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New Mexico Geology recognizes the important 
research of students working in post-gradu-
ate M.S. and Ph.D. programs. The following 
abstracts are from M.S. theses and Ph.D. dis-
sertations completed within the last 12 months 
that pertain to the geology of New Mexico and 
neighboring states.

New Mexico Institute of Mining and  
Technology

EVALUATION OF SURFACTANT-MODI-
FIED ZEOLITE FOR THE REMOVAL OF 
GIARDIA LAMBLIA FROM CONTAMI-
NATED WATERS, by Diane K. Agnew, 2006, 
M.S. thesis, Department of Earth and Envi-
ronmental Science, New Mexico Institute of 
Mining and Technology, Socorro, New Mexico 
87801, 74 pp. 

Batch and column experiments were conducted 
to test for preferential removal of Giardia lam-
blia from water by surfactant-modified zeolite 
(SMZ). Saccharomyces cerevisiae has similar size 
and surface characteristics to G. lamblia and was 
therefore used as a surrogate. The zeolite treat-
ments had an aggregate size of 1.4–2.4 mm. 
Hydrophobic SMZ, cationic SMZ, and raw zeo-
lite were used in all experiments. Concentrations 
of S. cerevisiae were determined through direct 
counting methods using a black, 0.45-µm fil-
ter membrane. The SMZ treatments yielded S. 
cerevisiae partition coefficients that were 10–25 
times greater than those for raw zeolite. Column 
results showed removal efficiencies of 40.8% and 
46.3% for the cationic and hydrophobic SMZ 
treatments, respectively, compared to a removal 
efficiency of 15.3% for raw zeolite.  The results 
indicate that SMZ preferentially removes S. cere-
visiae from solution and is likely to be similarly 
effective in the removal of G. lamblia.

REGENERATION AND LONG-TERM STA-
BILITY OF SURFACTANT MODIFIED 
ZEOLITE FOR REMOVAL OF VOLATILE 
ORGANIC COMPOUNDS FROM PRO-
DUCED WATER, by Craig Altare, 2006, M.S. 
thesis, Department of Earth and Environmen-
tal Science, New Mexico Institute of Mining 
and Technology, Socorro, New Mexico 87801, 
148 pp. 

This work provides the results of laboratory-
scale experiments of a produced-water treat-
ment system. This treatment system used surfac-
tant-modified zeolite (SMZ) to remove volatile 
organic compounds, including benzene, toluene, 
ethylbenzene, p-, m- and o-xylene (BTEX) from 
produced waters generated as a result of oil and 
gas recovery. Previous studies showed that SMZ 
was an effective sorptive medium for BTEX and 
that SMZ was easily and cost-effectively regener-
able by air sparging. Furthermore, BTEX sorp-
tion and regeneration were reproducible for 10 
cycles in the laboratory. Field measurements 
from a pilot-scale treatment system showed 
good agreement with the laboratory results.

The focus of the current study was to use 
laboratory-scale column studies to (1) investi-
gate how different airflow rates impact regen-
eration and (2) perform long-term tests to infer 
the chemical and physical stability of SMZ in a 
produced-water treatment system.

The results of the regeneration airflow rate 
studies showed that kinetic effects of varying 
airflow rates (from 1.3 to 10 pore volumes of air 
per minute) did not significantly affect remov-
al of BTEX. Rather, the volume of air pumped 
through the column during air sparging was 
the predictor of removal rates. The implication 
of these results is that simple predictions can be 
made about BTEX removal rates from SMZ by 
knowing the airflow rate and number of pore 
volumes that have passed through the column. 
This is important for coupling of the SMZ treat-
ment system with a process designed to treat the 
off-gas, such as a vapor phase bioreactor. End 
users of such a system must be able to predict 
the rate of regeneration and tune it to an optimal 
level for the vapor phase bioreactor. 

Long-term laboratory-scale results of the SMZ 
produced-water treatment system were promis-
ing. Fifty sorption/regeneration cycles were car-
ried out, each consisting of sorption from 100 pore 
volume of produced water followed by regen-
eration with approximately 2,000 pore volume of 
air. A weakly decreasing trend was observed for 
the BTEX distribution coefficients (Kd), indicat-
ing only a small loss in sorption capacity after 50 
cycles of sorption and regeneration. Hydraulic 
conductivity of the SMZ decreased by roughly 
30% after the 50 cycles. Most of this hydraulic 
conductivity loss was likely caused by particle 
attrition.

DYNAMICS OF FLUIDS, HEAT, AND SOL-
UTES ALONG SEDIMENT-WATER INTER-
FACES: A MULTIPHYSICS MODELING 
STUDY, by M. Bayani Cardenas, 2006, Ph.D. 
dissertation, Department of Earth and Envi-
ronmental Science, New Mexico Institute of 
Mining and Technology, Socorro, New Mexico 
87801, 269 pp.

The water cycle includes many reservoirs where-
in water is stored and is characterized by many 
pathways through which water is conveyed. 
Humans have relied on two major reservoirs in 
the hydrosphere, surface water bodies, e.g., rivers 
and lakes, and groundwater stored in aquifers. 
In many cases, surface water and groundwater 
interact through exchange across the groundwa-
ter-surface water interface. Groundwater-surface 
water exchange mediates ecological and biogeo-
chemical processes as water is also a transport-
ing agent for chemical and thermal energy. The 
proper management of both groundwater and 
surface water therefore requires a basic under-
standing of the dynamics of not only fluid flow 
but also of other fluid-borne entities.

I study the dynamics of fluids, heat, and sol-
utes along the sediment-water interface (SWI). 
Above the interface is a water column, usually 
with a flowing fluid. Below the interface is a 
sediment. The SWI represents one of the small-
est spatial scales (cm’s to m’s) where groundwa-
ter and surface water interactions can be studied 
and observed. The mechanisms, internal and 
external, which drive fluid, solute, and energy 
transport across the SWI are investigated using 
numerical simulation models.

Fluid flow within sediments is controlled 
locally by the internal permeability structure of 
the sediment and also by external forcing due to 
pressure gradients. A major external forcing is 
fluid flow in the water column. Water-column 
flow over sediments with non-flat topography, 
which is typically due to the presence of bed-
forms such as ripples and dunes, generates a 
spatially variable pressure distribution along the 
SWI. This pressure distribution, characterized by 

high and low pressure areas, drives water into 
and then out of the sediments. The zone defined 
by water infiltrating into the sediments from 
the water column, flowing through the sedi-
ments, and then returning to the water column 
is referred to here as the  interfacial exchange zone 
(IEZ). An analogous term is the hyporheic zone 
commonly applied in fluvial settings. In addition 
to current-bedform driven exchange, fluid flow 
through sediments and interfacial exchange may 
be driven by larger forcing such as head gradi-
ents due to stream channel morphology, e.g., 
sinuosity, or regional hydraulic head gradients. 

The relative contributions to interfacial 
exchange of (1) the internal heterogeneous per-
meability structure of streambed sediments, (2) 
head gradients due to channel bends, and (3) an 
irregular pressure distribution along the SWI are 
analyzed using numerical simulation of three-
dimensional groundwater flow via the popular 
finite-difference code MODFLOW. The effects of 
current-bedform interactions are simplified and 
represented by a sinusoidal pressure distribution 
imposed on a flat sediment surface. The impor-
tance of local scale control groundwater flow by 
permeability diminishes as the amplitude and 
frequency of the sinusoidal pressure distribu-
tion, the external forcing, increases. The major 
effect of channel curvature is to drive hyporheic 
flow toward the pointbar due to a lateral pres-
sure gradient. I present dimensionless numbers 
that quantify the relative importance of perme-
ability, channel curvature, and current-bedform-
driven SWI pressure distribution.

The dynamics of current-bedform-driven 
interfacial exchange is explicitly investigated by 
numerically modeling coupled, two-dimensional 
fluid flow both above and below an SWI charac-
terized by bedforms. The coupling is sequential, 
modeling first the water column, and then using 
bottom pressures at the SWI as the boundary 
condition for porous flow in the sediments. In 
my first model, the flow in the water column is 
assumed laminar and governed by the steady-
state Navier–Stokes equations, while pore water 
flow in the sandy sediments follows Darcy’s 
Law. Finite element numerical analysis is con-
ducted via the code FEMLAB (now Comsol Mul-
tiphysics). Multiple dynamical scenarios are rep-
resented by varying the Reynolds number (Re) of 
the laminar flow, and geometric configurations 
of the bedform, achieved by changing the bed-
form height, length, and asymmetry. Simulations 
show that the configuration of and flux through 
the IEZ are driven by a pressure minimum at the 
bedform crest, where an eddy detaches, and a 
pressure maximum at the stoss side, where the 
eddy reattaches. The distance between eddy 
detachment and reattachment points increases 
with Re, with the eddy length ultimately con-
fined to the bedform length. Under neutral con-
ditions, when the water column has no net gain 
or loss of water, the IEZ depth is dependent on 
Re via a function of Michaelis–Menten type, sug-
gesting that the IEZ depth will never be greater 
than the length of the bedform. This behavior is 
ultimately driven by the dynamical relationship 
between the eddy length and the Re. Under gain-
ing conditions, IEZs extend to shallower depths, 
compared to equivalent neutral conditions, and 
may be absent when the ambient upward flow of 
groundwater overpowers interfacial exchange. 
For a given magnitude of groundwater gain I 
quantify threshold Res, below which there is no 
IEZ. Above the threshold, flux through the IEZ is 
related to Re via a power function.

My second model of interfacial exchange 
dynamics considers turbulent flow conditions in 
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the water column. A finite-volume solution of 
tubulent flow, governed by the Reynolds-aver-
aged Navier–Stokes equations (implemented 
with the code CFD-ACE+), is sequentially cou-
pled with the finite-element model for ground-
water flow. The formulation for the hydrody-
namic model is validated with previously pub-
lished laboratory flume experiments, including 
successful simulation of dye tracer experiments 
by a solute transport model. Neutral, gaining, 
and losing water columns are considered. Under 
fully developed turbulent conditions, water-col-
umn eddies are insensitive to Re and are smaller 
than under laminar conditions. Since the pres-
sure distribution associated with an eddy drives 
interfacial exchange, the turbulent flow IEZ is 
shallower, relative to laminar flow IEZs, and 
like the eddy is insensitive to Re. Turbulent flow 
simulations under gaining and losing condi-
tions show that the IEZs develop if the water-
column current is strong enough to drive flow 
into the sediments. If the Re is below a threshold 
interfacial exchange is overpowered by ambient 
groundwater discharge (AGD). This dynami-
cal behavior, controlled by thresholds, is simi-
lar to the gaining conditions for laminar flow. 
Flux through the IEZ depends on Re via a power 
function, as for laminar flow. I develop simple 
predictive equations for IEZ depth and flux that 
consider dynamical and geometric conditions.

Heat transport through the IEZ is simulated 
by numerically solving the advection-conduc-
tion-dispersion equation. The transport simula-
tions are based on the flow fields defined by the 
turbulent hydrodynamic models. Diurnal water 
column temperature changes are imposed on the 
SWI. Interfacial exchange results in an irregular 
temperature distribution, both through space and 
time, within the IEZ, as well as deeper parts of 
sediments not subjected to interfacial exchange. 
When AGD is present, whether toward or away 
from the SWI, the influence of current-bedform 
induced heat advection becomes subdued until, 
at high AGD, fluid flow and heat transport 
become essentially vertically one-dimensional 
and the IEZ is absent. Zones within the sedi-
ments experiencing strong diurnal temperature 
variations may be found horizontally adjacent to 
zones lacking any substantial temperature varia-
tions. These zones with weak temperature varia-
tions are found close to crests of dunes where 
pore water is upwelling from deeper areas of the 
sediments, while strong temperature variations 
are observed underneath areas where water is 
infiltrating into the sediments from the water 
column.

COUPLED STREAM-AQUIFER EXCHANGES 
ALONG A LOSING REACH OF THE RIO 
GRANDE IN CENTRAL NEW MEXICO, by 
Ryan T. Jakubowski, 2006, M.S. thesis, Depart-
ment of Earth and Environmental Science, 
New Mexico Institute of Mining and Technol-
ogy, Socorro, New Mexico 87801, 238 pp.

Along semiarid riparian corridors, quantify-
ing seasonal and cyclic variations in surface 
water-groundwater interactions has significant 
implications for developing and calibrating 
hydrologic models. However, a comparison of 
stream-aquifer interactions as a function of dif-
ferent streamflow conditions has not been fully 
addressed. This gap in evaluating hydrologi-
cal processes may affect resource-management 
activities if hydrologic models are conceptu-
ally flawed. This thesis investigates the degree 
of coupling between changes in river stage and 

resultant groundwater levels along a losing 
reach of the Rio Grande in central New Mexico, 
United States. The stream-aquifer system near 
Escondida, New Mexico, was instrumented with 
temperature- and pressure-recording sensors to 
compare groundwater-level responses as a func-
tion of different streamflow conditions and to 
determine forcing mechanisms driving diurnal 
stream-aquifer exchanges. Four streamflow sce-
narios were examined: small- and large-magni-
tude flood events and high and low river-stage 
conditions.

Observations indicate that groundwater 
responses were tightly coupled to changes in 
river stage during flood-induced streamflow 
events and high river-stage conditions. Changes 
in streamflow resulted in a series of correspond-
ing pressure transients that were rapidly propa-
gated as a pressure wave within the streambed 
and aquifer, in which monitoring wells adja-
cent to the river showed an almost immediate 
response. Stream-aquifer interactions during low 
river-stage conditions indicated a decoupling 
between changes in river stage and groundwa-
ter levels in the streambed and aquifer. During 
low river-stage conditions, diurnal groundwa-
ter fluctuations were attributed to tempera-
ture-dependent changes in seepage and evapo-
transpirative fluxes from riparian vegetation. A 
periodic change in streambed infiltration caused 
by changes in river temperature produced a 
transient flux into the streambed sediments and 
aquifer. Rapid water-level responses suggested 
that the perturbation resulted from the transmis-
sion of a pressure wave. 

While diurnal fluctuations in head have gen-
erally been associated with evapotranspirative 
demand alone, it appears that variations in 
streambed infiltration recharging the aquifer 
may in some cases explain a significant pro-
portion of the variation of water levels in aqui-
fers connected to shallow rivers. The presence 
of a streambed restricting layer in the shallow 
subsurface, large diurnal changes in river tem-
perature, and cessation of diurnal groundwater 
fluctuations as streamflow approached zero sup-
port a scenario in which variations in ground-
water recharge from the river contribute to the 
diurnal head change in the aquifer. Analysis of 
river temperature should be considered during 
coupled simulations of hydrodynamic interac-
tions between rivers and riparian corridors along 
losing reaches in semiarid regions; furthermore, 
the conceptual model developed in this thesis 
indicates that the estimation of evapotranspira-
tive fluxes using well hydrographs that contain 
diurnal groundwater fluctuations should be 
exercised with caution.

QUANTIFICATION AND CHARACTERIZA-
TION OF CHLORIDE SOURCES IN THE 
RIO GRANDE, by Heather F. Lacey, 2006, M.S. 
thesis, Department of Earth and Environmen-
tal Science, New Mexico Institute of Mining 
and Technology, Socorro, New Mexico 87801, 
167 pp.

Salinization of rivers is a problem in the south-
western United States as well as in other semi-
arid and arid regions of the world. Arid and 
semiarid rivers including the Rio Grande often 
exhibit increasing salinity with distance down-
stream, which is commonly attributed to irri-
gated agriculture. Increased river salinity causes 
economic losses by reducing crop productivity, 
rendering the water unsuitable for many munici-
pal and industrial uses, and corroding or plug-
ging pipes.

Recent studies have found that salinization 
of the Rio Grande is geologically controlled by 
the addition of deep saline brines at several dis-
tinct locations. However, these additions of deep 
brine have not been well quantified. The pur-
pose of this study was to quantify upwelling of 
deep brine to the Rio Grande over an extended 
time period. Chloride field data were analyzed 
to determine that deep brine additions to the 
Rio Grande likely occur near San Acacia, New 
Mexico; Elephant Butte Reservoir; and El Paso, 
Texas. A model was then designed using a sys-
tem dynamics software program to analyze Rio 
Grande chloride data. The model used historical 
chloride and gaging station data and high-resolu-
tion synoptic chloride samples collected between 
2000 and 2005 to characterize and quantify addi-
tions of deep brine to the river at San Acacia, Ele-
phant Butte Reservoir, and El Paso between 1975 
and 2004. Brine inflows were found to be a major 
source of chloride to the Rio Grande, contribut-
ing on average 33% of the chloride burden of the 
Rio Grande. Brine inflows were found to vary 
over time and to correlate weakly with discharge 
and drought conditions. Other major sources of 
salinity, such as tributaries, wastewater, and 
agricultural drains were also evaluated using 
the model. Wastewater was found to be another 
major source of chloride to the river, contribut-
ing on average 36% of the chloride burden of the 
river. Tributaries were also found to contribute 
a significant amount of chloride to the river, on 
average 21% of the chloride burden of the river. 
Finally, using chloride concentration data from 
1905 to 1907, the model was used to evaluate the 
effect of the construction of Elephant Butte Res-
ervoir on the chloride balance of the river. The 
results of this modeling showed that salinity in 
the Rio Grande increased between San Marcial 
and El Paso before the construction of Elephant 
Butte Dam, and that brine inflows in that stretch 
of the river were 362% higher on average during 
this time than during modern times (1975–2004). 
From pre-Elephant Butte Reservoir modeling it 
was also estimated that changes in the system 
between 1907 and 1975, including building of 
dams and increased agricultural use of river 
water, increase the chloride burden of the river 
at El Paso by roughly 28% and increase the chlo-
ride concentration at El Paso by roughly 70%.

INTERACTION FORCES MEASURED BY 
ATOMIC FORCE MICROSCOPY FOR 
MUSCOVITE AND CARBOXYL-MODI-
FIED MICROSPHERES AS A FUNCTION 
OF IONIC STRENGTH, by Marissa D. Reno, 
2007, M.S. thesis, Department of Earth and 
Environmental Science, New Mexico Institute 
of Mining and Technology, Socorro, New Mex-
ico 87801, 54 pp.

This research used atomic force microscopy 
(AFM) to gain a better understanding of the inter-
actions between muscovite mica and a model 
colloid used commonly throughout the existing 
colloid transport literature. The interaction forces 
between a single crystal muscovite mica disc and 
a 2.0-µm carboxyl-modified polystyrene latex 
microsphere attached to a tipless silicon nitride 
(SiN) cantilever were measured in KCl solutions 
of varying ionic strength (10, 30, 100, and 300 
mM) using AFM. The three main objectives of 
this work were to 1) directly measure the inter-
action forces between muscovite mica and car-
boxyl-modified polystyrene latex microspheres, 
2) evaluate the magnitude and significance of 
surface charge heterogeneities on the muscovite 
surface by making AFM measurements at multi-
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ple spatial locations, and 3) evaluate the feasibil-
ity of measuring the secondary energy minimum 
using conventional AFM instrumentation. AFM 
measurements were shown to be qualitatively 
reproducible only when strict surface prepara-
tion techniques were employed and a well-devel-
oped experimental protocol was adhered to. For 
measurements taken at various ionic strengths, 
repulsive forces were observed to decrease at 
higher ionic strengths. The tip-sample separa-
tion distance at which repulsive forces were first 
observed increased at lower ionic strengths. Both 
of these observations are in accord with theoreti-
cal predictions of Derjaguin–Landau–Verwey–
Overbeek (DLVO) theory. Measurements taken 
at several spatial locations on the muscovite 
surface suggested that there is heterogeneity in 
the muscovite surface properties. This heteroge-
neity was within the range of forces predicted 
by DLVO calculations using bounding values of 
ζ-potential and Hamaker constant. Variability in 
the tip-sample separation distance at the primary 
barrier was greater at a lower ionic strength than 
at a higher ionic strength for both AFM measure-
ments and DLVO predictions. With the instru-
mentation used in this work, excessive noise and 
insufficient cantilever sensitivity made measure-
ment of the secondary energy minimum infea-
sible. The results suggest that AFM is a useful 
tool for direct measurement of interaction forces 
and confirmation of theoretical perdictions.

The major results outlined above are aug-
mented by the content of several appendices. 
Background AFM information is given, includ-
ing a useful description on interpretation of 
theoretically calculated and measured interac-
tion forces. The process by which numerical 
artifacts arose and were dealt with is detailed. 
Finally, force measurements conducted between 
a silica surface and a 2.0-µm carboxyl-modified 
polystyrene latex microsphere, not included in 
the major results, are described and commented 
on, including the reason for their exclusion. A 
data CD with all raw and manipulated data used 
for the figures and discussions in this work, in 
addition to an extensive reference list, are pro-
vided to facilitate the use of this thesis project as 
a reference tool for future researchers.

HYDROLOGIC RESPONSE OF THE SHAL-
LOW GROUNDWATER TO A FLOOD 
EVENT ALONG THE SAN ACACIA REACH 
OF THE RIO GRANDE, NEW MEXICO, by 
Kate Richards, 2006, M.S. thesis, Department of 
Earth and Environmental Science, New Mexico 
Institute of Mining and Technology, Socorro, 
New Mexico 87801, 266 pp.

This study’s objective was to gain a better under-
standing of the regional hydrologic system along 
the San Acacia reach of the Rio Grande, which 
starts at the San Acacia Diversion Dam and 
ends north of Elephant Butte Reservoir in cen-
tral New Mexico. Through data collected along 
a highly instrumented 50-mile (80-km) reach of 
the Rio Grande, we were able to see how shal-
low groundwater responds to changes in the 
river stage. This critical reach on the Rio Grande 
had 154 wells, 19 stream gages, and 70 pressure 
transducers that recorded hourly water levels, 
providing a detailed look at flood events. The 
high-resolution data showed that during flood 
events the aquifer responded quickly to changes 
in river stage, resulting in an upward gradient 
between the lower aquifer and the phreatic aqui-
fer, which are separated by a low permeabil-
ity unit. Detailed flood event data, water table 
elevations, well logs, and pump test data were 

used to create a numerical model referred to as 
the Discontinuous Layer Model, which was used 
to test subsurface geology configurations and 
evaluate what type of geological layering yields 
results that best match the observed groundwa-
ter response.

Nine scenarios were tested. These included 
three geologic interpretations and three hydrau-
lic conductivity patterns. The three geologic 
interpretations include (1) removing the low-
permeability unit below the river (river geol-
ogy), (2) creating holes in the low-permeability 
unit in the shapes of ellipses (ellipse geology), 
and (3) removing the low-permeability layer in 
the northern part of the domain (gap geology). 
For each interpretation, permutations were run 
for varying ratios of phreatic and lower-aquifer 
hydraulic conductivities. Simulations were then 
compared to the observed data and were evalu-
ated to see which geologic scenarios provided 
the most accurate simulations of the system 
response.

Eleven of the model runs predicted moderate to 
strong upward gradients similar to the observed 
response. The eleven models were further evalu-
ated based on how realistically they represented 
the observed hydrogeological system and how 
well they predicted the observed shallow and 
intermediate well responses. From the addi-
tional criteria the model that best predicted the 
observed aquifer was the River Removed Model 
with the lower aquifer having greater hydraulic 
conductivity than the phreatic aquifer and with 
the lower aquifer having a specific storage value 
of 10-3 ft-1 (3.05 x 10-4 m-1).

FLUID TRANSPORT THROUGH A VARI-
ABLY SATURATED ROCK PILE HILL-
SLOPE SYSTEM, by Heather Shannon, 2006, 
M.S. thesis, Department of Earth and Envi-
ronmental Science, New Mexico Institute of 
Mining and Technology, Socorro, New Mexico 
87801, 280 pp.

An extensive field sampling and characterization 
program was conducted at the Questa molyb-
denum mine in Questa, New Mexico, to under-
stand the mechanical and geochemical stability 
of the Goathill North rock pile. Analysis and 
interpretation of bulk density measurements, 
tension infiltrometer and guelph permeameter 
measurements, tensiometer measurements, and 
particle size data were completed to develop a 
conceptual model for a generic rock pile hill-
slope system to be used in numerical studies of 
the rock pile.

Field measurements of bulk density indicated 
that the mean bulk density of the rock pile mate-
rial ranged between 1.60 g/cm3 and 2.21 g/cm3 
for six mapped soil regions within the Goathill 
North rock pile. The mean and median saturat-
ed hydraulic conductivity (Ks) of the rock pile 
material estimated from tension infiltrometer 
measurements were 8.32E-03 cm/s and 9.07E-04 
cm/s, respectively. Guelph permeameter mea-
surements estimates for the mean and median 
saturated hydraulic conductivity were 2.32E-
02 cm/s and 7.31E-03 cm/s, respectively, sig-
nificantly higher than the tension infiltrometer 
estimates. Field measurements of matric suction 
using hand-held tensiometers indicated that 
the rock pile was relatively moist with a mean 
suction value of –61 cm between early Septem-
ber 2004 and early October 2004. Records from 
nested tensiometers also indicated a wet regime 
between June 2004 and August 2004, ranging 
between –80 cm and saturation.

The data collected in the field at the Goathill 

North rock pile were used to characterize the 
hillslope system and develop a conceptual 
model for numerical studies. A numerical sen-
sitivity analysis was performed to address two 
objectives: (1) to determine the spatiotemporal 
moisture distribution within a generic rock pile 
modeled after the Goathill North rock pile and 
(2) to test the importance of soil hydraulic prop-
erties, bedrock permeability, and climate to the 
pressure head and moisture distribution within 
the generic rock pile.

The results from this study showed that the 
moisture distributions within the generic rock 
pile containing soils without rocks was relatively 
homogeneous. However, the moisture distribu-
tion within the generic rock pile containing soils 
with rocks was quite different in that the mois-
ture contents within the different regions were 
lower, because the saturated moisture content 
of the regions decreased due to the presence of 
rocks within the rock pile.

In addition, the results from this research 
indicate that storage of water in soil, which is 
directly related to the soil porosity and other 
soil properties, is the most significant parameter 
explaining the moisture distribution within the 
pile. In addition the investigation shows that 
the rocky soils respond most quickly to rainfall 
events, and lead to wetter moisture conditions 
due to the low porosity and therefore low water 
storage capacity of these soils.

The results from this study are valuable to 
the weathering study by providing information 
about the spatiotemporal moisture and pres-
sure head distribution within the pile. The wet-
ter moisture conditions within the rocky soils 
would potentially lead to increased pyrite oxi-
dation due to the availability of water for reac-
tions. The increased moisture regime also would 
decrease the internal friction angle, a component 
of the shear strength of the soils. A decrease in 
the internal friction angle has been shown to 
coincide with a slight increase in the degree of 
weathering of a sample (Gutierrez 2006). There-
fore it is crucial to understand the spatial dis-
tribution of moisture in order to predict which 
regions of the rock pile will be of importance in 
future modeling efforts.

New Mexico State University

THE TECTONIC HISTORY OF PROTERO-
ZOIC CRUST IN THE MAZATZAL PROV-
INCE: GEOCHRONOLOGY, GEOCHEM-
ISTRY, AND KINEMATIC ANALYSIS OF 
THE INTRUSIVE ROCKS OF THE BURRO 
MOUNTAINS, SOUTHWEST NEW MEX-
ICO, by Andre O. Boullion, 2006, M.S. thesis, 
Department of Geological Sciences, New Mex-
ico State University, Las Cruces, New Mexico 
88003, 108 pp.

Two diverse suites of deformed and undeformed 
Proterozoic rocks are present in the Burro Moun-
tains. Rocks include an older suite of granite 
gneiss, metapelite gneiss, amphibolite, gabbro, 
and metasedimentary rocks and a younger 
suite of muscovite granite, coarse-grained bio-
tite-hornblende granite, and the extensive Burro 
Mountain Granite.

Kinematic data from these rocks suggest two 
deformational events in the Burro Mountains. 
Pervasive deformational foliations are found in 
the granite gneiss, metapelite gneiss, amphibo-
lite, and metasedimentary rocks. Foliations strike 
southeast-northwest and likely formed during 
the Mazatzal orogeny. Post-tectonic white mica 
growth in metasedimentary rocks adjacent to 
the gabbro suggests contact metamorphism after 
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completion of the Mazatzal orogeny. Localized 
deformation is observed at ~1.4 Ga and is related 
to intrusion of the granodiorite and Burro Moun-
tain Granite.

Deformation involved rotation of foliations 
and folding of ~1.6 Ga wall rocks and localized 
deformation of the biotite-hornblende granite 
near contacts with the Burro Mountain Granite. 
Petrography and field relationships suggest that 
the foliation in the Burro Mountain Granite is 
related to magmatic flow rather than regional 
deformation.

U-Pb zircon geochronology was performed 
using laser ablation inductively coupled plasma 
multi-collector mass spectrometry. The granite 
gneiss yielded an age of 1,672 ± 17 Ma and the 
metapelite gneiss an age of 1,625 ± 50 Ma (2-
sigma errors cited throughout). The amphibolite 
has not been successfully dated, but  the unit cuts 
several ~1.6 Ga units but no ~1.4 Ga units. Previ-
ous dating of metasedimentary rocks bracketed 
deposition between 1,645 Ma and ~1,633 Ma. 
A younger suite of intrusive rocks includes a 
1,441 ± 41 Ma white mica granite and a 1,427 
± 23 Ma biotite hornblende granite. Two ages 
were obtained for the Burro Mountain Granite, 
the largest intrusion in the range. The northern 
sample yielded an age of 1,431 ± 31 Ma and the 
southern sample an age of 1,416 ± 18 Ma.

Geochemical analyses of these rocks show that 
the ~1.6 Ga granite gneiss, metapelite gneiss, and 
amphibolite all have arc-type geochemical signa-
tures. The ~1.4 Ga units have compositions simi-
lar to the ~1.6 Ga intrusions suggesting deriva-
tion from similar source regions. An εNd value 
of –0.94 and Nd depleted mantle model age of 
2.14 Ga for the granite gneiss suggest crustal 
assimilation before emplacement.

40Ar/39Ar dating has identified three episodes 
of metamorphism in the region. The first event 
occurred between ~1,645 Ma and ~1,633 Ma and 
is likely coeval with the Mazatzal orogeny. Meta-
morphism at ~1.4 Ga overprinted all evidence 
of the 1.6 Ga event. Previously published U-Pb 
dating of monazite in the metasedimentary rocks 
suggested metamorphic events at ~1,470 and 
~1,415 Ma. 40Ar/39Ar dating on two amphibolite 
samples yielded ages of ~1,465 Ma and ~1,420 ± 
6 Ma. The third event is localized and related to 
emplacement of ~1,220 Ma granites.

SEDIMENTARY GEOCHEMISTRY AND 
PROVENANCE OF UPPER CRETACEOUS 
TO PALEOGENE SANDSTONES IN THE 
LA POPA BASIN, NUEVO LEON, MEXI-
CO, by Stephanie A. Furgal, 2006, M.S. thesis, 
Department of Geological Sciences, New Mex-
ico State University, Las Cruces, New Mexico 
88003, 166 pp.

The La Popa Basin is one of the few locations 
on Earth where subsurface salt structures are 
exposed and accessible for study of the relation-
ship between salt tectonics and basin develop-
ment. This basin occupies 2,000 km2 northwest 
of Monterrey, Mexico, and contains an 8–11 km 
thick section of siliciclastic and carbonate strata 
overlying subsurface gypsum. These strata expe-
rienced a Laramide-equivalent deformational 
event, the Hidalgoan orogeny, which caused 
a series of salt evacuation and inflation events 
that led to uplift of the Burro–Salado arch to the 
northwest, the Tamaulipas arch to the southeast, 
the Sierra Madre Oriental to the south, the La 
Gloria–La Gavia anticlines to the southwest, and 
the Coahuila fold and thrust belt to the west. 
Major stratigraphic units exposed within the 
basin consist of the Upper Jurassic Minas Viejas 

Formation, Campanian Parras Shale, and early 
Maastrichtian Muerto Formation, late Maastrich-
tian Delgado Sandstone and Paleocene upper 
sandstone members of the Potrerillos Formation, 
early Eocene Adjuntas, middle Eocene Viento, 
and late Eocene Carroza Formations of the 
Difunta Group. The depositional environment 
of the La Popa Basin was shallow marine and 
lacustrine up until the middle Eocene, when it 
became a fluvial system.

Petrographic analysis of the Difunta Group 
sandstones was conducted in a manner that 
would best correlate with whole-rock geo-
chemical analysis. Therefore, the Traditional and 
Gazzi–Dickinson methods, two standard grain 
counting techniques, were combined with the 
identification of depositional characteristics to 
form the Composite method. This study demon-
strates that the Difunta Group sandstones con-
sist mainly of feldspathic litharenites and lithic 
arkoses, with abundant volcanic lithic grains 
and subordinate sedimentary lithic grains. On 
Quartz-Feldspar-Lithic diagrams sandstones fall 
into the field of magmatic arcs with some minor 
continental block contribution, but on Quartz-
Plagioclase-Potassium Feldspar and Metamor-
phic lithic-Volcanic lithic-Sedimentary lithic 
grain diagrams they plot in the fields of dissected 
transitional arcs and mixed, continental arcs.

Major element geochemical analyses of the 
Difunta Group sandstones demonstrate that 
they were derived from largely continental and 
island arc sources. The overall elevated concen-
trations of CaO are attributed to the pervasive 
calcite cement and alteration of most grain types 
to calcite. Low concentrations of Ni, Co, and Cr 
and high concentrations of Sr, Rb, and Y suggest 
an island arc provenance of mostly intermediate 
rocks, with some contribution from a continental 
arc (mostly felsic) rocks. Elevated concentrations 
of Zr, Nb, and Th demonstrate that ultra-stable 
minerals were derived from basement or dis-
sected arcs. The Difunta Group sandstones favor 
an origin similar to that of the upper continental 
crust, with contribution from island and conti-
nental arcs. Striking Ba enrichment occurs in the 
Carroza Formation, demonstrating the presence 
of sodium metasomatism from diapiric dust 
blanketing the exposed strata.

Source areas to the La Popa Basin are both 
proximal (2 km away) and distal (650 km away). 
The partially dissected Guerrero island arc was 
the dominant source of detritus in the Muerto 
Formation. The Delgado Sandstone Member 
contains Guerrero volcanic lithic grains but 
also records the first influx of sediment from 
the Sierra Madre Oriental, as demonstrated by 
the higher concentrations of CaO and P2O5, and 
greater abundances of Lc and calcite cement. The 
upper sandstone member represents continued 
dissection of the Guerrero island arc and the 
addition of grains from the Southwest Cordille-
ran continental arc, based on similar amounts of 
volcanic lithic grains as Muerto sandstones, but 
higher LREE concentrations. The source for the 
Viento Formation was the dissected Guerrero arc 
and Southwest Cordilleran continental arc. The 
unique Carroza Formation, which experienced 
extensive sodium metasomatism, was derived 
from a local sedimentary source, as indicated by 
a reduction in volcanic lithic and plutonic grains 
and an increase in chert and sedimentary lithic 
grains relative to older units.

STRATIGRAPHY, SEDIMENTOLOGY, GEO-
CHRONOLOGY AND SEDIMENT PROVE-
NANCE OF LOWER CRETACEOUS STRA-

TA OF THE ALTAR–CUCURPE BASIN, 
NORTH-CENTRAL SONORA, MEXICO: 
IMPLICATIONS FOR THE TECTONIC 
EVOLUTION OF NORTHWESTERN MEX-
ICO, by Thomas C. Peryam, 2006, M.S. thesis, 
Department of Geological Sciences, New Mex-
ico State University, Las Cruces, New Mexico 
88003, 247 pp.

The Altar–Cucurpe Basin is a narrow Late Juras-
sic–Early Cretaceous depocenter that trends 
north-northwest for approximately 350 km in 
northern Sonora, Mexico. The basin fill consists 
of the Cucurpe Formation, Glance Conglomer-
ate, Rancho La Colgada Formation, and Morita 
Formation. Stratigraphic relations and U-Pb geo-
chronology indicate that the Rancho La Colgada 
and Morita Formations range in age from Neoco-
mian (Hauterivian–Barremian) to latest Aptian. 
The Glance Conglomerate may be partly equiva-
lent to the Rancho La Colgada Formation.

Lithofacies analysis from five measured strati-
graphic sections indicates that the Rancho La 
Colgada Formation is dominated by shoreface 
deposits, whereas the Morita is dominated by 
floodplain, fluvial channel, and local fan-delta 
deposits. The Glance Conglomerate represents 
alluvial-fan deposits derived from a fault-block, 
the Cananea high, north of the basin.

Sandstone petrology and detrital zircon U-
Pb ages on the Lower Cretaceous formations 
indicate that sediment sources include nearby 
Jurassic arc rocks and Precambrian to Triassic 
sedimentary rocks of the Caborca block to the 
south. Basement rocks are a subordinate source 
of detritus. Detritus to the basin was also pro-
vided from the Cananea high.

Detrital zircon geochronology on sandstones 
and U-Pb SHRIMP ages on clasts in conglomer-
ratic facies of the Morita Formation indicate 
three major episodes of Mesozoic magmatism in 
the southwestern Cordillera. The data indicate 
major magmatic events at 176–150 Ma, 145–138 
Ma, and 125–115 Ma, with significant magmatic 
lull between ~135 and 125 Ma. The older epi-
sode represents the Cordilleran magmatic arc on 
the southwestern margin of North America, the 
middle episode an offshore arc that was accreted 
before providing andesite clasts to the basin, and 
the young episode post-accretion development 
of the Alisitos arc along the southwestern mar-
gin of Mexico.

Data indicate that a shortening event  occurred 
after deposition of the Upper Jurassic Cucurpe 
Formation and before deposition of the Rancho 
La Colgada and Morita Formations at ~130 Ma. 
These data are consistent with accretion of the 
oceanic Guerrero arc to western Mexico and 
attendant uplift between ~150 and ~130 Ma. 
Tectonism in the Altar–Cucurpe Basin during 
the Early Cretaceous is recorded by Neocomian–
Aptian(?) displacement along reactivated Juras-
sic normal faults.

Geochronology and DEFORMA-
TION OF THE PROTEROZOIC ROCKS OF 
SOUTHERN SAN ANDRES MOUNTAINS, 
SOUTH-CENTRAL NEW MEXICO, by Anto-
nio M. Serna, 2006, M.S. thesis, Department of 
Geological Sciences, New Mexico State Uni-
versity, Las Cruces, New Mexico 88003, 89 pp.

Deformed and undeformed Proterozoic rocks 
present in the San Andres Mountains provide 
insight into the Proterozoic history of the south-
western United States. These rocks include 
quartzite, phyllite, orthogneiss, granite, gneiss, 
and amphibolite. The deformational and meta-
morphic history was investigated using geo-
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chemistry, geochronology, and field observa-
tions.

U-Pb detrital zircon, U-Pb igneous zircon, and 
40Ar/39Ar geochronologic techniques were used 
to date samples from the San Andres Moun-
tains. Detrital zircons from quartzite along with 
igneous zircons and crosscutting relationships 
bracket deposition of the quartzite and phyllite 
between 1,672 Ma and 1,630 Ma. Igneous zircons 
from orthogneiss produced an age of 1,649 ± 13 
Ma. The Mayberry granite, which intrudes into 
the quartzite produced an age of 1,626 ± 21 Ma. 
A locally deformed granite produced an age of 
1,619 ± 12 Ma. It is intruded by an amphibolite 
dike with an age of 1,573 ± 19 Ma, and a crosscut-
ting granite dike with an age of 1,594 ± 21 Ma. 
Zircons from the Mineral Hill granite, which 
intrudes the orthogneiss, produced an age of 
1,446 ± 80 Ma.

Geochemical analysis of the orthogneiss is sim-
ilar to those from arc type rocks. Nd and Sr iso-
topic analysis yield initial values of 0.510725 and 
0.510853 respectively. San Nicolas orthogneiss, 
Mayberry granite, and Mineral Hill granite are 
all enriched with respect to rare earth elements.

U-Pb zircon and 40Ar/39Ar dating indicate 
three episodes of metamorphism. The first meta-
morphic event is associated with the Mazatzal 
orogeny from 1,649 to 1,626 Ma. This event was 
overprinted by the second metamorphic event 
at ~1.4 Ga. 40Ar/39Ar dating of hornblende from 
amphibolite dike indicates this event occurred at 
1,447 Ma. Metamorphism at ~1.4 Ga is associated 
with heating of the crust during the emplace-
ment of ~1.4 Ga plutons. The origin of the event 
at 1,274 Ma is suspect, as the disturbed spectrum 
does not have a flat plateau. It is a good indicator 
that heating did occur ~1.2 Ga.

Kinematic indicators suggest three deforma-
tional events in the San Andres Mountains. The 
first event is defined by the gneissic banding 
present in the orthogneiss. Folding of the ortho-
gneiss and the metasedimentary rocks marks the 
second event. These events were likely associ-
ated with the Mazatzal orogeny as they occurred 
between 1,650 Ma and 1,630 Ma. Orientation of 
foliations indicates an east-west shortening event 
in the southern part of the San Andres Moun-
tains. The third event took place from 1,630 Ma 
until 1,573 Ma. This was an extensional event 
caused by high heat flow and gravitational col-
lapse due to thickening of the crust during the 
Mazatzal orogeny. Evidence of this event is 
found in the 1.63 Ga bimodal rocks of southern 
New Mexico and boudinage of the amphibolite 
dike and locally deformed granite.

The Paleozoic Bliss Sandstone overlies the Pro-
terozoic outcrop in the San Andres Mountains. 
Eighty-five detrital zircons were sampled and 
yielded a peak on a probability distribution dia-
gram of 1,455 Ma and 1,230 Ma.

DEPOSITIONAL ENVIRONMENTS OF PLIO-
CENE–PLEISTOCENE LAKE BUCKHORN, 
MANGAS BASIN, SOUTHWESTERN NEW 
MEXICO, by Deanna M. Stout, 2006, M.S. the-
sis, Department of Geological Sciences, New 
Mexico State University, Las Cruces, New 
Mexico 88003, 57 pp.

The Mangas Basin in southwestern New Mexico, 
USA, is a Pliocene–early Pleistocene extensional 
basin. During this time an axial-fluvial system 
flowed southeastward through the basin and 
into a closed lake (Lake Buckhorn) near the pres-
ent towns of Buckhorn and Cliff, New Mexico. 
The sediments deposited in the paleolake are 

part of the Gila Formation, also known as the 
Gila Conglomerate.

The Gila Formation is Pliocene–lower Pleisto-
cene sediment deposited in the Mangas Basin. 
The modern Gila River, Rio San Francisco, and 
their tributaries have exposed all or part of the 
Gila Formation in the Mangas Basin. Approxi-
mately 200 m thick, the majority of the sediment 
is Pliocene age, based on vertebrate fauna and 
zircon-fission-track dates of vitric tuffs. The 
focus of this research is to describe the lacustrine 
sediments and to interpret the size, chemistry, 
and depth of the lake, as well as to document 
the scale of cycles of expansion and shrinkage 
of the lake.

The lake had a maximum area of approxi-
mately 250 km2, extending from Cliff to north 
of Buckhorn, New Mexico. The lacustrine facies 
include green mudstones, siltstones, sandstones, 
limestones, diatomites, and Magadi-type cherts. 
The lacustrine facies are interbedded with allu-
vial-fan and alluvial-flat facies, mainly conglom-
erates, sandstones, and red mudstones.

Overall the lake was no more than a few meters 
deep, as indicated by frequent exposure of lake-
bottom sediments. Periodically the lake was con-
centrated in sodium, silica, and had a high pH, 
based on the presence of diatomites, Magadi-
type chert, and oolitic and biogenic limestones. 
The localization of these deposits along the 
western edge of the lake suggests chemical zon-
ing within the lake, perhaps due to geothermal 
fluids entering the lake via a buried fault. Three 
scales of cycles of shrinking and expanding of 
the lake are recognizable in the stratigraphy. The 
smallest scale, possibly representing seasonal or 
decade-scale wet/dry cycles, is illustrated by 
millimeter- to centimeter-thick laminae within 
lake-center mudstones and siltstones. Thousand 
year cycles are represented by the meter-scale 
interbedding of lake-bottom facies with shore-
line or alluvial-flat facies. Due to uncertainties in 
the age of the Gila Conglomerate the duration of 
largest cycles are undetermined. They are rep-
resented by the interbedding of lacustrine facies 
with distal-fan/alluvial-flat facies on the scale of 
tens of meters. However, cycles of this scale in 
other lacustrine deposits are often considered to 
reflect climatic cycles on the scale of 100,000 yrs.

University of New Mexico

MILLENNIAL-SCALE CHANGES IN FAN 
DEPOSITION AND FIRE SEVERITY IN 
PONDEROSA PINE FORESTS, SACRA-
MENTO MOUNTAINS, NEW MEXICO, by 
Jedediah D. Frechette, 2007, M.S. thesis, Depart-
ment of Earth and Planetary Sciences, Uni-
versity of New Mexico, Albuquerque, New 
Mexico 87131, 56 pp.

Fire-related alluvial-fan deposits were used to 
reconstruct severe fire occurrence and related 
geomorphic impacts in ponderosa pine and 
mixed conifer forests in the Sacramento Moun-
tains, New Mexico. Consistent with fire-scar 
reconstructions, fan deposits associated with 
severe fire are rare during the last 400 yrs. In 
contrast, middle Holocene deposits (5,800–4,200 
cal yr b.p.) are dominated by charcoal-rich debris-
flow facies. These deposits are characteristic of 
episodic sedimentation stemming from severe 
fires and resulted in rapid fan aggradation. 
Fire-related deposition virtually ceased ~4,200 
cal yr b.p., and characteristics of early Neogla-
cial deposits indicate gradual aggradation and 
cumulic soil development. During Medieval 
time and the transition to the Little Ice Age 
(1,800–500 cal yr b.p.), fire-related sedimentation 

increased again but never returned to middle 
Holocene levels. Periods of increased fire-related 
sedimentation correspond to generally warmer 
and drier conditions in the Southwest, when 
multidecadal climate variability may have been 
greater. Increased variability may have resulted 
in fire suppression during multidecadal wet 
periods, allowing fuel loads and stand densities 
to increase and promoting severe fires in subse-
quent droughts. Although confined to specific 
periods, fire-related processes have likely had 
significant impacts on the geomorphic evolution 
of this environment.

HISTORY AND TIMING OF POLYPHASE 
PROTEROZOIC DEFORMATION IN THE 
MANZANO THRUST BELT, CENTRAL 
NEW MEXICO, by Amy L. Luther, 2006, M.S. 
thesis, Department of Earth and Planetary Sci-
ences, University of New Mexico, Albuquer-
que, New Mexico 87131, 108 pp.

The Sandia–Manzano–Los Pinos Mountains on 
the eastern flank of the Rio Grande rift provide 
spectacular exposures of the Proterozoic Manza-
no thrust belt. This region is an important place 
to better characterize polyphase deformation and 
magmatism related to the assembly of Laurentia, 
particularly the 1.65–1.60 Ga Mazatzal orogeny 
and the later 1.4 Ga thermo-tectonic event. This 
study focuses on the Los Pinos Mountains near 
the southern end of the Manzano thrust belt, an 
area that has been only weakly overprinted by 
a later phase of Mesoproterozoic tectonism and 
is therefore an ideal place to characterize Paleo-
proterozoic deformational events. Building on 
a large amount of prior work to the north, this 
study allows for a complete cross section to be 
drawn for the Manzano thrust belt and for the 
development of a more complete stratigraphic 
understanding of the Manzano Group.

Paleoproterozoic rocks of the northern Los 
Pinos Mountains contain three tectonic fabrics 
that have variable intensities, with the north-
northeast-striking S2 being the dominant folia-
tion. New mapping of the Los Pinos Mountains 
resulted in the recognition of a new macroscopic 
D2 anticline cored by the 1,662 ± 1 Ma (Shastri 
1992) Sevilleta metarhyolite. Documentation of 
the overturned nature of much of the stratigra-
phy corrects the prior interpretation of Myers et 
al. (1981). A new U-Pb zircon date of 1,601 +4/-3 
(Jones 2005) on the upper Blue Springs rhyolite 
indicates that the Manzano Group records depo-
sition from 1,662 to 1,600 Ma. Additional evi-
dence supports the interpretation of synchronous 
D2 deformation, and plutonism in the aureole of 
the 1,655 ± 3 Ma Los Pinos pluton (in agreement 
with Shastri 1992) indicates that D2 (attributed 
to the Mazatzal orogeny) was a protracted event 
lasting from ~1,655 Ma to sometime after 1,600 
Ma. Reverse-sense west-side-up shearing on 
steeply west dipping S2 was a progressive event 
that resulted in rotation of F2 folds. This shearing 
event is interpreted to be broadly synchronous 
with top-to-the-northwest thrusting elsewhere 
in the Manzano thrust belt and hence suggests a 
bivergent Mazatzal orogeny.

PALEOMAGNETISM AND ANISOTROPY 
OF MAGNETIC SUSCEPTIBILITY OF THE 
SPANISH PEAKS IGNEOUS COMPLEX, 
SOUTH-CENTRAL COLORADO: IMPLICA-
TIONS FOR THE NORTH AMERICAN MID-
CENOZOIC REFERENCE PALEOMAGNET-
IC POLE AND MAGMA EMPLACEMENT 
MECHANISMS, by Scott R. Muggleton, 2006, 
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M.S. thesis, Department of Earth and Planetary 
Sciences, University of New Mexico, Albu-
querque, New Mexico 87131, 195 pp.

The late Eocene to earliest Miocene Spanish 
Peaks igneous complex, south-central Colorado, 
includes numerous discrete intrusions, with 
considerable temporal, spatial, and chemical 
variations. Chapter one investigates the nature 
of North America’s geomagnetic field during 
the late Oligocene to early Miocene. Intrusions 
were collected at 151 sites with 127 sites of dual 
polarity (N=61 normal, N=38 reverse) yielding 
highest quality demagnetization and internally 
consistent directional data. Rock magnetic data 
and field-based contact tests indicate a geologi-
cally stable characteristic magnetization was 
acquired during initial emplacement and cooling 
and is carried by a moderate to low coercivity 
magnetic phase. A VGP grand mean is (80.4°N, 
303.1°E, A95=2.9°, K=25, ASD=16.1°), and this 
result deviates, in an eastward sense, from previ-
ously reported estimates of a mid-Cenozoic (ca. 
40–20 Ma) paleopole for North America. Plau-
sible explanations for this discrepancy include 
(1) long-term, non-dipolar field components, (2) 
inadequate averaging of paleosecular variation, 
and (3) a very slight, yet uniform deformation 
of the area after remanence acquisition. Because 
of the sparseness of absolute age determinations 
for these rocks, it is possible that the number of 
independent field samplings may be consider-
ably less than the actual number of discrete 
intrusions sampled. If this is the case, then our 
dataset may not fully represent the behavior of 
the late Oligocene to earliest Miocene magnetic 
field. Chapter two investigates magma flow 
paths of different intrusions using anisotropy of 
magnetic susceptibility (AMS) methods. Mag-
netic fabric data (used as a proxy for estimating 
the direction of magma flow) have been obtained 
from 128 sites. Internally consistent and interpre-
table data were obtained from 104 sites, with an 
average bulk susceptibility value of 53 x 10-3 SI, 
which is typical of rocks where a ferrimagnetic 
phase controls the susceptibility. Overall, AMS 
fabrics are demonstrably magma flow related in 
about 50% of the dikes. Incomplete sampling of 
opposing dike margin material presently hin-
ders a more detailed and statistically significant 
determination of unique magma flow directions 
for different dike exposures. Data from the mar-
gins of two east-west trending dikes permit a 
cursory assessment of a flow direction that is 
consistent with east to west directed, sub-hori-
zontal flow.

HOLOCENE CHARCOAL-BASED ALLUVIAL 
FIRE CHRONOLOGY AND GEOMORPHIC 
IMPLICATIONS IN CABALLERO CAN-
YON, SACRAMENTO MOUNTAINS, NEW 
MEXICO, by Jennifer New, 2007, M.S. thesis, 
Department of Earth and Planetary Sciences, 
University of New Mexico, Albuquerque, New 
Mexico 87131, 61 pp.

Caballero Canyon is a 15.7 km2, steep, west-
draining watershed in the Sacramento Moun-
tains. The high-relief nature of the watershed 
has the potential to enhance the geomorphic 
sensitivity and heighten the response to pertur-
bations such as fire. The watershed is dominated 
by ponderosa pine and mixed conifer forests 
with scattered stands of Gambel oak (Quercus 
gambelii). It has been hypothesized that these 
dense stands of oak were established after stand-
replacing fire events. These oak brushfields may 
have filled openings created by such fires and, 
once established, repeatedly experienced severe 

stand-replacing fire events. Because charcoal 
preserves cell structures unique to families or 
species of woody vegetation, charcoal fragments 
from the alluvial deposits and soil pits dug in 
Gambel oak stands were identified to address 
this issue. Nearly 70% of the charcoal identified 
in the alluvium and 80% of the charcoal from soil 
pits were from conifer wood. Therefore stand-
replacing fires in this area occur primarily in 
conifer-dominated forests.

Alluvial valley fill deposits in Caballero Can-
yon contain fire-related deposits identified by 
their sedimentary characteristics and by high 
concentrations of charcoal. Fragments of char-
coal from these deposits were radiocarbon dated, 
revealing patterns in fire-induced sedimentation 
activity for the last 2,800 yrs. Both high-severity 
and lower-severity fires characterize the record 
from 2,800 yr b.p. to 1,300 cal yr b.p. A 300-yr 
hiatus in fire-induced sedimentation activity fol-
lows this period and in turn is abruptly termi-
nated at 1,000 yr b.p. by a spike in probability of 
fire-induced events. This spike corresponds to a 
time in climate proxy records with elevated tem-
peratures and episodes of severe multidecadal 
drought, commonly referred to as the Medieval 
Warm Period. There are no fire-related sedimen-
tation events during the last 300 yrs, corrobo-
rating tree-ring evidence that fire regimes just 
before Euro-American settlement were dominat-
ed by low-severity fires. This period, however, is 
anomalous when examined in the context of the 
late Holocene record. 

HYDROGEOCHEMISTRY OF CO2–RICH 
MINERAL SPRINGS: IMPLICATIONS FOR 
TECTONICS AND MICROBIOLOGY, by 
Dennis L. Newell, 2006, Ph.D. hybrid disserta-
tion, Department of Earth and Planetary Sci-
ences, University of New Mexico, Albuquer-
que, New Mexico 87131, 154 pp.

Chapter 1—Continental-scale links between the 
mantle and groundwater systems of the Western 
United States: evidence from travertine springs 
and regional He isotope data, by Dennis L. New-
ell, Laura J. Crossey, Karl E. Karlstrom, Tobias P. 
Fischer, and David R. Hilton, 2005: GSA Today, 
v. 15, no. 12, pp. 4–10.
Chapter 2—Plio–Pleistocene incision history of 
the Rio Ojo Caliente, northern Española basin, 
and overview of the Rio Grande system in north-
ern New Mexico, by Dennis L. Newell, Dan Kon-
ing, Karl E. Karlstrom, Laura J. Crossey, and M. 
Dillon, 2004; in Brister, Brian S., Bauer, Paul W., 
Read, Adam S., and Lueth, Virgil W. (eds.), Geol-
ogy of the Taos region: New Mexico Geological 
Society, Guidebook 55, pp. 121–134.
Chapter 4—Geomicrobiology and geochemistry 
of mineral springs in the Rio Grande rift, New 
Mexico.

Geochemical and microbiological investiga-
tions at mineral springs in the Rio Grande rift 
of New Mexico were conducted to test the link 
between microbial community structure and 
geochemistry. Gas and water chemistry was 
used to calculate the in situ ∆G of reaction for 
a suite of chemical reactions used by the major 
groups of chemolithotrophic microorganisms. 
Microbial community was investigated using 
Polymerase Chain Reaction–Denaturing Gradi-
ent Gel Electrophoresis (PCR–DGGE) on repre-
sentative spring water samples. Based on Gibbs 
free energy of reaction calculations using spring 
water chemistry, the knallgas reaction (hydro-
gen oxidation) and nitrate reduction provide the 
most energy per electron transferred, but energy 
is also available from methane oxidation, sulfide 

oxidation, Fe oxidation, Fe reduction, sulfate 
reduction, and methanogenesis. The amount of 
available energy for the reactions is independent 
of the temperature and pH ranges observed, 
and is controlled by electron donor concentra-
tion (activity). Variability microbial community 
composition is predicted on the basis of PCR–
DGGE. Variability in community structure and 
the distribution of available energy based on ter-
minal electron accepting processes (TEAPs) that 
microbial groups could utilize are qualitatively 
linked but data sets are insufficient for statistical 
comparisons.

NEW STRATIGRAPHY, POLYPHASE DEFOR-
MATIONAL HISTORY AND BASEMENT-
INVOLVED THRUST BELT MODEL FOR 
THE PROTEROZOIC UNCOMPAHGRE 
GROUP AND VALLECITO CONGLOM-
ERATE, by Austin Zinsser, 2006, M.S. thesis, 
Department of Earth and Planetary Sciences, 
University of New Mexico, Albuquerque, New 
Mexico 87131, 54 pp.

The nature and timing of deposition and defor-
mation of siliciclastic metasedimentary cover 
sequences in the southwestern U.S. is important 
for understanding Paleoproterozoic and Meso-
proterozoic tectonism in the context of crustal 
accretionary episodes. These thick, ultramature 
siliciclastic successions are important orogenic 
pulses. Their tectonic connections to these oro-
genic events remain an important issue. New 
geologic mapping and structural analysis of the 
siliciclastic Uncompahgre Group and the Val-
lecito Conglomerate in the Needle Mountains, 
southwestern Colorado, provide insight into the 
depositional and deformational history of one of 
the best exposed of these Paleoproterozoic cover 
successions. This study documents a gradational 
contact between the basal Vallecito Conglomer-
ate and the overlying Uncompahgre Group and 
offers a transgressive depositional model for 
regional basin evolution. This new stratigraphic 
connection also helps elucidate deformational 
geometry. Structural analysis indicates that the 
two cover units underwent a similar polyphase 
deformation sequence involving D1 north-direct-
ed thrusting, D2 macroscopic folding associated 
with south-directed thrusting, and D3 macro-
scopic folding associated with moderate T-P 
metamorphism of ~500°C and 2–3 kbars. The 
succession is interpreted to be ~1.70 Ga based 
on new detrital zircon data. D1 thrusting is inter-
preted to be related to the Mazatzal orogeny and 
resulted in formation of a basal thrust shear zone 
at the basement-cover contact and duplexing of 
basement and cover. D2 deformation, the main 
folding event in the quartzites, is interpreted to be 
synchronous with andalusite growth throughout 
the area but is undated and could be related to 
either ~1.65 and/or ~1.44 Ga events. This event 
is associated with ~50% shortening of the cover 
sequence via south-vergent folding and south-
directed shearing. D3 deformation is interpreted 
to be temporally related to 1.44 Ga plutonism and 
resulted in doming and broad refolding of earli-
er structures. This structural synthesis reconciles 
previous models by reinforcing some aspects of 
each: early north-directed thrusting and multiple 
shear directions, south-directed shear zones and 
related macroscopic folds as the main structural 
elements of the Uncompahgre synclinorium, 
partial basement-cover detachment, and base-
ment-cored thrust duplexes. Our interpretations 
do not strongly support the previous cuspate-
lobate basement-cover infolding model.


