siltstones. Porosity in this facies is moldic,
interparticle, and intraparticle porosity associated with radiolarian tests. Radiolarian siltstones are
interbedded with black-green siltstones. Within the Middle Cutoff Formation, coarse siltstones-very fine
sandstones contain intergranular porosity. This facies is interbedded with silty breccias.
This study provides evidence that the current depositional model for the Cutoff Formation and time
equivalent deposits within the Delaware Basin need to be revisited. First, the identification of two new
carbonate subunits within the Lower Cutoff Formation suggests that there must be a broader carbonate
factory on the Leonardian shelf than previously conceived. Second, truncation of Leonardian age units at
the global stratotype boundary for the Leonardian and Guadalupian epochs may alter stratigraphic
correlations to units in other parts of the basin (i.e. Glass Mountains, Southern Delaware Basin). Finally,

the discovery of a repeating pattern of carbonate and siliciclastic facies in the Lower Cutoff Formation
provides evidence that long term sedimentologic and eustatic processes may have contributed to the
deposition of tight-hydrocarbon facies around the Delaware Basin during late Leonardian time.
Keywords: Deepwater Carbonate Systems, Unconventional Resources, Bone Spring, West Texas
Permian Basin
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A Workflow to Estimate Reservoir Properties of Unconventional Gas Shales:
A Case Study on the Haynesville Shale
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Reservoir properties, such as porosity, composition, and pore shape of gas shales are important
for both exploration and production. This work presents a workflow to invert for these properties
from well log sonic data for unconventional gas shales, using the Haynesville Shale as a case
study. Two rock physics models, an isotropic and an anisotropic one, were combined with a grid
search method. Rock physics models for unconventional gas shales must model multiple solid
phases, their shapes, pore shape distributions and anisotropy because the composition and pore
shapes significantly affect the elastic moduli and velocities of the rock. In the workflow, the
isotropic model represents a complex medium as a single homogeneous medium by including
grains and pores of different shapes and sizes; the anisotropic model treats the shale as a vertical
transversely isotropic medium by introducing aligned fractures. After the relationships between
the reservoir properties and elastic properties (P- and S- wave velocities) were built by rock
physics models, a grid search method was used to estimate porosity, composition and pore shape.
In the grid searching, P- and S- wave velocities from the rock physics models were compared
with the measured log data. The modeled seismic velocities that satisfied specific criteria
provided the estimated reservoir properties. The workflow was applied to the Haynesville Shale
and provided simultaneous estimations of porosity, composition, and pore aspect ratio
distributions at the well location. The porosity and composition estimations matched the
observations from log and core data within a few percent. When we apply this workflow to
seismic scale where there are continuous seismic velocities inverted from 3D seismic data, we
will be able to obtain spatial distributions of these reservoir properties and, therefore, provide
optimal locations for exploration and production wells.
Keywords: Shale, Rock Physics Model, Reservoir Characterization, Statistical Inversion
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Modeling the radiative impact of dust storms on biogenic volatile organic
compounds (BVOCs) emissions in East Asia
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Biogenic volatile organic compounds (BVOCs) play an important role in regional and global atmospheric
chemistry, carbon cycles, and climate. Emissions of BVOCs are highly sensitive to vegetation types and
climatic conditions including downward solar radiation, vegetation temperature, which could be strongly
influenced by dust storms. In this study, a regional atmosphere-chemistry-land model, (WRF-Chem) is
used to simulate dust emissions, transport, and the associated radiation forcing. The impacts of dust
aerosol on BVOCs emissions in downwind areas, such as East China, Korean Peninsula, and Japan are
calculated online with a biogenic emission model in the WRF-Chem. The simulation period covers the
spring season in 2011 when several severe dust storms starting from the Gobi Desert and Northeastern
China were observed. Satellite measurements of aerosol optical depth (AOD) and observation of surface
radiation datasets are used to evaluate the model performance in simulating dust aerosol concentration
and its radiative forcing. The results from this work demonstrate the influence and importance of dust
storms on BVOC emissions in East Asia.
Keywords: BVOCs, dust storms, East Asia, AOD
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When characterizing microbial diversity and the microbial ecosystem of the shallow subsurface the
mineral matrix is generally assumed to be homogenous and unreactive. We report here experimental
evidence that microorganisms colonize rock surfaces according to the rock’s chemistry and the
organism’s metabolic requirements and tolerances. We investigated this phenomenon using laboratory
biofilm reactors with both a pure culture of sulfur-oxidizing Thiothrix unzii and a mixed environmental
sulfur-metabolizing community from Lower Kane, Cave, WY, USA. Reactors contained rock and mineral
chips (calcite, albite, microcline, quartz, chert, Madison Limestone (ML), Madison Dolostone (MD), and
basalt) amended with one of the two inoculants. Biomass of attached microorganisms on each mineral
surface was quantified. The 16S rRNA of attached microbial communities were compared using Roche
FLX Titanium 454 next generation pyrosequencing.
A primary controlling factor on taxonomy of attached microorganisms in both pure and mixed culture
experiments was mineral buffering capacity. In mixed culture experiments acid-buffering carbonates were
preferentially colonized by neutrophilic sulfur-oxidizing microorganisms (~18% to ~27% of
microorganisms), while acidophilic sulfur-oxidizing microorganisms colonized non-buffering quartz
exclusively (~46% of microorganisms). The nutrient content of the rock was a controlling factor on
biomass accumulation, with neutrophilic organisms selecting between carbonate surfaces of equivalent
buffer capacities according to the availability of phosphate. Dry biomass on ML was 17.8 ± 2.3 mg cm-2
and MD was 20.6 ± 6.8 mg cm-2; while nutrient poor calcite accumulated 2.4 ± 0.3 mg cm-2. Biomass
accumulation was minimal on non-buffering nutrient-limited surfaces. These factors are countered by the
competitive exclusion of some populations. A pure culture of T. unzii preferentially colonizes carbonates
while a very closely related Thiothrix spp is excluded from these same rock samples in a mixed culture.
Diversity analysis reveals that ML, MD, and calcite have >98% of sequences belonging to shared OTUs.
The carbonates have <3% of sequences belonging to OTUs shared with any silicate mineral surface with
the exception of basalt (~85% similarity). These four surfaces were host to the least diverse microbial
communities, suggesting that competitive exclusion of microorganisms not adapted to these surfaces is a
controlling variable on taxonomy. Furthermore, the microorganisms on basalt reveal an unique
association between Thiothrix unzii (often found in mid-ocean ridge environments) and basalt, where it
excludes other sulfur oxidizers and accumulates the highest non-carbonate biomass in both pure (3.5 ± 1.0
mg cm-2) and mixed culture (5.4 ± 1.4 mg cm-2) experiments. This association suggests that adaptations to
specific rocks may be retained even when the organism is displaced from an ancestral rock/mineral
surface habitat. Combined, these variables (buffering capacity, nutrient availability, competitive
exclusion, tolerance of surface geochemistry, and latent adaptations) affect biomass density, local
diversity, and global diversity of the attached communities on mineral and rock surfaces and suggest that
different populations are more tolerant of, and more competitive on, specific rock/mineral types.
Keywords: Geomicrobiology, Caves, Karst, Sulfur, Microbes, Bacteria, Speleogenesis
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We explore the effect of heterogeneities on partial melting and melt migration in the Earth's mantle. We
have constructed simple, explicit nonlinear models in one and two dimensions to examine heterogeneity
and its dynamic affects on porosity, temperature and the magnesium number in a partially molten, porous
medium comprised of olivine. The composition of the melt and solid are defined by a closed, binary
phase diagram for a simplified, two-component olivine system. The two-component solid solution is
represented by a phase loop where concentrations 0 and 1 to correspond to fayalite and forsterite,
respectively. During a partial melt in the presence of fluid flow, the composition of the melt, the residual
solid and the permeability of the system will be linked to transport of chemical components and enthalpy
via the fluid. This creates an interconnected system in which chemistry and enthalpy influence porosity
and permeability creating variable gradients within the fluid flux field.
For analysis, we examine a purely advective system assuming constant fluid flux with a Riemann initial
condition. Chromatographic tools and theory have primarily been used to track large, rare earth elements
as tracers. In our case, we employ these theoretical tools to highlight the importance of the magnesium
number; enthalpy and heterogeneity in the dynamics of melt migration. We calculate the eigenvectors and
eigenvalues in the enthalpy-composition space in order to glean the characteristics of the reactive fronts,
or waves, emerging the Riemann step. Analysis on Riemann problems of this nature shows us that the
enthalpy-composition waves can be represented by self-similar solutions. The eigenvalues of the
enthalpy-composition system represent the characteristic wave propagation speeds of the compositions
and enthalpy through the domain. Furthermore, the corresponding eigenvectors are the directions of
variation, or “pathways,” in enthalpy-composition space that the characteristic waves follow. In the twocomponent system, the Riemann problem yields two waves connected by an intermediate enthalpycomposition state determined by the intersections of the integral curves of the eigenvectors emanating
from both the initial and boundary states. The first wave, “slow path” and second wave, “fast path,”
follow the aforementioned pathways set by the eigenvectors. The slow path wave has a zero eigenvalue,
corresponding to a wave speed of zero, which preserves a residual imprint of the initial condition.
Freezing fronts—those that result in a negative change in porosity—feature fast path waves that travel as
shocks, whereas the fast path waves of melting fronts travel as spreading, rarefaction waves.
Keywords: Reactive Transport, Porous Media Fluid Flow, Partial Melting, Magma Dynamics,
Tectonophysics, Petrology
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Understanding the Effects of Wildfire on Soil Moisture Dynamics, Plant Water
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Moisture dynamics in the critical zone have significant implications for a variety of hydrologic processes,
from how much water is available to plants to infiltration and groundwater recharge rates. These
processes are perturbed by events such as wildfires which may have long-lasting impacts. In September
2011, the most destructive wildfire in Texas history occurred in and around Bastrop State Park, which
was significantly affected; thus we take advantage of a rare opportunity to study soil moisture under such
burned conditions. A 165 m long transect bridging burned and unburned areas was established within the
“Lost Pines” of the park. Soil moisture and soil temperature are being monitored using a variety of
methods, including 2D electrical resistivity imaging (using Dipole-dipole and Schlumberger
configurations), handheld measurements using a Theta probe, readings at depth using PR2 Profile probes,
and installation of thermistors. Preliminary data indicate greater soil moisture near the surface at the
burned end of the transect, where trees have been largely killed by the fire and grasses now dominate, and
very low near-surface soil moisture at the opposite end, which is still populated by pine trees and exhibits
considerably lower soil moisture readings and higher resistivity. Field measurements will continue to be
collected at approximately one-month intervals to further study temporal and seasonal effects on soil
moisture and temperature in this area.
Keywords: Electrical resistivity, soil moisture, vadose zone, wildfire
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In certain data processing and interpretation tasks such as spiking deconvolution, tuning analysis,
impedance inversion, spectral decomposition, etc., it is assumed that the vertical direction is normal to
reflectors, which is not true in the case of dipping layers and may lead to results that contradict their
fundamental assumption. To overcome the limitation of these methods in the Cartesian coordinate system
or in other words, to validate their assumption, we propose a new coordinate system, in which geometry
is more meaningful geologically and follows the natural shape of each reflector. Our algorithm transfers
seismic data to a new coordinate system and consists of two steps. First, local slopes of seismic events are
estimated by plane-wave destruction method, then structural information is spread along the estimated
local slopes and horizons are picked by the predictive-painting algorithm. These picked horizons can be
considered as level sets of the first axis of the new coordinate system. Using predictive painting,
automatic picking of horizons would use the advantages of both conceptual simplicity and computational
eﬃciency. Next, an upwind finite-difference scheme is used to find the two other axes which are
perpendicular to the first axis by solving the relevant gradient equation. After seismic data are
transformed into the proposed coordinates, layers will be flattened, and seismic traces will represent
direction normal to the reflectors. We call this new system as “stratigraphic coordinates”. The
stratigraphic coordinates are designed for depth images, but if applied to time domain images, a scaling
factor with dimensions of velocity-squared is needed. Synthetic and real data examples will demonstrate
effectiveness of our method.
Keywords: flattening, plane-wave destruction, predictive painting
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Excavations in the Pindaï Caves of New Caledonia, a large island in the South Pacific, yielded an
assemblage rich in fossil remains of squamates. The fossiliferous deposits are known from six
caves along the northwest coast of the Grand Terre. The fossils I examined are from four of the
caves, and are hypothesized to be from degraded owl pellets. Radiocarbon analysis yielded dates
of 1370 to 5590 calibrated YBP spanning the deposits. Because humans are thought to have
reached New Caledonia about 2800 YBP, these assemblages provide an opportunity to examine
the effects of human arrival on the herpetofauna of New Caledonia. Approximately 25,000
fossils of squamates, comprising chiefly maxillae, premaxillae, prefrontals, frontals, parietals,
quadrates, dentaries, surangulars, and vertebrae were recovered from the Pindaï Caves. All are
attributable to Gekkota, Varanidae, and Scincidae, with the diplodactylid gecko species
Rhacodactylus trachyrhynchus being the most common. Similar to the New Caledonian
avifauna, which experienced elevated extinction rates upon the arrival of humans, the Pindaï
fossil herpetofauna includes at least one extinct species. Additionally, Rhacodactylus
trachyrhynchus is rare in the region today, and is known from only a single recent specimen.
Gekkonid geckos, which are widespread in coastal New Caledonia today, are absent. Gekkonids
may have been introduced as recently as 235 years ago with the arrival of Europeans, but the
arrival of Melanesians nearly 3000 years ago may have precipitated ecological changes that
altered patterns of relative abundance and species composition of lizards.
Keywords: Holocene, lizard, South Pacific.
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The 2500 B.P. Savanna Expansion of west central Africa: Humans or Climate?
Understanding the relationship between the iron-age Bantu migration, climate
change, and abrupt vegetation disturbance in the African tropical forest zone during
the late Holocene from Lake Ossa, Cameroon
Kim, H.1, Shanahan, T.1, Anderson, V.1
kyra.hk.kim@gmail.com
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Lake Ossa, a lake east of the Guinea coast in western Cameroon, records a sudden vegetation change that
occurred in the tropical forests of west and central Africa around 2500-2000 B.P. Pollen records show a
large decrease in canopy-building taxa, with a concurrent increase in population of semi-arid savanna
species. This rainforest crisis was roughly synchronous with the migration of the iron-age Bantu people,
so it is difficult to determine if this vegetation disruption was due to natural climate variances,
anthropogenic reasons, or a mixture of both. A climate proxy independent from possible human influences
is needed to resolve this issue and assess the role of climate in this question.
This research aims to approach this problem by employing a source-specific biomarker isotope analysis.
One tool that has been developed over the last few years is the stable hydrogen isotope analysis of plant
leaf waxes preserved in lake sediments, which can provide a record of past changes in precipitation. The
geochemical analysis of hydrogen isotope compositions from leaf wax n-alkanes extracted from Lake
Ossa sediments will be a novel geochemical method helpful in extending our knowledge on the origins of
the west and central vegetation disruptions of 2500 B.P.
Keywords: Paleoclimate, African Rainforest Crisis, Leaf Wax Alkanes, Hydrogen Stable Isotopes, Lake
Ossa, Cameroon.
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Timing of high-pressure metamorphism in the Nevado-Filabride Complex of
the Betic Cordillera, Spain: implications for subduction in the Western
Mediterranean
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The Betic Cordillera of southern Spain is an orogen formed in response to millions of
years of convergence between Africa and Iberia, from the late Mesozoic to the present.
The orogen consists of three main tectonic complexes, two of which have been subducted
to depth, then exhumed back to the surface over short timescales. The timing of
subduction and exhumation in the structurally higher of these complexes is relatively well
constrained, but the timing of high-pressure metamorphism in the structurally lower
complex, known as the Nevado-Filabride Complex, has been a topic of debate for several
years due to conflicting geochronological data. Varying tectonic models have been
proposed on the basis of conflicting dates to describe the history of the Nevado-Filabride
Complex. Several models, based primarily on 40Ar/39Ar dating on white mica in highpressure schists, require that the Nevado-Filabride and Alpujarride Complexes were
coevally subjected to high-pressure metamorphism in the Eocene, and subsequently
exhumed at different rates. But more recent models, based on Lu-Hf dating on prograde
garnets in eclogites, separate the timing of subduction of the Nevado-Filabride Complex
from its overlying tectonic unit by at least 10 m.y. We examine the viability of these
models using multimineral Rb-Sr dating of blueschist and eclogite facies rocks in the
Nevado-Filabride Complex. Our results will allow us to distinguish between the two
conflicting tectonic models and to clarify the tectonic history of the Western
Mediterranean.
Keywords: Spain, Nevado-Filabride Complex, high-pressure metamorphism, Rb-Sr.
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The Effects of Varying Tectonic Subsidence in a Fluvio-Deltaic System
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Deltaic systems have long been recognized for their socioeconomic impacts as well as their high potential
to trap and store hydrocarbons. However, there are many different variables that strongly influence the
formation of these systems whose constraints are not always well understood. The Sediment Transport
and Earth-surface Process (STEP) basin at the University of Texas at Austin has the ability to create large
3D physical experiments, designed for nurturing new understanding of these systems and the parameters
that influence their evolution. We explored how a laterally tilting basin influenced a prograding fluviodeltaic system by creating tilting that occurs along a rotational axis, bisecting the model’s basement and
allowing the delta to experience uplift in one half of basin and subsidence in the opposite half. After six
experiments, we observed that varying rates of tilting dramatically changed progradation patterns as well
as the resultant stratigraphy. The tectonic tilting forced a continuous change in topset slope, which
accounts for the evolving behavior of the fluvial system with regards to channel occupation and thus
shoreline asymmetry. When slow tilting was applied, the delta advanced faster in the direction of uplift
due to the relative decline in water depth. This created truncated stratigraphic intervals dominated by
active channel cut and fill with thin but laterally linked channel bodies depositing finer material. Behavior
was significantly different on the subsidence side of the delta; shoreline migration was stunted while the
delta became primarily aggradational, depositing thicker, alternating packages of sands. During higher
rates of tilting, deposition at the uplift end was quickly abandoned and instead focused on stacking
conformable sequences of delta lobes in the area of increased subsidence, resulting in a complete lack of
progradation in any direction. Progressively greater rates of tilting yielded more dramatic steering of
channelized flow toward the area of greatest subsidence resulting in an increase of sediment volume
routed here as well as asymmetry in delta planform geometries. The self-organized channel dynamics
influence by tectonics is manifested in the resultant stratigraphy, providing unprecedented insight into the
integration of small- and large-scale fluvio-deltaic processes.
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Agronomic and economic viability of Miscanthus x giganteus as a novel biofuel in
the Maryland climate
Kulp, F.1, Ambalavanar, V.1, Kang, M.1, Michaels, T.1, Muroyama, A.1, Rehman, S.1, Sokoya, O.1,
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Our study examined the effects of land quality and a water-absorbent polymer on the growth
of Miscanthus x giganteus. Our goal was to help efficiently utilize previously uncultivable land
and meet U.S. alternative energy goals. Currently, most U.S. biofuel is produced from corn,
which requires arable land for growth and therefore significantly disrupts the production of food
crops. We predicted that M. x giganteus would be able to thrive on marginal land, unlike corn,
with the aid of a water-absorbing polymer in the soil around the roots. M. x giganteus is a sterile
hybrid, 3-meter-tall grass native to southeast Asia. In Europe, its biomass has been co-fired with
coal in power plants. For three years, M. x giganteus was grown on both arable and marginal
land in central Maryland, with measurements of individual plant height, mass, and energy
content taken yearly for each land type. A water-absorbing polymer was included around the
roots of half of the plants, with the thought that the polymer could be a reservoir for water for the
plant when under water-limited conditions. At the end of three years, we found that our crop
grew better on the arable land. Plants growing on the arable land were taller and weighed more
than the plants on the marginal land. With regard to the water-absorbing polymer, we found that
it did not affect the growth of M. x giganteus or the energy content of the plant. Finally, an
economic cost-benefit analysis showed that growing M. x giganteus would not be a viable
commercial enterprise in Maryland, without the use of fertilizer and based on existing revenue
and expense scenarios. The main drivers of the cost of a commercial enterprise were the cost of
land in Maryland and the relatively low value of combustible M. x giganteus.
Keywords: Biofuel, alternative energy, Miscanthus, Maryland, agronomics
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Predictions of the brightness temperature using the coupled land surface-radiative
transfer models
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Snow cover modulates energy and water fluxes at the surface due to its thermal and hydrologic
characteristics (e.g., high albedo, low thermal conductivity and water holding capacity). Furthermore,
given the fact that the snowpack is one of the most important freshwater reservoirs, understanding its
spatial and temporal variations is crucial for hydrologic and climate studies. It has been demonstrated that
radiance assimilation (RA), which assimilates passive microwave (PM) brightness temperature (Tb)
observations directly into the land surface model (LSM), can be used to improve snow water equivalent
(SWE) estimates compared to the assimilation of Tb-based SWE retrievals. In a RA, a radiative transfer
model (RTM) is used as an observational operator to predict Tb observations. This study is a preliminary
study that aims to assess the performance of the coupled LSM/RTM. In this study, the Community Land
Model version 4 (CLM4), a state of the art, distributed, physically based LSM, was coupled with two
different RTMs, the Microwave Emission Model for Layered Snowpacks (MEMLS) and the Dense Media
Radiative Transfer - Multi Layers model (DMRT-ML), to predict Tb of the snowpack. The effects of the
atmosphere and vegetation on Tb at the top of the atmosphere were considered. The coupled models were
evaluated for non-vegetated and vegetated areas using the data from the Ground-Based Passive
Microwave Radiometer (GBMR-7) and Polarimetric Scanning Radiometer (PSR). Tb was also modeled at
the continental scale and validated against the Advanced Microwave Scanning Radiometer-Earth
Observing System (AMSR-E) Tb observations.
Keywords: Snow cover, Radiance assimilation, Passive microwave brightness temperature, Land surface
model, Radiative transfer model
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Assessing the Potential of Radar Inversion for Determining the Electrical Properties
of the Martian North Polar Layered Deposits
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The polar caps of Mars are thought to contain a wealth of information regarding the climatic history of the
planet. In particular, the North Polar Layered Deposits (NPLD) are composed of many subparallel layers
of water ice with varying (but small) amounts of dust. The layers and changes in composition represent a
climate signal related to the hydrologic cycle of Mars and, presumably, orbital forcing. Internal
reflections in radar sounding data are thought to result from the variations in dust content. Analysis of
these reflections may be able to provide estimates for the dielectric properties of the layers, which could
then be used to place constraints on the absolute dust concentrations and their changes through time.
Using data from the Shallow Radar (SHARAD) instrument on the Mars Reconnaissance Orbiter (MRO) a
number of scientists have already proposed models for how an inversion may be used to accomplish this
task (e.g. Lauro et al. 2012, Ilyushin et al. 2005, Nunes and Phillips 2006). Using the power of the
reflected energy from the interfaces between different layers, it may be possible to determine both the
dielectric constant of, and the attenuation resulting from, each layer. These properties could elucidate
composition. So far, the most successful techniques have used simple plane wave propagation models,
though more complex radiative transfer models have been proposed as well. In practice, these techniques
have only been applied to the bottom-most layer of the NPLD, known as the Basal Unit (BU) (Lauro et al.
2012). It is possible that with some adjustments, a similar approach may be effective for the more
complex layering of the upper NPLD. This work describes first steps in this effort, including an analysis
of vertical variations in radar properties in SHARAD data.
Keywords: Radar, Mars, Ice Cap

CCG24

The use of Platypus Teeth in Mammal Phylogeny
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Mammal evolutionary relationships are commonly reconstructed using tooth characteristics because of a
bias towards tooth and jaw preservation in the fossil record. Monotreme relationships have been
reconstructed in the same way despite the fact that both the extant adult platypus and echidna bear no true
teeth and general mammalian tooth terminology is commonly misapplied. This is a summary of previous
work and a closer look at cusp variation in the molars of the extant juvenile Platypus Ornithorhynchus
anatinus. To assess homology, developmental patterns, and variation, I created a visual key using a
comprehensive collection of previously figured juvenile teeth as well as new CT data from two previously
unpublished sets of dentition including a skull with dentition AMNH 252512, and loose teeth from
University of NSWM. Furthermore, I used monotreme fossils and published imagery to clarify homology
between the reduced cusps of the extant juvenile platypus and the fossil forms. The results of this analysis
designate the role of juvenile platypus molars in phylogenetic analysis by justifying the limit of cusp
homology application. These platypus teeth characters enrich, clarify, and correct previously scored
characters in analysis of mammal relationships.
Keywords: Ornithorhynchus anatinus, phylogenetic analysis, character scoring, monotremes, teeth
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Rift Structure and Distribution of Magmatic Activity of the Southern Chinese
Continental Margin Offshore Southern Taiwan from Reflection Imaging, Traveltime Tomography and 1D Thermal Modeling
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We present new multi-channel seismic reflection images and a travel-time tomography velocity model
from offshore southern Taiwan that delineates the rift architecture and spatial distribution of magmatic
bodies across the southern Chinese continental margin in the northeastern South China Sea. The timing
and distribution of magmatic activity is an important component of rift systems that may control the
development of rift structures and sediment deposition. The main structural features in these data include
~3-4 km of passive margin strata deposited on moderately extended continental crust along the
continental shelf, and a broad zone of hyper-extended and intruded continental crust across the
continental slope and deeper basin. Crust rapidly thins from over 20 km along the continental shelf to less
than 4 km at the base of the continental slope in a failed rift characterized by a shoaling Moho, tilted fault
blocks and up to ~6 km of sedimentary strata. Outboard of this zone, crust is ~12-15 km thick and
characterized by a velocity structure consistent with magmatically-modified thinned continental crust
observed in the southwest and central Chinese margin, but incompatible with the velocity structure of
ocean crust.
We observe numerous volcanic bodies throughout this transitional crust, including a high-velocity (~6.9 –
7.5 km/s) lower crustal layer ~3-5 km thick that is frequently interpreted as magmatic underplating
possibly emplaced during rifting. However, the volcanic bodies we observe deform overlying post-rift
strata, and numerous sills occur throughout the post-rift sedimentary section indicating post-rift magmatic
activity. We find little additional evidence for extrusive syn-rift volcanism, such as seaward-dipping
reflectors. We compare these observations to estimates of melt production from a 1D thermal model of
pure shear rifting to provide further insights into the interplay between extension and magmatism during
rifting.
Keywords: marine geophysics, rifted margins
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Shelf Tidal Ridges: The Sweet Sandstone reservoirs of the Cretaceous upper
Almond Formation, Washakie Basin, Wyoming
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The Almond Formation contains the very last transgression of the Western Interior Seaway in South
Wyoming, and caps the last and largest prograding clastic wedge of the seaway. A field study of the
uppermost Almond formation in outcrops of the Rawlins and Rock Springs uplifts of Southern Wyoming
provides new insight on the type of sand-bodies produced by the final transgression.
Almond Fm. sits atop and basinward of the fluvial Canyon Creek/Pine Ridge units and it is commonly
divided in two members. The lower member contains the facies association (i.e. paralic coals, small
distributary channels with some tidal influence, crevasse splays and flood plain shales) typical of coastal
plain environments with some shallow marine intervals that show clear tidal influence. The upper
Almond is formed mainly by repeated regressive strandplains (i.e. offshore mudstones, shoreface
hummocky and rippled sandstones, and foreshore low angle sandstones). The sand bodies of the upper
member, although part of the overall transgressive Almond Fm., are product of short time scale, thick
progradational pulses, with thin veneers of trangressive deposits capping the strandplains.
The top-most sand-bodies of the Almond Fm. are very different from the regressive strandplains. These
sandstones have sharp (erosive) base, no obvious coarsening upward trend, stacked planar and trough
cross-strata with individual sets up to 1.5m in thickness, bi-directional cross-laminations and moderate
bioturbation with open shelf ichofauna. Symmetrical (wave) ripples and hummocky or swaley bedding
was not observed. These bodies have been previously loosely identified as sand bars or grouped up with
the underlying shorfaces. However, based on the sedimentary facies and the stratigraphic position we
interpret them as transgressive shelf tidal ridges.
The recognition of the 5-20 m thick and 200 m to 2 km long upper Almond sandbodies as tidal ridges and
its proper architecture characterization is very important since some of them might represent a prime
target for exploration and production of gas in the Washakie Basin, where the Upper Almond is targeted
by more than 2300 active wells with a production exceeding 500 MMCFGD. These tidal ridges would be
better reservoirs than the marine strandplain deposits immediately underneath because they are relatively
cleaner due to the tidal rework and are encased in fine shelf deposits.
Keywords: tidal rigdes, Almond Formation, shelf bodies
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Late Cenozoic basin evolution and fold-thrust deformation in the southern Central
Andes: Initial constraints from synorogenic deposits of the Precordillera, Argentina
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In the Precordillera of Argentina, Cenozoic shortening associated with flattening of the Pampean segment
of the subducting Nazca plate has resulted in a thin-skinned fold-thrust systems that partitioned and
uplifted Cenozoic foreland basin deposits. The kinematic and temporal evolution of the Andean
Precordillera can be approached through detailed analyses of the sedimentary fill now preserved in
intermontane regions and the bedrock low-temperature thermochronology of the fold-thrust belt. In this
project, we focus on Neogene foreland basin fill exposed in the central and eastern Precordillera along the
San Juan River (Quebrada Albarracín and Pachaco regions) and on the western flank of the Sierra
Talacasto. The sedimentary successions exposed in these regions record the hinterland development of the
Frontal Cordillera (detrital zircon provenance and composition of sandstone and conglomeratic units),
regional volcanism (pyroclastic flows and tuffaceous sandstone units), and initial construction of the
Precordillera. We investigate the development and subsequent structural partitioning of these synorogenic
successions using detrital zircon U-Pb geochronology, facies analysis of measured stratigraphic sections,
and preliminary apatite (U-Th)/He cooling histories to constrain the age of uplift-induced exhumation of
successive thrust sheets in the Andean Precordillera.
Keywords: precordillera, Argentina, basin evolution, fold-thrust, geochronology, exhumation
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Tectonic Control on Deposition and Evolution of the Baranof Fan, Gulf of Alaska
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The Baranof Fan, one of three large deep-sea fans in the Gulf of Alaska, is located in the southeast Gulf
near the U.S.-Canada border. Previous research has been limited to discussion of Fan size and
depositional history. We provide new constraints on the Baranof Fan’s shape, volume, and channel
development using 2D seismic reflection data collected by USGS in the late 1980s and aboard the R/V
Marcus G. Langseth in 2011. The northern extent of the Baranof Fan is visible in seismic data at its
intersection with the adjacent Surveyor Fan, and the southern extent is constrained by existing
bathymetry. All Baranof Fan sediment sits atop a prominent high-amplitude downlap surface which we
have mapped regionally throughout the Fan, and which we interpret to represent the onset of Fan
deposition. We estimate the Fan’s area and volume to be around 323,000 km2 and 230,000 km3,
respectively, larger than previous volume estimates of 200,000 cubic km and placing it among the largest
deep-sea fans in the world.
The Fan appears to consist of the levees from three distinct, aggradational channel systems: the active
Horizon and Mukluk Channels, as well as the previously unstudied, inactive system we call the Baranof
Channel. Offshore channel formation and avulsion is strongly influenced by the translation of the Pacific
Plate to the northwest along the Queen Charlotte strike-slip fault, causing southeastward lobe switching
within the Fan as the Pacific Plate’s position changes relative to sediment sources present on the North
American Plate. We mapped five buried, extinct channels in seismic data within the Baranof Fan.
Relative ages of the channels and associated levee deposits correspond with their northwest-to-southeast
migration. The southeasternmost extinct channel is a clear predecessor to the modern Horizon Channel.
Based on our observations and knowledge of regional tectonics and geology, we suggest that Baranof Fan
sediment is glacial in origin and sourced from the Coast Mountains in southeastern Alaska, transported
offshore via fjord to glacial sea valley and canyon conduits such as the Dixon Entrance and Lynn Canal.
We also suggest that channel formation is linked to the position of the Pacific Plate relative to these
sediment point sources, and that a new channel is poised to form at the Dixon Entrance. Assuming
Baranof Fan deposition began when the northernmost channel (the Baranof Channel) was located at the
southernmost point source (the Dixon Entrance), and that Pacific Plate motion to the northwest has been
constant at 4.5 cm/year, we estimate that deposition initiated at ~7 Ma.
Keywords: Baranof Fan, Gulf of Alaska, deep-sea fan, sediment, channel, avulsion, strike-slip, seismic
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The architecture of braided deltas in modern Daihai lake, Northern China:
implications for 3-D sedimentation models of rift lakes
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Daihai Lake, a modern lacustrine rift basin, located in the Inner Mongolia, Northern China, serves as an
important modern analog for understanding processes and architecture of deltaic sedimentation in an
active rift setting. The lake has an area of 86.5 km2 and variable depth between 2 m to 16 m. The basin
covers an area of 653.3 km2 and catchments of 2289 km2. Two of the largest deltas (Muhuahe delta and
Tianchenghe delta) on the margins of Daihai Lake were surveyed to compare and contrast stacking
patterns using aerial photographs, field trenching and sediment sampling. The Tianchenghe delta on
border fault has much steeper offshore gradients than the Muhuahe delta on the axial shoaling margin
where the trend of faults is orthogonal to the shoreline, resulting in relative narrow sandy dominated shelf
and typical sigmoid progradation configuration. In contrast, the Muhuahe delta on shoaling margin has
broad, sandy shelf and shingled progradation configuration which are strongly influenced by coastal
currents.
This research presents preliminary results of integrated study using sedimentary logs and cores data
collected from 49 trenches in the two deltas. Grid spacing of trenches is approximately 200 m over most
of the study area, allowing for reasonably detailed mapping of spatial sedimentary facies. A 3-D
sedimentation models which employ chronostratigraphic correlation technique was generated utilizing the
Schlumberger proprietary simulation software Petrel. The spatial depositional models of the deltas
demonstrate the various sediment compositions which were controlled by structural setting, slope
gradients, the amount and type of sediment discharge by rivers. The architectural elements are
characterized by coarse-grained beds in proximal delta, representing significant amalgamation of
elements and well connectivity of sandbodies. On the contrary, the architectural elements in distal lobe
(delta front) are characterized by fine-grained lithofacies with ripples and laminas, and predominantly
represent sheet-like or lenticular shape. The chronostratigraphic sedimentation model predicted and
represented the architectures and sand-body continuity of sediments, which can be applied in reservoir
characterization of braided deltas in rift lakes.
Keywords: Architectures, Braided delta, Sedimentation Models, Daihai Lake

EG02

Prestack First-break Traveltime Tomography with the Double-square-root Eikonal
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Conventional traveltime tomography with shot-indexed eikonal equation ﬁxes shot positions then relies
on inversion to resolve any contradicting information between independent shots. An alternative approach
is provided by the double-square-root eikonal equation. While giving the same ﬁrst-break traveltimes, it
allows not only the receivers but also the shots to change position.
Our analysis shows that the double-square-root eikonal equation can be solved by a version of the fastmarching method with special treatment for its singularity at horizontal waves and non-causal branches.
We demonstrate through synthetic model examples that the tomographic inversion based on doublesquare-root eikonal equation provides faster convergence and higher model accuracy than those of
conventional tomography with the shot-indexed eikonal equation. Since it takes into account source
communication inherently, we also find that the double-square-root eikonal based tomography relies less
on regularization. We expect this novel approach could outperform the conventional tomography in
presence of noisy data and complex near surface geologies.
Keywords: double-square-root eikonal equation, tomography
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On better monitoring and forecasting of freshwater availability at catchment scales:
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In the context of global warming-induced acceleration of the hydrological cycle, where extreme events
such as droughts tend to occur more frequently and intensively, there is an urgent need for research on
better monitoring and forecasting of freshwater availability at catchment scales. Streamflow forecast with
seasonal lead times is, within this context, the most important one for reservoir operations and water
management. Previous studies have been seeing significant progress in understanding how the following
factors are affecting local water availability: 1) large-scale oceanic patterns in Pacific and Atlantic, known
as “teleconnections”; 2) soil moisture and groundwater, considered as local “memories”; and 3) changes
in CO2 and aerosol levels, driven by anthropogenic altering. A volume of studies use both observational
and modeling datasets in quantifying impacts of El Nino-Southern Oscillation (ENSO), Pacific Decadal
Oscillation (PDO) and Atlantic Multidecadal Oscillation (AMO) over various basins, among which
ENSO and PDO are generally concluded as the most related ones for Texas hydrology.
Currently, the water supply forecasts model of the Highland Lakes catchment (in Texas) applied by
Lower Colorado River Authority (LCRA) is a stochastic model. Except for the hydrologic persistence, the
model also incorporates knowledge on ENSO impacts, thus providing a robust mechanistic but stochastic
tool for predicting. The model has some advantages over deterministic but empirical models derived from
statistical regressions, especially in short-term predictions. However, it still has deficiencies because of its
1) high dependence on historical data; 2) inaccurate assumption on stationarity of flows; and 3) inability
in forecasting regions where gauging data are lacking.

	
  

The River Application for Parallel computatIon of Discharge (RAPID), on the other hand, is developed
based on the best available knowledge on land surface processes and river routing, thus is a mechanistic
and deterministic approach as compared with above approaches. Based on “blue-lines”, and given runoff
estimates from North American Land Data Assimilation System (NLDAS2) or other Land Surface
Models (LSMs), it can compute stream flow and volume in each river reach in every river basin on land.
Thus, as a first attempt, this study will use RAPID computed streamflow in Highland Lakes for lake level
monitoring (hindcast) based on simple mass balance relations. This initial attempt will also potentially
open possibilities for future research in applying NCEP Coupled Forecast System model (CFS) in more
accurate hydrologic prediction at catchment scales.
Keywords: the hydrological cycle; streamflow monitoring/forecasting; ENSO; LCRA; stochastic model;
RAPID; NLDAS2; mechanistic/deterministic model
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Recent discoveries demonstrate that Campanian dinosaur assemblages across the western North American
sub-continent (Laramidia) exhibit basin-scale endemism, with each sedimentary basin possessing its own
unique assemblage, and an apparent higher-level biogeographic boundary between northern and southern
Laramidia. Subsequently, during the Maastrichtian, most taxa are present in multiple basins, with some
forms, such as Alamosaurus, Edmontosaurus, and Triceratops, supporting the presence of distinct
northern/southern provinces, whereas others are more cosmopolitan (e.g., Tyrannosaurus rex). Despite
these dinosaur biogeographic data, little attention has been paid to other vertebrate groups. To test these
biogeographic hypotheses, I examined the paleobiogeography of the paracryptodiran turtle clade
Baenidae using a newly-generated species-level phylogeny. Baenids were one of the most diverse and
abundant turtle clades during the Late Cretaceous, are restricted to North America, and have a wellsampled fossil record, making them an ideal study system for examining Laramidian biogeography.
To reassess the phylogeny of Baenidae, I revised and expanded the character and taxon sampling of
previous studies, with 106 characters and 32 baenid taxa (the pleurosternid Glyptops plicatulus was the
outgroup), including adding three new taxa from the middle Campanian Kaiparowits Formation of
southern Utah. These are two new, large-bodied species of the genus Neurankylus and a taxon closely
related to Hayemys latifrons from the Maastrichtian Lance Formation of Wyoming. I also added new
morphologic data from known taxa, such as the previously undescribed skull of Denazinemys nodosa.
Based on occurrences alone, Campanian baenid assemblages display distinct northern and southern
provinces with no taxonomic overlap. To investigate the evolutionary patterns of this biogeographic
signal, I applied a dispersal-extinction-cladogenesis model to the strict consensus tree and three randomly
selected most parsimonious trees (out of a total of 18) from my phylogenetic analysis. For each tree, I
computed both smoothed and strict temporal calibrations. My analysis reveals that the ancestral ranges for
basal baenid branches were cosmopolitan across either Laramidia or all of North America. More derived
baenids (i.e., sub-clade Baenodda) possessed ancestral ranges in the area of Montana, Wyoming, and the
Dakotas; the analysis reconstructs multiple individual lineages then dispersing to southern Laramidia and
Alberta.
Keywords: Late Cretaceous, paleobiogeography, Laramidia, Baenidae
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Quantitative grain size analysis of the silt fraction in mudrocks
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Very little is currently known about the key compositional components of mudrocks despite their
growing value as a reservoir for hydrocarbon resources. As technology and imaging techniques have
advanced over the years it is now possible to quantitatively assess various mudrock properties at the
micron scale. It is our goal to gather data from mudrocks across three different formations of varying
ages, compositions and thermal maturity in order to determine some of the important controls on these
valuable source rocks.
Our current and future efforts are focused primarily on the Cretaceous Pearsall Formation of the
Maverick Basin, the Permian Barnett Formation of the Fort Worth Basin, and the Devonian Marcellus
Formation of the Appalachian Basin. We compiled images of these mudrocks using backscatter and
secondary electron images and energy dispersive spectroscopy (EDS) elemental x-ray maps on a
scanning electron microscope (SEM). Using these images we interpreted the mineralogy of the silt
size grains (2-63 μm). After tracing each grain in each of the SEM images using Jmicrovision, we
were able to collect very precise measurements for detailed analysis. These analyses included size,
shape, composition and orientation of each grain within the rock, and allowed for comparison across
the suite of samples.
Grain size comparisons were completed using traditional cumulative frequency diagrams (in units of
phi) and as cumulative number vs diameter. We were also able to examine correlations (or lack
thereof) between grain characterizations and composition. The two dominant mineral components are
carbonates and siliciclastics, and while their relative abundance varies widely across samples within
the same formation, grain size distributions exhibit many variations that are independent of this major
compositional variation. So if the grain size distributions are not controlled by composition, it is our
goal to demonstrate that they must be controlled by textural variations.
Keywords: mudrocks, Pearsall, Barnett, Marcellus, SEM, Jmicrovision
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Novel Coupled Thermochronometric and Geochemical Investigation of Fluid Flow
and Geothermal Systems in Extensional Tectonic Settings, Dixie Valley, Nevada
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The objective of this research is to develop a thorough understanding of the interaction between normal
and strike-slip faults, the effects of transient fluid flow on thermal systems, and the controls on
geothermal systems by addressing issues with a novel application of integrated thermochronometric,
structural, and geochemical techniques. The Dixie Valley and Stillwater Range area in Nevada has been
chosen for this study because it is one of the best-characterized and studied extensional systems in the
Basin and Range and the locations of geothermal anomalies are well known. The region is host to
dilational fault corners and relay structures, as well as processes relating to fluid flow that are in question,
and will therefore serve as a natural laboratory.
The combination of (U-Th)/He and 4He/3He dating techniques will enable the generation of a thermal
background and record events associated with fluid flow, respectively, and will constitute an
unprecedented approach to resolving a fundamental process. The novel application of 4He/3He
thermochronometry will quantitatively constrain the time-temperature history of grains at very low
temperatures. These analyses will be used to determine the control of structural features on geothermal
anomalies, derive the thermal and tectonic evolution of the Stillwater Range, with insights on the driving
forces, and, finally, to quantify the secondary thermal history imposed on the rocks in the range by
transient flow of geothermal fluids. This study is focused on understanding diverse fundamental
processes and therefore it will be possible to extrapolate findings to new problems and other regions.
Keywords: 4He/3He thermochronometry, (U-Th)/He, geochronology, geothermal
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Effects of fault-controlled CO2 alteration on mineralogical and geomechanical
properties of reservoir and seal rocks, Crystal Geyser, Green River, Utah
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The coupled chemical and mechanical response of reservoir and seal units undergoing CO2 injection is
critical for accurately modeling reservoir behavior in response to the introduction of CO2. Carbon
sequestration, a climate change mitigation strategy, requires extensive risk assessment which relies
heavily on numerical models of subsurface reservoirs. These models utilized for risk assessment are
fundamentally limited by the quality and validity of their input parameters. Existing models generally
lack constraints on the effects of diagenesis, failing to account for the coupled geochemical or
geomechanical processes that affect reservoir and seal unit properties during and after CO2 injection. For
example, carbonate dissolution or precipitation after injection of CO2 into subsurface brines may
significantly alter the geomechanical properties of reservoir and seal units, specifically leading to
solution-enhancement or self-sealing of fractures. Acidified brines could potentially erode and breach
sealing units. In addition, subcritical fracture growth enhanced by the presence of CO2 could ultimately
compromise the integrity of sealing units under otherwise stable stress states, or enhance permeability and
porosity of the reservoir itself. Such unknown responses to the introduction of CO2 can be addressed by
laboratory observations and measurements where existing data is lacking. However, these laboratory
experiments are fundamentally limited in scale and scope, both spatially and temporally, so the study of
natural analogs like Crystal Geyser, Utah is critical to fill in gaps, verify extrapolations, and guide
experimental CO2 sequestration research. Crystal Geyser, in particular, can help address and answer
questions up to the reservoir scale and from engineering (101-103 yrs) to geologic time scales (> 104 yrs).
The Little Grand Wash and Salt Wash fault systems near Green River, Utah, host many fossil and active
CO2 seeps, including Crystal Geyser, and has been cited as a faulted anticline CO2 reservoir analog. The
site has been extensively studied for sequestration and reservoir applications, but less attention has been
paid to the diagenetic and geomechanical aspects of the fault zone. XRD analysis of reservoir and sealing
rocks collected along transects across the Little Grand Wash Fault reveal mineralogical trends in the
Summerville Fm in the footwall (a siltstone seal unit) with calcite and smectite increasing toward to the
fault, whereas illite decreases. In the Mancos Shale, found in the hanging wall, calcite abundance peaks
10 to 30 m away from the fault. These trends are likely the result of CO2-related diagenesis, and similar
trends are also observed in sandstone units at the site. Fracture mechanics testing of unaltered and CO2altered sandstone and siltstone samples shows that CO2-related diagenesis, which is indicated by
bleaching of the Entrada Fm, has decreased the fracture toughness by 40%. The subcritical crack index is
similarly affected by alteration. These compositional and mechanical changes are expected to affect the
extent, geometry, and flow properties of fracture networks in CO2-rich environments, and thus may
significantly affect reservoir and seal performance in CO2 reservoirs.
Keywords: CO2, sequestration, fault, fracture
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Petrology and Geochemistry of the Allsaw Anorthosite: a scapolitized metaanorthosite in Grenville Province, Ontario
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The metamorphosed Allsaw Anorthosite is located within the Central Metasedimentry Belt
boundary thrust zone (CMBbtz) in the Ontario Grenville Province. The Allsaw Anorthosite is a
series of dismembered blocks, ranging from a ca. 14 km2 main body to small blocks <1 km2, and
surrounded by marble breccia tectonites within the Denna Lake Structural Complex (DLSC).
Geochemically, the Allsaw Anorthosite resembles other massif anorthosites from the southern
Grenville: it is LREE enriched (Lan/Ybn= 7.7, Total REE= 13-27 ppm) with prominent positive
Eu anomalies and Norm feldspar=76-96% (Norm An 59-71%). These new data do not support a
genetic relationship with the Gooderham Syenite Belt, as had been proposed (Easton 1990, GAC
Sp. Pap. 28). During the Ottawan orogeny, these bodies experienced amphibolite facies
metamorphism and fluid infiltration creating a scapolite-plagioclase (±zoisite) assemblage.
Metamorphic reactions involving scapolite and zoisite are consistent with 500-700 °C and 5-8
kbar peak metamorphism. Metamorphic hornblende (rimming and replacing cpx), F-rich
phlogopite, titanite rimming opaques and rare zircon are also observed. Recrystallization within
the stress field of the DLSC caused a dramatic reduction in plagioclase grain size. This
recrystallization created mortar texture in some samples, where large relict crystals are
surrounded by small granoblastic recrystallized grains. Scapolitization of the anorthosite and
appears as veins or dikes of completely altered material. Scapolite is also disseminated
throughout the body, likely due to a pervasive metasomatic fluid. Semi-quantitative EDS analysis
of scapolite yields an intermediate composition (eqAn≈0.6) and CO2>S>Cl. A scapolite-rich
sample is more LREE-rich than more pristine anorthosite (Lan/Ybn = 43, Total REE= 177 ppm),
with a smaller positive Eu anomaly. The genetic relationship between the Allsaw Anorthosite and
other Grenvillian anorthosites are still unclear. Published oxygen isotopic data (Peck and Valley,
CMP 2000) shows that the Allsaw Anorthosite has a high δ18O (8.5 ‰) that either could relate it
to the high-δ18O 1.15 Ga Marcy and Morin anorthosites, but it could also be the result of
infiltration of CO2-rich fluids from surrounding marble. Further work, especially geochronology,
may help resolve this issue.
Keywords: Anorthosite, Grenville, Ontario, scapolite
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Toward a three-‐century reconstruction of climate variability from a slow-growing
coral in the Western Province, Solomon Islands
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Climate variability in the west Pacific warm pool (WPWP), a major heat and moisture source to the
atmosphere, is strongly influenced by the El Niño-Southern Oscillation (ENSO). Modeling work has
suggested that multi-century scale reconstructions of ENSO variability from the tropical west Pacific may
be necessary to fully characterize the nature of the ENSO system. Much of the previous coral-based
climate studies have used the fast-growing coral genus Porites, although a few studies have used the longlived, slow-growing coral genus Diploastrea. Here we present an oxygen isotope time series from a three
century long D. heliopora coral from near Olasana Island, Western Province, Solomon Islands (WPSI,
8°07.92’ S, 156°54.50’ E), a location in the WPWP that experiences significant temperature and salinity
anomalies during ENSO events. We first used a forward model to generate a pseudoproxy time series for
the Olasana region, utilizing available gridded sea surface temperature (SST) and sea surface salinity
(SSS) data spanning 1970-2007. There are strong correlations between predicted and measured coral
δ18O, between both monthly (r = 0.84) and monthly anomaly (r = 0.69) records. These results demonstrate
that the Olasana D. heliopora coral δ18O record is a robust proxy of local surface ocean conditions. There
is also a robust relationship between the Olasana δ18O record and NINO3.4 index of ENSO activity
during 1938-2007, which provides confidence that the Olasana δ18O record can be used to characterize the
ENSO state in this region back in time. Finally, we present results from near the core bottom (~1700 CE),
which provide a first window into a gap of coral-based ENSO reconstructions in the immediate
preindustrial (~1700-1850 CE).
Keywords: ENSO, coral geochemistry, paleoclimate
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Three-phase stability in hydrocarbon vents around the world
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The formation of methane hydrate is dependent upon the in situ temperature, pressure and salinity. Within
the pore space of subsurface sediments, pressure and temperature are relatively constant, but, as hydrate
forms, the in situ salinity increases significantly. These elevated salinities in hydrocarbon vents around
the world result in three-phase stability conditions where water, methane gas, and methane hydrate can
co-exist. When a system reaches three-phase stability no more hydrate can form and incorporate gas into
its structure. This creates a system where free gas can migrate through the regional hydrate stability zone
(RHSZ) and produce hydrocarbon venting.
This study processed resistivity and moisture and density (MAD) data from sites where hydrate was
present and used an iterative application of Archie’s law to infer the in situ hydrate saturation and salinity.
The conditions required for three-phase stability was then determined for each site through the
comparison of output molalities from methane gas and methane hydrate equilibrium models.
At ODP Site 1249, taken at Hydrate Ridge, the elevated in situ salinities were directly correlated to
increased hydrate saturation. Also, between 15 – 50 meters below seafloor (mbsf), the salinities were
greater than or equal to those necessary for three-phase stability, indicating that the system is at
equilibrium. The preliminary analysis of the other locations suggests that many methane hydrate systems
are at three-phase equilibrium as well.
Keywords: methane hydrate, hydrate stability, hydrate saturation, archie’s law, free gas migration
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Developing Age Models to Utilize High Arctic Coastal Sediments for Paleoclimate
Research: Results from the Colville Delta and Simpson Lagoon, Alaska
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Sediment cores collected from Simpson Lagoon on the inner Beaufort Sea shelf adjacent to the Colville
River delta, AK are being utilized to develop new, high-resolution (sub-decadal scale) archives of the 03,000 year Arctic paleoclimate record necessary to assess natural and anthropogenic climate variability.
An imperative first step for developing a new paleoclimate archive is to establish methodologies for
constraining the age-depth relationship. Naturally occurring and bomb-produced radioisotopes have been
utilized in sediments to constrain downcore variability of accumulation rates on 100-103 y timescales, but
this methodology is complicated by low activities of many of these tracers at high latitudes. The present
study utilizes the combination of a (1) multi-tracer approach and a (2) tailored measurement strategy to
overcome this limitation. 210Pb and 137Cs analyses were conducted on the fine (<32μm) sediment fraction
to maximize measurable activity and to minimize radioisotope activity variability resulting from changes
in grain size: 137Cs geochronologies proved more reliable in this setting and revealed mm/y sediment
accumulation in the lagoon. To corroborate the 137Cs results, 239,240Pu activities were analyzed for selected
sites using ICP-MS which has ultra-low detection limits, and yielded accumulation rates that matched the
Cs geochronology. Age model development for the remainder of the core lengths (>~100 y in age) were
completed using radiocarbon dating of benthic foraminifera tests, which proved the only datable in situ
carbon available in this sediment archive. These dates have been used to constrain the ages of acoustic
reflectors in CHIRP subbottom seismic records collected from the lagoon. Using this age control, spatial
patterns of lagoonal sediment accumulation over the last ~3 ky were derived from the CHIRP data. Two
depocenters are identified and validate combining age-dated coring with high-resolution seismic profiling
to identify areas of the highest temporal resolution for Arctic paleoclimate research in coastal sediments.
Keywords: Colville River, Alaska, radioisotope geochronology, radiocarbon, inner continental shelf
sedimentation, CHIRP
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Determining the onset of ossification and reconstructing ontogeny in vertebrates: A
comparison of clearing and staining, histological and computed tomography
methods.
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Analyses of skeletal development that focus on comparisons among a variety of taxa can illuminate the
evolution of ontogenies within particular clades. Many recent analyses, particularly of mammals,
comprise data about the onset of ossification derived from cleared and stained specimens, histological
sections, or computed tomography scanning (CT). It has been noted anecdotally that histological sections
may show the appearance of ossification earlier in absolute age than cleared and stained specimens, but
comparisons to CT datasets have not been previously made. My study assesses whether systematic biases
exist among these three methods using the development of the skull in the marsupial Monodelphis
domestica. A collection of 80 specimens of known age spanning birth to Day 24, with each day
represented by 2-4 specimens, was used to make comparisons among the three methods throughout
skeletal development. To account for underlying variation in the onset of ossification among individuals
of the same age, 10 cleared and stained specimens were also CT scanned so that comparisons between
techniques could be made using the same individual. The onset of ossification was generally observable
on the same day using all three methods; however, with CT and histological methods the onset of
ossification was often apparent days earlier than with clearing and staining. This disagreement was
particularly obvious with small elements. In addition to methodological differences, I also found
considerable variation in the estimated ossification sequence when only one method was used. Future
comparative studies of ontogeny must consider how methodological variation may potentially skew
results if ontogenies are not based on comparable datasets, especially in light of real variation in
developmental sequence.
Keywords: skeletal development, variation, mammals, CT
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In the last 5 years, the Eagle Ford Shale (EFS) play has had a remarkable development in natural gas and
oil production. EFS covers an area of approximately 21,000 km2in South Texas. In 2010, EFS produced
139 billion cubic feet (bcf) of natural gas and 8,049 thousand barrels of oil. Up to 2020, it is expected that
natural gas production in EFS will increase at a rate of 26.2% annually and oil production will have an
annual production increase of 33.9%. Success in developing this play depends on an accurate approach
and understanding of the reservoir, the adequate use of technology and production processes (hydraulic
fracturing and horizontal drilling) and a better approach of production profiles and declination rates
observed in this particular area.
EFS formation is part of the Smackover-Austin-Eagle Ford Total Petroleum System. It was formed during
the Upper Cretaceous (Turonian) geologic period and presents different behaviors within depth burial,
geothermal gradient, lithology and organic matter composition. EFS rests between the Austin Chalk and
Buda Lime. EFS is distinguished for having total organic carbon components ≥4%, calcite, clay quartz
and pyrite as part of its main mineral components. The Carrizo-Wilcox aquifer is also located within this
area which extends from Rio Grande into Arkansas and Louisiana. This aquifer represents a potential
water source to develop EFS play.
USGS reports that EFS has an assessment of undiscovered oil and gas resources of more than 23,000
billion cubic feet. To exploit these resources, it is important to understand which are the production
profiles and reservoir depletion schemes in this play. Shale producing potential goes beyond the U.S
borders; areas like Northern Mexico are looking forward to develop gas projects in similar geologic
formations. Despite its development, EFS imposed diverse challenges to understand and characterize
local areas to develop shale gas activities. Appropriate and sustainable development of ESF will require a
good workflow from the industry, an adequate coordination of federal and local authorities and the
involvement of other potential stakeholders as well.
This paper intends to give an insight into the important aspects of EFS formation: EFS reservoir
characterization and point out the production pattern of unconventional sources of hydrocarbons. To
achieve this goal, the paper is organized in four sections. The first section analyzes the increased
importance of shale gas within the natural gas market and identifies the main shale basins in the country.
The second section, considers the geological aspects of EFS. The third section describes the production
methods commonly used to exploit unconventional fossil fuels. The fourth section describes the main
aspects of the Decline Curve Analysis and Modeling, Finally, it discusses some of the initial findings.
One of the main conclusions in this study considers hyperbolic decline curves as the best “fits” to make a
quick forecast about the current production patterns in EFS and these models offer crucial information to
address a proper evaluation of an EFS project.
Keywords: Decline Curve Analysis, Eagle Ford
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The Maastrichtian Lance-Fox Hills-Lewis strata in the Washakie and Great Divide Basins of southern
Wyoming accumulated a complete source-to-sink spread of coastal plain (Lance), shoreline and shelf
(Fox Hills), and deepwater slope and submarine fan (Lewis) depositional systems. During system
deposition, the Cretaceous Interior Seaway underwent its last transgression and regression cycle and the
Laramide Orogeny began. Laramide total subsidence rates (>2km in 1.9 My) generally outpaced sediment
flux into the basin so that the system became and remained a deepwater (>500m water depth) basin
beyond the Lance-Fox hills shelf prism. A major consequence of the rapid subsidence and dramatic
catchment area relief increase was that Lance coastal-plain deposits aggraded strongly and accumulated
behind the generally rising trajectory of the Fox Hills shorelines.
The present study examines the process character, dimensions, and architecture of the fluvial systems in
the main coastal-plain fairways that fed the shorelines, shelf, and deepwater systems of the basin. A prior
3-D subdivision of the basin succession (using 1000 wells) defined 15 distinct clinoform units bounded
by 16 maximum flooding surfaces. The clinoforms are cropping out on both sides of the basin, which
allows the Lance Formation coastal-plain deposits, best exposed in clinforms 11, 12, and 13, to be
examined in both outcrops on the east side of the basin and in subsurface well data.
The tectonically active geologic setting resulted in an increased catchment area (Wind River Range,
Granite Mountains, Rawlins Uplift, and Washakie and Great Divide Basins) relief, from lowland (100500m) to mountainous (1000-3000m), and a large sediment supply, 4-16 x 106 ton/y, and bypass of sand,
200-2000 ton/km2 /y, directed through the Lance fluvial system to the marine basin during two stages of
deposition (Carvajal and Steel, 2011). Measured sections in deposits of five distinct channels of clinoform
12 suggest a low-sinuosity, braided river pattern. The mean river channel depths are between 6.3m – 7.9m
and channel belt widths between 1,476m – 2,108m based on average cross strata set measurements. The
dominant northwest to northeast paleocurrent trends in all the channels measured provide evidence of a
possible easterly embayment and east to west supply to the fluvial Lance from the Rawlins and Sierra
Madre Uplift.
Keywords: Washakie Basin, Lance Formation, fluvial
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Preliminary results from radar-facies mapping of the lowermost north polar layered
deposits, Mars
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The north polar layered deposits (NPLD) are the largest accumulation of water ice in the northern
hemisphere of Mars, yet little is known about their age or accumulation history. Radargrams obtained
with the Shallow Radar (SHARAD) on Mars Reconnaissance Orbiter (MRO) reveal first-order
stratigraphic sequences bounded by erosional surfaces [Steel, 2012] that represent the key for
understanding the recent climatic history of the planet [Holt et al., 2010]. However, great portions of
the polar cap are still unmapped and no detailed studies of the lowermost layered deposits have been
performed to date, primarily due to a general lack of visible exposures. The aim of this study is to use
internal radar stratigraphy from SHARAD to reconstruct the first stages of ice accumulation and climatic
changes of Mars. This objective will be achieved by identifying and mapping radar reflectors and
unconformities with the highest detail possible.
First results are (1) new first-order unconformities and (2) second-order stratigraphic variations within
single radar layers. The first were found in radargrams in the 90°E-180°E quadrant of the polar cap and
may be related to known erosional surfaces or represent new first-order sequence boundaries in the
NPLD. The second consist of multiple kinds of thickness variations and stratigraphic terminations, which
probably indicate topographic control and changes in the latitudinal extent of water ice deposition.
Further mapping and analysis of SHARAD radargrams and resulting isopach maps will lead to the
construction of a more complete and high-detail accumulation model of the NPLD, including both
accumulation patterns and erosional events. In turn, these may be used to constrain models of recent
climatic changes on Mars driven primarily by changes in orbital parameters.
Keywords: Mars, polar cap, ice, stratigraphy
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Many modeling studies predict that there will be more intense precipitation events in the future as the
climate warms under greenhouse gas forcing. A theoretical understanding of this change is founded in the
behavior of the Clausius–Clapeyron equation, which relates a 1K increase in surface temperature with a
7% increase in the saturation mixing ratio, along with model simulations which predict that relative
humidity remains fairly constant as the climate warms. Here we compare the results from climate model
simulations over the U.S. with this theoretical prediction.
The analysis shows the extent to which the theoretical prediction applies to the complex climate system,
and we investigate the physics of the departures from theory for the convective component of rainfall. In
regional model simulations of the mid-21st century, changes in convective precipitation rates are
regionally and seasonally dependent. In the spring, there are up to 20% increases over most of the central
and eastern U.S. These increases exceed the predictions of the Clausius–Clapeyron relation. In the
summer, rainfall rates decrease up to 25% in the Midwest and increase up to 15% in the Northeast.
Predictions are up to 14% (-4%) greater (smaller) than the model in Midwest (Northeast) in JJA.
Predictions from the Clausius–Clapeyron relation are based on the assumption that the surface is fully
saturated. Surface temperatures increase everywhere in the future although increases are greater in the
Midwest (up to 3K) than in the Northeast (up to 1.4K). An analysis of the moist static energy balance
reveals that the primary reason for the differences between the simulation and the theoretical prediction is
related to soil moisture distributions. When there is adequate soil moisture for unrestricted evaporation,
increases in convective rainfall intensities agree roughly with – or exceed – the theoretical prediction.
When the soil is dry, warming leads to enhanced dry convection but there is no precipitation increase
associated with the increase in convection. In this case, the theoretical prediction based on the Clausius–
Clapeyron equation fails.
Keywords: precipitation, rainfall, Clausius-Clapeyron
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Analysis of water table responses to Hurricane Sandy on Long Island, New York
O’Connor, M.1, Cardenas, M.B.1
moconnor12@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Coastal zones have come under increased investigation in recent years for two main reasons: first,
because of the sizeable populations that reside there (over half of the population of the United States is
found in coastal zones), and second, because of the sensitivity of these regions to the effects of global
climate change. Hurricane Sandy (October 28-29, 2012), the largest Atlantic hurricane on record, brought
a significant and unique ocean surge to the densely populated coastline of Long Island, New York (among
other places) that caused widespread flooding, over a mile inland in many places. Previously installed
USGS monitoring stations along Long Island’s coast and within Long Island’s unconfined Upper Glacial
aquifer allow us the unique opportunity to witness the real-time response of this hydrologic system to a
storm of literally historic proportions. An investigation into groundwater response to storm events such
as Hurricane Sandy is imperative, especially to Long Island, whose 3 million people rely entirely on
groundwater from Long Island aquifers and thus should be highly concerned with groundwater quality
following a storm event. This report uses the real-time data mentioned above in collaboration with
limited eyewitness testimony to determine that this tidal-driven ocean surge did not significantly infiltrate
into the ground, but rather, it forced a Boussinesq-type pressure pulse through the island that temporarily
increased the water table level within the Upper Glacial aquifer.
Keywords: hurricane, groundwater, Long Island, Boussinesq equation
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Investigating soil water movement and pedogenic carbonates formation by
measuring the stable isotope composition of water in Vertisols
Okafor, B.1, Breecker, D.1, and Warden, J.2
Bokafor1208@gmail.com
1. Jackson School of Geosciences, University of Texas at Austin, Austin, TX, USA
Water movement in soils plays a critical role in plant growth, the transport of dissolved species, and the
recharge of subsurface reservoirs (Gazis, 2004). In this study we trace water using stable oxygen and
hydrogen isotope ratios in clay-rich soils (Vertisols) that are common on floodplains in central Texas and
the uplands of the Blackland Prairie. Our objectives are twofold. First, a better understanding of water
movement in these soils would help improve water management and irrigation operations and also models
of contaminant transfer from the surface to groundwater. Second, water movement in these soils
influences the formation and oxygen isotope composition of pedogenic carbonate. Floodplain Vertisols
are good modern analogs for many of the paleosols typically used to reconstruct past climates. Therefore
improved understanding of modern Vertisols helps interpret the oxygen isotope composition of paleosol
carbonate nodules.
We hypothesize that: 1) evaporation occurs deeper in Vertisols than other soils and 2) that peodgenic
carbonate records the oxygen isotope composition of mean annual precipitation. Previous natural
abundance isotope tracer work indicates that evaporation is typically limited to the top 20cm in soils
(Gazis 2004). Evaporation from clayey soil is expected to be different because clay rich soils crack when
dry, exposing deeper parts of the soil to air.
On September 17, 2012, we collected soil samples from the top meter of a Trinity River floodplain
Vertisol on Richland Creek Wildlife Management Area, southeast of Dallas, Texas. Soil water was
extracted from soil samples by boiling under vacuum for isotopic analysis and gravimetric water content
was measured for each soil sample. Our results show that water content generally decreases with depth in
the top meter and that soil samples with the lowest water content have the lowest δ18O and δD values
(δ18O = -6‰ at 100 cm). These trends in water content and isotopic composition are the opposite of the
trends expected for evaporation of water. The δ18O value of soil water at 100 cm is substantially lower
than the δ18O value of mean annual precipitation in Austin and similar to the δ18O value of precipitation
that falls during large events (δ18O = -7‰ Pape, 2010). This suggests that large rainstorms may
preferentially recharge the deeper portions of these slowly permeable (when wet) soils. This interpretation
requires continued monitoring to verify. If true, the δ18O value of pedogenic carbonate in clay rich
paleosols may be biased toward the δ18O values of large events. The variation in isotopic composition
with depth in these soil profiles could illustrate the alternation between large and small rain events.
If large rainstorms are proven to be the main source for recharge in deeper sections of Vertisols, improved
irrigation operations would have to be made for deep rooted crops during periods of frequent small rain
events. Also contaminants infiltrating into groundwater resources would be important mainly during large
rain events, since small events would not infiltrate deep enough to recharge aquifers.
Keywords: Vertisols, Stable Isotopes, Groundwater Recharge, Evaporation, Pedogenic Carbonate
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Evaluating bedload transport with RFID and accelerometer tracers, airborne
LiDAR, and HEC-GeoRAS modeling: field experiments in Reynolds Creek, Idaho
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Relationships between bedload transport, channel geometry, and bed topography in upland channels are
not well understood due in part to a lack of quantitative field data. With this motivation, we are
performing field experiments related to (i) bedload travel distances within and between transport events,
(ii) style of bedload motion during transport events, and (iii) channel characteristics of depositional areas.
To address these objectives, we deployed 1500 gravel and cobble Radio Frequency Identification (RFID)
and 73 accelerometer tracers, installed three stationary RFID antennas, utilized airborne LiDAR, and
conducted stream surveys in Reynolds Creek, Idaho. This gauged coarse alluvial stream is located at the
USDA-Agricultural Research Service Reynolds Creek Experimental Watershed within the Owyhee
Mountains. Flood discharges generally consist of occasional flashy winter rain-on-snow flows spanning
less than a day, large spring snowmelt events lasting several weeks, and no high summer discharges
during our experiments. Through repeat surveys of tracer clast positions with mobile RFID antennas, to
date we have quantified travel distances of 800 RFID particles. Spring 2011 discharge transported RFID
tracers nearly seven kilometers while the shorter Spring 2012 flow only displaced particles up to
approximately three kilometers. During Winter 2011 rain-on-snow events, tracers moved a maximum of
200 meters. Stationary cross-stream RFID antennas constrain periods of bedload motion and rest. In
Spring 2012, antennas recorded significant RFID tracer motion initiating just when discharge began to
rise due to snowmelt, travel times between antennas decreasing as flow increased, and RFID particles no
longer passing almost immediately after the hydrograph peaked. Accelerometer tracers deployed in
Spring 2012 expanded bedload motion records, confirming minimal motion after peak spring flow.
Accelerometer clasts also revealed that cobbles deposited in relatively close vicinities can have similar
and different modes of transport- some traveled consistently over weeks as discharge increased while
others of similar sizes traveled in short bursts to arrive at the same stream location. At tracer deposition
locations, we extracted local channel characteristics from airborne LiDAR and field surveys. Finally, we
modeled shear stress with HEC-GeoRAS, airborne LiDAR, and discharge to identify locations with
significant shear stress changes and compared these areas to where RFID particles preferentially
deposited. The combination of field methods, statistical analysis, and flow modeling provide additional
insight into bedload transport mechanisms.
Keywords: coarse bedload transport, stream monitoring, mountain channels, flow modeling, RFID
tracers, and accelerometer tracers
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REE-Be-U-enriched fluorite mineralization of the Round Top and Little Round Top
laccolith-Cretaceous limestone contact zone and rhyolite breccias, Sierra Blanca
peaks, Trans-Pecos Texas
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The Trans-Pecos region of Texas is the site of extensive Paleogene magmatic activity linked to
subduction-related processes off southwest North America, including caldera-sourced felsic pyroclastics.
This magmatic province also includes numerous plutons, most of which are shallowly emplaced rhyoliticmicrogranitic laccoliths. More than 100 of these laccoliths are present in Trans-Pecos Texas and
contiguous regions, but only a few have recognized mineral occurrences. Typically these metallic and
industrial mineral concentrations form as replacement deposits in Permian to Cretaceous reactive
carbonate rocks near laccolith contacts.
The Sierra Blanca peaks are comprised of five peraluminous laccoliths dated at 36 Ma northwest of the
town of Sierra Blanca in Hudspeth County. The Round Top laccolith has been the focus of major
exploration programs for beryllium in the 1980’s and for REE from 2010-12 that has provided a large
sample and information base. Prior studies of the Sierra Blanca laccoliths have indicated that they are
enriched in Li, Be, Zn, Rb, Y, Zr, Nb, Sn, REE, and Th, and typically consists of 48-52% potassium
feldspar, 28-30% quartz, 8-14% plagioclase feldspar, 4-5% biotite, and 2-3% opaques, dominantly
magnetite-hematite. Prior microbeam studies indicate the common presence of subhedral zircons, with
anomalous concentrations of U, Th, and Hf. Nb-Pb-rich grains probably are columbite-tantalite.
The rhyolite-limestone contact and northwest-trending faults are complexly brecciated with cementation
by clay, fluorite, silica, and/or calcite. Unusual element enrichment, including beryllium and uranium, is
notably highest at the Round Top intrusion-limestone wall rock contact and within brecciated rhyolite
along faults.
Current studies of the Round Top laccolith indicate the presence of at least four unique rhyolites varying
significantly by color, mineralogical composition, and texture, but believed to be of cogenetic origin.
Further studies are underway to determine the geochemical variations and possible REE enrichment
differences among the rhyolite types. Within the laccolith the rhyolites have mottled, cross-hatched, or
striped textures of unknown origin but possibly linked to initial magma heterogeneity, and/or subsequent
selective alteration. Characterization through petrographic and geochemical studies of the Round Top and
Little Round Top rhyolites, and the fluorite cementation alteration-mineralization relationships are in
progress to evaluate the role of magma chemistry, crystallization history, and hydrothermal processes in
the enrichment of unusual elements.

Keywords: Trans-Pecos Texas, Sierra Blanca, Laccolith, Mineralization, Round Top, REE
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Fracture Formation and Evolution in the Cardium Formation, Alberta Fold and
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The folded and thrusted Mesozoic clastic sequence of the Canadian Rocky Mountain foothills forms
important hydrocarbon reservoirs with a long history of natural gas and oil production. Successful
exploration and development of these unconventional reservoirs require understanding of fracture
abundance, fracture evolution, and timing of fracture formation relative to the evolution of the fold and
thrust system. The formation of fractures and their timing relationship relative to folding and thrusting has
remained ambiguous. Fracture patterns in sandstones of the Upper Cretaceous Cardium Formation show
that some fracture sets are subparallel to the fold axis and inclined to bedding. These fractures may have
been formed after the fold hinge was established because they oppose the inclination on the two limbs
when the structure is unfolded. However, most of the fracture development on the limbs of the fold may
have occurred as the fold tightened to its final locked position. Ambiguity of fracture development and
evolution has a large impact on fracture prediction and production of hydrocarbons. I intend to address
this question by determining the timing of fracturing, the location of maximum fracture intensity relative
to the fold hinges and thrusts, and how the fractures are related to evolution of the fold and thrust system.
I will attempt to (i) reconstruct the thrust system evolution and strain distribution using structural
modeling software(ii) calculate the strain resulting from the fracture development using scanline
measurements; and (iii) tie the information obtained from fluid inclusion and cement textural analyses of
fractures to the modeled sequence of evolution of the fold thrust system.
Keywords: Fracture, Fold and Thrust Belt, Balanced Cross- Section, Hydrocarbon Reservoir
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Evaluation of dust model in Community Land Model (CLM) in simulating natural
dust storms
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Dust contributes to the degradation of air quality and may affect the economy, public health and the
environment. Accurate dust storm prediction helps state authorities and general people prepare
beforehand to mitigate adverse impacts of dust storms. Dust emission modeling has become matured in
the last few decades but its simulation and prediction in terms of sources, emission, transport, and
deposition remains challenging. This study focuses on use of one of the existing dust models DEAD
(Dust Entrainment and Deposition Model) within CLM (Community Land Model) in natural dust storms
simulation and evaluates its effectiveness in capturing large-scale dust storms. We do so by comparing the
simulated dust flux with AOT (aerosol optical thickness) obtained from AERONET (Aerosol Robotic
Network) station and MODIS (Moderate Resolution Imaging Spectroradiometer) satellite. We also
examine diurnal and seasonal patterns of dust storms in the MENA (Middle East and North Africa)
region. Results show that the dominant controlling factor of dust storm in the MENA region is the wind
speed and the simulation of the dust flux is limited by the coarse resolution of NCEP (National Center for
Environmental Prediction) wind speed data used in driving the model. We observed that the CLM
correctly simulates occurrence of large-scale dust storm in terms of extent and direction of the dust
plume. Moreover, simulated AOT is consistent with observed AOT when the model is run in coupled
CLM-CAM mode. However, dust flux results from offline CLM simulation don’t show significant
correlation with observations from AERONET and MODIS data in diurnal scale.
Keywords: CLM, AERONET, MODIS, Dust storm
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Outcrop Characterization of Ooid Grainstones in the Grayburg Formation,
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Ooid grainstone reservoir architecture remains poorly understood, particularly because of
sedimentological heterogeneities that are innate to grainstone body development. The importance of
developing such understanding is apparent when one considers ooid grainstones’ high porosity and
permeability in outcrop, and the fact that they form significant reservoirs in the subsurface. The Grayburg
formation (Late Permian, Guadalupian) is a mixed carbonate-siliciclastic, known producing interval in the
Delaware and Midland basins which contains abundant ooid grainstone geobodies. Outcrops at Shattuck
Escarpment provide a chance to gain a high-resolution geospatial and paleocurrent understanding of the
Grayburg’s ooid geobodies to assist in characterizing their subsurface reservoir counterparts.
Promontories along the escarpment provide outstanding exposures over 5 kilometers at which one can
observe dip-oriented changes from the grainstones in the High Frequency Sequence (HFS) G11 (Kerans
and Kempter, 2002) or HFS 2 (Barnaby and Ward, 2007). Preliminary data has shown that the
grainstones’ most up-dip limit has a maximum height of 3 meters, and thins to 50 centimeters over 2
kilometers in down dip direction. Coincident with these bed height changes are internal bedform changes.
The majority of cross-strata dip south-east towards the Grayburg shelf margin with dips of larger beds
(0.5-1.8m) deviating up to 15 degrees from the margin, and smaller beds (10-50cm) deviating up to 90
degrees from the margin. This margin, defined by Kerans and Kempter (2002), is roughly 5 kilometers
from the outcrop location. Geospatial and paleo-current measurements at the Shattuck Escarpment are
acquired using measured section, strike and dip, and LiDAR. Measurements will be compared to modern
analogs of strike-continuous ooid grainstone deposits of the Bahamas, characterized by Harris (2010),
Rankey et al. (2006) and Hine (1977). These modern studies thoroughly document processes that create
ooid grainstone deposits, yet there is insufficient documentation of how they are preserved in the rock
record. 30 cm spaced vertical core plug transects will be taken at regularly spaced positions from up-dip
to down-dip positions of the grainstone geobodies along the outcrop in order to document changes in
porosity and permeability in relation to the documented changes of the grainstone geobodies.
Collectively, the results of this study will provide insight into sedimentary architectural variability of ooid
grainstones in outcrop, which can be used to understand problems with production, as well as predict the
geospatial distribution of these grainstones in analogous subsurface ooid grainstone reservoirs.
Keywords: Ooid grainstone, bedform, Grayburg, Permian, Outcrop, Guadalupe Mountains, LiDAR, core
plug, ooid grainstone reservoir, geospatial.
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Organic Matter and Porosity Distribution of the Eagle Ford Formation
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Mudrocks compose approximately two-thirds of crustal sedimentary rocks. Conditions of low
oxygenation, slow depositional rates, and increased nutrient supply associated with oceanic
anoxic events (OAE’s) lead to accumulations of vast amounts of hydrocarbons in mudrocks.
Hydrocarbon accumulation-mechanisms are poorly understood, however, mainly because of the
difficulty in observing the micron-to-nanometer-scale petrofabric.
This study focuses on characterizing mineralogic and organic components of samples near the
limits of SEM detection in order to further understanding of relationships between porosity,
hydrocarbon maturation, and diagenesis. Samples from four cores across a range of thermal
maturity in the Late Cretaceous Eagle Ford Formation are examined. Utilizing back scatter
(BSE) and secondary electron (SE) in both field free and immersion modes (TLD), along with Xray mapping (EDS), allows for components to be imaged topographically and compositionally
from a micron to a nanometer scale.
Preliminary observations are that: samples appear to be dominated by detrital clay (clay
minerals, with some clay-sized micas, feldspars, and quartz), organic matter, and authigenic
carbonates, with relatively abundant globigerinid forams and some coccolith fragments. Two
distinct types of organic matter have been observed: (1) Larger (~2-50 microns in length),
particulate material which forms a rigid framework is interpreted as detrital kerogen, and (2)
smaller (~500 nanometers-2 microns in length, can fill intraparticle pores up to 20 microns in
diameter), interstitial organics that pervade much of the interparticle and intraparticle porosity
are interpreted as (likely) bituminite and a product of maturation of detrital kerogen. Both
organic types host nanometer scale pores with a variety of morphologies.
Both primary and secondary intraparticle, as well as interparticle pores are observed.
Dissolution, potentially associated with organic acids produced by kerogen degradation, is
observed in many of the carbonate components. Primary fossil hosted intraparticle porosity
often contains authigenic carbonate and sulfide (pyrite) mineral growth. Interparticle pores are
observed between clay platelets, circumcrystalline pores, and pores between both detrital grains
and authigenic crystals.
Hypotheses include, but are not limited to: (1) organic hosted porosity may display a correlation
with thermal maturity and/or TOC (as discussed in Milliken et al. (in press, AAPG Bulletin)),
and (2) as discussed in Bernard et al. (2012, International Journal of Coal Geology) intramineral
nanopores may be resultant from organic acids generated by thermal degradation of kerogen.
Keywords: Eagle Ford, Organic matter, Porosity, Mudrocks, Bitumen, Kerogen
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Carbon capture, utilization, and storage (CCUS) is becoming an important bridge to commercial geologic
sequestration (GS) to help reduce anthropogenic CO2 emissions. While CCUS at brownfield sites (i.e.
mature oil and gas fields) has operational advantages over GS at greenfield sites (i.e. saline formations)
such as the use of existing well infrastructure, previous site activities can add a layer of complexity that
must be accounted for when developing groundwater monitoring protection networks.
Extensive work has been done on developing monitoring networks at GS sites for CO2 accounting and
groundwater protection. However, the development of appropriate monitoring strategies at commercial
brownfield sites continues to develop. The goals of this research are to address the added monitoring
complexity by adapting simple analytical and numerical models to test these approaches using two
common subsurface monitoring parameters, pressure and aqueous geochemistry. The analytical pressure
model solves for diffusivity in radial coordinates and the leakage rate derived from Darcy’s law. The
multi component groundwater flow and solute-transport simulator PHAST solves the advection-reactiondispersion equation for 3-D transport and mixing of fluids .The research was conducted at a CO2
enhanced oil recovery (EOR) field on the Gulf Coast of Texas. We modeled the performance over 50
years of one monitoring well from the EOR field using physical and operational data including lithology
and water chemistry samples, and formation pressure data. We explored through statistical analyses the
threshold of leakage detection using the analytical and numerical methods by varying select geologic
reservoir properties, and the monitoring well location spatially and vertically with respect to a leaky fault.
Preliminary results indicate that a pressure based subsurface monitoring system provides a better
probability of fluid migration detection at greater depths (e.g. 1300 meters) than at shallower depths (e.g.
500 meters). For geochemistry based subsurface monitoring, the probability of detection displays a more
complex relationship and depends largely on the hydraulic properties of the monitoring interval (e.g.
permeability). These preliminary results demonstrate that an integration of these monitoring parameters at
different depths can improve the overall chances of fluid migration detection. By assessing the probability
of fluid migration detection, an initial finding on the use and implementation of each monitoring
technique can be made at this field and realistically extrapolated to other CCUS fields.
Keywords: Carbon Capture Utilization and Storage, CO2 Enhanced Oil Recovery, Groundwater
Hydrology, Monitoring Networks, Analytical Modeling, Numerical Modeling
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Chlorine and hydrogen isotope geochemistry of obsidian glasses: behavior during
volcanic degassing at Mono Craters, CA
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Volatile element concentrations (Cl, H2O, and CO2) and stable isotope compositions (δD and δ37Cl) of
volcanic glasses (obsidians) (n = 30) have been determined toquantifythe behavior of chlorine stable
isotopes (35Cl and 37Cl) during volcanic degassing. Pyroclastic obsidian samples werefrom tuff layers
representing a single eruptive sequence that occurred around 1350 A.D. in the Mono Craters volcanic
field, California. The Cl, H2O, and CO2 concentrations recorded by these eruptive obsidians track the
chemical evolution of the magmatic system. The H2O and CO2 concentrations of the samples range from
0.37 to 2.08 wt% and 1 to 31ppm, respectively. H2Oand CO2 concentrations are strongly correlated and
reflect the degassing trend of the eruptive sequence. Chlorine concentrations of obsidians range from 609
to 833 ppm and do not display a strong correlation with either H2O or CO2 concentrations.
Obsidians were selected from two tuff layers: 1) a lower layer containing average H2O and CO2
concentrations of 1.5 ± 0.5 wt% and 22 ± 11ppm, respectively, and 2) an upper layer containing slightly
lower average H2O and CO2 concentrations of 0.9 ± 0.5 wt% and 6 ± 5 ppm, respectively. Chlorine
concentrations are essentially identical between the two layers, averaging 742 ± 58 ppm in the lower layer
and 702 ± 75 ppm in the upper layer.
Measured δD values of the obsidians vary between -63 to -74‰ (1σ = ±2‰) and display D/H ratios that
decrease with lower total water content following a distillation trend dominated by open system
degassing. δ37Cl values were measured on select samples from each of the two tuff layers. The samples
from the lower layer have δ37Cl values between -1.8 to -2.0‰ (n = 3), whereas the samples from the
upper layer have δ37Cl values between -1.3 and -1.4‰ (n = 3) (1σ = ±0.2‰). Despite the similar Cl
concentrations between the two layers, the samples with lower δ37Cl values have higher Cl concentrations
(763 ± 61 ppm Cl) than samples with higher δ37Cl values (639 ± 33 ppm Cl). The samples analyzed for Cl
isotopes span the range of observed H2O and CO2 concentrations: a sample with one of the highest H2O
and CO2 concentrations (2.1 wt% and 26 ppm, respectively) has a δ37Cl value of -1.8‰; whereas, a
sample with one of the lowest H2O and CO2 concentrations (0.4 wt% and 3 ppm, respectively) has a δ37Cl
value of -1.4‰. Preliminary data indicates the possibility of minor chlorine isotope fractionation during
the eruptive sequence at Mono Craters; however, additional work will better quantify the magnitude of
this fractionation.
Keywords: chlorine isotopes, degassing, Mono Craters, obsidian
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Tectonic implications of footwall incisement on fault-slip rates and exhumation in
the Bullfrog Hills-Bare Mountain metamorphic core complex, western Nevada
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The Bullfrog Hills-Bare Mountain metamorphic core complex (BFBM-MCC) near Beatty, Nevada
contains multiple low-angle normal faults (LANFs) that accommodated transtensional deformation within
the southern Walker Lane. Samples for apatite and zircon (U-Th)/He dating (n=40) were collected along a
30 km long, NW-SE slip-parallel transect to determine fault-slip rates and the significance of footwall
incisement on cooling within the BFBM-MCC. Sample density was concentrated along the two LANFs
faults in the Bullfrog Hills and multiple detachment splays at NW Bare Mountain. Structural repetition of
footwall blocks along multiple faults, caused by isostatic footwall uplift and changes in detachment
position (incisement), can affect accurately determining the cooling history and fault-slip rates along
LANFs. Insufficient sample density will not resolve footwall incisement and may lead to an
overestimation of slip rates. The different closure temperatures of the apatite and zircon (U-Th)/He
systems, ~70° C and 180° C, respectively, can bracket temperature conditions of footwall incisement. (UTh)/He ages may also indicate whether incisement is an early or late stage feature in the development of
LANF systems, if multiple detachments are active simultaneously, and if fault-slip rates change
temporally. Differing cooling age across faults will also indicate what detachment surfaces exhumed
significant crustal sections and what depth these rocks were exhumed from. Determining the importance
of incisement and brittle deformation within the footwall has broad implications for the accuracy of
thermochronometrically-derived fault-slip rates within metamorphic core complexes throughout the
western Cordillera of North America and other extensional provinces.
Keywords: Low-angle normal faults, metamorphic core complex, (U-Th)/He dating, southern Walker
Lane, fault-slip rates
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Vampire bats (Phyllostomidae: Desmodontinae) are a highly specialized lineage of sanguinivores that
subsist on the blood of other vertebrates. Numerous lines of evidence have established the monophyly of
extant vampire bats, including morphological, molecular, immunological, and chromosomal data. In
addition to the three living species, four Pleistocene fossil species of vampires are now recognized:
Desmodus archaeodaptes, D. draculae, D. puntajudensis, and D. stocki. The relationships of extinct
vampire bat taxa can only be assessed through examining their preserved fossil remains. Unfortunately,
much of the bat fossil record consists of fragmentary evidence, particularly teeth. In order to assess the
phylogenetic relationships of fossil and living phyllostomids we are building an online morphological
database of bat dental data using MorphoBank. Analyses of 279 dental characters, combined with
molecular evidence, allow placement of organisms represented by fossils into phylogenies to evaluate
their relationships to extant forms. We evaluated the relationships of living vampires to other
phyllostomids using >8,000 bp from 7 nuclear and 5 mitochondrial genes, and found support for
placement of desmodontines among the basal branches in Phyllostomidae. Using the molecular tree as a
scaffold, we assessed relationships of those fossil vampires for which dental remains are known. Details
of dental morphology were assessed using light microscopy, digital photography, and CT scanning. Our
findings support monophyly of Desmodus including the fossil species attributed to the genus.
Keywords: Bats, Phyllostomidae, Phylogeny
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(U-Th)/He and U-Pb double dating constraints on the interplay between thrust
deformation and basin development, Sevier foreland basin, Utah
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Despite several decades of evolving concepts of thrust belt mechanics and foreland basin evolution as
either isolated or coupled systems, an in-depth understanding of process linkages and dynamic
connectivity between foreland basins and thrust belts are not fully developed. Moreover the temporal
aspects of thrust deformation, clastic progradation, distinct sediment sources, flexural basin subsidence,
thermal history and stratigraphic architecture, remain hotly debated. This study aims to develop an
unprecedented systematic U-Pb and (U-Th)/He detrital zircon double dating provenance record in the
classic Sevier fold-thrust belt and foreland basin with the objective of spatially and temporally framing
the Sevier foreland sedimentary successions in a detailed stratigraphic context as a function of thrust
progression and hinterland exhumation by means of detailed isotopic provenance information based on
crystallization ages and source area thermal histories. In addition, data from pre-Mesozoic units exposed
in the thrust sheets will be collected to provide a geo- and thermochronometric reference database that
will provide crucial benchmarks for sediment source fingerprints and will improve detrital source-to-sink
linkages to better understand larger-scale foreland basin evolution and refine exhumational lag-time
constraints. These data will better constrain the onset and magnitude of thrusting and its impact on
flexural loading and foreland basin sediment dispersal. This double-dating campaign in a detailed
stratigraphic and structural context will help (1) elucidate the linkage between thrust deformation,
hinterland unroofing, and foreland basin sedimentation through improved isotopic provenance analysis,
(2) allow for correlation of thrust sheets to proximal and distal basin deposits, and (3) provide novel
insights into the dynamic linkage between thrust tectonics, foreland subsidence and sequence stratigraphic
architecture in the evolving Sevier foreland basin system in central and east-central Utah. The integration
of these data should help improve conceptual models that relate temporal, thermal, and spatial aspects of
thrust activity and basin flexural responses to tectonic unroofing and erosion, sediment removal and
dispersal, and foreland basin sedimentary architecture, and ultimately help differentiate between tectonic,
climatic and eustatic forcing factors.
Keywords: Foreland basin dynamics, thrusting, (U-Th)/(He-Pb) double dating
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Evidence for heterogeneous (and possibly transient) geothermal flux beneath the
Ross-Amundsen ice divide of the West Antarctica ice sheet
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The geological framework for the evolution of the marine-based West Antarctic ice sheet (WAIS) is the
Cretaceous through Cenozoic rifting of the underlying lithosphere. The southern flank of this rift, along
the Whitmore Mountains, underlies the upper reaches of the Ross Sea catchment of the WAIS and has
been identified as a site of active subglacial volcanism. On the other hand, the northern flank of this rift,
represented by the upward doming of the Marie Byrd Land volcanic province, has not yet been associated
with active subglacial volcanism. Also, it is not known whether the heterogeneity of geothermal flux
associated with these rift flank volcanic provinces extends across the floor of the rift between the rift
flanks.
Here we present geophysical evidence for heterogeneous geothermal flux associated with active
subglacial volcanism along the northern rift flank adjacent to Marie Byrd Land where it intersects the ice
divide for the Ross and Amundsen Sea sectors for the WAIS. We further evaluate the evidence for the
continuity of heterogeneous geothermal flux along this ice divide and across the rift floor between the two
flanks of the West Antarctic rift system.
Keywords: Antarctica, subglacial volcanoes, geothermal heat flux, ice sheets.
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Understanding specific pathways for sand transport through the lower reaches of large rivers like the
Mississippi is a key to addressing (1) significant source-to-sink geologic problems for sediment and
particulate organic carbon and (2) environmental restoration efforts in deltas under threat from climate
change. Five field studies were performed in the Mississippi River 75-100 km upstream of the Gulf of
Mexico outlet in 2010 and 2011 at discharges ranging from 18,500 to 32,000 m3 s-1 to examine sand
transport phenomena in the river channel. These studies utilized multibeam sonar bathymetric surveys,
acoustic Doppler current profiler measurements of current velocity and acoustic backscatter, pointintegrated isokinetic suspended sediment sampling, and channel-bed grab sampling to examine fluid flow
and suspended/bedload sediment transport. Substantial interaction was observed between flow conditions
in the river (boundary shear stress, turbulence intensity), channel-bed morphology (size and extent of
sandy bedforms), and bed-material sand transport (quantity, transport mode, and spatial distribution). A
lateral shift was observed in the region of maximum dune size and water column turbulence intensity
from deep to shallow areas of lateral sand bars as water discharge increased, and is associated with the
expansion of the bar top area experiencing critical shear stress conditions. Bed material was transported
both in traction and in suspension at these water discharges, with the highest suspended mass flux rates
associated with the part of the channel cross-section where the largest dunes were present, as a result of a
relationship between bed shear stress, dune size, and turbulence intensity. We posit that the downriver
flux of sand grains alternates between these two modes over relatively short spatial (up to a few km) and
temporal scales. These results complicate the task of using cross-sectional flux measurements taken in
lower reaches of large river channels to infer bed-material discharge to the ocean because the transport
trajectories and velocities of individual grains can vary appreciably. This suggests that 3D numerical
simulations, calibrated and validated by comprehensive field measurements, will provide the path forward
in understanding bed material fluxes in these systems. These model simulations, utilizing Delft3D and
Flow3D and these observational data, are under development to investigate the relationship between flow
conditions and sediment transport at finer spatial scales.
Keywords: Mississippi River, fluvial geomorphology, river channels, sediment transport
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Exploring the tecto-sedimentary history of the lower Kumano basin: insights from
3D seismic analysis
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The Nankai accretionary margin is seismically active, representing a hazard for the people living along
the southwestern Japanese shores. In an effort to better understand its behavior, 3D seismic and well data
have been acquired in the area. We are using such data in order to address open research topics such as:
the conditions for forearc basin initiation, the role of former slope basins and slope cover sediments in the
formation of forearc basins and the role of changes in sedimentation rates -possibly associated with major
climatic events- as a major controlling factor in forearc basin evolution. New 3D maps of key surfaces
that bound and lie within the lower Kumano basin help us illuminate these topics.
The lower bounding surface, UC4, represents missing section between 5.6-3.8 Ma. Toward the SE UC4 is
relatively undeformed, with some structures approximately parallel to the modern-day trench. In contrast,
toward the NW UC4 is intensely deformed with two main synforms whose hinges are oriented 15 degrees
to the modern-trench. The two synforms have similar wavelengths and amplitudes and define the thickest
sediment accumulations in the lower Kumano basin. We hypothesize that UC4 had a protracted evolution
with early synform (thrust-bound slope-basins?) followed by a change in the maximum strain/plate
convergence direction. This change caused the structural trend observed to the SE. This interpretation is
in agreement with previous independent estimations of block rotation based on paleomagnetic analysis of
samples from core recovered in the area.
The upper bounding surface of the lower Kumano basin, UC2, underlies 1.5 Ma and younger sediments.
Its morphology resembles a much smoother and less deformed version of UC4. It is slightly tilted
landward. Seaward, it pinches out against UC4.
Between the two bounding surfaces we recognized a major unconformity that we called UC3a and that we
were able to track through most of the studied part of the seismic volume. Morphologically, UC3a is very
similar to UC2. We interpret this morphological similarity between UC3a and UC2 as an indicator of a
possible steady-state tecto-sedimentary condition through the time span represented by the sediments
contained in between both surfaces. On the other hand, the striking morphological contrast between UC4
and UC3a implies that the deformation of the lower basin waned upwards over time, with most of it
taking place before the generation of UC3a.
Our interpretations point toward the strong influence of tectonic factors in the formation and evolution of
UC4. This clearly tectonic signature is gradually lost toward UC3a, which might have been caused by an
increase in the importance of sedimentation during incipient forearc basin development.
Keywords: tectonics, sedimentation, Kumano, Nankai
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Worldwide interest in shale as hydrocarbon resources is setting off a new wave of shale research. Shale is
a rock composed of mud-sized particles, such as silt and clay (Boggs, 2001). Although it forms probably
70% of sedimentary rock, there are a lot remains to be learned for these rocks (Hart, 2011). Rock physics
models, which are the links between measurements (seismic attributes, well log, lab measurements, et.)
and rock properties, are meaningful for exploring this field. However, due to shale’s intrinsic anisotropic
properties (mostly VTI), the existing isotropic rock physics models are no longer suitable in this case. So,
it is important to build or use anisotropic rock physics models for shale on behalf of further research.
These anisotropic models should account the velocity with non-zero propagation angle respect to the
anisotropic reference frame. My project was aimed at developing feasible methods to calculating angle
dependent P-wave and SH, SV-wave velocity in VTI system. In such an anisotropic system, wave
velocities are determined by five independent stiffness tensor components (C11, C33, C44, C66, and C13). I
applied two methods to approach these components and calculate velocity in further. The first method
combined well log data and rock anisotropic assumptions (Wang, 2002). The second one was building an
anisotropy model from stress dependent vertical and horizontal lab measurements (Pervukhina, 2011).
Results showed two version of polarized S-wave split at none zero propagation direction. And both Pwave and SH-wave velocities increased with incident angle. While SV-wave velocity increased with
incident angle first and then turned out to decrease.
Keywords: Shale, anisotropic, rock physics, velocity
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Spring and summer precipitation over Texas is deemed to be affected by the Mexican Plateau (MP).
Satellite observations show possible influences of the MP on the rainfall over Texas during the 2011
Texas drought. The Community Earth System Model version (CESM) 1.0.4 that is an earth system model
is used in this study to examine the role of the MP on the hydro-climate over the southern plains and US
southwest, providing implications for the linkage between the MP and rainfall over Texas during 2011
Texas drought. A control run and two experiment runs were performed with prescribed sea surface
temperatures and sea ice fractions. In experiment I (E1), a warmer MP was produced by setting the albedo
of the MP to zero; in experiment II (E2), the topography of the MP was removed.
Results show that when the MP warms, during spring, the warmer air brought by prevailing westerlies to
Texas relaxes the vertical temperature gradient. This lapse rate change inhibits convection, decreasing
rainfall over Texas. During summer, a warmer MP likes “a moisture pump” that pushes the moist air over
the peripheric low elevation areas to the highlands and thus leads to moisture-flux divergence over
western Texas. The air divergence is associated with decreased summer rainfall over Texas. Results also
show two primary ways by which the topography of the MP affects rainfall over Texas. One way is that
the elevations of the MP influences the Bermuda high, which significantly affects the position and
strength of the time averaged low-level jet LLJ. At the same time, the LLJ is closely linked to lower
troposphere moisture transport that shapes precipitation over Texas. Besides, the elevations of the MP
prevents the Gulf of Mexico warm moist air from the southwest US and hence significantly decreases
summer precipitation over the southwest.
Keywords: Mexican Plateau, rainfall over Texas, North American monsoon
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The northeast African continental margin of the Western Desert of Egypt is host to a complexly
deformed series of Phanerozoic basins. Regional deformation was the result of continental
collisions, repeated rifting and inversion cycles, and substantial sedimentary deposition. Limited
sedimentary exposure and exploration has resulted in deficient knowledge of Phanerozoic basin
evolution. Previous studies of the region have largely relied upon sedimentary analysis, gravity,
and 2D/3D seismic data. This study, in contrast, has employed extensive use of detrital zircon
(U-Th)/He thermochronology in conjunction with 3D seismic, vitrinite reflectance, well log
correlation, chemostratigraphy, and heat flow data to elucidate a spatiotemporally comprehensive
tectonic and stratigraphic model.
The lower Paleozoic, Carboniferous, and Mesozoic stratigraphic sequences of the Western Desert
represent distinct tectonically controlled basins with independent tectono-thermal evolutions.
Initial deposition commenced during mid-Cambrian development of the Ghazalat basin, bounded
to the west by the N-S trending Calanshiyu Arch. Nearly continuous deposition persisted until
the late Devonian uplift of the Ghazalat basin. This inverted basin shed recycled sediment into
the subsided Calanshiyu Arch and established the eastern limit of Carboniferous deposition along
N-S trending faults. Initiation of late Triassic-Jurassic rifting caused regional erosion and limited
deposition during transition from an intracratonic to a rift controlled basin. Rifting propagated
westward along NE-SW trending normal faults attenuating and terminating in the eastern limit of
the Carboniferous basin. Voluminous sedimentation of the margin has existed since rifting and
transition into a passive continental margin. Localized stacking of sedimentary sequences from
Mesozoic rift sediment and Carboniferous strata to the west of the Ghazalat basin have resulted
in particularly deep burial of lower Paleozoic strata and exposure to elevated thermal regimes
resulting in greater local maturation.
Evidence from heat flow data, faulting relationships, and basin controlling structures indicate
that the N-S trending structures of the Calanshiyu Arch define a region of crustal transition.
Reduced heat flow and rift fault attenuation to the west indicate that the crust is older and thicker
and likely associated with the Archean-Paleoproterozoic Saharan Metacraton. The region east of
the Calanshiyu Arch is dominated by elevated heat flow and potentially delineates the western
most extent of the juvenile Arabian-Nubian Shield.
Keywords: (U-Th)/He, thermochronology, detrital zircon, Egypt, Western Desert
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Tide-influenced and tide-dominated depositional environments (mainly estuaries, delta fronts and shelf
sand-bodies) produce stratal packages that are architecturally complex. Because tidal deposits are very
common in many hydrocarbon fields, we need better documented ancient examples and better constrained
modern analogs. Large- and medium-scale cross sets (meters to tens of meters thick) produced by tidal
currents can occur in variety of environments, from delta front, tide-influenced channels and distributary
channels to the open shelf and straits, but they will have different architectures and paleocurrent
distribution.
Particular attention has been recently given to the recognition and characterization of compound tidal
dunes and tidal sand ridges and bars. Differentiating between tidal compound dunes and tidal sand ridges
is critical for a correct reservoir characterization, because these two types of sand-bodies can have similar
height, but are characterized by different crest orientations at the basin scale, different orientation of the
accretion surfaces and different internal heterogeneities. Another key factor that controls the
characteristics of tidal sand-bodies is the presence or absence of mud. Mud-rich systems will strongly
differentiate from mud-poor ones; the former will be characterized by stronger heterogeneities, commonly
by a bi-modal grain-size distribution and by the presence of fluid-mud deposits. On the other hand, little
attention has been paid to mud-poor systems.
The present work focuses on the specific case of mud-poor tidal sand-bodies of the Bajocian Lajas
-central Argentina,
he Andes and in central Chile. The entire succession
of the basin, up to 6000 m thick, records a time span from Late Triassic to Early Cenozoic. The Lajas
Formation was deposited after the initiation of the Pacific Plate subduction, in the early Jurassic,
underneath the western margin of Gondwana, which led to backBasin.
The study succession, exposed in a 6 km long outcrop belt at Lohan Mahuida, is characterized by stacked,
cross-stratified tidal sand-bodies that alternate with finer grained, wave-influenced lithosomes. The sandbodies are developed on the outer part of a narrow shelf, possibly close to the shelf edge, as they are
directly underlain by deep-water turbidites. The tidal sand-bodies have a thickness range between 3.5 and
15 m and width of at least 2 km.
The present work provides a new understanding for clean-water tidal systems, where the classical mud
drape tidal indicator may not be present or not well developed. Nine stratigraphic sections have been
measured, and more than 30 detailed sedimentological logs have been described on specific sand-bodies.
Hundreds of paleocurrent indicators have been collected, in order to understand tidal-current patterns and
to determine the accretion style of the sand-bodies (for example, forward versus lateral accretion). Highresolution photomosaics provide correlation and definition of the architecture of the sedimentary bodies.
Keywords: tidal, compound dunes, tidal sand ridges, tidal bars, Jurassic, Neuquèn Basin
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Since it was first identified in Italy and Tunisia, the Cretaceous-Paleogene (K-Pg) boundary unit has been
interpreted to comprise the stratigraphic record of a catastrophic extraterrestrial impact that occurred off
of the coast of the Yucatán Peninsula at the end of the Maastrichtian. As the petroleum industry has
investigated deeper objectives in the Gulf of Mexico stratigraphy, well penetrations have revealed a thick
(>100-meter) interval that is believed to be the K-Pg boundary unit. Based on well-log data, the K-Pg
boundary unit in the deep-water Gulf of Mexico is interpreted to be a micritic mega-breccia that resulted
from catastrophic marine and submarine processes in the wake of the Chicxulub impact.
Mapping on two- and three-dimensional seismic reflection data throughout the Gulf of Mexico reveals a
widespread distribution for the unit that thickens substantially (up to ~1000 meters) in areas and is
representative of deposition in a submarine environment strongly influenced by allochthonous salt
movement. For the first time, correlation of the unit from the deep-water Gulf of Mexico to the Chicxulub
crater on two-dimensional seismic reflection data supports a causative link to the impact event. As such,
results suggests that the K-Pg boundary unit in the Gulf of Mexico is the result of catastrophic marine and
submarine processes (e.g., extreme seismogenesis, megatsunami generation, massive slope collapse, and
mass sediment flow) that occurred as a result of the Chicxulub impact event, drastically altering seafloor
topography for subsequent deposition.
Keywords: Cretaceous-Paleogene boundary unit, Chicxulub crater, seismic stratigraphy, Gulf of Mexico
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The concentration distributions of geochemical tracers in a subsurface reservoir can be used as an
indication of the reservoir flow paths and constituent fluid origin. In this case, we are motivated by the
origin of marked geochemical gradients in the Bravo Dome natural CO2 reservoir in northeastern New
Mexico. This reservoir contains 99% CO2 with various trace noble gas components and overlies the
formation brine in a sloping aquifer. It is thought that magmatic CO2 entered the reservoir, and displaced
the brine. This displacement created gradients in the concentrations of the noble gases. Two models to
explain noble gas partitioning in two-phase flow are presented here. The first model assumes that the
noble gases act as tracers and uses a first order non-linear partial differential equation to compute the
volume fraction of each phase along the displacement path. A one-way coupled partial differential
equation determines the tracer concentration, which has no effect on the overall flow or phase saturations.
The second model treats each noble gas as a regular component resulting in a three-component, two-phase
system. As the noble gas injection concentration goes to zero, we see the three-component system behave
like the one-way coupled system of the first model. Both the analytical and numerical solutions are
presented for these models. For the process of a gas displacing a liquid, we see that a noble gas tracer
with greater preference for the gas phase, such as Helium, will move more quickly along the flowpath
than a heavier tracer that will more easily enter the liquid phase, such as Argon. When we include partial
miscibility of both the major and trace components, these differences in speed are shown in a bank of the
tracer at the saturation front. In the three component model, the noble gas bank has finite width and
concentration. In the limit where the noble gas is treated as a tracer, the width of the bank is zero and the
concentration increases linearly with time.
Keywords: Reservoir Simulation, Multiphase Flow, Noble Gas, CO2
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Thwaites Glacier, in the Amundsen Sea Embayment of the marine West Antarctic Ice Sheet (WAIS) is
one of the largest and most rapidly changing glaciers on earth. Thwaites Glacier has a sloping bed that
reaches deep into the WAIS interior, so a retreat started at its grounding-line has the potential to spread to
the rest of the ice sheet, making its behavior and stability the subject of significant interest and study.
Although sub-ice-shelf melting by warm ocean water is a leading hypothesis for the observed changes in
Thwaites Glacier, its dynamic subglacial water system offers an alternative or complementary trigger for
potential ice sheet acceleration and grounding line retreat. Subglacial water systems have been observed
to cause significant accelerations in large Antarctic outlet glaciers and marine bathymetry of collapsed
paleo-ice-streams show evidence of large volumes of melt-water and outbursts. However, the
observational challenges in characterizing catchment-scale subglacial water systems have prevented the
assessment of basal water as a potential trigger of unstable retreat for Thwaites Glacier. Using recent
advances in focused coherent radar sounding data analysis, we show that the subglacial hydrology of
Thwaites Glacier contains significant volumes of water ponding behind a damming bedrock ridge in a
distributed canal system that is feeding a system of concentrated channels downstream. We show that the
hydrologic dynamic state of these water systems is coupled to ice flow with the transition from a
distributed to a concentrated water system co-located with an increase in basal shear stress. We also use
the anisotropy of the radar echo specularity to identify flow-aligned sedimentary bedforms consistent with
mega-scale glacial lineations underlying most of the glacier tributaries and a transition from sediment to
crystalline bedrock in the trunk upstream of the grounding line. We compare the configuration of
sedimentary bedforms beneath Thwaites Glacier with marine bathymetric observations of paleo-icestreams and conclude that its configuration is consistent with the large melt water volumes and outbursts
associated with the collapses of those ice streams. Finally, we offer a mechanism by which the
configuration of subglacial water and sediments beneath Thwaites Glacier could facilitate a basal-watertriggered grounding-line-retreat.
Keywords: Thwaites Glacier, glacier, ice sheet, subglacial, melt water
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Within the Hellenides of Greece, Attica and Evvia lie at the extreme western limit of the AtticCycladic Massif (ACM) at the boundary between the relatively unextended Pelagonian realm
and the highly attenuated Cyclades. In this area, three different portions of the greater nappe
stack of Greece are exposed: the Sub-Pelagonian nappe, the Cycladic Blueschist Unit (CBU)
and the so-called Basal Unit, the para-autochthonous nappe to the CBU. The distinction between
Basal Unit and CBU is often not clear due to similar histories of blueschist facies metamorphism
and greenschist retrogression for both units. The Basal Unit is defined by exposures of the
Alymyropotamos Unit on the island of Evvia. Based on the large amount of carbonate exposed
in the Attican peninsula relative to CBU exposed in the Cyclades, much of Attica has previously
been assigned to the Basal Unit. In Lavrion, the dominant structure is a sub-horizontal
detachment which juxtaposes lower plate rocks of the Kamariza Unit against the Lavrion Unit of
the upper plate, the South Attican Detachment (SAD). Recent mapping has called into question
the old association of many of these units with the Basal Unit. Based on newly acquired (UTh)/He data, the SAD is correlative with other detachments exposed along the greater Western
Cycladic Detachment Systems (WCDS) in the western Cyclades. Furthermore, this data points
to the WCDS being composed of two distinct detachments, one active in the middle Miocene
(16-12 Ma) and another in the Late Miocene (6-9 Ma). This study seeks to better define the
tectonostratigraphy exposed by these different detachments, as well as better define what is and
is not Basal Unit. Detrital zircon U-Pb data from clastic metasediments the CBU of the western
Cyclades, Attica, and Evvia is compared with Basal Unit sediments in order to discriminate
different tectonostratigraphic levels of the CBU exposed by these two detachments, as well as
CBU from Basal Unit. Lastly, Neogene sediments exposed in the Lavrion Peninsula are
determined to be sourced from the Sub-Pelagonian nappe based on (U-Th)/He and detrital zircon
U-Pb data. Furthermore, palynologic data suggest that these sediments record denudation of the
Sub-Pelagonian nappe as early as the Oligocene.
Keywords: Cycladic Blueschist Unit, Cyclades, Greece, (U-Th)/He, Detrital zircon U-Pb
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Urbanization can cause significant changes to both flow and water quality in streams and tributaries. In
the Austin, Texas, area, previous studies have demonstrated that streamwater strontium isotope
compositions (87Sr/86Sr) correlate with measures of urbanization when comparing non-urbanized streams
to their urban counterparts. The inclusion of municipal water into natural surface water is inferred from
the mean 87Sr/86Sr value found in urbanized streams, which falls between the high value in treated
municipal water and the lower values found in local surface streams sourcing from non-urbanized
catchments. Fluoride is added to municipal tap water in the treatment process, and a correlation between
87
Sr/86Sr and fluoride is observed in streamwater sampled from the watersheds around Austin. These
relationships represent some of the principal findings reported in Christian et al. (2011). Current research
is testing the hypothesis that municipal water influx in urban areas is a primary modifier of stream- and
spring-water chemistry in a single watershed that contains a strong gradient in land use. We compare
87
Sr/86Sr and other chemical constituents with potential contributing endmembers, such as municipal tap
water and wastewater, local soil and rock leachates, and land use within the Bull Creek watershed. As a
consequence of the history of land development, some Bull Creek tributaries are sourced and flow almost
entirely in fully-developed areas, whereas others are located in protected natural areas. Thirteen
tributaries were monitored and classified as either urbanized or non-urbanized based upon land use within
the tributary catchment. Springs in the Bull Creek watershed were also sampled and are similarly
classified. The Bull Creek watershed is composed of Lower Cretaceous limestone with significantly lower
87
Sr/86Sr than that of municipal water taken from the Lower Colorado River, which is underlain in part by
Precambrian rocks upstream of Austin. There are notable differences in urbanized vs. nonurbanized
watersheds in mean concentrations of fluoride (urbanized: 0.27 ± 0.08 vs. non-urbanized: 0.19 ± 0.01
ppm), sodium (34.7 ± 17.3 vs. 8.4 ± 1.0 ppm), and potassium (2.9 ± 0.8 vs. 1.2 ± 0.2 ppm), consistent
with higher concentrations in municipal water contributing to the urbanized tributaries. Springwater
demonstrates similar divergences for these ions. 87Sr/86Sr for the springs falls within a narrow range for
non-urbanized springs (0.7079-0.7081), similar to Cretaceous limestone values, whereas urbanized
springs contain a larger range (0.7077-0.7087). These results are consistent with urbanization effects in
the Bull Creek watershed.
Keywords: Hydrogeology, Urbanization, 87Sr/86Sr, Eco-Hydrology, Freshwater Chemistry
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Distributary Channel Evolution in Two Phases: Increased Asymmetry during
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River mouth bifurcations are an important feature on many river deltas. However, the processes that
control their evolution remain unclear due to a lack of repeat surveys defining the evolution of these
channels. We have collected such a data set on the Wax Lake Delta (WLD) in southern Louisiana. The
survey site at the downstream end of a major distributary channel documents its transition into four
terminal channels over a distance of roughly 500 m. Repeat surveys at the site reveal two important and
distinct channel behaviors; a phase where channels volume is conserved during river flood and a phase of
channel extension during a period of low river flow. The flood of 2011 produced no systematic channel
extension and the total volume for the channels in the survey area decreased by 1.2 x 103 m3 as channel
volume increased in two channels and reduced in the remaining two. Channel bifurcation asymmetry
(measured as the width of the wider channel divided by the width of the narrower one) increased from a
mean value of 1.29 before to 2.80 after the flood. During the 8 month period of low flow preceding the
2011 flood, each of the four surveyed channels extended basinward distances between 150 and 500 m and
channel beds incised up to 0.80 m or 160% of their previous depths. Increased channel length and incision
produced a gain in total channel volume of 2.3 x 105 m3, with individual channel contributions ranging
from 15-35%. The channel bifurcation asymmetry was small and showed little change (1.27-1.29). We
conclude that channel dynamics on the front of the Wax Lake Delta are unsteady and depend on both the
river hydrograph and open bay conditions. During flood flow some channels grow at the expense of
others, increasing bifurcation asymmetry and providing a potential explanation for the many
asymmetrical bifurcations observed on the sub-aerially exposed WLD. During low flow, multiple
channels can simultaneously extend and deepen. We posit that bifurcations are most likely to occur during
times of low discharge when bay-driven processes combine with river flow to rework flood-deposited
sand allowing multiple distributary channels to extend and incise on the delta front.
Keywords: Delta, Tide, Sedimentology, Prograde
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Heterogeneities Using CLM4 on the Arabian Peninsula
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Dust event significantly influences surface radiation and energy balance, and also results in a variety
of environmental problems. Saudi Arabia (16°–33°N, 34°– 56°E) is mainly covered by the Arabian
Desert, and dust storm is a severe environmental problem in this region. Since dust emission is
sensitive to land surface conditions, we used the Moderate Resolution Imaging Spectroradiometer
(MODIS) obtained land cover type (LCT) data to investigate the surface vegetation distribution in the
research area. In addition, the influences of surface vegetation distribution on dust emissions were
inspected with hyperresolution modeling, which integrated MODIS-LCT product into the Community
Land Model version 4 (CLM4). In order to quantify surface dust emission in Saudi Arabia, two
topographic based soil erodibility datasets were incorporated into CLM4.
Our main conclusions are: 1) MODIS-LCT suggests higher shrubland fraction than the CLM surface
dataset does; 2) experiments using MODIS-LCT reproduce lower dust emission than that of
CLM4-CTL; 3) CLM4 simulated dust emission is sensitive to model resolutions; the higher the model
resolution, the more the emission; 4) CLM4 simulated dust emission is much higher than other studies;
5) by integrating soil erodibility into CLM4, annual total dust emission in Saudi Arabian is reasonably
reproduced.
Keywords: Dust Emission, Saudi Arabian, Surface heterogeneity
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Tectonic processes that exhume high-pressure metamorphic rocks from great depths in synconvergent back-arc settings are not well known. Miocene syn-convergent back-arc extension in
the Attic-Cycladic Crystalline Belt of the Aegean Sea is often used as a proxy for understanding
detachment faulting and is a key area for observing the mechanisms that influence the
exhumation of high-pressure rocks in metamorphic core complexes. Two different exhumation
mechanisms have been proposed: subduction induced extrusion-wedge underplating and lowangle normal fault extension.
The islands of Andros, Tinos, and Evia in the Attic-Cycladic Crystalline Belt of the Aegean Sea
are ideal settings for understanding how critical low-angle normal faults assist or influence highpressure rock exhumation. Tinos is a Cordilleran-style metamorphic core complex consisting of
the classic Cycladic Blueschist Unit, high-pressure rocks, exhumed along several low-angle
normal faults in the North Cycladic Detachment System. On Evia, the Cycladic Blueschist Unit
exists n nappe stacks exhumed by an extrusion wedge during thrusting. A low-angle normal fault
on the island of Andros has been considered part of the North Cycladic Detachment System, but
the temporal evolution of thrusting and extension has not yet been explored. Andros is ideally
positioned for a detailed high resolution geochronological, thermochronological, and structural
study to examine the spatiotemporal transition of kinematic and thermal regimes in the area from
Tinos to Evia. Here we present new U-Pb-He and (U-Th)/He geo-/thermochronometry and U-Pb
detrital zircon ages from Andros and Tinos combined with structural observations contradict
existing models for structural evolution of the study area. These new data help elucidate the
magnitude, temporal, and spatial variability of these two fundamental titans of tectonic processes
in exhuming the Aegean back arc high-pressure rocks.
Keywords: Cycladic Blueschist Unit, Aegean, Andros, low-angle normal fault, extrusion wedge,
metamorphic core complex, low-temperature thermochronology, exhumation, high-pressure rocks

CCG16

A Diagnosis for Monotremata, Tachyglossidae and Ornithorhynchidae
Simon, R.1, Rowe, T.1
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1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX

The relationships of extinct monotremes to one another and to living monotremes are ambiguous.
For example, the Early Cretaceous Australian fossil, Teinolophos trusleri has been identified as a
basal monotreme and as a relative of the platypus, having extreme implications on the divergence
date between the platypuses and the echidnas. Part of the ambiguity may be due to a lack of
diagnostic morphological characters for Monotremata, Ornithorhynchidae and Tachyglossidae.
I examined and compared the cranial and postcranial skeletal anatomy of extant monotreme
species to identify characters that are uniquely shared among living monotremes. I identified a
total of 41 new characters to diagnose Monotremata, Ornithorhynchidae, and Tachyglossidae. Of
those new characters, 26 are cranial and 15 are post-cranial. These new characters were
incorporated into a published morphological matrix of mammals. Most parsimonious trees
(MPTs) were estimated with a heuristic method under the parsimony criterion setting using
PAUP4b10 with 1000 random sequence additions and Tree-bisection Reconnection (TBR)
branch swapping. Two analyses were conducted, one under the accelerated transformation
(ACCTRAN) optimization setting, and another under the delayed transformation (DELTRAN)
optimization setting. The ACCTRAN search recovered 6 MPTs and the DELTRAN search
recovered 6 MPTs, with a minimum tree length of 1261, a consistency index of 0.5757 and a
homoplasy index of 0.4243.
Monotremes were recovered as a single, monophyletic group outside of the group containing
marsupials and placentals, known as Theria, and extinct therian relatives. In the strict consensus
tree, the echidnas, Tachyglossidae, diverge earliest from the platypus and the extinct
monotremes, Obdurodon, Teinolophos, and Steropodon. The extinct echidna, Megalibgwilia, is
basal to the extant Zaglossus and Tachyglossus. The extinct monotreme, Teinolophos, is basal to
the extinct monotremes, Steropodon, Obdurodon, and the extant Ornithorhynchus. The
relationship among these latter three taxa is unresolved. Bootstrap analysis shows insignificant
support for a Steropodon-Ornithorhynchus sister relationship.
New characters support a monophyletic relationship of Monotremata outside of Theria. New
characters support the hypothesis that the extinct Early Cretaceous monotremes are of the
platypus lineage, Ornithorhynchidae, and support an Early Cretaceous divergence-date for
Tachyglossidae and Ornithorhynchidae. A confident assignment of fossils to Ornithorhynchidae,
Tachyglossidae, or basal Monotremata will offer insight into the evolution of mammals and the
time of divergence between the two living, yet disparate, groups of monotremes.	
  	
  
Keywords: Monotremes, mammal evolution, vertebrate paleontology
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Morphologic properties of watersheds across an east-west precipitation gradient in
Texas
Smith, B.1, Cardenas, M. B.1
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1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX

The morphology of a watershed reflects the balance between tectonic uplift and erosive
downwasting. The rate and type of denudation processes occurring are a function of many factors
including slope, drainage area, rate of sediment production, rate of fluvial transport, vegetation, soil
thickness, climate, and time. This study addressed how watershed geometry relates to climate along a
strong east-west precipitation gradient in Texas, a relatively tectonically inactive area. Specifically,
the hypsometric curve, drainage density and aspect ratio of nine major watersheds were compared to
annual precipitation, average discharge rate, average peak discharge, and runoff ratio. Previous
research has shown watershed concavity (as described by the hypsometric curve) and drainage
density to be related to climate, but with conflicting results. Some work shows an increase in
concavity with higher precipitation while a number of modeling studies have demonstrated the
opposite. Additionally, while theoretical models predict that drainage density decreases with higher
precipitation rates due to vegetation influences, I expected drainage density to be linked to concavity,
as they similarly reflect the balance between diffusion dominated sediment transport on hillslopes
and fluvial transport in the channel network. However, results showed that concavity increased, but
drainage density and aspect ratio decreased in more arid watersheds, likely because of differences in
runoff mechanisms or precipitation variability. The strongest relationships were between geometric
parameters and the average discharge rate.
Keywords: hypsometry, drainage density, watershed, precipitation, runoff, sediment transport
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Multi-scale fault analysis of Laramide aged oblique-slip faults relating to preexisting structures, SW Texas
Smith, G.1, Zahm, C.1
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1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Near Del Rio, Texas, the Pecos River winds more than 50 miles through canyons that reveals the
stratigraphy of an Albian-aged carbonate ramp. This area lies directly above the Paleozoic Ouachitan
fold-thrust belt, with associated E-W and SE-NW trending, sub parallel thrust faults, which bound both
sides of the Devil River’s Uplift on the southern margin of the Val Verde Basin. At the surface, there are
multiple hierarchies of faults expressed in two predominant orientations, ~N48°E (ENE) and ~N78°E
(NE), that form conjugate fault zones roughly tracing subsurface basement faults. The surface faults are
on the order of 1-40 km in trace length and can be seen at outcrop and satellite scale.
There is evidence that the reactivation of underlying Paleozoic faults was a significant control on
subsequent fracture development within the Albian platform. While the exact age is unknown, it is
believed that the reactivation occurred during Laramide-age compressional tectonics commonly mapped
in Northern Mexico. It is proposed that as Paleozoic basements faults were stressed, some slipped
obliquely creating Riedel shear fractures in the overlying Cretaceous strata. Faults associated with
oblique offset generally form at predictable angles to the controlling plane or primary plane of slip. The
predominant fault orientations match modeled failure angles of oblique compressive fracture propagation
during left-lateral shearing.
This study will analyze the surface fractures in the Pecos River Canyon area in outcrop, satellite, and
seismic scale (using 3D data 150 mi SE of the outcrop area) to characterize fracture populations with
respect to tectonic controls, fracture-intensity, mechanical facies, and spatial arrangement among other
methods. This information will provide constraint for fracture development zones proposed to be
influenced by pre-existing faults. Furthermore, the fracture statistics will be useful for predicting fracture
development in other actively explored regions of south Texas which may also be undergoing oblique-slip
and fracture development as well as help quantify the influence of mechanical stratigraphy on secondary
fracture development around larger fault features.
Satellite mapping and seismic interpretation is currently underway. The seismic data is a 3-D volume
from the nearby Maverick Basin, which lies ~150 miles SE of the study area in a similar tectonic province
with predicted similar fault mechanics and mechanical stratigraphy Pecos River Canyon. Soon outcrop
studies along the Pecos River Canyon will be conducted where stratigraphic architecture has been shown
to influence fracture development, and fracture populations in different lithofacies are expected and will
be quantified. Exposures within Lewis Canyon display fracture-intensity zonation patterns around faults.
Keywords: Larmide Orogeny, Reactivation, Oblique-slip, Pecos River, Maverick Basin, Mechanical
Stratigraphy
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Winds on the South Pole of Mars: Driver of Landform Evolution
Smith, I.B.1 and Holt, J.W. 1, Spiga A.2
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Mars’ southern ice cap, or south polar layered deposits (SPLD), are composed primarily of water ice and
dust. Given the lack of liquid water erosion, only winds and mass wasting are responsible for erosion,
while deposition comes from the atmosphere. Landforms such as large spiral troughs, giant chasms, and
scallops have been studied in this context, and hypotheses about their formation have been attributed to
these processes (Howard, 2000), although other processes have been invoked, such as basal melting,
tectonics and viscous ice flow.
Global circulation models and mesoscale models designed to predict wind vectors and the locations of
clouds have existed for many years, but no studies have attempted to relate the landforms on the SPLD to
modeled winds. Here we test hypotheses of formation with a high resolution (20 km) mesoscale model
from the Laboratoire de Météorologie Dynamique (LMD) (Spiga et al. 2011) and observations of clouds
from imagery to address hypotheses about spiral troughs and scalloped terrain. We find that atmospheric
processes, rather than hypothesized tectonics or viscous ice flow, are likely responsible for the landforms,
supporting the observations by Howard (2000).
The conclusion that winds can explain the formation of these terrains is in general agreement with studies
of landforms in the north polar region (Smith et al. in prep) and supports the conclusion that winds on
mars are responsible for much of the surface we see today.
Keywords: Mars, aeolian, planetary science, ice, pole
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Identification of Municipal Water Sources Contributing to Urban Streamflow in
Austin, Texas
Snatic, J.W.1, Banner, J.L.1, Sharp, J.M. Jr.1
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1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Previous investigations have determined that municipal water can provide a substantial surface water and
groundwater recharge source for the Edwards Aquifer in central Texas. Knowledge of how water inputs to
urban watersheds change with urbanization is essential for sustainable water resources management.
Austin municipal water 87Sr/86Sr value ranges (0.7086- 0.7094) are distinct from those of naturally
occurring phreatic groundwater (0.7078) and stream discharge in many rural watersheds (0.7077- 0.7084).
These differences demonstrate the potential for Sr isotopes to serve as a tracer of municipal water inputs
to urban streamflow (Christian et al. 2011). While highly urbanized Austin streams have elevated 87Sr/86Sr
values (0.7085- 0.7088) relative to some rural streams, a number of urban streams and springs have
87
Sr/86Sr values higher than those of municipal water. Soil-exchangeable Sr in the region, having 87Sr/86Sr
values that range higher (0.7083- 0.7125) than those of municipal water, is the likely source. Spatial
variability in the distribution of high 87Sr/86Sr soil and temporal variability in soil-exchangeable Sr
contributions to groundwater may result in naturally high streamflow 87Sr/86Sr values, making the
identification and quantification of municipal water as a streamflow source unreliable in some instances.
Temporal variability in climatic conditions and resulting changes in effective moisture produce distinct
natural groundwater 87Sr/86Sr and trace element ratio (Mg/Ca) variations. We observed these variations in
some Austin area streams. Municipal water inputs to urban watersheds peak during the summer (and
during drought) when natural recharge inputs (precipitation) are minimal. Thus, proportions of natural vs.
municipal water sources in the streamflow of some highly urbanized watersheds vary seasonally. The
changing proportions result in distinct 87Sr/86Sr and Mg/Ca temporal trends, based on the recharge source,
and provide a better constraint on groundwater recharge sources than random (discrete) 87Sr/86Sr values
alone.
Christian, L.N., Banner, J.L., Mack, L.E., 2011, Sr isotopes as tracers of anthropogenic influences on
stream water in the Austin, Texas, area: Chemical Geology, v. 282, p. 84-97.
Keywords: urban, streamflow, strontium
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Geochronology and geochemistry of the Beypazari granitoid pluton
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pamela.speciale@utexas.edu
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The Beypazari granitoid pluton was emplaced in a Late Cretaceous volcanic arc in north central Turkey.
This pluton provides important evidence for collision during the closure of the NeoTethys Ocean, a major
event in Earth history. Exposures crop out in the Central Sakarya Zone, a continental sliver trending from
east to west for approximately 1500 km and extending 200 km from north to south. A generally accepted
tectonic model for emplacement is northward subduction of NeoTethyan oceanic plate, wherein a
metasomatized mantle source melted the overriding continental crust and was contaminated by upper
crust during ascent. During the Eocene, crustal shortening and uplift of the Anatolian Plateau subsequent
to closure of the NeoTethys resulted in isostatic instability. Collision with the Arabian Plate in the
Miocene triggered activation of the North Anatolian Fault, a right-lateral strike-slip system that
propagated from the east and extends 1200 km to the west. Westward displacement of Turkey
accommodated by the North Anatolian Fault is likely a consequence of collision in the east combined
with extension and gravitational collapse in the west. The pluton is a calc-alkaline, metaluminous,
volcanic arc granitoid, ranging in composition from granite and granodiorite to quartz monzonite and
monzonite, with cross-cutting aplite dikes and mafic enclaves. This poster presents preliminary
geochemical results and geochronological analyses, including the first U/Pb ion microprobe zircon ages
and the first cathodoluminescence (CL) images used to interpret zircon ages from the Beypazari granitoid.
Dated zircons from host rock samples are Cretaceous to Eocene (102.8±16.8 Ma to 48.9±2.7 Ma). Aplite
dike ages generally range from Paleocene to Oligocene (65.2±8.2 Ma to 32.2±4.9 Ma); however, two
zircons from one sample are Late Miocene (5.6±0.3 Ma) and Pliocene (5.0±0.3 Ma). Whole-rock CL
imagery reveals calcite precipitated in microcracks, providing evidence for post-crystallization brittle
deformation. Individual zircons in host rock display oscillatory (igneous) zoning in CL, and young zircon
CL images are cloudy, which may indicate metamorphic recrystallization related to interaction with late
stage hydrothermal fluids. Analysis and interpretation of these young zircons can offer useful insights
into the role of igneous and metamorphic processes in recording the consolidation and evolution of
Turkey.
Keywords: zircon geochronology, cathodoluminescence, Beypazari granitoid, central Turkey, subduction
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Efficient algorithms for two-point seismic ray tracing in layered media using the
Newton-Raphson method
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The issues of tracing a ray and finding its travel time have been objects of significant interest in
geophysics. An accurate set of data on both ray path and travel time would make it possible to reconstruct
a seismic image that effectively illustrate complex geological features beneath the surface. In this study,
we propose new efficient and accurate two-point ray tracing algorithms using the concept of NewtonRaphson method of locating roots to solve for the ray path corresponding to the minimal travel according
to the Fermat’s principle. The Newton-Raphson method (the Newton’s method) of locating roots is
chosen among others to solve this problem because of its quadratic convergence. Even though some
difficulties are expected due to our choice of the Newton’s method such as a failure to converge to the
roots because of poor initial estimate, and difficulty in calculating the derivative of a function, the
Newton’s method provides a quick and efficient way to minimize the travel time function accurately in
the case where appropriate initial conditions are given.
Three sets of algorithms have been developed including algorithms for zero-offset model, CMP Pre-stack
model, and constant velocity multi-layered model. The issue of finding a good scheme to estimate
appropriate initial conditions and other minor stability problems are currently under investigation to
improve the performance of the algorithms. Future works include multi-layered model with velocity
gradients, and three-dimensional model.
Algorithms developed in this study will be included in Madagascar, an open-source software package for
multi-dimensional data analysis. Anyone who is interested can readily access the source code of each
model and use other existing tools in Madagascar to reproduce the same results I have reached or apply
the algorithms to other problems of their interest.
Keywords: two-point ray tracing, Newton-Raphson method
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Low-rank Wave Propagation of Anisotropic Wave Modes
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Reverse-time migration (RTM) and full waveform inversion (FWI) have been the most popular topics in
exploration seismology during the past decade. Both of these two techniques require accurate and
efficient wave extrapolation operators. There are various ways to extrapolate the wavefield.
Conventionally wave extrapolation in time is done by finite-difference (FD) methods. FD methods require
lower computational cost but suffer from dispersion artifacts. Spectral methods are a different approach to
this problem with advantages in high accuracy and ability to suppress dispersions; however, they are more
expensive to implement and only until recently were they afforded thanks to advances in high
performance computing.
Based on Fourier transform, a time-stepping equation was introduced by Wards et al. (2008) to construct
a space-wavenumber domain wave-propagator. Fomel et al. (2010) proposed to design wave extrapolation
operators by approximating the mixed-domain propagator matrix symbol using low-rank decomposition.
A low-rank algorithm selects a small set of representative locations and wavenumbers to approximate the
matrix, which is significantly more efficient than conventional spectral methods and offers flexible
controls over approximation accuracy.
To demonstrate the properties of low-rank wave propagation, numerical experiments have been carried
out using exact phase velocities to propagate different wave modes in anisotropic media, such as VTI,
TTI, orthorhombic and tilted orthorhombic models. A two-step time marching scheme was adopted to
simulate wave propagation in the real number domain. By switching to a one-step time marching scheme,
which requires implementation in the complex domain, larger steps can be afforded and computational
cost is further reduced. The new scheme also enables absorbing boundaries which is required by RTM.
Keywords: seismology, low-rank approximation, wave propagation, anisotropy
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The Effect of Mesophyll Conductance on Gross Primary Production: Global
Simulations with a Land Surface Model
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Plant physiologists have long recognized that mesophyll conductance (gm) strongly affects photosynthesis
with an effect comparable to that of stomatal conductance. Yet, this term has been ignored in land surface
models used for large-scale carbon and climate simulations. Here we present a simple but realistic
parameterization of gm based on the synthesis of new advances in plant physiological studies. In this
formulation, gm is calculated from its association with plant functional types and its dependence on
environmental conditions. We implement this parameterization in the Community Land Model version 4
(CLM4), a representative land component of climate models. Such inclusion of gm necessitates
recalibration of photosynthetic parameters, we then update the Vcmax, Jmax and TPU derived from leaf gas
exchange measurements. With the modified CLM4, we investigate the impact of gm on the global
terrestrial gross primary production (GPP). Our simulations show that the inclusion of gm reduces the
estimated global annual GPP, particularly under drought stress. In addition, we examine whether the
omission of gm could be compensated by adjustment of the photosynthetic parameter Vcmax. Further, we
discuss the impact of gm on projection of future carbon cycling and its feedbacks to climate.
Keywords: Carbon Cycling, Mesophyll Conductance, GPP
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Subsidence and uplift history of hyperextended margins and a self-consistent
mechanism of depth-dependent thinning of the lithosphere
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Most geometries, structural styles, sedimentary architectures and subsidence histories of deep
water continental rifted margins cannot be explained solely by a pure shear uniform stretching
model or by a simple shear model. Depth-dependent kinematic models can reproduce some of the
geological observations in these rifted margins, but there is a controversy regarding the
mechanism for depth dependency. In particular, previous models cannot explain the tectonic
subsidence in deep-water area of many basins. Specifically, instead of a monotonic curve, many
subsidence curves in natural basins display two phases of subsidence separated by a quiescent or
even an uplift phase where shallow water conditions (carbonate and salt deposition) were
predominant. This is particularly true for hyperextended margins like the North Atlantic
conjugate Iberia-Newfoundland, part of the South Atlantic margin, the fossil Alpine Tethys and
hyperextended Mauléon basin in the western Pyrenees (SW France). We propose a new selfconsistent mechanism that can induce both the aforementioned non-monotonic tectonic
subsidence history and the depth-dependent thinning in a normal lithosphere of different ages and
of rheological properties consistent with strain rate and temperature. This mechanism generates
dynamic uplift away from isostatic equilibrium. It originates from the rapid initial subsidence of a
rigid keystone crustal block (H-block) in the mantle. If, because of time dependent rheological
behavior, block H cannot thin by an amount consistent with isostatic balance, a difference in the
vertical pressure gradient is generated below it compared to the surrounding areas. The lower
gradient of pressure initiates a buoyant instability that drives the hot (less dense) asthenospheric
mantle flow upward. The upwelling of the asthenospheric mantle focuses below block H. The
magnitude of the uplift and the duration of this dynamic balance while rifting are primarily
related to (1) the composition and the (2) thermal age of the lithosphere. We test the proposed
mechanism in numerical experiments varying age and thickness of the lithosphere, rates of
extension, fixed minimum erosion and fixed source term of sediment to simulate marine
incursions. The development of this unsteady flow of asthenospheric mantle can have important
implications in the subsidence/uplift and thermal history of basins related to the evolution of
continental rifted margins.
Keywords: Rifting, Continental Margins, Subsidence history, Depth-dependent stretching	
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Geometric aeolian dune crest migration model
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We present a geometric aeolian dune crest model that provides a predictive linkage between local lee
face sediment deposition and wholesale landform change. The model is driven using an initial
condition of 3D dune crest data obtained from a time series of airborne LIDAR surveys of White
Sands, NM, and wind observations from nearby Holloman AFB. Transient dune migration is
modeled by volume filling of a simple theoretical dune geometry with sediment flux derived using
shear velocity dependent transport (Bagnold, 1941) modified by a new incidence angle dependent lee
face sediment deposition function styled after Rubin and Hunter (1985). Model calibration is
achieved using an azimuthal wind direction correction and threshold values for shear velocity
dependent sediment transport. Agreement between observations and model results are presented
using a l2 norm representing a global error estimate.
Keywords: Geometric model, dune, aeolain, sediment transport
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Climatology of New Zealand: A Guide to Multi-proxy Climate Reconstruction
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Past climate variability in the mid-latitudes of the southern hemisphere is poorly constrained. In particular
the manifestation of abrupt climate changes such as the Younger Dryas (YD) and North Atlantic Heinrich
events is of particular interest because they provide important constraints on how rapid reorganizations of
the climate system are transmitted through the global climate system. Ongoing work by our research
group is focused on a 55 ka annually laminated sediment record from Lake Pupuke, an anoxic freshwater
maar lake located on the north Island of New Zealand. Critical to interpreting this record is an
understanding of the regional climatology of New Zealand, the limnology of Lake Pupuke and the
influence of these processes on lake sediment climate proxy indicators. Here, we characterize the
seasonal variability of modern New Zealand regional climate and its' relation to large scale oceanic and
atmospheric circulation systems in order to interpret our multi-proxy records. Modern precipitation and
temperature records from the National Institute of Water and Atmospheric Research (NIWA) is
interpolated across New Zealand and compared to wind and ocean circulation patterns such as the South
Westerly Winds (SWW). Strong seasonal variability in precipitation is seen related to the position and
strength of the SWW. In austral summer the SWW contract pole-ward and strengthen, increasing
precipitation in the south island and decreasing in the north. In winter the SWW expand equator-ward but
weaken, leading to decreased precipitation in the south but increases in the north. These seasonal patterns
can provide a guide to interpretation of precipitation and temperature proxy responses in the sedimentary
record of Lake Pupuke. Preliminary proxy reconstructions are presented and interpreted using this guide.
The regional climate response is linked to long-term variations in southern hemisphere climate.
Keywords: paleoclimate, southern hemisphere, Younger Dryas, biomarkers
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Centennial- to millennial-scale variability of surface ocean temperature and salinity
in the Northern Gulf of Mexico during the late Holocene
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We investigated centennial- to millennial- scale variability of sea-surface temperature (SST) and seasurface salinity (SSS) in the northern Gulf of Mexico (GOM) during the Late Holocene using
foraminiferal geochemical records developed from a suite of multi-cores collected in the Garrison Basin
(2643’N, 9355’W) in the summer of 2010. A radiocarbon-derived chronology from these cores
spanning ~4500 years revealed a sediment accumulation rate of 15 to 17 cm per kyr. We generated time
series δ18O (SST and SSS proxy) variations in the white variety of the planktic foraminifer
Globigerinoides ruber. Recent sediment trap studies indicate that G. ruber (w) is generally present
throughout the year in the northern GOM. The geochemical records were replicated in three multi-cores
to assess heterogeneity of the environmental signal. Initial stable isotopic results indicate that multi-cores
from the Garrison Basin contain well-replicated, coherent, centennial- to millennial variability in δ18O.
Our initial results compare well with published results from the Pigmy Basin, GOM. In addition, paired
Mg/Ca and δ18O analyses of G. Ruber (w), collected from a sediment trap located ~350 km from the
multi-core site lend confidence that down-core variations are robustly correlated with surface ocean
temperature and salinity variability.
Keywords: paleoceanography, replication, foraminifera, late Holocene
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Relating tortuosity and permeability in tightly cemented and fractured sandstone
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Permeability estimates are important to any subsurface flow prediction. Although permeability estimates
exist for formations that can be modeled as packings of spherical grains, models to estimate permeability
in fractures formations are limited. In this study, we focus on correlating permeability with geometric
tortuosity of both the pore space and individual fluid phases for Torridonian sandstone, a Precambrian
lithic sandstone from the Late Proterozoic Torridon Group in the foreland of the Moine Thrust Belt, NW
Scotland. We consider this sandstone an outcrop analog for tight fractured sandstone reservoirs. Fractures
of the Torridonian sandstone are frequently partially cemented with quartz lining the fracture walls and
creating a complex fracture porosity geometry. We use a combination of lattice-Boltzmann simulation
and the level set method based progressive-quasistatic (LSMPQS) algorithm to characterize the capillary
dominated flow properties (capillary pressure-saturation and relative permeability-saturation
relationships) of the matrix and fracture. At the same time, we use image analysis tools to characterize the
connectivity and tortuosity of the pore space, as well as individual fluid phases at different saturations.
Tortuosity distributions in the Torridonian sample were observed to vary when compared to samples from
unfractured formations. Fractures provide the most direct path across the sample (when aligned) and have
the narrowest tortuosity distribution, followed by granular packings. Consolidated media and carbonate
samples have the widest distribution. The higher the amount of rock cementing material, carbonate or
quartz overgrowth, the higher tortuosity (and ultimately the fluid retention time) in both consolidated
porous media and partially cemented fractures. When analyzing tortuosity of different fluid phases in the
matrix, we observe the non-wetting phase as being more tortuous than the wetting phase. This behavior is
reversed, however, for flow between fracture and matrix if they behave as a connected system.
Keywords: Fractures, Lattice-Boltzmann, permeability, tortuosity, tight sandstone reservoirs.
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The Ertsberg Mining District of Papua, Indonesia (Western New Guinea) is host to several economic
porphyry deposits, including the giant Cu and Au-rich Grasberg Igneous Complex. Igneous bodies of this
region intruded into a synclinal sedimentary sequence in New Guinea’s Central Range mountain belt.
The sedimentary units comprising the Central Range originally formed during the Mesozoic and
Cenozoic along the northern passive margin of Australia. Northward-dipping subduction of the
Australian plate beneath the Pacific plate eventually resulted in partial subduction of Australian
continental crust and collisional delamination in the Pliocene. Collisional tectonics, which deformed the
sedimentary units into a fold-and-thrust belt, also resulted in magma generation at depth when the
subducted Australian slab broke off. The Australian-Pacific plate boundary transitioned into a slowlyconvergent transform boundary, reactivating thrust faults into strike-slip faults.
The Cu-Au Kucing Liar skarn sits in the southwest area of the Grasberg Igneous Complex, intersected by
the strike-slip Idenberg #1 Fault. Two deep whole-rock cores, each 1700 meters long, were recently
drilled at the KL98-10 drilling station within the Kucing Liar. Core KL98-10-22, the main focus of this
study, extends southwest beneath the Kucing Liar skarn; core KL98-10-21 extends northeast beneath the
Grasberg deposit. Parts of these rock cores contain numerous molybdenite veins (which are rare in the
rest of the district), a dilatational quartz stockwork vein system, and two previously-unencountered
intrusive bodies: the Tikl and Tpi plutons in KL98-10-22.
Ongoing analyses of KL98-10-22 samples include petrologic, geochemical, isotopic, and geochronologic
studies. Visual/petrographic inspection of thin sections and polished rock slabs, as well as X-ray
diffraction of powdered rocks, are used to determine primary and secondary mineral assemblages (in
veins and disseminated through rock). These observations also guide selection of the least-altered,
representative samples for geochemical and geochronologic analyses. Geochemical measurements
determine magma type, while isotopic Pb-Sr-Nd data constrain mantle sources and crustal modification.
Previous K-Ar, 40Ar-39Ar, and Re-Os dates place Ertsberg district formation between 2.54 Ma and 4.44
Ma. Laser-Ablation Inductively-Coupled Plasma Mass Spectrometry (LA ICPMS) is currently being
used to measure 238U-206Pb and 207Pb-206Pb ratios in magmatic zircon crystals, allowing comparison of the
newly discovered intrusions with regional igneous activity. The KL98-10-22 Tikl and Tpi units yield
weighted average U-Pb ages of 3.3 to 3.8 +/- 0.2 Ma (Tikl) and 3.0 to 3.3 +/- 0.1 Ma (Tpi). These results
indicate that the Tikl and Tpi intrusions are part of the same magmatic episode as the Main Grasberg
Intrusion and the nearby Ertsberg Intrusion. Cathodo-Luminescent (CL) imaging of zircon crystals
reveals several phases of growth and magmatic zonation for zircons from the Tpi and Tikl intrusions,
including many zircon cores. Cores give 238U-206Pb ages ranging from ~65 to ~800 Ma and 207Pb-206Pb
ages ranging from 1060 to 2540 Ma, providing new evidence for magmatic involvement of underlying
Precambrian crust.

Keywords: Hydrothermal/porphyry ore systems, New Guinea, Grasberg, molybdenite, zircon, U-Pb,
Cathodo-Luminescence
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Paleoenvironmental comparison between the Brezoi-Titesti basin and the Southern
Carpathians foreland, Romania
Tudor, E.¹, Roban, R.²
eugen.tudor@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. Faculty of Geology and Geophysics, University of Bucharest, Bucharest, Romania
Understanding the connection between the Brezoi-Titesti (BT) basin and the Getic basin (GD) will lead to
answers about the sedimentary environments evolution of the Southern Carpathians foreland. The BrezoiTitesti basin is considered an Upper Cretaceous extensional basin formed during the exhumation of the
Southern Carpathians isolated from the foreland by the Cozia Massif, uplifted due to the dextral
movement towards the East as they collided with the East European Platform and forming the Eastern
Carpathian foldbelt. The importance of this analysis is related with the overall complex evolution of the
Southern Carpathians, with the Paleogene sediments preserving evidence of the Carpathians translation,
in deep-water deposits such as the Olanesti Formation (sheet-like deposits), Eocene in age, the Corbi
Formation (debris fall deposits) and the younger, Bradulet Formation (sheet-like deposits), Early
Oligocene. The connection between the BT basin and the Carpathian foredeep (GD) can be seen within
the Paleogene depositional environments, same features can be observed on both sides of the Cozia
Massif. The main objective was to analyze the similarities and differences between the two basins using
facies associations, paleocurrents, nanoplankton analysis, structural bed dip together with fission track
analysis, from literature, in order to reconstruct the paleoenvironments of the two basins. The data shows
a preexisting connection between the two basins, with the same depositional processes dominating in both
studied areas, the Paleogene formations, although named differently are synchronous and have the same
sediment source area. They were divided during Late Oligocene-Early Miocene times, when the Southern
Carpathians, the Cozia Massif, was exhumed along the Lotru-Cozia Fault zone. The measured
paleocurrents show N-NW to S-SE direction for the sediment flow, using ripples and flute casts found in
the Oligocene deposits, showing the Getic Nappe and the Fagaras Mts as possible sediment source areas
in the W and N.
Keywords: Southern Carpathians, deep-water, foreland, paleoenvironment
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Evaluating bias on experimental growth rate of cave calcite deposit growth and
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Speleothems are cave calcite deposits used in paleoclimate research, because of their potential to preserve
climate information via variations in their growth rates. Recently, monitoring studies have significantly
advanced our understanding of speleothem growth. For example, one monitoring study has shown that
drip rate is not the only factor of speleothem growth, which is contradictory to 20 years of cave studies
(Banner et al. 2007). This study was conducted by growing calcite under active drip sites, using flat, 10
cm x 10 cm glass plates as a substrate. A major assumption of this approach is that these flat glass plates
accurately simulate the surface of the speleothem. The current study seeks to test the validity of this
assumption in the same cave as the Banner et al. (2007) study at Innerspace Cavern in Georgetown, TX.
The methods tested the control of a variety of substrate properties, including material, surface roughness,
and morphology. The goal of this study is to address three questions: 1.) Does the method of determining
calcite growth using a flat glass plate accurately represent the growth of calcite on a natural speleothem
such as a stalagmite with a curved growth surface? 2.) Does using an artificial substrate material such as
glass differ in calcite growth rate compared to other substrates, including metal, sanded glass, natural
speleothem calcite, and calcite spar? 3.) Is the natural speleothem crystal morphology of calcite the same
as the morphology of calcite grown artificial substrates?
To address the first question, we deployed both curved and flat plates at the same drip site, and then
measured the resulting growth rate. Calcite growth rates on both curved and flat plates varied seasonally,
with higher growth rates in the winter than the summer. This seasonality is consistent with previous
studies and indicates a control by seasonal cave-air CO2 fluctuations. The magnitude of the growth rate is
similar for curved and flat plates, indicating that using flat plates does not introduce a significant bias in
growth rate results relative to the curved surfaces of natural speleothems. Sanded glass substrates show
more calcite growth than unsanded glass substrates, consistent with a nucleation site control on growth.
Substrate surface area co-varies linearly with calcite growth rate, for all substrate materials, suggesting
that the type of substrate is not a significant factor in calcite growth in this cave setting. SEM analysis is
underway to compare the crystal morphology of modern plate calcite to that of natural speleothems.
Keywords: Karst, Paleoclimate, speleothem, calcite, morphology, substrate, biases, cave
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Investigating ENSO Variability in the mid-Holocene using a Fossil Coral from the
South Pacific
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We investigate mid-Holocene variability in the El Niño Southern Oscillation (ENSO) using geochemical
variations in a well-preserved fossil Porites lutea coral collected in 2005 at Araki Island, Vanuatu
(15.62S 166.95E). Vanuatu is a good location to reconstruct ENSO variability because it is located on
the edge of the West Pacific Warm Pool (WPWP) and below the South Pacific Convergence Zone
(SPCZ). As a result of the location, Vanuatu is salty, dry, and cool during an El Niño event and is fresh,
warm, and wet during a La Niña event. The coral core is ~1.64 m in length and has been dated to 7,230 
440 y B.P. using U/Th techniques. X-radiography images show that the coral exhibits clear density
banding and has an average extension rate of 1.5 cm per year. The coral was sampled for geochemical
analysis every 0.125 cm, which is approximately one sample per month. This record will be about 60
years in length once all sampling and analyses have been completed. Our initial results are a monthly
resolved, 30-year coral 18O record, which has a mean 18O value of -4.75 ‰ and an annual-cycle
amplitude that averages 0.35 ‰. The fossil coral 18O record contains patterns of isotopic variation that
match patterns recognized as El Niño and La Niña events in modern coral 18O records from this region.
We will continue to explore the nature of interannual variability in our record as it is lengthened and
additional data (Sr/Ca) are generated.
Keywords: ENSO, Fossil Coral, mid-Holocene, El Niño, La Niña
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Variation is a key component of the evolutionary process. However, variation often is poorly understood
within a given species. Alternatively, where variation is understood, it often is characterized by features
found in soft tissues that rarely fossilize and therefore are unsuitable for exploring questions of variation
through time. The Eastern Box Turtle, the Terrapene carolina complex, presents an excellent opportunity
to explore spatiotemporal patterns of variation because extant species have high levels of variation in softtissue characters as well as morphological variation in skeletal characters. Importantly, it also has a
published fossil record that includes shells that are suitably complete enough and abundant enough to be
used in statistical analyses of shape. Variation within this species complex, both in the modern and fossil
record, often is explained by subspecific variation, or variation due to the presence of lineages within a
species that have begun to separate but are not fully separated from one another, or are remerging after a
temporary separation.
To explore patterns of spatiotemporal variation, I used geometric morphometrics to quantify the shape of
200 Recent and 44 fossilized shells of T. carolina. First, I analyzed differences in the shapes of
nominative subspecies in the modern record, both qualitatively and quantitatively. Then, I compared the
results from the modern biota to that of the fossilized specimens.
Visual inspection of the average shape of each of the four nominative subspecies of T. carolina found in
the United States showed that although differences existed, they were so subtle that they could not be
objectively applied to other studies. Statistical analyses of shape provided mixed results. Results of
pairwise comparisons indicated significant differences between subspecies, while the results of
assignments tests and canonical variates analyses indicated insignificant or unreliable differences. In sum,
results indicate that differences between putative subspecies are more statistically significant than they are
biologically significant, and may not be the best explanation for the patterns of variation seen in the
modern record. More importantly, the inability to of statistical analyses to reliably identify individuals of
a subspecies based on skeletal features means that subspecies cannot be identified in the fossil record.
Differences between the shapes of fossilized and modern shells were greater than the differences between
various nominative modern subspecies, further indicating that applying subspecific identifications to
fossil specimens is inappropriate. Fossilized specimens are, on average, larger than recent specimens, and
may have distinctive characters not generally found in recent specimens. Furthermore, fossils from some
localities have patterns of size and shape variation that are unique in comparison both to other fossils and
to recent specimens of T. carolina. Now that these patterns of variation are not masked by hypothesized
evolution from one modern subspecies to another, better explanations for patterns of variation in the
modern and fossil record can be explored.
Keywords: morphometrics, paleontology, evolutionary biology, Pleistocene, variation, Terrapene
carolina, turtle

CCG39

Use of 3-Dimensional Dynamic Modeling of CO2 Injection for Comparison to
Regional Static Capacity Assessments of Miocene Sandstone Reservoirs in the
Texas State Waters, Gulf of Mexico
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A 14,467 sq. mi area of the coastal and offshore Texas Miocene interval was evaluated for CO 2
storage capacity using 3,008 wireline logs with paleontological and USGS overpressure data.
Capacity was estimated using the static (volumetric) NETL approach. Input parameters of
porosity and sand thickness were determined from logs and CO2 density was determined by
applying a regional pressure and temperature based depth-to-density transform to the midpoint
depth of the interval of interest. Capacity was calculated for the entire Miocene interval above
overpressure and below non-supercritical CO2 conditions using an efficiency factor of 0.03 and
interpolated over the area with a grid cell size of 1 sq. mi. Total capacity was found to be 86 Gt of
CO2, (range: .02-14.5 Mt/sq. mi.; average: 6.4 Mt/sq. mi). In order to determine the effectiveness
of the regional assessment, we examine dynamic aspects of capacity using both simple analytical
and complex reservoir injection simulations.
Initially, injection is simulated into an idealized reservoir using an analytical solver for pressure
and fluid front evolution through time. Key assumptions include boundary conditions, sweep
efficiency and relative permeability, especially end point water saturation. This calculation
focuses on the time that it takes to access the available storage space. Results are presented for
large-scale blocks within the regional static calculation.
Subsequently, a 3D dynamic model has been generated for a Miocene reservoir near San Luis
Pass, offshore Galveston Island and compared with the regional static and analytical dynamic
capacity assessment values over the same area. The dynamic model was created using a 3D
seismic volume tied to well logs in order assign rock properties as continuous fields over the
reservoir. Seismic imaging from RMS, semblance, coherency, and sweetness attributes are used to
help determine distribution of depositional environments.
We examine how realistic distributions of CO2 within a reservoir from injection modeling
compare to idealized distributions from static calculations with no structural/fluid flow
considerations. We observe revisions in total capacity estimation with increasingly refined
geologic data and scale. We hypothesize that with increased effort (data, time, costs, etc.)
estimates of storage capacity will evolve asymptotically, reaching a value that becomes relatively
insensitive to additional inputs compared to the uncertainty related to those inputs.
Keywords: carbon capture and storage, capacity, Miocene, Offshore Texas
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Evaluation of a land surface solar radiation partitioning scheme
using remote sensing and FLUXNET FPAR datasets
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This study examines a land surface solar radiation partitioning scheme (Community Land Model version
4.0, CLM4 for abbreviation). The Fraction of Absorbed Photosynthetically Active Radiation (FPAR), as
the fraction of the incoming solar radiation in the Photosynthetically Active Radiation spectral region that
is absorbed by the canopy layer, would be employed as the diagnostic parameter in this study. Taking
advantage of multiple remote sensing FPAR datasets, site level FPAR observations and a unique 28-year
FPAR dataset derived from GIMMS-NDVI3g, we evaluated the CLM4 FPAR’s seasonal cycle, diurnal
cycle, long-term trends and spatial patterns.
Our findings show that the model roughly agrees with observations in the seasonal cycle and in spatial
patterns but does not reproduce the diurnal cycle or long-term trends. Discrepancies also exist in
seasonality magnitudes, peak value months and spatial heterogeneity. Though FPAR is a key
representative parameter for the solar radiation partitioning scheme, its accuracy is also decided by input
data such as LAI and other conditions. Therefore we generally analyzed possible reasons for
disagreements and then focused on those potentially related to the land surface solar radiation partitioning
scheme (i.e., diurnal cycle and spatial patterns of FPAR peak months in the Amazon).
We identified that the discrepancy in the diurnal cycle is due to the absences of an angular effect in the
model. Implementation of an angular effect in a 1-D model is proposed. The need for a dynamic land
cover type in the model indicated by long-term trends is also noted. Evaluation of the CLM4 land surface
solar radiation partitioning scheme using remote sensing and Fluxnet FPAR datasets provides targets for
future development in its representation of this naturally complicated process.
Keywords: land surface, solar radiation partitioning, climate modeling, evaluation
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Theory for dynamic dispersion in Poiseuille and Hagen-Poiseuille flow
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We present a theory for the dynamic dispersion coefficient (D) for transport by Poiseuille
(parallel plate) and Hagen-Poiseuille (tube) flow, the foundation for models of many natural
systems, such as in fractures or rivers and conceptualized capillary tubes in the context of porous
media. The theoretical model is validated by comparing the breakthrough curves (BTCs) from a
1D advection-dispersion model with dynamic D to that from direct numerical solutions utilizing
a 2D advection-diffusion model.
Both Taylor dispersion theory and our new theory are good predictors of D at lower Peclet
Number (Pe) regime, but gradually fail to capture most parts of BTCs as Pe increases. However,
our model generally predicts the mixing and spreading of solutes better than Taylor’s theory
since it covers all transport regimes from molecular diffusion, through anomalous transport, and
to Taylor dispersion. The model accurately predicts D based on the early part of BTCs even at
relatively higher Pe regime where the Taylor’s theory fails. Furthermore, the model allows for
calculation of the time and length scale that separates Fickian from non-Fickian transport.
Therefore, transport has to occur over a relatively long domain or long time for the classical
advection-dispersion equation to be valid.

Keywords: Dynamic dispersion, Taylor dispersion, Poiseuille flow, Hagen-Poiseuille flow
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Seasonality of thrombolite formation at Lake Clifton, Western Australia
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The timing of calcification in modern aragonitic thrombolite deposits in Lake Clifton, Western Australia
was investigated using oxygen isotope ratios. The temperature and oxygen isotope composition of lake
water, regional groundwater, and groundwater input to Lake Clifton were used to calculate equilibrium
δ18O values of aragonite. Measured δ18O values (reported in ‰ VSMOW) of aragonite in thrombolite
core samples are enriched in 18O by 1.54‰, 8.45‰, and 4.58‰ as compared to calculated δ18O values of
aragonite in equilibrium with lake water, regional groundwater, and groundwater input, respectively.
These equilibrium calculations indicate that aragonite likely precipitates from lake water, not
groundwater.
Monthly lake water temperature and δ18O data were used with aragonite core δ18O data to determine that
oxygen isotope equilibrium between aragonite and lake water occurs during both the Austral summer and
winter. The duration of oxygen isotope equilibrium lasted approximately two months during the Austral
summer as compared to approximately one week during the Austral winter. Monthly aragonite saturation
indices and pH measurements indicate more favorable calcification conditions during the Austral summer.
Precipitation of aragonite in Lake Clifton thrombolites may therefore occur primarily during the Austral
summer. This suggests that ancient saline lake thrombolites may have exhibited seasonality in the timing
of calcification and that paleo-reconstructions using δ18O data from saline lake thrombolites are biased
seasonally.
Keywords: Thrombolite, seasonality, oxygen isotope equilibrium, aragonite, calcification
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Potentially significant new resources for tertiary oil production through carbon dioxide (CO2) enhanced
oil recovery (CO2-EOR) are “residual oil zones” (ROZ), which have been identified in several locations
in the Permian Basin reservoirs of West Texas. Although a consensus definition of ROZ is still
developing, ROZ are characterized by low-but-economical saturations of oil (So) remaining from
reservoirs in which the primary oil accumulations have been displaced. In the Permian Basin, this
mechanism is theorized to be heightened ground water flux resulting from regional tilting and an
increased area of recharge associated with Basin and Range extension in New Mexico.
Low So zones have been recognized in a few fields in the area for many years, but their potential for
recovery has only recently been explored. Many original exploratory wells noted depths of oil shows that
only produced water. Other fields had distinctly tilted oil water contacts (OWC), which can result from
hydrodynamics tied to regional groundwater flow potentially indicate zones of displaced hydrocarbons
displaced below. Later advanced core and well log analysis indicated that there thick zones of oil at
saturations commonly between 15-40%. These zones were thicker than would be expected due to normal
capillary forces that form the widely recognized transition zones at the base of typical oil reservoirs. The
recent rise in oil prices, exhaustion of primary oil production, and widespread development of CO2-EOR
in the Permian Basin have made production from ROZ economically attractive and created new interest.
However, the understanding of ROZ creation and its regional extent is still in its preliminary stages.
This research aims to improve our understanding of ROZ evolution and distribution. Literature review of
original oil field reports across the Permian Basin is used to identify fields showing characteristics
presently associated with potential ROZ presence (e.g. tilted OWC, sulphur water). These fields have
been mapped to show the regional distribution and compare that to presumed or known regional
groundwater flow pathways. Next, an estimate of Cretaceous through Tertiary tilting is determined.
Having been deposited on a ≤1º degree slope, the present base of the Edwards Group is correlated at
locations across the Permian Basin and the slope calculated. This is used as a proxy for the paleopotentiometric surface to provide an approximate constraint to estimates on paleo-groundwater flow rates.
Future work will identify a small sample of fields that contain and lack ROZ for case-studies including
core investigation and review of petrophysical data to further examine potential signatures of ROZ and
examine whether simplistic models of tilting induced groundwater flow can serve as a first order
explanation of oil displacement and ROZ formation. From this work, implications are drawn as to the
potential demand for CO2 for ROZ production and role of preferential pathways on fluid migration such
as a supercritical CO2 plume over geologic timescales.
Keywords: Residual Oil Zones, Permian Basin, residual oil saturation, Edwards Group, regional flow,
Basin and Range tilting, secondary oil migration
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Texas lies at the intersection of the Great Plains, southwestern deserts, and southeastern United States,
three dramatically different climatic zones, but there are few continuous and high resolution paleoclimate
records spanning the late Quaternary from Texas, leaving its late Quaternary climate history largely
unknown. Hall’s Cave on the Edwards Plateau contains a continuous sedimentary sequence from the Last
Glacial Maximum, offering a unique opportunity to investigate past climate changes in this region. Here,
we generate a century-scale record of changes in C3-C4 plant abundance from Hall’s Cave using stable
carbon isotope analysis of sediment bulk organic matter. Because the relative proportion of plants using
the C3 and C4 photosynthetic pathways is driven primarily by changes in seasonal precipitation regime,
the carbon isotope data provides a record of changing precipitation seasonality over this time period. δ13C
values from Hall’s cave indicate that for much of the last 20 ka BP, the vegetation cover over central
Texas was dominated by C4 summer grasses, consistent with a strong summer rainfall regime and reduced
winter rainfall. Transitions to increased proportions of C3 plant cover (e.g., shrubs, trees and winter
grasses) occur coincident with the Younger Dryas cold period and over the past c. 5 ka. These changes
indicate that these periods were characterized by either reduced summer rainfall or increased winter
rainfall. Inferred wetter conditions in central Texas during the Younger Dryas are at odds with evidence
for dry conditions in the eastern US but are consistent with exceptionally wet conditions in the western
US at this time. This pattern may be explained by an intensified Jet Stream and greater moisture delivery
from the West during the Younger Dryas. In contrast, the long-term trend towards an increasing winter
rainfall over the middle to late Holocene is at odds with drier conditions in the SE and SW US and may
instead reflect an increasing role for Gulf of Mexico moisture sources over the last few millennia.
Ongoing work using hydrogen isotopes to reconstruct moisture sources will provide additional insights
into these processes.
Keywords: carbon isotopes, paleoclimate, C3-C4 vegetation, late Quaternary, Edwards Plateau
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We employ a variety of petrologic tools to characterize the pre-eruptive storage conditions of individual
units erupted from Mono Craters. The Mono Craters chain represents one of the systems within the Long
Valley volcanic field in Eastern California, which has been a regional center for effusive to cataclysmic
volcanism from 800 ka until recent times. The Long Valley system has been the focus of much research;
however, there are little published petrologic data for the Mono Craters chain. Understanding the Mono
Craters chain is critical because it was the center for the most recent eruptions in the region. Eruptions
along the chain occurred from 20 ka to ~660 years ago, and it is the most likely focus for future volcanic
activity in the Long Valley region. Thus, petrologic data from Mono Craters must provide excellent
constraints on the development and nature of the existing magmatic system. The Mono Craters chain
contains 27 high silica rhyolite domes and flows and 1 dacite dome that were erupted along a gently
arcuate trend that extends for ~15 km south of Mono Lake. The high silica rhyolites can be subdivided
based on phenocryst assemblages into the following groups: biotite-bearing rhyolite, orthopyroxenebearing rhyolite, fayalite-bearing rhyolite, sparsely porphyritic rhyolite, and aphyric rhyolite. We
collected samples from 14 of the domes and flows within the Mono Craters chain, obtaining samples from
each of the groups. We examined the composition of the mineral phases using electron microprobe
analyses. Biotite-bearing rhyolites contain phenocrysts of quartz, plagioclase (Ab74-77), sanidine (Or6668), Fe-rich hornblende, Ti-rich biotite, pyroxene, and magnetite with lamellae of ilmenite. Fayalitebearing rhyolites contain phenocrysts of quartz, plagioclase (Ab75-80), sanidine (Or61-69), fayalite
(Fa92-93), Fe-rich hornblende, Ti-rich biotite, pyroxene, magnetite and ilmenite. Sparsely porphyritic
rhyolites contain a similar phenocryst assemblage to Fayalite-bearing rhyolites, but phenocrysts are much
rarer. Aphyric rhyolites contain sparse microphenocrysts of magnetite and ilmenite up to 100 microns in
diameter. FTIR analyses of quartz-hosted glass inclusions in samples of fayalite-bearing and sparsely
porphyritic rhyolite indicate the pre-eruptive dissolved volatile content of the magma was at least 4.0 wt.
% H2O and 150 ppm CO2. The volatile data suggest the storage condition for those flows was 120 MPa
but the glass inclusions contained an exsolved vapor phase so we consider this pressure to be a low
estimate. Aluminum-in-hornblende geobarometry indicates the magmas were stored much deeper, at 300
±20 MPa. Importantly, aluminum-in-hornblende pressure estimates are indistinguishable, regardless of
phenocryst assemblage or geographic position along the chain. Fe-Ti thermometry suggests the older
rhyolites were stored at ~750 °C whereas more recently erupted sparsely porphyritic and aphyric rhyolites
were stored at ~810 °C. Taken together, the barometry and thermometry results imply volcanic activity
along Mono Craters for the past 13 ka has been sustained by a magma chamber located at consistent
depth, and a significant thermal pulse may have disrupted the cooling trend of the system approximately 2
ka.
Keywords: Mono Craters, high-silica rhyolite, volcanism, geothermometry, geobarometry, igneous
petrology
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The Pennsylvanian Marble Falls Formation in the southern Fort Worth Basin (central Texas) is a
Morrowan-Atokan carbonate unit whose lithofacies and depositional environments are investigated in this
poster. Until recently, descriptions of lithofacies and interpretations of the Marble Falls Formation have
only come from outcrop studies at the fringes of the Llano Uplift, making it difficult to have an
understanding of the complete section and regional stratigraphy. A series of 30 cores are now available
with many cores showing the upper and lower contacts with the Smithwick and Barnett Formations
(respectively) enabling the complete Marble Falls section to be described and correlated.
Core examination indicates that the strata within the study area were deposited in a shallower water ramp
setting in the south (possibly associated with the Llano Uplift) and a deeper water slope/basinal setting to
the north into the Fort Worth Basin. Initial examinations of cores and thin sections have identified 14
platform and basin facies ranging in lithology from shales to carbonates. Dominant facies are (1) dark
gray to mottled, argillaceous, burrowed spiculitic wackestones and packstones, (2) green and red algal
grain-dominated packstones to grainstones, (3) skeletal foraminiferal wackestones, (4) lithoclast-rich
debrites and (5) phylloid algal wackestones. Several siliciclastic mudstone facies are also present.
Lithofacies are being used to create a regional depositional model, define the facies architecture, and
produce a sequence stratigraphic framework for the Marble Falls Formation. Because the Marble Falls
strata were deposited during Pennsylvanian icehouse times, the resulting rapid facies changes and
depositional cycles reflect a highly fluctuating sea level. The distal cores in the slope/basinal setting have
abundant density-flow deposits making interpreting cycle stacking patterns difficult. Shallow-water
allochems must be evaluated as to whether they were deposited in situ under shallow-marine conditions
or transported into a deeper water setting. Lithofacies stacking patterns were, therefore, analyzed to
separate depositional units responding to sea-level changes (especially sea-level drops) from depositional
units resulting from gravity-flow deposition. Thus far, stacking patterns indicate that the green and red
algal facies further to the northeast, away from the shelf, are part of shallower water lowstand wedges
related to rapid drops in sea level. Analyses of these results will improve previous interpretations of the
Marble Fall’s depositional history and form a unified regional model.
Results from this study contribute to our understanding of the depositional response to glacioeustatic sealevel changes during the Pennsylvanian. These findings also form the basis for a sedimentological and
facies analog for middle to late Atokan shallow- to deepwater carbonates present in the Permian Basin
and in the northern Fort Worth Basin.
Keywords: Marble Falls, mixed carbonate-siliciclastic system, Pennsylvanian, debris flows, density
flows, southern Fort Worth Basin, Llano Uplift, stratigraphy, sequence stratigraphy

CCG15

Spatial variability in initial 230Th/ 232Th ratios in central Texas
Wortham, B. W.1, Banner, J. L.1, and James, E. W.2
Barbara.wortham@gmail.com
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Stalagmites record many climatic events by incorporating climate sensitive isotopes, information on water
availability, or processes affecting the cave such as temperature variation or carbon dioxide variation.
This information can be useful in understanding past climates and predictions for the future. The goal of
this project is to reduce the amount of error in age determinations of stalagmites from central Texas caves.
The central Texas area faces the potential of significant climate change, making local paleoclimate
records important for modeling our future conditions. The stalagmite samples from Westcave Preserve,
Natural Bridge Caverns, and Inner Space Caverns are very young and previous attempts at age
determination have been hampered by a large uncertainty on the ages determined. Having accurate dates
on the young speleothem samples will provide a time series of anthropogenic impacts on central Texas.
The method used to date these samples is the 238U-234U- 230Th disequilibrium method, which uses the ratio
of the radioactive isotope 234U and its daughter product 230Th to calculate the time that has passed since
the deposition of the calcite in the speleothem. This method is used because it can be assumed that the
only source of 230Th in the sample is from the decay of uranium. There is potential for large uncertainty
with this method because there is a certain amount of detrital 230Th that can be incorporated into the
growing calcite from the environment. If this amount of initial detrital 230Th is quantified then it is
possible to decrease the amount of uncertainty from this method. 232Th is used in this method because it is
not related to the decay series from 238U and its half-life is long enough to account for changes in the
230
Th being added to the system.
We can determine a value for the initial 230Th/232Th ratio at the drip sites forming speleothems in central
Texas caves, which provides a more accurate age. This study determines the initial amount of 230Th/232Th
present in modern calcite in order to provide a more accurate method for dating attempts in central Texas
speleothems. Results from this study show that initial 230Th/232Th ratios can be determined from calcite
grown on glass substrates and that the ratios found reduce age uncertainty from older samples in
Westcave. Samples from Westcave glass substrates show initial 230Th/232Th values of 5.96 ± 0.6 ppm, 5.8
± 0.56 ppm, 15.29 ± 0.67 ppm, and 14.6 ± 0.83 ppm. Natural Bridge Caverns and Inner Space Caverns
show similar trends in initial 230Th/232Th values, values that differ from the assumption commonly used in
the 238U-234U- 230Th disequilibrium method.
Keywords:230Th, 238U, speleothem, central Texas, isotopes, climate, climate change.
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Two styles of faulting associated with metamorphic core complexes: Importance of
initial crustal configuration and mid-crustal flow
Wu, G.1,2, Lavier, L.1,2, Choi, E.2
glwu@utexas.edu
1. Department of Geological Sciences, The University of Texas at Austin, Austin, TX
2. Institute for Geophysics, The University of Texas at Austin, Austin, TX
Two styles of faulting, sequential- and domino-style, have been identified in metamorphic core
complexes (MCCs) and discussed by various workers, however, a consensus has not been reached on the
exact mechanisms and relationships between the two styles of faulting. We used a three-layered model of
the crust, i.e., upper, middle and lower crust and used numerical method to study the formation of
different types of MCCs. We found that the initial crustal structure and crustal strength of each layer,
viscosity contrast between upper and middle crust particularly, are of great importance. An initially
symmetric crustal structure, i.e., uniform thickness of each layer throughout the crust, generally favors
sequential normal faulting, and leads to MCCs beneath sequentially initiated and then deactivated normal
faults. However, an initially asymmetric crustal structure, i.e., variable thickness of each layer of the
crust, favors sequential-style migratory low angle master faults to the first order, and domino-style high
angle normal faults above their associated low angle master faults to the second order. High angle normal
faults in each sequence are active simultaneously with their correlated master low angle normal fault. This
correlation implies that the sequential normal faulting is more important in areas where the crust has a
relatively uniform thickness, while sequential- and domino-style faulting are both important in provinces
where the initial crustal structure is of variable thickness with changing topography and Moho relief, such
as central Basin and Range in the Cenozoic for instance. Mid-crustal flow has been proved important in
the formation of orogeny. Instead of local compensation in the crust with initially symmetric crustal
structure, we found a long wavelength compensation between the upper and middle crust in the crust with
initially asymmetric structure, which is a strong evidence that mid-crustal flow plays an important role in
extension of crusts with non-uniform structure, such as orogens and continental margins. The relative
strength of upper and middle crust is of great importance in controlling the size and geometry of MCCs.
A relatively weak middle crust promotes relatively symmetric small MCCs with high relief and small
width in both initially symmetric and asymmetric crust. However, a strong middle crust limits mid-crustal
flow and promotes highly asymmetric MCCs with small relief and large width, especially in initially
asymmetric crust. In addition, a weak transition zone between the upper and middle crust helps localize
shear strain, which plays an important role in the formation of crustal scale shear zone.
Keywords: low angle normal fault, detachment fault, metamorphic core complex, crustal configuration,
crustal flow
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Provenance and depositional system reconstruction in the Lower Miocene of the
Gulf of Mexico
Xu, J.1, Snedden, J.W.1, Fulthorpe, C.S.1
Jiexu@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
The Gulf of Mexico (GOM) has a long hydrocarbon exploration and production history and is perhaps
one of the best studied basins in the world. However much is still unknown about the depositional history
of the basin. For example, the Lower Miocene is a transitional time of considerable tectonic, climatic, and
oceanographic change worldwide (Potter and Szatmari, 2009). Tectonic reorganization, climate change
and local uplift distinguish the Lower Miocene of the GOM from temporally adjacent Oligocene and
Middle Miocene units. A unique confluence of sedimentary processes, involving a continental-scale
drainage system network, robust depositional systems, unusual extrabasinal perturbations, and long-lived
salt tectonics make understanding the Lower Miocene interval in the GOM challenging.
The objective of this study is to investigate provenance shifts and reconstruct the depositional systems in
the Lower Miocene of the GOM. Previous provenance studies were based on traditional methods, using
proportions of quartz, feldspar and lithic fragments and consideration of likely river courses through
known paleogeomorphological elements (Galloway et al. 2011; Dutton et al. 2012). In this study, the
latest geochronology and geothermal analytical approaches, detrital zircon (DZ) U-Th/He and U/Pb
double dating, are used to identify the potential source terrains and thus the likely sand transport
pathways. The double dating is also useful for revealing the exhumation history of source terrains.
Several wells from the BEG core database within the Lower Miocene section have been selected for DZ
U-Th/He and U/Pb double dating. Outcrop samples will also be collected for this analysis. Combination
of these advanced DZ dating techniques and traditional methods such as analysis of well-logs and seismic
data will help constrain provenance and allow reconstruction of depositional systems from source terrains
to deep-water sink. In addition, study of this globally important transitional period has important
implications for understanding important climate changes, tectonics and paleoflow.
Keywords: Gulf of Mexico, Lower Miocene, provenance, depositional system, DZ double dating
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Greedy annealed importance sampling for seismic inversion
Xue, Y.1, Sen, M.K.2
y.xue@utexas.edu
1. Jackson School of Geosciences, UT Austin
2. UT Austin and NGRI Hyderabad, India
In a Bayesian framework, solution of an inverse problem is given by the posterior probability density
(PPD) function of the model. We report on the development of a new stochastic method, named greedy
annealed importance sampling (GAIS), to draw samples from PPD to provide unbiased estimates of
uncertainty. The advantages of this new technique are unbiasedness and fast convergence by searching
the important regions of the posterior distribution. Traditional importance sampling and the Markov
Chain Monte Carlo (MCMC) methods (Metropolis-Hastings/Gibbs’ sampler) can also yield unbiased
estimates but they are computationally very slow. Very fast simulated annealing (VFSA) is an
approximate method but is very fast. The estimates are, however, biased.
Greedy annealed importance sampling (GAIS) combines VFSA and GIS to improve the speed of a
traditional importance sampling and maintain unbiasedness. GAIS starts to seek important regions
starting with models that are close to the important regions already located by VFSA and estimate the
expectation value very accurately. The examples of poststack and prestack inversion demonstrate superior
performance of GAIS compared to VFSA.
Keywords: seismic inversion
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Assessing Future Changes of Extreme Surface Temperatures over the southern
United States
Ze Yang1, Rong Fu 1, Nelun Fernando1,2,3
yang.ze@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. University Corporation for Atmospheric Research, Boulder, Colorado
3. Water Science and Conservation, Texas Water Development Board, Austin, Texas
CMIP5 models have projected a strong increase of occurrence of high surface temperature (>90F and 100
F, respectively) over the southern Great and Central Plains in future. However, we do not know how
reliable these projections are. We have evaluated the performance of nine selected CMIP5 (Coupled
Model Intercomparison Project Phase-5) models in representing extreme regional surface climate, such as
the length of top 5% of the consecutive dry days (CDD), number of days of daily maximum temperature
greater than 100¢ªF and 90¢ªF, days of minimum temperature less than 0¢ªC in the historical simulations
of each model for the periods of 1950-1977 and 1978-2005, respectively, and found that most models
have wet and cold biases over the SC US, which underestimate the occurrence of T>90¢ªF and have large
but inconsistent uncertainties in the occurrence of T>100¢ªF. These biases are consistent with the too
weak middle tropospheric ridge over the south-central US in summer. Most of these models also cannot
adequately capture the tele-connection pattern associated with ENSO. Because regional decision makers
are most interested in changes of extreme surface temperature in the next several decades, we will
evaluate the decadal hindcasts and determine whether they will provide an improved the statistical
distributions of extreme surface temperatures over the southern US. Finally, we will discuss implications
of the models' biases to the projections and predictions of the extreme surface temperature.
Keywords: CMIP5, extreme temperature,
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Distribution and prospect of heavy oil in Marañon Basin, South America
Ye, Y1., Dusseault, M. B2.
pandaye@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. Department of Earth and Environmental Sciences, University of Waterloo, Waterloo,ON
From the time people started using fossil fuels, they have always been consuming conventional oil (oil
with API gravity greater than 20° API, or a density less than 0.934 g/cm3). After more than a hundred
years of consuming, conventional oil reserves are going to be depleted gradually. As a result, heavy oil
resources will become increasingly important. The Marañon basin, one of the heavy oil-rich Andean
foreland basins, is the target of this research. This research focused on three aspects of heavy oil in
Marañon basin in Peru. The distribution of heavy oil in Andean foreland basins, both spatial and
stratigraphic, is examined and summarized. A distribution pattern was documented and fully explained
with data and diagrams. The resource amount of heavy oil in different regions in Marañon basin is
calculated. Finally, the prospect of heavy oil is evaluated by analyzing the distribution and the resource
amount of heavy oil, as well as the geological characteristics. Several prospective areas for heavy oil
within Marañon basin have been found. For the prospective amount of heavy oil, two methods of
calculation and even more sets of calculation parameters were used to cover all the possible geological
settings in areas that are not fully explored. The result of this research can provide images of current and
future heavy oil in Marañon basin: its location and quantity.
Keywords: heavy oil, Marañon basin
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CMIP5 performance on precipitation and related physical processes over tropical
South America and its future projections
Yin, L.1, Fu, R.1, Shevliakova, E.2,3, Dickinson, R. E.1
yin@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
2. NOAA/Geophysical Fluid Dynamics Laboratory, Princeton, NJ
3. Department of Ecology and Evolutionary Biology, Princeton University, Princeton, NJ

Underestimating rainfall, especially during the dry season, over Amazonia is a common problem
of the Coupled Model Intercomparison Project phase 3 (CMIP3) models. Such a dry bias is an
important source of uncertainty in projecting global carbon-climate feedbacks. Our evaluation of
the CMIP5 historical simulations shows that some models still tend to underestimate rainfall
over Amazonia. During the dry season, GFDL-ESM2M and IPSL show notably more pentads
with no rain. In the dry and transition seasons, models with more realistic moisture convergence
and surface evapotranspiration generally have more realistic rainfall amounts. In some models,
overestimates of rainfall all associated with the adjacent tropical and eastern Pacific ITCZs,
whereas in other models, too much surface net radiation and a resultant high Bowen ratio,
appears to cause underestimates of rainfall. During the transition season, low pre-seasonal latent
heat and high sensible flux and a weaker influence of cold air incursions contribute to the dry
bias. About half the models can capture, but overestimate, the influences of teleconnection.
HadGEM2-ES outperforms other models, whereas GFDL-ESM2M has the strongest dry bias
presumably due to its overestimated moisture divergence induced by overestimated ITCZs in
adjacent oceans and high Bowen ratio from the surface. One common way to tackle with the
projection uncertainty is using multi-model ensemble (MME). However, it might cause a shifted
distribution of rainfall when the majority of the models tend to have dry bias on regional scale.
Our study suggests the understanding of individual model performance on related physical
processes can help us to put more weights on good models. Another way is to look at the
underlying distribution of precipitation and reconstruct it based on all available models using
parametric statistical methods. We will compare the results with observations and discuss them
for future climate change.
Keywords: Amazon precipitation, rainfall seasonality, CMIP5 models, climate variability, ET, SST
indices
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Measure the initiation of turbidity current from slope failure
Yao You1, David Mohrig1, Peter Flemings1
yaoyou@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Submarine slope failure and the density current it generates is an important source to sink pathway that
delivers sediment into deep sea. Here we study the initiation of sandy turbidity currents from slope failure
using direct measurements across the interface of sediment and ambient water. Pore pressure
measurements show that the rate of sediment release is regulated by the generation and dissipation of pore
pressure drops. When the deposit is unstable landslide style slope failure occurs, which generates pore
pressure drops that stabilizes the deposit. The stable deposit releases sediment grain by grain while the
abnormally low pore pressure dissipates, until the deposit is unstable again and repeats the cycle. Current
velocity measurements show that the initial velocity of the turbidity current generated by slope failure is
insensitive to the different rates of sediment release during a slope failure event. Furthermore, while
higher porosity leads to higher average rate of sediment release in different experiments, the current
velocity remains unchanged. This is because water entrainment, instead of the rate of sediment supply
dominates the development of turbidity current from slope failure. As a result, the development of
turbidity current from slope failure is decoupled from the mechanics of sediment release from slope
failure.
Keywords: turbidity current, slope failure, pore pressure, initiation, self-stabilizing
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Dynamics of the West African Monsoon Demise
Zhang, G. 1, Cook, K. H.1
gz@utexas.edu
1. Department of Geological Sciences, Jackson School of Geosciences, The University of Texas at
Austin, Austin, TX

The West African monsoon plays an important role in regional climate and water resources of
the Sahel. From late September to October, rainfall over the Sahel decreases gradually, in
contrast to the abrupt monsoon onset process. Both of the onset and demise dates are critical in
agricultural planning. A better understanding of the physical processes related to the monsoon
onset and/or demise will help improve the operational weather and climate forecasts. Whereas
the West African monsoon onset process, especially the abrupt feature of the monsoon jump, has
been explored in several studies, not so much attention has been paid to the demise process. In
this study we propose to investigate the basic dynamics of the West African monsoon demise.
The Global Precipitation Climatology Project (GPCP) and Tropical Rainfall Measuring Mission
(TRMM) precipitation datasets are used to characterize the climatology and interannual
variations of the monsoon demise. The demise date is found to be correlated with the total
rainfall amount during the monsoon season over the Sahel. The ERA-Interim reanalysis data are
used to investigate the dynamics. A composite analysis suggests that the early (late) demise of
the West African monsoon is associated with the strengthening (weakening) of the subtropical
high during the demise period of Oct 03-18. In addition, an atmospheric moisture budget analysis
is conducted to explore how the subtropical high is associated with the precipitation anomalies.
Keywords: West African monsoon, Sahel rainfall, demise, subtropical high.
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Sequence-stratigraphic and depositional framework of wave-influenced deltaic systems in the
lower and middle Frio Formation, Redfish Bay, Corpus Christi, Texas
Zhang, J.1, Ambrose, W.A.1, Olariu, M. I.1
jinyu.zhang@utexas.edu
1. Jackson School of Geosciences, The University of Texas at Austin, Austin, TX
Over 1,800 feet of continuous core, combined with log and 3-D seismic data, illustrate a stratigraphic
succession of high-frequency progradational episodes composed of wave-modified deltaic and
shoreface deposits within an overall second-order lowstand systems tract in the lower and middle Frio
Formation in Redfish Bay, Texas. This second-order succession can be divided into 11 higher order
(4th or 5th) sequences. Upward-coarsening parasequences display a transition of depositional
environments from offshore to lower and middle shoreface. The typical facies succession within a
parasequence consists of gray, massive mudstone interbedded with thin (0.1- to 0.2-ft), very fine
grained, rippled sandstone with Zoophycus at the base followed by alternating fair-weather and
storm-dominated deposits. The fair-weather suite is characterized by highly bioturbated, very fine to
fine grained sandstone, with Cruziana ichnofacies including Planolites, Thalassionides, Asterosoma,
Palaeophycus, Chondrites and Rosselia. Remnant wavy laminations or ripples are also preserved. The
coarser and cleaner sandstones of storm origin are massive and weakly bioturbated with Ophiomorpha.
Parallel and low-angle laminations with possible hummocky cross-stratification and ripples are
present. The lower part of the ARCO #470-4 core (10,335 to 11,460 ft), parasequences 1st – 7th is
composed predominantly of low-energy deposits in a distal setting, indicated by the dominance of the
deposit-feeding infauna over the suspension-feeding infauna. Soft-sediment deformation occurs below
shoreface sandstones, implying an unstable substrate and rapid deposition in middle- to outer-shelf
environments. The upper part of the cored interval (9,651 to 10,335 ft), parasequences 8th – 11th, has
more opportunistic trace fossils with vertical to subvertical structures (Ophiomorpha and
Diplocraterion) and records proximal shoreface successions. The uppermost 285 feet core consists of
alternating, fine- to medium-grained, sparsely and pervasively bioturbated sandstone with stressed
Cruziana and Skolithos Ichnofacies including Palaeophycus, Thalassionides and Ophiomorpha. The
coarser grain size, the stressed ichnofacies, integrated with the presence of shell layers and mud chips
indicate a proximal-shoreline setting. In any single parasequence, cleaner storm beds with coarser
grain size and less bioturbation have better reservoir quality (porosity and permeability) than highly
bioturbated fair-weather beds.
Keywords: sequence stratigraphy, parasequence, wave-influence delta, shoreface, Frio Formation

CCG10

Assimilation of the MODIS Snow Cover Fraction Data Set through the Coupled
Data Assimilation Research Testbed and the Community Land Model
Zhang, Y.1, Hoar, T.2, Yang, Z-L.1, Anderson, J.2, Toure, A.3, Rodell, M.3
yfzhang.nju@gmail.com
1. The University of Texas at Austin, Jackson School of Geosciences, Austin, Texas
2. The National Center for Atmospheric Research, Boulder, Colorado
3. NASA GSFC, Hydrological Sciences Laboratory, Code 617, Greenbelt, Maryland
The Data Assimilation Research Testbed (DART) is being extended to support the Community Land
Model (CLM 4.0), which is the first effort linking DART and a land surface model. The coupled
DART and CLM4.0 provides several ensemble-based data assimilation methods to assimilate
observations of land‐based quantities such as snow cover, soil moisture, and soil temperature. A freely
available ensemble of reanalysis data created by DART and the Community Atmospheric Model
(CAM4.0) is used as the meteorological forcing for each CLM ensemble member. This induces spread
in the CLM ensemble during a spin-up phase and helps maintain spread during the assimilation. The
advantages and disadvantages of using this methodology will be discussed.
As the first application of the coupled DART and CLM framework, this work is focused on
assimilating the Moderate Resolution Imaging Spectroradiometer (MODIS) snow cover fraction data.
The 0.05º MOD10C1 data were preprocessed by binning up to 0.94º×1.25º to match the model grid.
Results show that the coupled DART and CLM tends to adjust the snow water equivalent (SWE)
fields where the largest snow variability exists. The assimilation within this framework is properly
reducing the Root Mean Square Error of SWE at each assimilation step. The effectiveness of the
assimilation is further assessed by evaluating the 24‐hour forecasts against the observations before
they are assimilated. Further explorations are made to choose the best localization value for CLM4
snow data assimilation through perfect model experiments. A series of different error variance values
for MODIS observation data sets are applied to test the sensitivity of the data assimilation system to
observation error variance.
Keywords: Snow Cover Fraction, Snow Water Equivalent, Data Assimilation, Ensemble Kalman
Filter
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