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C. C. Little Renovation

A new mechanical tower in the courtyard
extends above the roof of C. C. Little.
Renovation of the building will be an
ongoing project over the coming years.
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Greetings from the Chair

Autumn is upon us and the pace again has
guickened on campus as tens of thousands of students
arrived on or returned to campus. Thetreesareturning
red, brownandyellow asthey alwaysdowhen| writethe
Fall Newsdletter Greetings. There must beacorrelation.
The unscientific conclusion: my writing causes the
leavesto fall.

The news from the Department continues to be
dominated by the chaotic and noisy C.C. Little renova-
tionwhichisnow well underway. Itissodisruptivethat
the leaves were falling even in Spring and Summer, no
matter what anyone wrote. As mentioned before, this
infrastructure improvement (1994-1996) includes new
windows, heating, air-conditioning machinery, plumb-
ing and electrical renovations, and anew elevator. Parts
of thefirgt, third and fifth floor are also included in this
renovation, but the main structure (and money-sink!) is
acentral tower (seethecover of thisissue) intheformer
courtyard that will house storage areas for Geology on
the first floor, and major mechanical equipment in the
upper floors.

The Department learned with much regret this
past summer that Mike Foote had decided to accept a
position in paleontology at the University of Chicago.
We wish him well in his new situation. We have just
received authorization from the College to fill Mike's
position with anew hire. In the meantime the Depart-
ment has been able to appoint temporary assistant pro-
fessors who will help carry the flag in paleontology
(David Polly, Dan McShea, and Brian Bodenbender),
and Peter Van Keken will be with us for two years to
teach Geodynamics to undergraduates and graduate
students, replacing Mike Gurnis who left in Fall 1993
for afaculty position at Cal Tech.

Asmentionedinthelast Newsletter, an external
review of the Department has been planned for 1995,
and we are now busy gathering data and information
about who andwhat weare, and wherewehavebeen, for
the self-study that will form the first component of this
review. Undoubtedly somegraphsand diagramswill be
deemed worthy of dissemination to our alumni inthisor
future newdletters, so watch for these to appear. This
Fall the departmental committee in charge of the self-
study will be writing the text to accompany the tables
and figures, and in the Winter our report should be
completed. Weanticipatethe external review team (yet
to be appointed) to visit the Department next Fall.

The last Newsletter contained a broad-ranging
appeal for alumni donations; since then, aumni who
attended Camp Davisinyearspast havereceived aletter
asking for financial help to assure that Camp Davis
remains a first-class educational facility. Many have
already sent in a contribution, some large, some small,
but all are equally appreciated. However, we need
more! | want to re-emphasize not only the importance
of your gift to future student generations, but also the
fact that considerable leverage is attained by your gifts;
your employer may matchyour tax-deductiblecontribu-
tion, and the Collegeof Literature, Science, andthe Arts
will aso provide a matching contribution, above and
beyond the regular annual budget for Camp Davis. |
look forward to hearing from you; let them checks fall
like leaves!

Sincerely,

@W“““”' )

Rob Van Der Voo
Chairman
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Degrees Granted

M.S.

James S. Cureton “Late orogenic normal faulting along the Mooroton shear zone, Grenville Province, Ontario,
Canada’

Andrew J. Mughannam * Stableisotope constraintson theorigin of azoned pl utonic sequence, Tuolumnelntrusive
Suite, central Sierra Nevada, California”

Sean M. Todar o “Near-Laurentian paleogeography and accretionary history of the Lawrence Head V ol canics of
central Newfoundland, northern Appalachians’

Ph.D.

Brian Eugene Bodenbender “ Skeletal Crystallography in Cladistic and Stratocladistic Investigations of Blastoid
Phylogeny”

John Patrick Encar nacion “ Geochronological, Geochemical and Geological Constraintson Models of Ophiolite
Generation and Arc Growth: Evidence From the Northern Philippines’

Joseph Robert Graney “ Applicationsof Mass Spectrometry in Economic Geology and Environmental Geochem-
istry: Gas Composition of Inclusion Fluid From Ore Deposits and Sources of Lead Pollution in Lake Sediments’

In Memoriam

Donald W. Levandowski (MS’52, PhD ’56) died April 8, 1994. He was 67.

Mrs. LoisC. (Calkins) Ramsdell, the widow of Prof. Lewis S. Ramsdell who taught mineralogy in the
Department, passed away on July 13, 1994, in Palo Alto, CA. Loisissurvived by daughters Betty Mills of
Missoula and Helen Reeve of Mesa, AZ.

Editor: A.N. Halliday
Chairman: R. Vander Voo

Faculty: R.Burnham, E. J. Essene, W. R. Farrand, D. C. Fisher, P. D. Gingerich, A. N. Halliday, S. E. Kesler, R. A. Lange, K. C. Lohmann, M. W. McElhinny, P. A. Meyers,
T.C. Moore, S. B. Mukasa, J. R. O’'Neil, S. I. Outcalt, R. M. Owen, D. R. Peacor, H. N. Pollack, D. K. Rea, L. J. Ruff, K. Satake, W. B. Simmons, G. R. Smith, B. A. van
der Pluijm, J. C. G. Walker, L. M. Walter, B. H. Wilkinson, Y. Zhang

Visiting Faculty, Research Scientistsand Post-doctoral Scholars: J. C. Alt, C. Badgley, C. J. Balentine, E. Barrera, J. M. Budai, J. Christensen, L. Collins, R. Cox, C. Hall,
S. Huang, C. Jones, K. D. Klitgord, D. C. Lee, J. Magloughlin, D. McShea, J. M. Parés, P. D. Pally, R. C. Rouse, J. Stamatakos, C. Stearns, D. Teagle, T. Torsvik, P. J. Van
Keken, T. Vennemann, D. V. Wiltschko

Support Saff: D. Austin, S. Baird, N. Ballis, P. Fugate, N. Crowley, C. Henderson, J. Hinchcliff, T. Huston, M. Johnson, P. Kunde, T. Merline, W. Wilcox, L. Wingate,
C. Wooden, S. Zeff

Geo-Alumni Advisory Board: H. Foster, R. D. Haag, A. M. Isaacs, J. F. Joity (Chair), A. A. Levinson, J. A. Masterson, D. Medwedeff, F. Metzger, D. G. Nussman, J. Ruiz
The Regents of the University: D. Baker, P. W. Brown, L. B. Deitch, S. H. McFee, R. McGowan, P. H. Power, N. M. Varner, J. L. Waters and J. J. Duderstadt (ex officio)
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Kenji Satake and Michigan Geophysicists Called in

to Evaluate Tsunami Disasters

In the last two years,
about 2000 peoplehavel osttheir
livesbecauseof tsunamis,which
is a Japanese word meaning
“harborwaves.” IntheAmerican
media, they areincorrectly called
tidal waves, although they have
nothing to do with tides.
Tsunamis are generated by

submarine geological
phenomenasuchasearthquakes,
volcaniceruptions, or landdlides.
A The recent destructive

tsunamis were triggered by
earthquakesand devastated thecoastd regionsof Nicaragua(September 2,
1992), Flores Idand, Indonesia (December 12, 1992), Hokkaido, Japan
(July12, 1993), and Javaldand (June 2, 1994). The maximum run-up
height of | of thesetsunamiswasmorethan 10m. After suchdevastating
tsunamis, field surveys were usually made by geologists, geophysicists,
and coastal engineersfrom many countries. A recent trend isto forman
international and interdisciplinary team. Electronic mail and bulletin
boards play an important role here, because such asurvey must be made
very quickly, withinafew weeksof thetsunami disaster. FromMichigan,
Prof. Kenji Satake went to Nicaragua, and grad student Yuichiro
Tanioka visited Okushiri Idand, Japan, with other scientists. The
purpose of these surveysisto document tsunami behaviorsby measuring
tsunami heights and estimating the direction and velocity of the waves.

Most tsunamis are caused by shalow submarine earthquakes.
Indeed, al four tsunamismentioned abovewere caused by magnitude 7-8
earthquakes. Earthquakefault motion causesocean bottom deformation,
which generatestsunamis. Tsunamiscan propagateavery long distance;
the 1960 Chilean earthquake tsunami propagated across the Pecific
Ocean and killed 60 people in Hawaii and 100 in Japan! We now
understand thegenerati on and propagati on processesreasonably well and
can simulatethem on computers. Hencewe can use tsunami waveforms
to study tsunami source processes as seismol ogists use seismograms to
study earthquakes.

Satake has devel oped amethod to estimatethe dip distribution
on an earthquake fault from the tsunami waveforms recorded on tide-
gauges. He and his students have applied this method to study many
recent and old earthquakes in the Pecific. Tsunami waveforms are
particularly useful in the study of old earthquakes for which little or no
seismic dataexist. Good-quality seismic data have been available only
since the 1960s, whereas tsunami waveforms have been recorded since
the mid-19th century. Satake and Tanioka have been studying the
Japanese earthquake which occurred in 1854 from the tsunami recorded
on the west coast of the U.S. Grad student Jean Johnson has been
systematicaly studying earthquakes in the Alaska-Aleutian arc using
tsunami and other data. One of her new findings downgraded the 1957
Aleutian earthquake, which was believed to be the third largest of the
century, to seventh in the rankings. She also studied the 1964 Alaskan
earthquake using geodetic and tsunami data and found that the slip was
not uniformonthefault planebut concentrated ontwo spotswherethedip
was as large as 20m.
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The 1992 Nicaraguan earthquake caused much larger tsunamis
than are to be expected from seismological analysis. Several similar
earthquakes have occurred in the past in the world and have been called
“tsunami earthquakes’ to be distinguished from a “tsunamigenic
earthquake,” which describes any earthquake that generates a tsunami.
The reason why these tsunamis are unusually large has not been known.
Seismicwaveanaysisof theNicaraguaevent showsthat thefault motion
continued for an unusualy long time. Furthermore, comparison of the
tsunami data collected in the field with numerical computations from
various fault models shows that the Nicaragua fault motion occurred in
thetop 10km of oceanic crust. Thisearthquakewasmuch shallower than
typical subduction-zone earthquakes. Satake now believes that the
unusually large tsunamis are due to slow fault motion within subducted
sediments.

Tsunamis are a'so caused by volcanic eruptions or landdlides.
The generation mechanism of these non-seismic tsunamis are not well
known and researchers are just beginning to study them. Grad student
Nazli Nomanbhoy and Satake modeled the tsunamis from the 1883
eruption of Krakatau, Indonesia. A 270 m deep caderawasformed asa
result of theeruption. They tested varioushypothesesand concluded that
asubmarineexplosionisthemostlikely mechanismof thetsunami, which
claimed 34,000 lives. Thelargest tsunami height from the recent Flores
Island earthquake (1992) cannot be explained by fault motion alone;
Satake and colleagues introduced aloca submarine landdlide into their
modeling and succeeded in reproducing the observation.

The tsunami run-up process on land greatly depends on local
topography. For example, the field survey of the Hokkaido tsunami
revealed that the maximum run-up height was 30min asmall valley on
Okushiri I1dand, but 20m or less a short distance away. In order to
reproducesuchlocal variation, onehasto carry out computationonavery
detailed data base (topography and ocean depth). One of the recent
computations made by the Michigan group models the coasts using a
200mmesh. Any topographical featurelargerthanthis, e.g., abreakwater,
canbeincluded. Tothisend, the geophysicist has closeinteraction with
coastal engineers; this year alone, Satake gave two invited lectures at
engineering schools.

Tsunamis are also recorded in sediments. Recently, a USGS
geologist found a tsunami deposit which provided evidence for an
earthquake occurring in the Seattle area about 1000 years ago. The
paleoseismologica data including tsunami deposits have shown that a
large subduction earthquake occurred about 300 years ago in the Pecific
northwest, along the Cascadia Subduction Zone. Abnormal sedimentsin
Texasand Mexicohavebeeninterpretedtobetsunami deposits, apparently
from agigantic meteoriteimpact near Y ucatan at the Cretaceous/ Tertiary
boundary, whenamassextinctiontook place. TheMichigangeophysicists
are planning to use these geological data to quantify the geological
phenomena that caused tsunamis. Such integrated studies of geology,
geophysics and coastal engineering would aso contribute to reducing
future tsunami hazards.

Another tsunami recently occurred on October4, 1994,
generated from an M8 earthquake in the Kurile Iands. The tsunami
from this event was observed in Japan and Kurile Idands. A tsunami
warning was issued for Hawaii where schools were closed and tourists
were evacuated from beaches. The amplitude of the tsunami when it



arrived at Hawaii was only afoot or so. Thefigure shows asnapshot of
tsunami propagation 5 hoursafter theearthquake, ascal culated by Satake.
This earthquake wasfirst considered to be atypical subduction event in
the Kurile trench, but seismological analysis revedled some unusua
features. Tsunami data seem to be the key to understanding the source
process of this earthquake.

Two New Faces at

Michigan

Peter van Keken (PhD 1993, University of Utrecht, Earth
Sciences) started this fal as a visiting assistant professor to teach
geodynamics. Hismain research interestsarein large scale deformation
of the Earth’s lithosphere and mantle, with applications to mantle
convection with non-Newtonian rheology, salt diapirism and studies of
the evolution of the Earth’'s interior. To study this, Peter develops
computer model sof the low deformation inthe Earth, making use of the
results of high pressure rock deformation experiments. The resulting
computer predictions are then related to observations at the Earth's
surface and in the Earth’ sinterior. In addition to this, hisinterest liesin
using high speed, paralel supercomputers to solve geologica and
mathematical problems.

ChrisBallentinehasrecently arrived with hiswifeRosOwen
from Switzerland. Chrisisaphysica chemist with abackgroundinmass
spectrometry and rare gases as applied to crustal fluids. He hasaPh.D.
from Cambridge University where he worked under the supervision of
Professor Keith O’ Nionsand made some of the earliest measurements of
combined He, Ne and Ar isotopic compositionsin natural crustal fluids
inEurope. Hiswork onthePannonian, Viennaand PoBasins, theMagnus
Field (North Sea) and fluid inclusionsin Alpine carbonate veinsoverlaps
significantly with many of thenew initiativesbeing developed withinthe
U-M Radiogenic | sotope Geochemistry Laboratory at thistime. Aswell
as assisting with the establishment of rare gas geochemistry, he will be
intimately involved in the development and application of the new
inductively coupled magneti c sector multiplecoll ector massspectrometer
(Plasma54). However, most important of al, he and Ros are expecting
their first baby in January. Think youaretoo busy? Tak to Chrisand Ros
about it!

James Rogers Receives AAPG

Distinguished Service Award

JamesP. Rogers(BS'52, M S'53) hasreceived the Di stinguished
Service Award of the American Association of Petoloeum Geologist
(AAPG) "for hisservicetothe AAPG, including hiseffortsin promoting
ethical conduct and high professional standardsaspresident of theDPA.”

Jmwasbornin New Jersey in 1930 and following graduation
from the U-M in 1953, he was employed by the Gulf Oil Corporation
(Tulsa), Shell Qil (Denver, Oklahoma City, Houston, Cord Gables,
Wichita, and Tulsa) and Cleary Petroleum (now W.R. Graceand Co.). In
1970 he became an independent consulting geologist and he formed his
owncompany, Nationa Geologica Services, Inc.,in1979.Jmservedthe
Division of Professiona Affairs of AAPG as amember of the advisory
board (1983-1986), vice president (1986-1987), president-elect (1989-
1990), and president (1990-1991). Sincethen hehascontinued hisservice
tothe AAPG with severd other significant committee appointmentsand
we are proud and delighted to see him receive this magjor and very
appropriate award.

Steven G. Henry

Receives AAPG’s Matson Award

SteveHenry (BS’ 73, MS’ 78, PhD ’81) isthe 1994 winner of
theGeorgeC. Matson Awardfromthe American A ssoci ation of Petroleum
Geologists. Theaward recognizesthe best paper presented at the AAPG
annual convention, judged on quality of content and excellence of
presentation. Thetitle of his paper was*A new pre-salt source rock for
central west Africandeepwater?’ andwasco-authored by Bill Brumbaugh
and Nick Cameron. It addressed the question of thelikely sourcerock for
the hydrocarbon accumulations in the off-shore west African rifts of
Angola, Congo and Gabon, which developed in the early stages of the
opening of the South Atlantic Ocean. He will receive the award at the
1995 AAPG annua meeting in Houston.

Steve is a geophysical consultant in Houston.  Through his
company GEOL EARN he coordinates thetraining services provided by
Earth View Associates, Inc.

Gabrielle Tenzer Wins Marine Policy

Fellowship in Washington, D.C.

GabrielleTenzer (MS’ 94) haswonaMarinePolicy Fellowship
under the National SeaGrant Federal FellowsProgram. Thefellowship,
oneof only twenty awarded nationwide, placeshighly qualified graduate
studentswith hostsin the L egislative Branch or Executive Branch of the
Federal Government, or other appropriate policy-oriented ingtitutionsin
the Washington, D.C., area. The fellows work on substantive national
policy issuesrelated to aguatic resourcesfor aperiod of oneyear. Gab's
interest in applying her scientific background to policy issues a the
federd level isnot arecent development. Previously, she hasworkedin
Washington asa Summer Environmental Assistant in the Department of
Energy and as a researcher/extern studying the historical context of
environmental law. Shewill take up her new Marine Policy Fellowship
in January 1995.
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researchactivities. Postdoctora fellow John Stamatakos, with Rob and
visiting scientist Josep M aria Par és (from Barcelona) did fieldwork in
July innorthern Spainto samplethestrongly curved Cantabrian orocline,
What isinteresting about this curved mountain belt isthat apparently the
belt was originally much straighter, but tightened during Permian or
younger deformation. Visiting scientist Trond Torsvik from the
Geologica Survey of Norway iscontinuing hiswork onlate Precambrian
paleopole positionsfor northern Norway. Weixin Xu iscompleting this
year hisPhD thesis studiesto explore the effects of chemical change due
to hydrothermal alteration on magnetic oxidesin ocean-floor basaltsand
the Precambrian Stillwater Complex, and anew graduate student, Chun-
Ying Leeisinitiating studies of new aspects of this project (funded by
NSF). Electron microscopy techniques and rock magnetism are used to
examinethecarriersof magnetization. Thispast summer, StevePottsand
Sean Todar ofinishedtheir theseson Ordovician and Silurianrocksfrom
Newfoundland and Maine, whereasL iz M eyer sisnow working on the
paleomagnetic laboratory measurements of her Silurian rocks from
Maineand New Brunswick. Two other new graduate studentsjoined the
group thisfal: Nathan Window and Don Ceder quist, who will begin
their pal eomagneticlaboratory work onrocksfromNewfoundland, Spain
and East Africa

Jim Walker hastaken on additional teaching responsibilities
for the Environmental Studies Program and for the Department of
Atmospheric, Oceanic and Space Sciences and has been focussing most
of his attention on developing new courses. Current research involves
numerical simulation of hydrodynamics and chemistry of midlatitude
marl lakes and the microphysics of marine stratiform clouds, a major
influence on global climate.

Lynn Walter and her group have been active in field and
laboratory research efforts. Lynn and Anna Martini traveled to south
Louisianato sample waters from offshore ail wells. Assolefemaeson
therig, they got to occupy theVIPsuite, theonly roomwith aprivatebath.
Formationwatersfrom Plei stocene-age sands/shal eswereproduced from
up to 15,000 in connection with a DOE/Pennzoil-funded experimental
borehole transecting an active fault zone in the Eugene Island Block.
Vicky Hover and Joshua Bartonea so madeit down to the Mississippi
deltawherethey scubadived to collect sediment boxcoresfor porewater/
solid phase characterization in very muddy water. They discovered that
marked changes occur in porewater chemistry suggesting early and
significant uptakeof both potassiumandboronintheseclay-rich sediments.

Ruth Blakeis continuing her experimental work on feldspar
dissol ution kineticsand mechanismsin solutionsof varioussalinitiesand
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organicacidcontents. Ruthhasfoundthat NaCl content playsamajorrole
in controlling Si and Al mobility which has significant application to
diagenesisin subsurface environments.

Anna, Joyce Budai Jim Richardsand Lynn have been busy
characterizingthehydrogeol ogy andwater/gaschemistry of theDevonian
age Antrim Shalein the Michigan Basin. The Antrim group has a new
graduate student member, Tim Ku from Rochester. Timisinterestedin
stableisotope systematicsof water rechargea ong thebasin margin. The
Gas Research Ingtitute provided funding for their integrative project and
exploration/productionactivitiesfor Antrimgashavecontinuedtoincrease.
Inaddition to Shell, both Chevron and Amoco have steppedinto provide
logistical and financia support for the research effort. Themissionisto
understand fluid flow inthis complexly fractured reservoir, aswell asto
predict areas of best gas production.

On the administrative front, Lynn has taken on severa panel
assignments, one for the International Science Foundation (Soros Fund
for research in the Former Soviet Union) and another for the National
Science Foundation (EAR division). Sheis aso taking over as editor
(dlong with dumnus John Geissman from University of New Mexico)
for the Geologica Society of America Bulletin as of January 1, 1994,
Despiteher hectic schedule, Lynntook timeto cel ebrateM aggi€’ ssecond
birthday by getting her alittle sister, Thistle, to herd around the house.

Youxue Zhang cannot believe that summer passed by so
quickly. In May, he went to the Baltimore AGU meeting. In June, he
checked out the beautiful Indian country of the Four Corners areawith
EricEssene, LipingWangandafieldassi stant tocollect somekimberlites,
mantle xenoliths, and mineralsin ant hills. 1n July, he survived the heat
and humidity inHong Kong andthe Western Pacific AGU Meeting there.
AndinAugust heenjoyedthebeach, mansionsandthe Gordon Conference
in Newport, RI. Between the travels he did some research and busied
himself in trying to raise matching money for hisrecent NY | award from
NSF (see article elsawhere in thisissue). Although he had planned to
concentrate on assembling the multi-anvil press, he had to disassemble
the parts aready assembled due to the reconstruction of the building.
Besidesthefield work in June, graduate student Liping Wang isworking
toward the completion of hisMSthesis. Robert Cooper did as many
partitioning experiments as alowed by the power and cooling water
supply which were often turned off for construction. New graduate
student Donggao Zhao arrived in the summer and is beginning his
research.

Geoscience News

Henry Pollack
Receives Distinguished Alumnus Award

from the University of Nebraska

The University of Nebraska has awarded a Distinguished
Alumnus Award to Henry Pollack, who recelved his Masters Degree
from the Department of Geology in Lincoln in 1960. The award was
presentedat abanquetinLincolnonOctober7. Followinganundergraduate
degree a Cornell, Henry, anative of Nebraska, went back to his home-
state university and wrote a Masters thesis on the stratigraphy of the
Dakota Group as exposed aong the Front Range in Colorado.

TheUniversity of Michiganhashad many associationswiththe
University of Nebraska over the years. Russell Smith (U-M MA ’53,
PhD '61) and Al Fagerstrom (U-M PhD ’60) both spent their full
academic careersin Nebraska s Geology Department, and Dick K ettler
(U-M PhD ’89) is currently on the Nebraska faculty. Jim Zumberge
(U-M faculty 1950-62) served asChancellor of theUniversity of Nebraska
from 1972-1975.

Youxue Zhang Receives Major Awards for

his Research in Geochemistry

Assistant Professor
Y ouxueZhanghasrecently been
given two mgjor awards. The
first, the Clarke Medal is
awarded by the Geochemical
Society to the individual
considered by the award
committee to be the most
distinguishedjunior geochemist
(less than six years post-PhD).
As such, this is a very great
honor that underscores the
international acclaim of
Youxue's research. More
recently Youxue received a
prestigious National Science
Foundation National Young
Investigator award. This
provides partial support for his
researchprogramfor fiveyears.
Additional funds are provided if they are matched by donations from
private and industrial sources.

Y ouxueisapowerful, original intellect, who hasalready made
several significant contributions to geochemistry and petrology, and
these statements of recognition are highly appropriate. His persona
history places his contributionsin context, and provides an even greater
appreciation of Y ouxue's achievements. Much of what is detailed here
isadapted with permission from theintroductory speech of Ed Stol per of
theCdlifornial nstitute of Technology upon 'Y ouxuereceiving the Clarke
Medal.

Y ouxue was born in a rural area in Hunan Province in the
People’ sRepublic of China. When ateenager, hisfather encouraged him
to continueschool eventhough hisfamily waspoor and sometimeshehad
togotoschool without breakfast. Althoughhisrecordin high school was
outstanding, this was the time of the Culturd Revolution, so after
graduation, Y ouxuehadtogotothecountryside, wherehefarmedfor four
years. At thispoint, entranceto college was opened up on acompetitive
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basisbased on set examinations. Y ouxue applied to severd universities
for entrancetotheir programsineither mathematics, physics, or chemistry;
in their infinite wisdom and to the benefit of our field, the entrance
committeeadmitted himtothegeol ogy programat Peking University. At
first, Y ouxue' sreactionwastodeclinetheoffer, wait for thenextyear, and
try again, but hisfather convinced him that an opportunity likethismight
not come again, and off he went to Beijing. To quote Y ouxue, “I was
fortunate to have attended Peking University, where | not only obtained
a solid science background, but also benefited tremendously from the
academic environment and the free spirit created by the professors and
students. | hope that this free spirit will continue.”

At Peking University, this country boy astounded the city folk
with hisremarkable performance, particularly inthe basic sciences. The
story istold by one of his classmates of amathematicsinstructor setting
aprobleminclassthat hethought woul d takeabout twenty minutesfor the
classto complete, whereupon Y ouxue went to the blackboard and in an
original, unexpected solution, solved the problemin threelines. He had
atenaciousway of asking penetrating questionsthat led some professors
to adore him, and othersto be exasperated by him.

After college, Youxue competed for the privilege of being
allowedtogotograduateschool intheUnited States, and hewassel ected.
Y ouxue went first to Penn State and then on to Columbia University,
where like the proverbia kid in the candy shop, he wanted to taste
everything. AsY ouxuesays, “Itisindeed aprivilegeand honor just todo
sciences, not only because you are paid for doing what interests you, but
also because you are not restricted in the choices of research projects. |
havecertainly enjoyed thisfreedomand haveworked onadiversevariety
of problems.” 'Y ouxueworked on modeling theevol ution of noblegases,
carbon, and nitrogen in planetary atmosphereswith Alan Zindler, onthe
petrogenesis of idand arc lavas with Charlie Langmuir, and with Dave
Walker on theoretical treatment of the slope of the solidus in
multicomponent-polymineralicassembl agesand on experimental studies
of diffusion and mineral dissolution in silicate melts, the topic of his
thesis. Inthiswork at Lamont, hedemonstrated what ishisgreat strength
asageoscientist: theability todevel opsimple, elegant model sof complex
phenomena that capture the essence of what is going on sufficiently to
teachandexplainandeven predict, without becoming miredinunnecessary
detail. Thisisagift, but akey onein our field, where natural processes
are often so complex to defy complete, rigorous treatment.

After graduation from Columbia, Y ouxue accepted a post-
doctoral fellowship at Caltech to work with Gerry Wasserburg and Ed
Stolper on the diffusion of water in silicate meltsand glasses. Although
it had been known for decades that the chemical diffusion coefficient of
“water” in silicate glasses and melts increases dramatically with water
content, there was no satisfactory understanding of why thisisso. Tobe
sure, there was much theorizing and speculation: some thought it
reflected changes in melt structure accompanying dissolution of water,
othersthought iscould reflect a kali-hydronium interdiffusion, and most
recently, people were speculating that it was related to the presence in
melts and glasses of two forms of dissolved water, i.e., hydroxyl groups
andwater molecules. M ost petrol ogi cal studiesdidwithout afundamental
understanding of why thebulk diffusivity of water issostrongly dependent
oncompositionandsimply parameterizedit asanexponentia dependence.

What Y ouxue did wasto design asimple set of experimentsin
which he generated concentration profiles in water content in initially
hydrousglassesby heating theminadry atmosphere. Hethen measured
the resulting concentration profilesin total water, hydroxyl groups, and
water molecules using micro-Fourier Transform infrared spectroscopy.
This was the unique part of his study: by knowing the concentration
profiles of the individual species, he was able to distinguish their
individual diffusivitiesandto show that thediffusivity of molecul ar water
is orders of magnitude higher than that of hydroxyl groups under the



conditionsof hisexperimentsandthat thestrong compositional dependence
of bulk water diffusivity can bequantitatively understood withthisresult.
This al sounds elegant (which it is) and smple (which it isnot). The
analysisiscomplicated by theinterconversionsamong the speciesasthe
diffusion experiment proceeds, by the strong dependence of their
proportionsevenat equilibriumonthewater content, and by thedifficulty
of making measurements at the precision and spatial resol ution needed.

For dl practical purposes, theclassical problem of diffusion of
water in melts and glasses (with its enormous consequences for glass
technol ogy and stability, for understanding transport of waterinmagmas,
and for understanding growth of bubbles and their role in explosive
eruptions) has been solved by Y ouxue. He has shown that histreatment
can explain previous data on water diffusion in silicate melts. He dso
showed that adifference can beexpected betweentheresultsof hydration
and dehydration experimentsand that the diffusivity of molecular water
agrees well with previous results on diffusion of neutral rare gases.
Moreover, heextendedhisresultstothecontroversial areaof understanding
oxygen “sdlf-diffusion” in minerals and showed that diffusion of water
moleculesisthelikely mechanismfor oxygen exchangein hydrothermal
experiments.

Thisimportant work—withitscareful experiments, theel egant
analysis, the clean conclusions and simple model alowing ready
application to other systems, and the extension to seemingly unrelated
areas such as oxygen exchange in minerals—illustrates Y ouxue' s style.
When coupled with his very wide range of interests, this bodes well for
his potential for future contributions to the earth sciences. Already at
Michigan he has begun working on an extraordinarily broad front:
experimental simulation of vol canic eruptions, ageneral treatment of the
kinetics of reactions in single mineral and melt phases, and ultrahigh
pressure studies of water in minerals. The Clarke Medal and NSF
Nationa Young Investigator Award are well deserved and signd the
arrival of an outstanding young scientist.

GSA Research Awards

Thefollowing Michigangraduatestudentsreceived Geol ogical
Society of America research awards in the latest round of funding:
Mar gar et Bickmor e, William Clyde, Robert Cooper,JamesCur eton,
Victoria Hover, Robert Klein, Anna Martini, Elizabeth Meyers,
Andrew Mughannam, Peter Tropper, Liping Wang.

Alumni News

1940's

Dorothy Matz Skillings (BS’ 47) writesthat Deeand Ari Grammatikas
wereinMichiganinJunefor her 50th High School reunion. They stopped
by and had adelightful Sunday afternoon together going over old times.
Dorothy would like to hear from old friends she worked with in the
Subsurface Lab with George Cohee, attended class with, and spent the
summer with at Camp Davis. Since her appeal three years ago, she has
heard from three former classmates. Her addressis 1020 E. ThomasL.
Parkway, Lansing M| 48917.

Hollis Newcomb Walker (MS’49) worked for the Virginia Highway
Research Council from 1966t0 1991 asapetrographer—mostly concrete,
and wrote amanual for examining concrete by petrographic methods. It
is spiral bound, 286 pages, 120 figures. This might be of interest to
petrographers and others interested in engineering/materials science.
From 1968-1991 Holliswasan activemember of ASTM Committee C-9
on concrete and concrete aggregates.  Some of her early work was
published by ASTM. Her five daughters have grown up, married, and
presented her with six grandchildren. Sheretiredin 1991 and hasasmall
but comfortable house on ahill which overlooks two parks and adjoins
the RivannaRiver. Watching the change of seasons and rise and fdl of
theriver isvery enjoyable. Charlottesvilleisagreat placetolive. She
keepsbusy withhobbiesand occasional consultingwork. Hollishasgreat
memories of Jackson Hole and Camp Davisand would liketo hear from
anyone who knew her then.

JohnB.Hazelworth (BS’47,M S’ 49) writesthat when hegraduated, he
pretty much left his home state of Michigan, but he did return severa
timestovisit Camp Michiganiaon Waloon Lake. Sowhen heretired, he
found himself returning more and more to northern Michigan. Hejust
bought acabinin Petoskey andishopingto beableto sneak over to Camp
Michigania, which is only about 15 minutes away, for the evening
lectures. Heisenjoying cruising his sailboat, and a so getting in on the
club races.

1950's

David W. Plumer (BA ’54) and hiswife, Conway, cel ebrated their 38th
wedding anniversary in July. Hewill beabletoretirefromthechurchin
two more years. They live among the Bay of Islands Ordovician
formationsin Newfoundland with someglacid tillsaround, and vacation
in Hillsboro, NH.

Harold R. Livingston ('58) has continued geotechnical foundation
investigationsfor airportsand highwaysthroughout Alaska. Heextends
his scuba diving experiences by collecting photos of marine life in
western Alaska waters, including Dutch Harbor, Saint Michael Maars,
Little Diomede, and Platinum.

Martin Weiss (MS’51, PhD '54) worked for USGS &fter graduation
until 1963 asageologist in the Military Geology Branch. From 1963 to
1975 he was with NOAA as a geological oceanographer doing
micropal eontol ogy with someseaduty. Hereturnedtothe USGSin1975
asan environmental geologi<t, retiring in 1986. He still worksfor them
part time in Reston, Virginia, as arehired annuitant.

1960’s
Darwin R. Spearing (MA '64, PhD '69) has completed “Roadside
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seafloor than isremoved by subduction.

Dave sstudent Hilde Snoeckx isinthefinal stretchof herthesis
ontheQuaternary paleoceanography of theeastern Equatorial Pecificand
intendstofinishnext spring. DaveDobson hasjust received thehundreds
of samplestakenonhisODP cruisetothewestern Equatorial Atlanticand
has started thelong job of laboratory work. In conjunctionwith hisODP
sample-taking duties, Dave was able to attend the Atlantic
Paleoceanography Conference held in Bremen, Germany, last July.
Libby Prueher has become acclimatized to Michigan and is serving as
aTA for the Introductory Oceanography classthisfall.

An earthquake in Michigan? Yesindeed, Larry Ruff writes
that 1994 will beremembered astheyear of thegreat Michigan earthquake!
OnFriday afternoon, September2, peopleinand aroundtheLansingarea

Scott Baird working to
install the Ann Arbor
USNSN borehole station .
The satellite dish provides
rapid data transmission.

felt a magnitude 3.4 earthquake.
The felt area ranged from Dexter
on the eastern edge, to Grand
Rapids at the western edge. The
epicenter wasjust to the southwest
of Lansing, with a maximum
intensity of 5. This earthquake
providedK enji Satake researcher
Leonid Zimakov, and graduate
student Yuichiro Tanioka with the opportunity to “star” in numerous
televison appearances, we are till waiting for Hollywood to cal!
AlthoughtheL ansingevent provesthat earthquakescanoccurinMichigan,
of course most of our research activity is focused on other parts of the
world. Jean Johnson continuesto study the great tsunamis of theworld
with Kenji Satake (see article elsewhere in this issue), and Nazli
Nomanbhoy is studying all the large doublets (earthquake pairs) in the
world for the entire century. Another local event this summer was the
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install ation of theborehole USNSN stationin AnnArbor. Wethank many
Seismo L ab people(e.g. Bob Thor son), Scott Baird, andthe USGS staff
for their hard work in getting this state-of-the-art instrument put in the
ground. InadditiontothisUSNSN station, L ar ry Ruff continuestowork
with other schools throughout Michigan on the MichSeis program to
install anetwork of digital seismographs. On the personal side, wewish
the best for Leonid Zimakov and his family as they move on to Dallas,
Texas, Leonid hasjoined the Ref Tek company there. Weshall misstheir
warmthandinsightsinto Russianaffairs. Ontheother hand, wearehappy
towelcome our new Geodynamicist, Peter van K eken, into the Seismo/
Geodynamics Computer Lab (see article elsewherein thisissue). Peter
has aready “enhanced” our working environment with his scientific
discussionsand consi derableknowledge of obscure European beverages.

Gerry Smith and Bill Patter son are continuing their analysis
of oxygen and carbon isotopesin the growth rings of fossil fish otoliths.
They aretrying to describe the seasond variation asacrucial parameter
in paleoclimates.

Since the last Newdletter, Ben van der Pluijm has indeed
moved to a new location in the Department. His officeisin the newly
renovated Paleomagnetism, Structure and Tectonics Laboratories
(PaSTelL), also called Pastel Pdace or Lavender Lab by others. An
important aspect of the move was the consolidation and enlargement of
laboratory space, but it doesn’t hurt that heis now farther away from the
interruptionsthat accompany the ongoing department-wide remodeling.
Last spring aso saw the completion of two PhD dissertations. Bernie
Housen successfully defended his work on magnetic anisotropy and
deformation fabrics and has since moved to the University of Minnesota
for atwo-year post-doctora fellowship. Steve Potts put the finishing
touches on his Appaachian paleogeography studies in Maine and
Newfoundland and now works for an environmental company in
FarmingtonHills. Sean T odar oisclosetocompleting hispal eogeographic
study of Ordovician arc basaltsin Newfoundland whileheisworking for
a consulting firm in Denver. Liz Meyers and new students Nate
Window will continue the Michigan tradition of Appaachian studies
(with Rob Van der Voo and post-doctoral fellow John Stamatakos).
Studies of the deeper crust (with Eric Essene, Klaus Mezger (now at
Mainz) and Alex Halliday) continuewith thework of Jay Busch (PhD)
and post-doctora fellow Jerry Magloughlin, and Jim Cureton (M Sc)
isall but asignatureaway fromleavingfor Tomei tojointhe Peace Corps.
New student John Harrisplansto study deformation patternsinthe US
Midcontinent regionin preparation of an upcoming major research effort
between several Midwest schools. Thefinedetailsof deformationarenot
ignoredeither. Nei-CheHo(PhD) iscontinuing hiswork onphyllosilicate
fabrics, but hasnow turned hisattentionto asequenceof rocksfromWales
after completing his study on Martinsburg dates (with Don Peacor).
Collaboration along similar lines is also planned with former faculty
member David Wiltschko who hastaken asabbatical leaveat Michigan
toseetheWolverineswin. Thejoy of moving proved contagious, because
Ben and Lies aso decided to move to anew homein Ann Arbor during
thesummer; afew thousand boxeslater, Benissettling again. Research-
wise, Ben published on anovel use of thermochronology in shear zone
studies and now works on a new method for magnetic anisotropy of
deformed rocks (with former post-doc Carl Richter, now at the Ocean
Drilling program).

The paleomagnetic research laboratory of Rob Van der Voo
has been adjoined by renovated offices of Ben van der Pluijm, Henry
Pollack and Robhimself aswell asanew Structural Geology Laboratory,
to form onelarge, internally-connected complex at the northern apex of
C.C.Little. Comfortablefurnitureinviteslounging betweenteachingand

15



changes in primary productivity and sedimentation rate. Peter will
complete this project by developing cross-sectiona geochemical and
mineralogical profilesthrough individua nodulesto assessthe temporal
variability of nodule compositions and their relationship to known
pal eaceanographic events.

Don Peacor was delighted to have our British friends visit
again. Thistime Dick Merriman and Brin Roberts brought Steve Hirons
along, and they kept the TEM hot for three weeks, working on problems
in Welsh pélites, and putting finishing touches on illite and chlorite
crystalinity problems. They’'ve got excellent correlations between
crystal size and grade, and are beginning to unravel enigmasin tectonic
relations—all on the basis of observations at the TEM scale. Vicky
Hover andNei-CheHowentto L ouisianaand collected someMi ssissippi
mud, to test for early K-exchange with clays and determine early
orientation relationsin shallow samples, whileHailiang Dong continued
to get exciting 40Ar-39Ar results on bentonites and shalesright herein
A2. Hisresultson coherency and polytypismin claysareexciting! The
big newsfor Geijing Li and Weixin Xu wastheaddition of asontotheir
growing family, and aong those same lines we heard that Yen-Hong
Shau, who is an established faculty member by now, is about to tie the
knotinTaiwan; wehopetoseehimnext summertojoinRob Vander Voo
and anew student, Chunyung L i, in unraveling rock magnetic enigmas.
Gengmei Zhaohasa sojustjoinedusandwill beworkingonclay mineral
problems. Harue Masuda was able to return to Ann Arbor for a short
visit; sheisfocusing on TEM images of claysin shalesfrom the Nankai
Trench. Wei-T eh Jianghastaken aprofessorial positionat Cheng Kung
University, hisalmamater. Andinthelineof “fun” science with social
implications, and for thosewho remember texasite, wereport that weare
working on two new mineralswhich are rare-earth (but praseodymium-
poor) sulfates. Weexpect our datato beinspectedwith especia zedl. Last,
but certainly not least, the trout on the Holy Water rise to dry flies as
always.

Henry Pollack continues to be actively involved in the
recongtruction of climate changes over the past several centuries by
analyzing borehole temperature profiles. The research team includes
ShaopengHuangwhoisapost-doctoral researchfellowintheDepartment,
and Paul Shen of the University of Western Ontario. Paleoclimate
reconstruction from geothermal dataisreceiving global attention, in part
through the efforts of a Working Group of the International Heat Flow
Commission which Henry chairs. Because climate change has global
dimensions, datamust be acquired from dl the continents. Henry spent
two weeks during the bitter 1994 northern hemisphere winter in sunny
Australiaand New Zealand i nterrogating the dataarchivesof that region,
and Shaopeng returned to Chinaduring August to collect dataresiding at
hishome geothermal |aboratory at the Ingtitute of Geology inBeijing. In
ajoint project withtheGeophysical Institutein Prague, Henry, Paul Shen,
David Chapman (PhD ' 76) and Vladimir Cermak offered aweek-long
workshopfor 20 Russianand east Europeangeophysicistsontheprinciples
and methodol ogy of reconstructing climatefrom geothermal records, and
in so doing were able to acquire data from a number of Asian Sites.

On the teaching front, Lynn Walter and Henry’s course in
Hydrogeology is in its second season. This course, involving both
physical and chemical aspects of water in the subsurface, was initialy
offered in Fall 93, and is an important foundation course for students
thinking about careersin environmental geology. Theclasshasenjoyed
guest lectures by Jan Kappmeyer (MS '82), President of Cypress
Environmentd in Cdiforniaand Bob Haag (BS’ 76, MS’ 79), President
of Haag Environmental in Ohio. Theclasshasalso visited themunicipal
well field in nearby Milford to observe aquifer tests being conducted by
G.R. Kunkle and Associates, headed by George Kunkle (MS'55, PhD
'61).
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Snapshots from this years Alumni Board meeting. Shown are:
top, I-r, Jan Kappmeyer, Eric Essene, Drew Isaacs, middle, |-,
Helen Foster, Valerie Haag, Rachel Haag; bottom, I-r, John
Joity, Fred Metzger.

Dave Rea spent most of thesummer dividing histimebetween
two projects. The first was compiling the results of the Ocean Drilling
Program work in the North Pacific done on Leg 145 in the summer of
1992, helpingtoedit the papersthat will comeoutinthe Scientific Results
volume for that cruise, and writing the book’s synthesis chapter on the
paleoceanographic history of the North Pacific. The second effort,
detailed elsewherein this newsdletter, involved working on manuscripts
resulting fromthe Great L akes paleolimnol ogy project conducted jointly
withTed M oore. Another project, carried outin cooperationwithL arry
Ruff, involved quantification of the amount of sediment carried by the
oceanic platesinto the subduction zones of theworld. Dave has spent a
lot of time determining how much sediment comesinto the ocean and so
was curious about how muchisleaving by the subduction route. Heand
Larry foundthat an order of magnitude more sediment isdeposited onthe
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Geology of Louisiana’ since moving to Grand Lake, Colorado, last year
and has started on Arkansas. Thissummer hewasaseasonal interpretive
ranger of Rocky Mountain National Park, bringing agood bit of geology
to the staff and the interpretive program. He saysthis*“retirement” stuff
isgreat!

BruceC. Corliss(BS’'52, MS’60) writesthat after 33 years of teaching
geology at DeltaCollege, acommunity collegeincentral Michigan, hehas
“graduated” totherank of Professor Emeritus. HeretiredinMay 1993. In
retirement, Bruceisdoing someconsulting work and planning to continue
hisannual treksto the Grand Canyon. Since 1972, hehasguided some400
people on white water rafting trips on the Colorado River through the
Grand Canyon. He never seemsto get enough of such afantastic place.
Bruceis aso making good progress on hislist of placesto see before he
dies. Inthepast year he has been to Mexico, Costa Rica, Panama Candl,
Spain, France, Itay, Germany and Poland. Next up is Southeast Asia,
Indiaand Egypt.

1970's

William W. Collier (BS'68, MS ' 71) writes that after a brief stint as
Technology Manager for Exxon Exploration Co. in Houston, he has
accepted apositionin Beijing, China, aspresident of Esso ChinaLimited.
Heand hiswifewill moveto Beijinginthefall. Boththeir children areoff
to college; Amy isasenior at Kenyonin Gambier, Ohio, whileMark isa
freshman at Texas L utheran Collegein Seguin, Texas.

Brian R. Shaw (M S’ 75) saysit wasgood to receivethe Geoscience News
after it took acircuitous route to reach him, and that heisnot lost. When
helast heard from the Department hewasin the oil businessworking with
Roger Gilbertson for BHP Petroleum (Americas). Hisactivitiesincluded
field studiesin northeast Canadaa ong the Taconic thrust front in Quebec
and Newfoundland examining thestructural history of several Ordovician
basins. He left the oil business in 1992 and now works for Battelle
Memoria Institute at the Pacific Northwest Laboratory in Richland,
Washington. The laboratory is one of the Department of Energy’s nine
multiprogramnational facilities. Headquartersfor Battellearein Columbus,
Ohio, right on the campus of Ohio State University. He enjoys football
seasonmuchmorethaninthepast. Hisresponsibilitiesfor Battelleinclude
development and management of environmental, natural resource and
energy industry collaborativeprograms, interactionwithindustria clients,
and research in resource assessment. Probably the biggest adjustment
leaving the oil industry in Houston was that Washington is not green and
wet. Eastern Washingtonisadesert withlessthan 7 inchesof rain ayear!

Gordon D.Wood (MS’73) hasbeen doing fieldwork inthe Tarim Basin
(Xinjiang Province), Fuyang Basin (Anhui Province), China, and the
Carpathian Mountains, Poland.

Evelyn Jessup Bingham (BS’ 75) writesfrom Miami, AZ, that she uses
her geology degree somewhat indirectly, keeping alarge open pit copper
minein compliancewith amyriad of environmental regulations. Sheand
her husband, Brent, stay busy raising two daughters. Arizona has been
good tothem, but they missthe high country of Coloradowherethey lived
15 years. Evelynwould like to hear from any old friends.

1980's

John Geissman (BS’ 73, MS’ 76, PhD * 80) simply cannot wait (har-har)
to assumethe duty of Co-Editor of the Bulletin of the Geological Society
of America(with LynnWalter), in January, 1995, for six years. Hewarns
that both he and Lynn are actively looking for new Associate Editors, so
lay low if you hear either Johnor Lynnaround! All goes[reasonably] well
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inthe"Land of Enchantment,” especially whenthegreenchileisroasting,
eh Professor Lohmann? John remainseternally grateful for hiscontinued
opportunity to participatein GS440, U-M’ ssummer field courseat Camp
Davis.

JacquelineC. Shulters(BS’83) ishappily living and workinginthe San
FranciscoBay area. Her current roleat Radian Corp. isasproject director
of aninvestigation (geology, hydrology, distribution of contaminants) at
aDepartment of Defense Superfund Sitein northern California. Outside
of work she spendstimeenjoying everything Californiahasto offer, from
white water rafting and hiking to museums and restaurants. Shewasin
Ann Arbor for a day this summer and was amazed by how much
constructionisgoing on around campus. C.C. Littlehaschanged greatly
since her daysasan undergraduate, and shethinksit’ swonderful that the
Department has continued to grow.

ChristinaB. Behr-Andres(BS’ 84) hasjust accepted anew position as
stant professor inthe Civil Engineering Department at the University
of Alaska-Fairbanks. Her husband, Bob, will beemployed by thelnstitute
of Northern Engineering at UAF thisfall also.

SteveHenry (BS’'73,MS’78,PhD’81) and KrysSwirydczuk (MS’ 77,
PhD ’80) are till in Houston with Krys working in Conoco’s Russia
Business Unit, and Steve's company GEOLEARN coordinates the
training servicesprovided by EarthView Associates, Inc. Stevetook this
summer off and drove with the children (now 10, 8, and 6) 11,000 miles
to Alaskato seehissister. Krysmet themin Denver for AAPG, Canada
and Alaska, and New Mexicowherethey havea“ dacha.” Therest of her
summer wasspent in Russia, with family in England or back intheoffice
in Houston. Steve's AAPG presentation on a new source rock in West
Africareceivedthe GeorgeC. Matson Memorial awardfor thebest paper.
Camp Daviswasafavorite stop on theway to Alaskaand the hospitality
provided by the families of Dave Chapman (PhD ’76) and John
Geissman (BSC'73,MS’ 76, PhD ' 80) werehighlightsontheway back.

David R. Brosnahan (MS’77) was married to Godela Maria Fick, a
physicianfromW(rzburg, Germany, onMay 28, 1994. Sheisundergoing
residency trainingtopracticeintheUS, whileDavidisChief Mineralogist
for Barrick Goldstrike Mines Inc., Elko, NV.



Kelly Retirement Dinner

Michigan economic geology alumni gathered recently for a
reception and dinner to honor Bill and Anna Kelly on the eve of Bill's
retirement. The dinner was held at the Sheraton Hotel in Seattle in
conjunction with the October, 1994, annual meeting of the Geological
Society of America. Attendees included Greg Arehart, Bob and Mary
Ann Blair, Shelby Boardman, Phil Brown, Ray and Anne Coveny,
George Davis, Eric Essene, John Geissman, Jose and Emelina Gomez,
SteveKeder,JmO’ Neil, BruceNeshitt, Erich Petersen, JamieRobertson,
Joaquin Ruiz, Bob Sedl, Zach Sharp and Joe Wagner. John Thomsand
Ed Van Hees bought tickets but could not be there because of other
commitments, and Alex Brown and SteveZgjac sent regardsfrom France
and Ukraine, respectively. Lots of other alums and friends wanted to
attend, but could not because of conflictsor the simplefact that Sesttleis
along way from anywhere except Tacomaand Vancouver.

Most of thepeopl eat thedinner werestudentsand staff who had
worked directly with Bill over the years. With a bit of encouragement
from Jamie Robertson, who served asinformal M C of theevening, many
of Bill's students were finally able to discuss those long-ago days.
Highlightsincluded George Davis' account of his qualifying exam and
Joe Wagner' sreview of Bill’ ssartorial recommendations. By theend of
the evening, it was clear that Bill had been a mgjor influence on lots of
successful scientists and that they appreciated it. Everyone joined in
wishing Bill and Annaahappy retirement and in hoping that we can get

_ together for

- | j another dinner

) like this, perhaps

to celebrate the
tenth anniversary
of their retirement
or just some bhig
fish that Bill
catches in a few
years.

Top: Guest of Honor Bill
Kelly, Emelina and Jose
Gomez. Middle: Bob Blair of
Cyprus-Amax Mining, Bob
Seal, USGS, and Greg Arehart, Argonne National Lab. Bottom:
Jamie Robertson, Wisconsin Geological and Natural History
Survey, and Joe Wagner of Doe Roe Mining Company.

Quaternary
Paleoclimatology

of the Great Lakes
Region

Ted Moore and Dave Rea have been following in a long
tradition of Michigan Geofaculty that began at the turn of the century—
conductinginvestigationsof theQuaternary pal eo-climaterecord preserved
in and around the Great Lakes. Rea and Moore have applied modern
methodsof high-resolutionsei smicreflectionprofiling, satellitenavigation,
accelerator mass spectroscopic “C dating, and the microanaytical
techniques of the department’s Light Stable I sotope Laboratory (K.C.
Lohmann and Jim O’Nell proprietors) to questions considered by
faculty predecessors: Frank Leverett (1908-1928), George Stanley
(1930-1945), Jim Zumber ge(1950-1962), Don Eschman (1953-1987),
Jack Hough (1966-1974) and Bill Farrand (1965-).
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In conjunction with colleagues from the Geologica Survey of
Canada and the University of New Brunswick, Moore and Rea have
studied seismic profiles and sediment cores from Lake Huron and
Georgian Bay under the auspices of a grant from the Ocean Sciences
divisionof theNational ScienceFoundation. From thesedataand several
radiometric dates, they determined the history of the water level in the
Huron and adjacent basins, finding severa periods of low water and
intervening timesrepresented by highstands. The shaded background of
the adjacent Figure showsthe lake level history between 7 and 12ka as
deduced from earlier studiesand from seismic and coring studies carried
out for this project.

MichigangraduatestudentsDavid Dobson andDavid Dettman
assistedwiththisproject. Aspart of hisdoctoral thesissupervisedby K.C.
Lohmann, Dave Dettman (PhD, 1994) determined the modern isotope
systematics of Lake Huron and Georgian Bay and analyzed ostracodes
from the sediment coresto provideahistorical record of thed 180 values
of lakewater. DaveDobson (M S, 1994) digitized theseismicprofilesand
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micron gold mine and then went to the Klondike for afirst-hand look at
both the placer and lode gold deposits. Steve aso attended the SEPM
Conference on Basin-wide Diagenesisand Mineralization at Lake of the
OzarksinMissouri, wherehetalked about the AppalachianMV T project.
The rest of the summer was spent working with Joe Graney who
successfully defended hisPh.D. degreein October. Now that school has
started, Steve and Larry Ruff are busy developing a new course on
Environmental Geology (whichisactually arevival of acoursethat Bill
Kdly, Jack Dorr, and others taught years ago).

Becky L ange had a gresat time teaching the last two weeks of
GS440 at Camp Davisthissummer with Jeff Alt and teaching assistants
Jay Busch and Tracy Frank. Now that the experimenta igneous
petrology laboratory is up and running, and graduate students Sharon
Feldstein and Jean Tangeman are about to submit their first papersfor
publication, Becky Lange is becoming increasingly involved with
undergraduate activities. Undergraduate Laura Forman is doing an
honors thesis on ferric-ferrous equilibria in akali silicate liquids that
involves both experiments and thermodynamic modeling. In addition,
Becky isthefaculty liaisonfor theUndergraduate Geology Club. Inorder
to ensure continuity of thisimportant organization from year to year, it
hel psto haveafaculty member involved. Theactivitiesplanned thisyear
includeaninformal lecture serieshosted by the undergraduatesin which
variousfaculty, post-docs, graduate students, and undergraduates present
a dide show or talk on numerous topics, including job and internship
opportunities, what it islike to do research on aship in the middle of the
ocean for two months, adventuresdoing field work in eastern Africa, and
what an Antarctic summer islike. TheUndergraduate Geology Clubwill
behel pingthe Graduate Geol ogy Club organizesuchtraditional activities
asour annua Fall Picnicand Spring Banquet. Thereismuch enthusiasm
and energy that the undergraduates bring to our department, and they are
agroup that we hope to see grow over the next several years.

Inadeparturefromhistraditional researchupdate, Phil M eyers
has decided to report how the Organic Geochemistry Group has been
involved in several programsthat are designed to attract young students
to careersin science, or at least to educate young studentsabout scientific
research, whatever their careers may ultimately be. These are examples
of similar activitiesin which othersin the Department and elsewherein
the University aso participate.

The Young Scholars' Program exposes students from inner-
city high schools, principally in Detroit but aso from other cities in
Michigan, with science projects at The University of Michigan. The
programiscurrently funded by agrant from NSF and isadministered by
B.J. Evans, now of theChemistry Department andformerly of Geological
Sciences. Promising studentsare nominated to the program by their high
school science teachers. The students live on campus for eight weeks
during the summer, and they participate in a variety of educational and
cultural activities in addition to working side-by-side with graduate
students and professors in laboratories. This past summer, Jaygarick
Stewart from Detroit Western International High School joined the
Organic Geochemistry Group. Heworked on two projects, both dealing
withrecordsof paleoenvironmental changein sediments. Determination
of thecarbon contentsof a12m piston coreof L akeOntario sediment was
his mgjor effort. He found that the change from native forests to post-
colonization farming in the early 1800's increased both sedimentation
rates and productivity rates in the lake. His results form part of the
presentation by Jim Silliman, his graduate student mentor, at the fall
1994 AGU meeting in San Francisco. Hisother project wasto examine
evidence of the Eocene onset of Antarctic glaciation in a degpsea core
from the southern Indian Ocean. This project will be continued next
summer.
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The Organic Geochemistry Group has participated inthe LSA
College Undergraduate Research Opportunity Program for about five
years. This program brings freshmen and sophomores into research
programs early in their education to provide the students with actual
scientific experiencewhich helpsthemin their career decisions. Twoto
three students have worked in the laboratory each year, each being
assigned a specific research project. In each of the last three years, one
of these students hasdiscovered the pleasure and rel evance of geological
science and has become a concentrator in the department. All of the
students have made significant contributions to the various research
projects with which they have been involved.

Jim O’ Neil happily spent the period from January to August,
1994, on sabbatical leave at the University of Lausanne and lived in the
same gpartment housewhere Eric Esseneand Joyce Budai lived during
their sabbatical leave. Jm thoroughly enjoyed the camaraderie and
scientific exchange with University of Michigan dums Mike Cosca
(PhD ’88) and Zach Sharp (PhD '88) who have positions at the
University of Lausanne. Jim and Zach are writing a textbook on the
principles of light stable isotope geochemistry. Their tentative title is
“Isotopes Lite.” Henry Fricke is using 180 measurements of tooth
enamel from archeological specimens (both Vikings and Inuits) to
determine the rate of climate change in Greenland during the Little Ice
Age. Ella Reinhard made similar measurements of tooth enamel of
Pleistocene cave bears from Spain and was able to correlate climate
change registered in the oxygen isotope record of the bear teeth with
globd climatechange. Ruth Blakeisusing enzyme-mediated reactions
to investigate rates, mechanisms and equilibrium oxygen isotope
fractionationsinlaboratory studiesof i sotopeexchangereactionsbetween
biogenic phosphate and environmental fluids. Andy Mughannam’s
stableisotope and chemical study of rocks from the Tuolomne Intrusive
Series (Yosemite National Park) has placed important constraints on
processes by which zoned plutonic sequencesdevelop. Sang-TeKimis
using stable isotope measurements to understand the mechanism of
certain replacement reactions that may be useful in addressing the
important environmental problem of water contamination by heavy
metals.

Bob Owen reports that one of his research projects nearing
completion involves an effort by Peter Knoop, Bob and Dr. Charles
Morgan (at the University of Hawaii) to apply various geostatistical and
numerical analysis techniques to the problem of interpreting large
geochemical datasets. Peter’ srecent thesisresearch hasfocused onusing
acombination of factor analysis, linear modeling, and kriging methodsto
identify and evaluate patterns of compositional variability in
ferromanganese nodules. Oceanographers have long recognized that
nodule compositions represent a potentially important source of
information about the environmental conditionsunder whichthenodules
have grown. However, previous attempts to extract such information
have been hampered by the lack of regiona scae data sets and by
analytica inconsistencies between smaller scale studies of nodules in
adjacent areas. Peter’s work has focused on assessing regional-scale,
spatial variability in the geochemistry of nodules from the northeast
tropical Pacific Ocean. Thedataset, whichwasobtained from the Ocean
Minerals Company (OMCO), is the most comprehensive of its type
avallable: It includes geochemica analyses, determined using highly
uniform and closely controlled analytical protocols, for more than 4,500
grabsamplescollectedfromanareaspanning 3.5 millionkm?2 of seafloor.
Geostatistical examination of these data suggest that bulk nodule
compositions can beexplained by variable contributionsfrom only afew
different accretionary processes, and that these are primarily linked to
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should be accomplished in the near future. Meanwhile, David Fox,
measuring growth lines in elephant tusks, narrowly avoided being
inventoried as a regular fixture of the Morphometrics Lab, and Talia
Sher, a Biology graduate student, started work on a project on sexual
dimorphism in mastodons and mammoths. Getting the autumn off to a
good start, Brian Bodenbender successfully defended his dissertation
onevolutionary rel ationshipsamong bl astoid echinoderms, inferredfrom
morphologic, crystallographic, and stratigraphic data.

Philip Gingerich spent the summer writing about new fossil
sea cows (Sirenia) collected in Egypt last autumn, with brief visits to
Wyomingtowork withWill Clydeand
Jonathan Bloch on Eocene projects
there. Xiaoyuan Zhou ispreparing to

Department of Geological Sciences

of being retained inillite crystals, and this could lead to the widespread
application of “Ar/*Ar dating to the problems of diagenesis, basin
formation, and regional hydrothermal events. Chrisisasoinvolvedina
pilot study with Steve Keder to seeif what they have learned with clays
can be applied to the dating of ore minerdization.

Alex Halliday has spent much of theyear sincereturning from
sabbatical leave at Cambridge, planning and developing a new set of
research programs. While on sabbatical, Alex received funding for the
first inductively coupled magnetic sector multiple collector mass
spectrometer (Plasma54). Alex hasbeen awarded over $1 million from
NSF, DOE and the University of
Michiganto develop thisnew field of
mass spectrometry and apply it to

defend his dissertation on the 4.0
mesonychid ancestors of whales this

Annual Research Expenditures

problemsingeochemistry. Sincethen,
the big event of the year has been the

1

month. Mark Uhen spent the summer
studying whale skeletons at the
Smithsonian Ingtitution supported by a

™ Dollars

3.0

Smithsonian Predoctora Fellowship.
Phil andMark areworkingtogether this
year with support from a Rackham
faculty-student Research Partnership
award. Phil expectstospend November

I
=]

Sl e el

arriva of theprototypeversionof this
instrument (Plasma 54), and the
devel opment of thenew measurement
capabilities associated with it. With

and December with Will Clyde in
Pakistan looking for primitive whales

Expenditures {miliions)

-
@

and sea cows in a beautifully exposed
early middle Eocene shallow marine
shelf sequence.

Chris Hall reports that the ol
firsthalf of 1994 hasseenthecompletion
of acomprehensiveautomation project
withthe argon dating facility of RIGL.
Withmotorizedva vesand new stream-
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Research funding continues to increase at U-M
This graph shows annual Departmental expenditures on

several graduate students (John
Chesley, Matthias Ohr, Charlie
DeWolf and Der-Chuen Lee)
recently completing their Ph.D.s, and
severa others(Dan Barfod, Eleanor
Dixon, Hailiang Dong, Xiaozhong
Luo, Cass Padick, WenYi), getting
started onnew projects, thesabbatical
served as a great springboard for
research initiatives, and Alex is now
involved in research in areas as
different as short-lived radionuclides
intheearly solar system, new methods
for determining the ages of sulfides,
|aser probe Srisotopicmicrosampling

lined control software, itisnow much ~ &dernallyfundedresearchinmillionsof dollarsfor theperiod - of phenocryst growth zones, dating
easier for prospective usersto become  1976t0 1993. Thisparameter isbut oneof several indications  accessory mineral overgrowths in
acquaintedwiththesystem. Ameasure  of the healthy levels of research and teaching activity being  sandstone aguifers, determining the
of thisis that the lab has processesin  documented by our Internal Review Committee. An External  rates of growth of_ metamorphi_c
excessof 2800 MassSPECtrometer runs  Raview Committeei sexpected to visit the Department over the garnetsand redetermining theatomic

already in 1994,

The argon lab has been
involved with projects ranging from
Philippine  ophiolites  (John
Encarnacion) to rocks from Antarctica (Sam Mukasa) and Tanzania
(Cassi Padlick). JoeM eert studied thetiming of polar wander, and Jay
Busch has continued work on determining the history of tectonicsin a
portion of the Grenville belt. Eleanor Dixon and Peter Tropper have
both used the high spatia resolving power of the laser probe to data
individual amphibole crystals and John Christensen has dated single
sanidine crystals from Utah volcanic rocks.

Chris' own research has concentrated on four projects: astudy
of high-Ti lunar basaltsfromthe Apollo 11 site; refining thegeomagnetic
polarity time scalewith high precision ©Ar/°Ar agesof biotitesfoundin
ocean sediments; adirect and independent test of some predictionsmade
by theUCLA groupregardingage* domains’ inK-feldspars; andamajor
effort in collaboration with Alex Halliday, Don Peacor and Hailiang
Dong, tofind out exactly how argonisretainedinclay minerals. Thelatter
project hasyielded awealth of new information and has suggested anew
way of thinking with respect to argon dating of clays. It now appearsthat
both radiogenic“°Ar and neutron-induced *°Ar havevery similar chances
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comingyear (seeletter fromtheChair at thefront of thisissue).

weightsof Te, W, Moand Sn. Also,
while on sabbatical, he received
fundingto purchasetwo usedraregas
mass spectrometersfrom Cambridge
University enabling the development of natura rare gas isotope
geochemistry. Theplanistofocusinitialy ontherare gasgeochemistry
of hydrocarbon reservoirsandfluidinclusions. Expansion of theraregas
facility and development of Plasma 54 techniques will involve a
considerable range of research scientists and postdocs including Chris
Ballentine (see article elsewherein thisissue), ChrisHall, Der-Chuen
L eewho is staying on as a postdoc, Charlie Jones, John Christensen
and Damon Teagle. Atthetimeof writing therenovationsneeded for all
thisredirectionandexpansionarein progressand therewill bemuchmore
to report by the next issue of the newdetter.

Steve Keder spent the summer catching up on research and
cleaning up the ore deposits lab. With some help from Bill Kelly, he
identified, stored (and sometimes disposed of) material from severa
hundred(?) years of thesisand research work, aswell asinstalling anew
polishing system and fluid inclusion set-up. After that, heleft for aweek
inNevadavisiting David Stenger at hisM.Sc. project at the Twin Creeks

Geoscience News

used the resulting data set to construct isopachous maps of the several
sedimentary intervalsidentified on the profiles. The thickness dataare
interpreted asindi cating sediment transport pathwayswithin and between
the lake basins. The ostracode assemblages in the sediments were
quantified by Prof. Alison Smithof Kent StateUniversity, andinterpreted
asindicating changesinthelacustrineenvironments. Prof. Larry Krissek
at Ohio State University isstudying themineral ogy of thelake sediments.

Some of the oxygen isotopic results of this project are shown
here and compared to recent results from southern Lake Michigan by
Steve Colman of the U.S. Geological Survey. Reaand Moorewere able
to show that it isthe times of unusually low water levelsin Lake Huron
and Georgian Bay that aredominated by theisotopically very light waters
indicative of ice cap meltwaters. Thelake highstands, on the other hand,
tendtohold isotopically heavier waters, presumably of morelocal origin.
This result is exactly opposite to the “conventional wisdom” of those
studying the Quaternary geology of the Gresat Lakesregion but sofar has
withstood thetest of peer review. Asof thefall of 1994 eight manuscripts
resulting from thiswork arein press or in review, on topics such as the
seismicstratigraphy, thelitho-stratigraphy, thei sotopi c systematicsof the
lakes and the downcore record, the ostracode assemblages, and the
potential errors in radiocarbon dating of these materials.

Mooreand Reahavereceived NSFfundingfor threemoreyears
of paleolimnology research in the Laurentian Great Lakes and |ooking
forward to their next cruise in the summer 1995 field season.

Faculty, Research Staff,

and Student News

The past six months have been exceedingly busy with both
research and adoublemovefor the Subsurface L aboratory. JoyceBudai
has been working closely with Lynn Walter, and graduate students
AnnaMartini,Jim Richar dsand Tim K u, onabroadly based evaluation
of the Devonian Antrim Shalein the Michigan Basin. Lynn Walter and
Joyce Budai, together with Linda Abriola (Department of Civil and
Environmental Engineering) are being funded by the Gas Research
Ingtituteto eval uatetheinterrel ationshi psbetweenwater and gaschemistry
and fluid dynamics controlling gas production patternsin this naturally
fractured, unconventional gasreservoir. Thestudy hasbeen great funfor
all concerned and has alowed Joyce to spend more time in the stable
isotopelab. Inarelated study Joyce, Lynn Walter, and AnnaMartini are
working on water/rock interactions between bedded Silurian evaporites
and associ ated brinesin the Niagaran and Salinasectionsof theMichigan
Basin.

As some alumni may know, the well core collection of the
Subsurface Laboratory is stored in the lowest level of the Church Street
parking structure. This summer the ceiling and floor of that space was
completely rebuilt aspart of alarger renovation of thestructure. Thegood
newswasthat thiswork hasgreatly improved the storage areaand given
usalittle moreroom for coresand alayout area. The bad newswasthat
we had to move dl the cores and well cuttings out of the space for four
months, and then return themin September. We are pleased to announce
that themoveback iniscomplete, and by February 1995wewill alsohave
newly renovated offices adjacent to the core storage area for visiting
researchers working on core material.

Eric Essenesaysthat thisreportislikegoing back to school in Kentucky,

so what did he do last summer in 500 words? He had a busy summer
mostly inAnnArbor. Heand JoyceBudai havebeeninvolvedwithdaily
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therapy for their child Zachary (age 4) after amajor operation to extend
Zach'sleg capabilities. Thiswill be acontinuing effort for the next year
and more. Zach shows slow improvement—he now can sit and hold his
head up (most of the time). Fortunately, his vocabulary exceeds
considerably hisphysica skills. Adam (age 6) isinfirst grade, proudly
announcing heisnow a“grader.” Heisjoiningarecreational soccer team
thisfal. Michelle (now 26!) hasfinished her first year in medical school
a the University of Minnesotathis August and visited A2 this summer.
Karen (24) aso spent a week this summer with the A2 family; she
threatens to begin grad school in architecture next year. We shall see!
This summer Eric went in the field with Liping Wang (MY
PhD student) and Y ouxue Zhang to the Four Corners area of SW USA
and saw lots of mantle rocks and mineras in kimberlites. He aso
accompanied K lausM ezger (Postdoc,’ 89-'91) and Ben van der Pluijm
inyet another triptothe Grenvillein Ontario thisJuly. They found many
datablematerialsinthe Central M etasedimentary Belt. They stayedatthe
mosquito-ridden Sharbot Lake Campground, fabled in the minds of UM
hardrockers ca. 17 years ago for the somewhat loony (so to speak)
behavior of an unnamed grad student, tall and blond and from Dartmouth!
Jerry Magloughlin (current postdoc) and Eric spent some good daysin
the NW Adirondacks in early September, collecting hornblendes for
argonisotopework and camping at the Governeur Rod and Gun Clublike
always. They aso spent onenight at Cranberry Lake, abeautiful sitethat
still echoes from the depredations and stews of afal field trip in 1975,
from Bohlen, Metzger, Neshitt, Pattridge, Perkins, Valley, and Van
Den Berg (memoriaized asVan der Whacker after alonely Adirondack

peak on thistrip).

Theselast six monthsfor Bill Farrand have been spent largely
dealing with the administration of the Exhibit Museum, which means
mostly trying tofind moremoney to supplant the cutback of general fund
support by theCollege. TheMuseumisputtingonanew face—new track
lighting in display areas, the interactive Westher Wall exhibit, colorful
panels in the fourth floor corridor, a bright red banner above the front
entrance, and soon anew display in therotunda. New exhibits coming
along in mid-winter are a mosasaur model which will be “swimming”
above the heads of visitors and a new dinosaur skeleton. The dino,
Deinonychus, a 9-ft long “velociraptor,” is the focus of the Museum’'s
“Buy aBone’ campaignwhichappea stothepublictomakecontributions
by sponsoring aparticular bone. (Theskull goesfor $1,000.) All alumni
who returnto Ann Arbor areinvited to seethe*new” Museum and drop
into Bill’ s office for achat (phone; 313-763-4191).

OtherwiseBill presided over the 13thbiennial conferenceof the
AmericanQuaternary Association(AMQUA) whichmet at theUniversity
of Minnesotain Juneto discussthe concordance or conflict of “ Dataand
ModelsinQuaternary Research.” Wearing another hat, asvice-chairman
of theUSNational Committeefor INQUA (the I nternational Quaternary
Association), Bill continues to promote US participation in INQUA’s
1995 congressin Berlin.

Afterwhat seemedlikenever-ending preparations, Dan Fisher’s
plansto produce casts of the Brennan mastodon trackway finally shifted
into high gear toward the end of this past summer. Thisfinal phasewas
greatly facilitated by the contribution of an “industrial strength” power
sprayer, for spraying polyester resinontothemol d surface, by theWagner
Spray Tech Corporation. Spraying largevolumesof plastic onto one-of-
akind moldsthat requireasmall army towrestleinto positionisnot ajob
for thefaint-hearted, but all went well. The most delicious moment was
whenmoldand cast finally parted with aresounding POP! that echoed of f
the Central Campus Recreation Building across Washtenaw Ave. The
finished trackway still awaitsinstallation in the Exhibit Museum, but this

Continued on page 12.. . ..



Contributors to the Geological Sciences Campaign for Michigan over the past two years

Editor’ s Note: Thelast list provided was for a single year. However, because of the timing of publication thiswas, in reality, lessthan awhole year. Asaresult it wasinevitable that certain nameswere missing. To minimize this problemin futurewe will publish a list of donations every year for the past two years.
If your name has been omitted, please do not hesitate to get in touch with the new Editor, Alex Halliday, at (313) 764-1435.

Individual

Donald and Cheryl Alexander
Mr. and Mrs. William Ames
John and Camille Amoruso
Norbert L. Archbold

Laura S. Badalamenti
Dorothy W. Bailey

Juliane K. Bailey

Scott Baird

Giulio G. Badrighi

Eric and Doris Ball

Frank M. Barnes

William S. Bartels

Robert A. Basse

Julius and Barbara Beers
Catherine D. Belknap
Richard W. Benner

John and Ruth Boeckerman
William B. Borrmann
Erika J. Boss

William H. Boyer

John R. Branch

Mr. and Mrs. Arthur Brandon
Thomas Brocher and Anne Okubo
Carolyn Broderick

David R. Brosnahan

Chris D. Brotherhood

Roger E. Brown and Denise J. Carty

William and Ruth Brown
Robert and Marjorie Bryer
Margaret V. Buckwalter

Mr. and Mrs. Charles E. Buzby 1V
Matthew Douglas Cabell
James E. Campbell

Lois J. Campbell

William S. Carlson

Keith and Jean Carpenter
Ronald and Barbara Cassell
Richard and Nancy Cassin
Steven A. Catlin

Donald H. Chapman

Mr. and Mrs. Orlo E. Childs
Paul E. Christensen
Howard S. Christie

Mr. and Mrs. Bruce R. Clark
Brian P. Cohee

William and Karen Collier
Alice and Allen Corey

Kit B. Cornell
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Lawrence Coskey

John and Anita Cotton
David Coupland

David M. Courtis

Raymond M. Coveney, Jr.
Hanley B. Cox

John P. Craddock

Robert W. Culver, Jr.

Ruth B. Curtis

William Gerald Cutler
Timothy and Teresa Czarnik
Lana Ann CzerniakowsKi
Massis Davidian

Dorothy W. Davis

John M. de Sisto

Essie M. Dean

Roy Dean

Susan and Cornell DeJong
David B. DeWitt

John H. DeYoung, Jr.
Marla Diamond

Thomas P. Dickerson
William and Kathleen Dixon
Ruth P. Dorr

Robert H. and Nancy R. Dott
Carolyn Downey

Ben Eric Drake

William L. Duggan

Richard G. Dunlop

Paul A. Dunn

John and Alma Durr

Jeni Durst

Mercie and Kenneth Eadlick
William W. Easton

Robert H. Edwards

Donald A. Enman

Mr. and Mrs. Lance Erickson
Mary and Jay Erikson
Thomas and Margaret Ervin
Ralph E. Eshelman

Eric J. Essene

John A. Fagerstrom

Marion K. Fake

Jefferson Eitig Faye

Mr. and Mrs. Robert H. Fear
James L. Folcik

Helen L. Foster

David M. Fountain

Stefany and Gary Freeman
Eugene H. Freier

John and Molly Geissman
John and Helen Gilbert
William H. Glezen

Edwin N. Goddard

Mr. and Mrs. Aris G. Grammatikas
Mr. and Mrs. Henry H. Gray
Mr. and Mrs. John F. Greene
Albertta F. Grimshaw

Robert and Ruth Haag
William G. Haag

Merrill and Maria Haas
Shlomo A. Hagai

Jonathan T. Hagstrum

Rena Hansen

David and Ann Hardy
Margaret J. Hastedt

James E. Hesse

Harvey E. Heinbach

Steven G. Henry and KrystynaSwirydczuk
Judith and Bradley Horn
David A. Howell

Walter E. Hull

James D. Hume

Suzanne J. Hurter

Karen J. Husby-Coupland
Jordan N. Hymowitz

Andrew Isaacs and Jan Kappmeyer
John and Donna Marie Joity
Robert J. Jones

Donna Jurdy and Michael Stefanick
Thomas Charles Juster
Charles J. Kaiser

Haig F. Kasabach

Janice M. Keller

John W. Kendrick

Cecil C. Kersting

Stephen E. Kesler

John E. Kilgore

William A. Kneller

Edwin and Katherine Knetzger
Mr. and Mrs. Jack A. Kohn
John W. Kosztowny
Alexander A. Krezel

Paul Krueger

Konrad R. Kruger

Madlyn M. Kruger

Mary and Wallace Lamoreux
Rebecca A. Lange

Charles G. Lee

Arthur W. Leibold 111
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Alfred A. Levinson

Mr. and Mrs. Richard T. Liddicoat, Jr.

Robert M. Linsley

Mark Lipton

Kacey Lohmann

Art D. Lombard

Persis M. Long

Peter T. Lucas

CurtisL. Lundy
Christopher Lynnes

W. Bruce MacKenzie
Richard and Marian Mahard
William and Helen Malin
Ann M. Manchester
Georgia Manchester
Stephen L. Manchester
Thomas C. Manchester
Lawrence E. Mannion

Mr. and Mrs. Peter M. Mann
Susan Markert

Philip Lewis Martin
James A. Masterson
Margaret T. McCaul
Wardley D. McMaster

John S. Merchant

Frederick and Laurie Metzger
Philip A. Meyers

Anthony S. Mignery, Jr.
Gregg and Susan Millman
David Mogk

Margaret E. Mooney

David and Anne Morley
Katherine M. Muir

George H. Musselman
Winifred L. Nash

Joan P. Neuschler
Lawrence E. O'Brien
Hannah E. Ohr

Barbara and Peter Olsen
John P. Olson

James R. O’ Nell

Robert M. Owen

John William F. Parker
Alan R. Paul

Frances Manchester Pendleton
Erich U. and Nancy M. Petersen
David W. Plumer

Robert and Dorothy Prasil
Christopher R. Rampson
Mr. and Mrs. Leon Reiter

December 1994

Mr. and Mrs. Bruce Renaud
Duane and Kathryn Renken
Albert G. Richards

Mr. and Mrs. Robert T. Riedel
Marrianne H. Robertshaw

Mr. and Mrs. Frederick L. Roeser
Robert and Kathleen Rosowski
Mark Allen Ryan

Mr. and Mrs. Edward G. Sable
Lowell and Ann Satin

Tracy L. Schauer

Mr. and Mrs. Stephen S. Scherer
Bettina Schmeling

Robert Scholten

Ronald E. Seavoy

Y en-Hong Shau

Robert J. Shedlock

Edward C. Silverman

Dorothy M. Skillings

Audrey E. Smith

William T. and Barbara B. Smith
Mrs. William T. Sparrow, Jr.
Darwin and Sue Spearing
Linda Sperling

Donald Lee Sprague

Leel. Stroves

Winifred Stubenvoll

Waldo D. Sturm

Mr. and Mrs. John M. Sweet
Derek B. Tatlock

Elizabeth A. Terando

Bart and Naz Tichelaar
Clarence N. Tinker

Scott W. Tinker

Steven J. Tkach

Peiti Tung

John H. Tyler

Ben van der Pluijm

Mr. and Mrs. Rob Van der Voo
Richard W. Vian

W. Gregory Vogt

Mark and Sally Vukasovich
Mary and Eugene Walker
Stewart R. Wallace

Donald W. Watson

Paul L. and Alice E. Weis
Howard and Beth Williams
Edwin D. Williamson

Mr. and Mrs. Michael D. Wilson
Howard R. Witt

Laurel G. Woodruff

Carolyn R. Woodward

George L. Worden

Mr. and Mrs. Richard V. Wyman
Ruth and Harvey Y ablonsky
Jigjun Zhang

Jean Peterman Zimmer

Corporate

AFMS Scholarship Foundation

Amerada Hess Corporation

American Association of University
Women

American Chemical Society

Amoco Foundation, Inc.

Arco Foundation, Inc.

Baily Engineering & Testing

Baltimore Gas & Electric Co.

California Technology International
Chevron U.S.A., Inc.

Conoco, Inc.

Crimmins-Forman Market Research, Inc.
Exxon Company, U.S.A.

Exxon Education Foundation

Ford Motor Company Fund

John F. Greene & Company

|daho Beverages, Inc.

Lodestar Magnetics, Inc.

Louisiana Land & Exploration Co. Foun-
dation

Marathon Oil Foundation

Michcon Foundation

Mobil Foundation, Inc.

North Atlantic Treaty Organization
Occidental Oil & Gas Charitable Founda
tion

David & Lucille Packard Foundation
Paramount Communications Foundation
PPG Industries Foundation

Rohm & Haas Company

Shell Development Company

Shell Oil Company Foundation

Shell Western E & P Inc.

Tandy Corporation

Texaco Philanthropic Foundation

Union Oil Company of CaliforniaFounda-
tion

Union Pacific Corporation

U. S. Steel Foundation Inc.
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