EXAS STATE
DOCUMENTS COLLECTION

TxD
7 UA200.6 N4TT No.hd

C‘/"VO
I-CIRCU )“ S, S,
{ON-CIRCULATING .

No. 41
September 1991
Austin, Texas

vur e uer. LIBRARIFS 76203



Dmwt® oy 1 © 1994



FACULTY SUPPORT

$ Hal P. Bybee Memorial Fund (travel, research)

$ Energy & Mineral Resources Fund

3 Faculty Endowments

$ Miss Effie Graves Memorial Fund

) Geohydrology and Engineering Geology
Research Fund

$ Carolyn G. & G. Moses Knebel Fund

3 Wann & Marietta Langston Vertebrate Paleo. Fund

3 Jack K. Larsen — Mesa Petroleum Co.
Fund in Sedimentary Geology

3 Structural Geology and Tectonics Fund

SPECIAL NEEDS

$__ Alumni Newsletter

3 S.P. Ellison Jr. Fund (alumni activities)

$ J. Ben Carsey Sr. Special Maintenance Fund
(equipment)

$ J. Donald Langston Special Operations Fund
(equipment)

$ Tabin International Geol. Map Collection

$ Glenn & Martha Vargas Endowment for Gems
and Gem Minerals Instruction

$ J. C. Jr. & Elizabeth C. Walter Geology Library

$ E. A. Wendlandt Book Fund

$ F. L. Whitney Memorial Book Fund

:
;

Bloomer Fund for Motivated Students

W. F. Bowman Endowed Presidential Scholarship

Brahman Energy Scholarship

Jesse L. Brundrett Memorial Endowed
Presidential Scholarship

Thomas M. Burke Student Job Program

Hal H. Bybee Mamorial Scholarship

Dorothy Ogden Carsey Memorial Fund

S. E. Clabaugh Fund in Hard-Rock Geology

W. Kenley Clark Memorial Endowed
Presidential Scholarship

R. H. Cuyler Endowed Presidential Scholarship

Ronald K. DeFord Field Scholarship Fund

Michael Bruce Duchin Memorial Endowed
Presidential Scholarship

Graduate Student Executive Comm. Fund

Guy E. Green Endowed Presidential Scholarship

Karl F. Hagemeier Jr. Memorial Endowed
Presidential Scholarship

F. Earl Ingerson Grad. Research Assistance Fund

Howard R. Lowe Fund in Vertebrate Paleontology

J. Hoover Mackin Memorial Fund

J.H. & Lujza P. McCammon Scholarship Fund

Mr. & Mis. L. F. McCollum Scholarship Fund
F. W. Michaux Scholarship Fund
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Wes Ogden Memorial Scholarship
in Geophysics
Pennzoil/Pogo/Wm. E. Gipson Scholarship Fund
0. S. Petty Geophysical Fund
Mr. & Mis. L. E. Scherck Scholarship Fund
F. W. Simonds Endowed Presidential Scholarship
H. Tod Sutherland Memorial Scholarship Fund
David 8. Thayer Memorial Fund
Udden Memorial Fund
Undergraduate Science Enrichment Program -
Geological Sciences
Glenn & Martha Vargas Scholarship in Gemology
Amo P. Wendler Professional Development Fund
F. L. Whitney Endowed Presidential Scholarship
Charles E. Yager Field Scholarship Fund
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If your company has a matching program,
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We will handle the rest!

Continued support of The Geology Foundation means excellence in our Department.
The students, faculty, and Geology Foundation Advisory Council solicit your support.
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Please distribute my gift as shown on opposite side.
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would ke to Introduce our 1990-91 Department
of Geological Sciences Newsletter by giving you
a few highlights of the contents. Our "Research
Report” section allows individual faculty
members and research scientists to speak
personally in sorve detall, about thelr research
and teaching interests. The “Research Report”
describes an impressive variety of studies,
sponeored projects, and research faciities and
serves as excellent publicity for the Department
ameng prospective graduate students, prospective
facutty, and funding agercies, In addition to serving
as a regort to the aurmi,

The “Student Activities” section reviews

the teaching, field camp, research activities,
and awards of undergraduate and gracuste
students. In addition, you will find a report on
the activities in our placerment program, which
attracted over 20 comparies to the
Department to interview our students for
both summer and career employment. We have
established a separate placement office, which
i5 codocated with the gem and mineral displays.
The placement office, prominently located on
the first floor, serves to put the career
opportunities on display for both our own
majors, and for those non-majors who enter
the building to take the introductory classes
taught in Room 100, our large lecture hall

Letter from the Chainman

We have continued our tradition of reporting on
the personal news; travels, and activities of the
faculty and staff in our “Department News™
section There is also rews of Frofessor Peter
Cobvold from Rennes, France, who served as a
temporary occupant of the Getty Chair, and
the arnourcement of 2 new assistant professor
who will join the Department in 1992, The
"Geology Foundation” section reports on the
Advisory Council menbership, and gives a
summary of the programs of this unigue
resource for the Department. Finally, the
“Alumni News” section allows you to cateh up on
the activities of your friends.

To conclude my introduction, | present. a list of
long-term goals for the Department which was
prepared during this academic year by a
committee of the Taculty, in consultation with
the Chairman, the Director of the Geology
Foundation, and the Chairman of the Advisory
Courcil. These goals describe both the educa-
tional ob jectives of our program and the
requirements and strategies for achieving
them, and were endorsed by the Geology
Foundation Advisory Council at their April
meeting. These goals will serve as guidance for
e in my continled service as Chairmar, and
should give you an indication of our future reeds
and directions.

Clark B. Wilson
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Department of Geological Sciences

Facility Goals

The Institute for Geophysics, established in Austin in
1981, is an important educational resource for the
Department of Geological Sciences. A physical
locationinrenfed office space roughly 8 miles fromthe
main campus creates an unwanted barrier between
the Depariment and the Institute.

Goal: Bring the Institute for Geophysics to
the main campus to provide a more dynamic
and stimulating environment for faculty, sci-
entists, and students.

Long-Term Requirements: About 35,000
net square feet.

Short-Term Action: Better coordination of
Department and Institute programs through: es-
tablishment of various joint committees; user-
"ransparent” computer system link; Institute sup-
port of or?:\],nized instruction via computer hard-
ware, software, and computer work-room  re-
sources. Proceed with design for building oddi-
fion, and seek Administration approval and sup-
port for the plans.

Graduate students in the Department are expected fo
become the professional colleagues of the faculty.
This aspect of our program is beyond the organized
insfruction and research components, and its require-
ments merit special note:

Goal: Support the graduate student population
with adequate office and laboratory space and a
hysical environment that promotes interaction
Eetween faculty and students.
Long-Term Requirements: About 10,000
net square feet .
Short-Term Action: Low-cost modifications to
some existing space fo create addifional gradu-
atestudent office and research areas; refurbish-
ment of student lounge areas; better uses for
existing space; completion of core study labora-
tory; continued enrichmentof microcomputer and
computer facilities.

The Watter Geology Library contains one of the finest
collections of geologically related books and maps in
the world. However, the Library is a living organism,
not simply a repository, and its confinued health
requires both financial resources and physical space.

Goal: Expand the library book, map, and

reading room space and collections.

Long-Term Requirements: About
10,000 net square feet, and increases in
library endowments.

Short-Term Action: Provide additional sup-
port from Geology Foundation unrestricted funds
as emergen?/ reliefto prevent cancellation of key
journals and selective acquisition of new jour-
nals and research moteri(js; seek support grom
industrial users of the Library; insmffD compact
shelving to relieve crowding; perform low-cost
refurbishment of the “back room” to provide
additional reading-room space.

As the geological sciences have become more
quantitative, the Department has built an impressive
collection of analytical facilifies for rock and water
analysis. However, the pace of modern analyfical
technique and instrument development is rapid;
hence, the pace of insfrument obsolescence and
facility decline is rapid, as well.

Goal: Maintain rock and water analytical facili-
ties at the forefront of the science.

Long-Term Requirements: Likely needs in-
clude new XRay fluorescence, ArAr, and CO»
analysis focilifies. Partial capital equipment and
mainfenance costs to be met by increasing asso-
ciated endowments.

Short-Term Action: Confinue to seek outside
support from NSF, DOE, and other agencies,
with matching funds from University, Founda-
tion, and industrial sources. Maintain revolving
funds to encourage selfsupport for various ana-
lytical facilities, with backup support from Foun-
dation endowed accounts as needed for major
repairs and improvements.

Teaching Goals

Introductory geological sciences classes enrich
the University as a whole, and are influential in
attracting new majors fo the Department. All of
our classes involve both lecture and discussion or
laboratory sessions, and the high quality of our
offerings is a reflection of both faculty and
graduate teaching assistant efforts.
Goal: Mainfain teaching excellence in intro-
ductory classes to atiract outstanding young
people to the earth sciences, as well as to
confribute to the undergraduate experience for
all students at the University.

&

} Institute for Geophysics
} Graduate
> Walter Geology Library

Students

> Research Equipment
> Introductory Classes
»Sfudent Recruitment
» Computer Expansion
> Communication Skills

’ Program
> Research Development

Strengths



Requirements: Incentives to faculty for teach-
ing infroductory classes, and recognition of
excellence inteaching among faculty and gradu-
atestudent teaching assistants.

Short-Term Action: Establish a special teach-
ing award for excellence in the instruction of
infroductory geological sciences courses. Con-
tinue offering a feaching award for excellence
among grc:guate teaching assistants which was
established by a contribution from Amoco in 90-
?1. Continue instruction on pedagogy and local
geology for new graduate students.

The Department has been largely successful in aftract-
ing excellent ci;]rcn(:lucﬂe students and in maintaining a
vigorous undergraduate program. However, in
recenttimes ofdeclining or lowenrollments, continued
aftention fo the recruitment of graduate and under-
graduate maijors is required.

Goal: Attractthe best students and researchers
to study here at the undergraduate, graduate,
and postgraduate level.
Requirements: Scholarship and fellow-
ship support for stipends, field work, and
unrestricted funds to recruit prospective stu-
dents and postdoctoral fellows. Increase
endowed student support funds.
Short-Term Action: A Department outreach
committee has been established to coordinate
communication withlocal schools and precollege
students. A Department placement office has
been esfablished, supported in part by confribu-
fions from companies which recruit ot UT, to
coordinate recruifing and to advertise career
opportunities in the geological sciences to Depart-
ment majors, and to non-majors as well. Scholar-
ship awardee names and pLofogrcphs are now
Erominenﬂy disp!oE:ed in cases outside the lecture
all. Recruiting of the most promising prospective
graduate students now includes support for on-
campus visits in the spring. Seek postdoctoral
support from external sources, with Foundafion
supplements as needed.

Computers are now a universal tool of scientists,

and development of their role in the Department

deserves special aftention.
Goal: Incorporate computers into teaching and
research activities at all levels.
Requirements: An inferactive desk-top net-
work for graduate students and faculty, ex-

ansion of student computer labs, and the

Eiring of a systems-analyst staff member to
oversee the system.
Shori-Term Action: A Geology Building com-
puter network is virtually complete, linking almost
all faculty and student offices via AppleTalk, with
connections to the campus-wide Ethemet. A Sun-
based sysfem is essentially complete and will be
supported by a revolving fund, with system sup-
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port handled through the Insfitute for Geophysics.
Eight Macintosh Il computers were purchased
with supportfrom the College of Natural Sciences
forinstallation and use in infroductory course labs;
software acquisition and uses are under development.
The Department recognizes the importance of verbal
and written communication skills as part of the
development of professional earth scientists.
Goal: Improve the qudlity of speaking and
writing 5|<|'|E among our students.
Requirements: Integrate writing and speaking
assignments into all classes, and employ micro-
computers to learn effective writing skills.
Short-Term Action: Microcomputerswithword-
processing software are available to students
enrolled in classes, by checking out keys from the
Geology Library; continue opportunities for public
presentations by graduate students in TecEniccl
Sessions, Hard Rock, Soft Rock , Hydrogeology,
and Sequence Stratigraphy seminars.

Research Goals

The Department maintains and is committed fo a first
class program in the earth sciences.

Goal: Solidify and broaden the sfrengths of the
Department in various research areas.
Requirements: Contfinued hiring of out
standing faculty who study problems such as
the interplay of temperature, pressure, and
time in geologic processes, basin evolution,
and roc?oﬂuid inferactions. Foundation sup-
port to assist faculty recruiting through in-
creases in endowments of chairs, prof%ssor—
ships, and teaching fellowships.
Short-Term Action: Continue existing re-
cruiting efforts, as permitted by the University
administration.

The Department maintains a broad base of
funded research from federal and industrial
sources, but the Geology Foundation represents
an important resource%or enrichment and inno-
vation to launch new directions of research.

Goal: Toke new research initiatives even when
external funding is not immediately available.
Requirements: Foundation support for seed-
ing new ideas rapidly by increasing various
curriculum enrichment KmJ endowments. Addi-
fional endowments to provide for Foundation
administration, thereby freeing additional unre-
stricted funds which are currently expended for
Foundation staff salaries.
Short-Term Action: Continued support for
groduute students and faculty research programs
omvarious Foundafion resources, with appropri-
ate incentives for securing outside funding.

44444 ddddddddddddddd
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THIN-SECTION LABORATORY

The automated, high-precision, Logitech LP30 Production Lapping
and Optical Polishing Machine is used to prepare polished-rock thin
sections for petrographic, microprobe, and fluid-inclusion analysis. A
separate, fullyequipped thin-sectionlaboratoryisavailable forgeneral
use by students. Gregory Thompson, technical assistant, oversees
these facilities.

CATHODOLUMINESCENCE MICROSCOPE

The TechnosynLuminoscopeis used toinduce cathodoluminescence
that enables recognition of cryptic cementation and chemical zona-
tion patterns in many carbonate rocks, siliceous cements, and some
ore deposits. Earle F. McBride, professor, oversees this facility.

FLUID-INCLUSION LABORATORY

This laboratory contains a USGS-type gas-flow stage for rapid, high-
precision measurements of the freezing and homogenization tem-
peratures of fluid inclusions. The microscope is also equipped for
Auorescence petrography. A video camera and monitor are used to
display and record the behavior of the inclusions in minerals. Richard
Kyle, professor, oversees this laboratory.

X-RAY DIFFRACTION LABORATORY

The Rigaku X-ray Diffractometeris used to identify minerals in finely
crystalline rocks. The machine is equipped with a 42-position sample
changer and a microprocessor for automated collection of X-ray
diffractograms. William D. Carlson, professor, and Sally Sutton,
research associate, oversee this facility.

SCANNING-ELECTRON MICROSCOPE

AJEOLT-330A scanning-electronmicroscopeis capable ofsecondary
and backscattered electron imaging and cathodoluminescence
imaging. Magnifications of 100,000X or more are possible and a
Tracor Northem Energy Dispersive Spectrometer provides qualita-
tive analysis capability. Sally Sutton, research associate, oversees
this facility.

ELECTRON MICROPROBE

The JEOL-733 Superprobe with Tracor Northemn automation is
used to make quantitative analyses of micron-sized areas of
minerals to study compositional gradients and proportions in
complex intergrowths. Sally Sutton, research associate, oversees

this facility.

INDUCTIVELY COUPLED PLASMASPECTROMETER

The Jobin-Yvon 70Y Inductively Coupled Plasma Spectrometer is
used for a wide range of major-element, trace-element, and rare-
earth—element analysis of dissolved rocks and waters. Up to 38
elements may be analyzed at a time. Scott Thieben, analytical
chemist, supervises and operates this facility.

IMAGE PROCESSING LAB

This lab, operated by Tim Rowe, has computer imaging tools
for manipulating and producing high resolution digital images on
both the Macintosh and IBM platforms. The facility can digitize
images directly from petrographic and stereo microscopes, and
from our scanning electron microscope. It can also digitize images
directly from 35mm film, X-radiographs, photographs, published
images (maps, photos, diagrams), and video tapes. A wide range
of software permits labeling, editing, and reprinting of images on
film or hardcopy.
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ATOMIC ABSORPTION
SPECTROMETER

The Perkin-Elmer Atomic Absorption Spec-
trometer is used for chemical analysis of sedi-
mentaryandmetamorphicrocks, minerals, brines,
andwaters. Scott Thieben, analytical chemist, super-
vises and operates this facility.

MINERAL SEPARATION FACILITIES

Two rock crushers, two pulverizers, two Rodgers tables, four Frantz
magnetic separators, a mica table, and an array of heavy-liquid
separatory funnels are available for the separation of minerals from
rocks.

ULTRACLEAN LABORATORY FOR Pb-ISOTOPIC GEO-
CHRONOLOGY

The ultraclean laboratory is designed for the preparation of rock and
mineral samples for geochronologic and isotopic investigations.
Accurate determination of the isotopic composition of 1-nanogram
samples of Pb from zircon crystals is possible in this laboratory. This
facility is maintained under the direction of Nick Walker, assistant
professor.

FISSION-TRACK THERMOCHRONOLOGYLABORATORY
AZeiss Axioskop microscope with specially combined reflected and
transmitted optics and computer-automated stage is used for apatite
thermal-history analysis of sediments and granitic basement rocks.
The fission-track thermochronology facility is under the direction of
Mark Cloos, associate professor.

SOLID-SOURCE MASS SPECTROMETER FOR ISOTOPIC
STUDIES

The Finnigan-Mat 7-collector, 13-sample solid-source mass spec-
trometer is designed for use in a wide range of U-Pb, Rb-Sr, Sm-Nd,
and other isotopic investigations of igneous, metamorphic, and
sedimentary rocks. Nick Walker, assistant professor, is the director of

this facility.

MASS SPECTROMETER FOR K-AR GEOCHRONOLOGY
Ar-isotopicanalysis is done ona gas-source mass spectrometeras part
of the procedure for K-Ar dating. Fred McDowell, research scientist,
is the director of this facility.

STABLE-ISOTOPE LABORATORY

Asystemofextractionlines foranalysis of carbonand oxygenisotopes
from carbonate and silicate minerals and rocks is designed to prepare
samples for analysis on a Nuclide gas-source mass spectrometer.
Lynton Land, professor, is the director of this facility.

B S N [[[=N Research Report =NSS2 S EEANINSESTANN—
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IMAGE ANALYSIS AND

/ COMPUTER FACILITIES

21/ The departmental computer facilities include

anEvans-Sutherland graphics terminal and sev-

eralimage-analysis systems for color display and

g analysis of maps, microfossil and vertebrate shapes,

NG seismic sections and petrographic thin sections. A com-

puter laboratory containing Apple, [BM, MicroVAX, and

SUN 3 and 4 machines is available for general use. A CRAY-YMP

Supercomputer is available on campus with seismic reflection data-
processing software.

PALEOMAGNETIC LABORATORY
The primary instrument is a two-component cryogenic magneto-
meter, interfaced with a computer. Magnetic cleaning is accom-
plished by either altemating field or thermal demagnetization. These
three instuments are housed inside a magnetically shielded room (2-
stage p-metal). Additional instruments include two susceptibility
meters, a 10 Koe electromagnet, and a spinner magnetometer. Wulf
Gose, research scientist, oversees this facility.

EXPERIMENTAL SEDIMENTOLOGY LABORATORY
The laboratory houses a wind tunnel and flume, both 1 m* x 8 m, for
study of flow, grain transport, and sedimentary structures. Field equip-
ment includes a balloon-carried tethersonde system for atmospheric
profiling, avariety ofanemometersandvanes, anelectronictacheometer,
coring equipment, and instrument-equipped model dunes for airflow
studies. Gary Kocurek, professor, oversees this facility.

EXPERIMENTAL PETROLOGY LABORATORY
Principal features are a cold-seal hydrothermal system, four high-
temperature platinum-wound quench fumaces and four conven-
tional-element furaces, a gas-mixing system with oxygen sensor cell
for one-atmosphere experiments at controlled oxygen fugacity, aux-
iliary equipment for sample preparation and analysis, and research-
quality petrographic microscopes equipped with complete auto-
mated photographic equipment. A rapid-quench argon-pressure
cold-sealhydrothermal systemisnearly complete. William D. Carlson,
professor, supervises this facility.

MICROPALEONTOLOGY LABORATORY
Thisisa fullyequipped processinglaboratory with five washing sinks,
layout tables, two ovens, large heating table, slabbing saw, and
ultrasoniccleaner. The micropaleontology teaching facility isadjacent
to the processing lab and contains 20 work stations with stereomicro-
scopesandilluminators. Anextensive collection of processed residues
fromaround the world is available forteaching and research purposes.
Martin B. Lagoe, associate professor, oversees this facility.

\
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AIR-ABRASIVE MACHINE
The S. S. White-Pennwalt air-abrasive machine is used to excavate
and clean fossil specimens before study, using dolomite powder for
harder matrix and sodium bicarbonate powder for softer matrix.
James Sprinkle, professor, oversees this equipment.

HYDROGEOLOGY LABORATORY
The lab houses much of the geophysical and geochemical field
equipment, including stream-gauging equipment and earth-resistiv-
ity and seismic units, gravity meter and magnetometer and has
counterspace forpreliminary chemical analysesandlabpermeameters.
John M. Sharp Jr., professor, supervises this facility.

AQUEOUS GEOCHEMISTRY LABORATORY
This facility includes a Waters Ion Chromatograph for the determina-
tion of inorganic ions in water, and a Waters HPLC for precision
organic analyses in liquid samples. In addition, there is a Dohrmann
DC180/183 carbonanalyzer forthe determination of total, dissolved,
and purgeable carboninwatersand sediment,andaBET Sorptometer
for measuring the surface area of solids. Experimental apparatus for
measuring the kinetics of mineral dissolution in water by batch,
column, and fluidized bed reactor are also available. This lab is under
the direction of Philip Bennett, assistant professor.

VERTEBRATE PALEONTOLOGY AND
RADIOCARBON LABORATORIES
These labs are a research facility for faculty, staff, and students
working with fossil vertebrates and geochronologic and geochemical
problems requiring radiocarbon dates. The Vertebrate Paleontology
Laboratory maintains a collection of more than 165,000 vertebrate
fossilsand more than5,000skeletons of modemvertebrateswhichare
on an electronic data-base system. The Radiocarbon Laboratory is
equippedwith fourliquid scintillation countersand extensive facilities
for sample preparation. Sam Valastro oversees the Radiocarbon
Laboratory. Both facilities are under the overall direction of Emest
Lundelius Jr., professor.

CLEAN LABORATORY FOR ISOTOPE AND TRACE-
ELEMENT GEOCHEMISTRY
This laboratory, to be completed in the Summer of 1991, will house
facilities for preparing rock, mineral, and water samples for trace-
element isotope dilution analysis and isotope composition analysis,
using the Department’s thermal ionization mass spectrometer. The
focus of research in this laboratory will be the processes of fluid-rock
interaction in sedimentary and hydrologic systems. Jay Banner,
assistant professor, oversees this facility.

GLOBAL POSITIONING SYSTEM RECEIVERS
The Department, the Institute for Geophysics, and the Center for
Space Research jointly own two Trimble 4000 SST dual frequency
receivers, one Texas Instruments 4100 receiver, and associated field
equipment for high-precision geodetic studies.

LABORATORY FOR REPRODUCING MAPS AND PHOTOS
Inthis facility, enlargements and reductions can be done on the 8-foot-
long reflecting projector table. The device is capable of enlargements
upto4.5Xand reductionsdownto0.22X, withless than 1% distortion
at the edges. Superposition of stereophotographs and topographic
maps can be done on the Stereo Zoom Scope. Scale matching in the
range of 0.15X to 23X is possible. Mark Cloos, associate professor,
oversees this facility.
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Milo M. Backus

Ihave beeninvolved in exploration geophysics since 1956.
I teach undergraduate courses in geophysical data processing
and geophysical data interpretation. My recent graduate
courses include geophysical data-modeling and inversion, and
seismic lithology. | have been working to make friendly
microcomputers a routine student tool in his courses.

My students and I continue the quest for a reasonable
earth model to reproduce the observations, wherein the obser-
vations consist of modern 3D marine seismic data plus wireline
log data, and the earth model consists of a 3-D model of stratal
geometry and rock properties. Two commercial seismic data
sets collected over offshore Tertiary oil and gas fields consti-
tute the main focus of research (Figs. 1 and 2). AUTIG 3-D data
set collected on offshore Costa Rica is also a subject of study.

Theoretical and synthetic studies of the sensitivity and
ambiguity of offset dependent seismic reflectivity data are
directed toward the appropriate comprehension of the
smoothed velocity model, and the complications of transverse
isotropy, in the linearized inversion of seismic reflection data.
Studies on the real data sets have been directed toward the
reproduction of travel time data, including the first arrivals
(Fig. 2) and reflection arrival time data. Further work involving
full-waveform inversion of the real data is in progress.

Figure 1. Time slice (1.5 sec) from Gulf of Mexico salt-dome data set.

PR S I[N Research Report =X\ 2 NS 7N

September 1991

Exploration geophysics; geophysical data processing and interpretation

Professor and Shell Companies Foundation Distinguished Chair in Geophysics
PhD—1956, Massachusetts Institute of Technology

Itis fairly clear that a diverse set of observational data, plus
a reasonably tight (either explicitly or implicitly) specification
of statistical expectations in multidimensional real and param-
eter space is critical for the reduction of earth model ambigu-
ity. Future research will include attempts to improve on the
use of expectations, both through data analysis, and through
a more natural coupling between the interpreter and the data
titting process.
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Figure 2. Offshore area 1 variable-intensity display of first arrival
time residuals in midpoint-offset space. Note hyperbolic delay time
residuals resulting from shallow gas ar 200 meters (A) and 120 meters;
(B) from “Diving wave tomography,” by James Simmons and Milo M.
Backus (to be published in Geophysics).
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frequency velocities in linearized least-squares inversion:
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Jay Banner

My research and teaching interests encompass the fields
of carbonate petrology, diagenesis, groundwater evolution,
and isotope and trace-element geochemistry. These subjects
have been addressed through the integration of field, petro-
graphic, analytical and modeling techniques to unravel the
water-rock interaction history of modern and ancient carbon-
ate sediments and groundwaters from active flow systems.
During 1990, my first year at the University, I taught graduate
courses in biogenic and evaporite depositional systems and
sedimentary geochemistry, and our undergraduate offering of
depositional processes.

A common theme of my recent research has been the
development and application of quantitative models for deter-
mining the simultaneous variations in a range of isotopic and
trace-element parameters that occur during water-rock inter-
action in a variety of systems. These geochemical parameters
include H, O, C, Sr, Nd, U and Th isotopes and rare-earth
elements. Through the use of calculations that simulate the
dissolution-recrystallization of aquifer minerals, models for
the origin and evolution of diagenetic carbonates or
groundwaters can be constrained by comparison of measure-
ments on natural samples with model calculations. The utility
of the method lies in the elucidation of the different extents of
water-rock interaction that are required to alter the different
isotopic systems considered, as illustrated in the figure. As
applied to problems of carbonate diagenesis, the calculations
can be used to distinguish between models involving different
diagenetic fluids and different processes such as water-rock
interaction, fluid mixing, and mixing of mineral end-members.

A range of isotopic and modeling techniques has also been
applied to a study of saline groundwaters in Paleozoic aquifers
in central Missouri. In conjunction with hydrologic models
and regional geochemical data, the isotopic data are indicative
of a large-scale flow system, involving far-traveled meteoric
recharge, halite dissolution in the subsurface of Kansas, and
interaction with predominantly silicate mineral assemblages.
Final migration through Paleozoic carbonates in Missouri was
accompanied by extensive mixing with dilute local recharge
and limited water-rock interaction. Uranium isotopic mea-
surements on the waters, using recently developed sampling
and mass spectrometric techniques, are used as a sensitive
indicator of limited extents of elemental exchange in this
water-rock system.

A clean laboratory for isotope geochemistry is currently
under construction in the Geology Building. This laboratory
will enable the analysis of the concentration and isotopic
composition of trace elements in small rock, mineral, and
water samples in a low-contamination environment.

Carbonates; water-rock interaction; isotope geochemistry

Assistant Professor and Dave P. Carlton Centennial Teaching Fellow in Geology,
PhD—1986, State University of New York at Stony Brook

New fields of interest include: 1) the petrologic and geo-
chemical examination of minor non-carbonate diagenetic
phases in carbonate sequences as indicators of diagenetic fluid
chemistry, 2) a larger scale examination of the Paleozoic
aquifer system in the mid-continent as a means of further
evaluating the preliminary hydrologic and geochemical mod-
els, and 3) the use of U-series disequilibria to examine the
timing and nature of processes of carbonate deposition, dia-

genesis, and hydrology in Pleistocene coral-reef terraces on
Barbados, West Indies.

Selected Publications:

Banner, J. L., and Hanson, G. N., 1990, Calculation of simulta-
neous isotopic and trace-element variations during water-
rock interaction with applications to carbonate diagen-
esis: Geochimica et Cosmochimica Acta, v. 54, p. 3123-3137.

Banner, ]. L. Wasserburgé G.]J., Chen,]. H., and Moore, C. H.,,
1990, 234(y.238y).230T}-232Th systematics in saline
groundwaters from central Missouri: Earth and Planetary
Science Letters, v. 101, p. 296-312.

Banner, J. L., Wasserburg, C. J., Chen, ]. H., and Humphrey, J.
D., Uranium-series evidence on diagenesis and hydrology
in Pleistocene carbonates on Barbados, W.L: Earth and
Planetary Sciences Letters (in press).
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Daniel S. Barker

My research focuses on igneous rocks. The investigative
tools that I use are mapping, petrography, electron-probe
microanalysis of minerals and glasses, and whole-rock major
and trace-element analysis. I teach undergraduate courses in
mineralogy, igneous petrology, and volcanology, and graduate
courses in igneous petrology and analytical techniques. In the
last five years Thave supervised seven graduate students doing
theses and dissertations in California, Nevada, Colorado, Texas,
Mexico, and Italy. Factors common to all these projects are
that they were originated by the students, not assigned by me,
and all involve igneous rocks that present challenging prob-
lems of magma genesis and evolution.

Cenozoic igneous rocks in Trans-Pecos Texas have been
targets of my efforts since 1970. Current research there
concerns a belt, 400 km long and 50 km wide, of 43 intrusive
bodies of phonolite and nepheline trachyte. This beltisamong
the farthest-inland expressions of magmatism associated with
Oligocene subduction of the Farallon plate beneath North
America. Major-element compositions and isotopic ages (35.5
+ 1.3 Ma) show little variation along the entire belt, which is
parallel to the presumed strike of the Oligocene plate bound-
ary. Electron-probe, major- and trace-element, and isotopic
data are being used in computer-based models of fractional
crystallization and assimilation, to answer the following ques-
tions: (1) Are discrete segments in the belt distinguished by
different isotopic and trace-element ratios? (2) If segmenta-
tion is recognizable, to what extents is it caused by heteroge-
neity in the magma source region, by local variations in magma
fractionation, and by variable contamination of magma by
crustal rocks? (3) If segmentation is not recognizable, how did
widely separated parental magma batches independently evolve
toyield similar products? (4) Was the source of parent magmas
a deeply subducted oceanic slab or an overlying wedge of
lithospheric mantle?

Italy has a wealth of Cenozoic volcanic rocks in complex
tectonic settings. Relying on the excellent mapping and
petrologic studies already available, | have examined lavas and
ejected cumulate blocks on Lipari, Vulcano, and Stromboli in
the Aeolian [slands north of Sicily. Some Lipari lavas contain
inclusions derived from a wide range of crustal sources and
depths, in a groundmass of rhyolite glass. The rhyolite liquid
formed by fractional crystallization of mafic mantle-derived
magma combined with assimilation of crustal rocks. None of
the large crystals, “phenocrysts” at first glance, actually grew
from the liquid represented by the groundmass; all are con-
taminants.

Carbonatites are my newest interest. The only active
carbonatite volcano, Oldoinyo Lengai in Tanzania, erupts
alkali-rich carbonatite, although all other known carbonatites
are very low in alkalis. All carbonatite magma was rich in
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alkalis, some petrologists have concluded, but lost them to
wallrocks or to meteoric water during and after crystallization.
However, Peter Nixon and [ have demonstrated that a Recent
carbonatite lava from Uganda erupted as low-alkali liquid. A
large suite of carbonatites from many localities is being studied
to seek ways of distinguishing those carbonatites that are
primitive (directly derived from the mantle) from those that
fractionated from silicate magmas within the crust.

Selected Publications:

Barker, D. S., 1987, Tertiary alkaline magmatism in Trans-
Pecos Texas, in: Fitton, J. G., and Upton, B. G. J. (eds.),
Alkaline Igneous Rocks. Geological Society, Londen, Special
Publication 30, p. 415-431.

Barker, D. S., 1987, Rhyolites contaminated with metapelite
and gabbro, Lipari, Aeolian Islands, Italy: products of
lower crustal fusion or of assimilation plus fractional
crystallization? Contributions to Mineralogy and Petrology, v.
97, p. 460-472.

Barker, D. S., and Nixon, P. H., 1989, High-Ca, low-alkali
carbonatite volcanism at Fort Portal, Uganda: Contributions
to Mineralogy and Petrology, v. 103, p. 166-177.

Photomicrograph, taken with plane-polarized transmitted light, of crys-
tal-liquid reaction texwure in rhyolite lava, Lipar, lialy. The 3-mm grain
in the center is a composite of orthopyroxene (lefi) and clinopyroxene
(right). Clinopyroxene is surrounded by a finely crystalline fringe of
orthopyroxene. The larger orthopyroxene grain and the plagioclase
crystal at bottom center show no sign of reacting with the liguid.
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My recent research efforts have concentrated on the surface
chemistry of silicates in organic-rich aqueous environments. A
recent article details a collaborative study of the mineral chemis-
try of a peat bog, where we found that atlow pH and in oxidizing
conditions, such as those found at the top of a bog, aluminosili-
cate dissolution is enhanced by the presence of aluminum-
organic complexes that act to increase the apparent solubility of
aluminum. Butwe also found that the dissolution of silicates and
quartz is enhanced at neutral pH due to the complexation of
silica. This supports earlier findings that the solubility and
kinetics of quartz dissolution is greatly enhanced in an oil-
contaminated aquifer by the presence of microbially produced
organicacids. [have also been investigating this interactionin the
laboratory by examining the kinetics of quartz dissolution in
aqueous solutions at various temperatures. From these experi-
ments [ am developing an understanding of the bulk chemical
properties of silica-organic interactions.

[ am extending my investigations in organic-silica complex-
ation in ground water into a more generalized study of metal-
organic complexes. Jam collaborating with researchers atthe Los
Alamos National Laboratory to develop new approaches to
molecular modeling that combine the ab init