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It is a great pleasure to intro-
duce the paper and authors voted the
Kirk Bryan Award winners, Frank J.
Pazzaglia of Lehigh University and
Mark T. Brandon of Yale University for
their paper, A fluvial record of long-
term steady-state uplift and erosion
across the Cascadia forearc high, west-
ern Washington State, published in
2001 in the American Journal of
Science, v. 301, p. 385-431. This paper
provides a veritable “how-to” for care-
ful study and use of river terraces as a
tool in understanding orogenic evolu-
tion, topics very close to my own inter-
ests. Before I discuss the paper and its
authors, however, I’d like to place the
work in a broader context.

Tectonic geomorphology can
be viewed as a marriage between the
disciplines of tectonics and geomor-
phology. Tectonic geomorphologists
seek to understand the response of land-
scapes—rivers, hillslopes, mountains—
to tectonic deformation while also ex-
amining the dynamic and tectonic

response of the earth to surface
processes, especially loading and un-
loading due to erosion and deposition.
The field covers a broad range of scales
and scientific problems, some of which
have been recognized by prior awards
from both this division and the
Structural Geology and Tectonics
Division. For example, aspects of pale-
oseismology—the study of prehistoric
earthquakes—have been recognized in
the 2000 Kirk Bryan Award to Brian
Atwater and Eileen Hemphill-Haley for
their work on recurrence intervals for
great Cascadia earthquakes from de-
tailed stratigraphic analysis of buried
marsh deposits in Washington and in
the 1994 Best Paper Award of the SGT
Division to Rolando Armijo, Paul
Tapponnier, and Han Tonglin for their
study of Late Cenozoic right-lateral
strike-slip faulting in southern Tibet.
The link between tectonism and land-
scape evolution has been highlighted in
the 1967 Kirk Bryan Award to Clyde
Wahrhaftig for his work on the stepped
topography in the southern Sierra
Nevada and the 1997 Best Paper Award
from SGT to Peter Molnar, Philip
England, and Joseph Martinod for their
analysis of the relationship between up-
lift of the Tibetan Plateau and the
Indian Monsoon. The connection be-
tween rivers and tectonism was part of
the message in John Hack’s paper on
longitudinal stream profiles in Virginia
and Maryland.

This year’s Kirk Bryan Award
honors a paper that is a direct collabora-
tion between a geomorphologist and a
tectonicist/structural geologist. Frank
Pazzaglia is a geomorphologist who has
ranged beyond the traditional bounds of
modern geomorphology in his studies
of rivers and landscape evolution, as
shown in his earlier studies of the
Cenozoic evolution of the Appalachians
by combining study of rivers and ter-
races—essentially the erosional
record—with the offshore depositional
record to reconstruct Appalachian de-

nudation. Mark Brandon is a structural
geologist who concentrates on the study
of ancient and modern convergent oro-
gens, but has broadened the scope of
structural geology to include use of fis-
sion tracks and helium analysis to ex-
amine denudation, not only in the
Olympics but also in the Alps and more
recently New Zealand and Kamchatka.
His comfort with geomorphologists ex-
tends beyond the collaboration honored
in this award; he has also lent his statis-
tical expertise to Bill Bull in analyzing
lichen dating of earthquake-generated
rockfall events.

It is not surprising, therefore,
that two such broadly based earth scien-
tists would work together to evaluate
the record of uplift and denudation in
the Olympic Mountains of Washington.
Their collaboration began when Frank
joined Mark at Yale as a post-doc after
finishing his Ph.D. at Penn State in
1993. This initial collaboration led to
some papers presented at national meet-
ings. Frank then joined the faculty at
the University of New Mexico (a tie to
Kirk Bryan!), where he and his students
continued studies of river terraces in the
western Olympics. Meanwhile, Mark
continued work on geochronology in
the Olympics with his students and
other colleagues. Their collaboration
has continued to the present, with the
paper honored here and other papers in
press or planned.

As I’ve already indicated, the
paper by Pazzaglia and Brandon that
we honor tonight marks a major contri-
bution to combining geomorphic and
tectonic studies into a coherent whole.
The authors summarize the geomorphic
and stratigraphic relationships that have
allowed them to correlate river terraces
along the Clearwater River in western
Washington and to tie terrace develop-
ment and preservation into eustatically
controlled base level changes and com-
pare the resulting geomorphically in-
ferred incision rates to denudation rates
inferred from fission-track studies. This
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is careful and thorough work, though in
itself it is no more innovative than
many other studies of terrace sequences
on rivers, even studies that correctly
recognize the interplay of tectonics and
climate in river-terrace development, as
these authors have done. 

There are, however, three as-
pects of the paper that are particularly
innovative, and thus make the paper de-
serving of the Kirk Bryan Award. Two
of these deal with how Frank and Mark
consider the response of the landscape
to tectonic shortening (and thus how to
interpret the spatial distribution of flu-
vial and marine terraces). They are the
first authors (in my experience) to ac-
count for the lateral translation of a
river terrace surface that occurs in an
orogen when the rocks and land surface
are being moved horizontally by com-
pression. Previous workers have used
terrace elevations above a river in a 1D
sense to estimate vertical incision rates,
and generally they assume that vertical
incision rates equal uplift rates.
Pazzaglia and Brandon correctly recog-
nize that if the mountains/rocks of the
Olympic Peninsula are actually moving
westward relative to the Pacific Ocean
coastline, vertical incision of the
Clearwater River will result in aban-
doning a terrace long profile that is
moving horizontally toward the west.
Thus terrace incision is a 2D problem,
as elevation of the terrace above the
river is not exclusively a matter of ver-
tical uplift and incision but of that com-
bined horizontal and vertical translation
of the land surface due to tectonic
shortening. They provide a simple yet
elegant means of calculating the ex-
pected results of shortening on apparent
river incision (if shortening rates are
known).

The second point is related.
They recognize that if a marine terrace
and its original shoreline are being
translated horizontally, then subsequent
coastal erosion during sea-level high-
stands will produce a landward transla-

tion of the edge of the marine terrace
(even as the original shoreline morphol-
ogy has been translated toward the
ocean by tectonically driven horizontal
movement of the landscape). This can
result in an apparent uplift of the ma-
rine terrace, as the shoreline that was
present at the time of terrace formation
has migrated oceanward and been
eroded away, leaving the cover-bed
stratigraphy that was originally inland
(and deposited above sea level) now at
the coast. Again, they provide a far
more elegant explanation than I have
here.

The third aspect of the paper
deserving of special mention is the ef-
fort the authors make to compare the
uplift rates they infer from (corrected)
incision rates with the uplift/denudation
profile obtained previously from fis-
sion-track dating. They use the similar-
ity of rates between these two tech-
niques to conclude that the orogen has
reached a steady state between influx
from tectonic accretion and outflux
from erosion. While this conclusion is
consistent with the data, it is not re-
quired, as the uncertainties in denuda-
tion rates are large. Nonetheless, this
melding of geomorphology and
geochronology has been attempted
elsewhere, but never combined as suc-
cessfully as here.

Comments from others about
the paper include that it integrates a re-
markable range of geomorphic and tec-
tonic research, with the use of geomor-
phic features to investigate the 2D
nature of the orogen as an original and
creative approach consistent with the
stature of the Kirk Bryan award.
Another reader emphasizes how well
the authors have integrated the center-
piece of a river-terrace study with neo-
tectonics, glacial geology, geochronol-
ogy, and sea-level change, coupling all
of this with innovative modeling and an
exceptionally well written and pro-
fusely illustrated text.

In summary, Pazzaglia and
Brandon have written a clear, well rea-
soned paper that comprehensively doc-
uments the tectonic signal that can be
obtained from a careful study of river
and marine terraces. They have cor-
rected most of the errors that are com-
monly made in this kind of study—par-
ticularly the assumption that vertical
incision equals uplift rate—and have
provided a template for future studies
of river response to rapid tectonic uplift
and shortening. This paper will be a key
reference not only in the field of tec-
tonic geomorphology, but also among
those geoscientists interested in moun-
tain-building and the evolution of
mountain landscapes in tectonically ac-
tive regions.

Response by Mark T. Brandon

I am honored to receive the
Kirk Bryan Award. It gives me even
greater pleasure to share this award
with Frank Pazzaglia, who taught me
what rivers can tell us about the evolu-
tion of tectonically active landscapes.
In the fall of 1991, I attended a GSA
field trip in the Transverse Range, lead
by Ed Keller and Bob Yeats, to learn
how geomorphology might be used to
measure uplift in the Olympic
Mountains. On that trip, I immediately
hit it off with a young geomorphologist
who was finishing his Ph.D. on fluvial
incision and uplift in the northern
Appalachians. Frank joined us that
summer for a backpacking trip in the
Olympics to collected samples for fis-
sion-track dating. We spent the whole
time in long conversations about all
things tectonic and geomorphic. Frank
was also quick to realize that the
Clearwater drainage would be ideal for
a study of strath incision, given that it
was the only major drainage that had
not been affected by late Pleistocene
glaciation. 

In the fall, Frank submitted a
proposal to NSF, and was awarded a
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two-year Earth Sciences Postdoctoral
Research Fellowship. He was also of-
fered a faculty position at University of
New Mexico, but arranged a delay so
that he could spend at least one year at
Yale. In the summers of 1993 and 1994,
Frank produced the first detailed maps
of the straths and terrace fill sequences
in the Clearwater. His year at Yale was
intense. We spent most of the time try-
ing to reconcile our very different expe-
riences with deformation, uplift, fluvial
incision, and terrace formation. We also
spent considerable time discussing the
interplay between tectonics, climate,
and erosion at the regional scale. That
laid the ground work for a paper on up-
lift and erosion of the Appalachians,
published in 1996. 

Frank’s student Tony Garcia
mapped fluvial stratigraphy in the
Dosewallips drainage in the eastern
Olympics, but the record there was
much shorter and more complicated be-
cause of recent glaciation. Frank’s stu-
dent Karl Wegmann refined the fluvial
stratigraphy in the Clearwater during
the summers of 1997 and 1998. Karl’s
very nice work on the Holocene fluvial
history of the Clearwater just came out
in GSA Bulletin. 

Frank and I would agree that
writing our Clearwater paper was both
an exciting and a miserable experience.
We knew that at its core, the strath inci-
sion record in the Clearwater would
provide a fundamental control on long-
term uplift across the Olympics. We
also knew that the pattern of uplift was
very different from that indicated by
modern geodetic studies. The reason
was simple. Geodetic measurements
record both the preseismic elastic de-
formation, plus the long-term perma-
nent deformation. The strath incision
rates were averaging uplift over a much
longer time scale, so the elastic defor-
mation associated with the earthquake
cycle was averaged out. We struggled
for a very long time to figure out how
to estimate the ages of strath formation.

The ultimate breakthrough came when
we figured out how the outwash stratig-
raphy at the mouth of the river was tied
to eustatic sea level. This result pro-
vided good age control for the upstream
fluvial stratigraphy, which was used to
constrain the ages of the underlying
straths.

With rates we learned that the
incision rates along the river were rela-
tively steady over the last 150 k.y., and
also matched the long-term erosion
rates indicated by fission-track and He
apatite dating. Mary Roden-Tice, John
Garver and I had already proposed that
the Olympics sector of the Cascadia
wedge has been in a flux steady state
since about 14 Ma, but to see steadiness
on the 100 k.y. time scale was very sur-
prising. 

Discussions with Sean Willett
started us to think about the implica-
tions of horizontal displacements on
our geomorphic results. We gradually
came to realize that the entire landscape
was “surfing” into the west coast.
Horizontal motion is fastest at the coast,
but decelerates farther inland. The de-
celeration is due to horizontal shorten-
ing, in the direction of convergence,
and accounts for the landward increase
in uplift rates across the western
Olympics. Work on thermal-kinematic
modeling with Geoff Batt, Mary
Roden-Tice, and Ken Farley also pro-
vided important support for this conclu-
sion. 

Differences in our back-
grounds caused Frank and me to spend
a lot of time debating the reliability of
using strath incision as a measure of
rock uplift in the Clearwater. Thus the
broad scope of the paper reflects our
need to come to terms with some of the
core ideas in tectonic geomorphology.
We are thankful to American Journal of
Science for providing the space needed
to dip deeply into these issues. 

I have been lucky to work
with a great group of people in the

Olympics over the years. To all, includ-
ing the many individuals not mentioned
above, I thank you very much for your
collaboration and friendship. I am
grateful to my colleagues at Yale. I have
profited greatly from the fine intellec-
tual environment there. The long his-
tory of accomplishments in the depart-
ment, both in research and in
undergraduate and graduate education,
have driven me to make more of my
talents, as they are. Even with this
award, I was surprised to learn that
Kirk Bryan got his Ph.D. from our de-
partment in 1920. 

I am very lucky to have a
wonderful family, with my wife Susan
Monsen and my son Alec. Their love
and support have long helped to moder-
ate the ups and downs that come with
an academic life. 

I would like to finish with a
comment. Several years ago, the NSF
Earth Science Postdoctoral Research
Fellowship program was quietly dis-
continued. I was surprised because it
provided a unique opportunity for
newly minted Ph.D. students to chart
their own direction for postdoctoral re-
search. Those who succeeded got per-
sonal recognition for their talents, ini-
tiative, and research ideas. I know that
Frank profited greatly from his fellow-
ship experience. I hope that the
Division of Earth Sciences at NSF will
consider reinstating this program.
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Frank J. Pazzaglia

Response by Frank J. Pazzaglia

There are not words to de-
scribe my surprise when I learned that
the Clearwater terrace paper was nomi-
nated, let alone awarded the Kirk Bryan
Award. It means a great deal to me to
have this paper recognized by this divi-
sion. I have come to call most of you
colleagues and a large number of you
friends; it is a fine gesture of mutual re-
spect we have for one another in nomi-
nating and making this award every
year. It helps us maintain a link with the
long list of outstanding geomorpholo-
gists upon which the foundation of our
science is built. The award carries spe-
cial meaning for me because I have al-
ways felt a certain connection to Kirk
Bryan and his work. Kirk Bryan was
the second graduate from the
Department of Geology at the
University of New Mexico. I have had
the honor and privilege of studying ge-
omorphology in that department as both
a student and as an assistant professor.
There is no finer place and no finer
group of faculty colleagues for a young
geomorphologist to learn how to be-
come a scientist. I consider myself
lucky to call Charles Stearns a friend.
Charlie was one of Kirk Bryan’s last
students working in New Mexico, and
inspired by him, I continue to work
with my New Mexican colleagues on
the Tuerto Gravels and geology in the
Hagan Basin, both long-time research
projects of Kirk Bryan. It is a great

thrill to see that the broader community
of Quaternary Geologist and
Geomorphologists recognize the now
maturing field of tectonic geomorphol-
ogy. And in selecting a paper co-au-
thored by someone traditionally trained
as a geomorphologist and another tradi-
tionally trained as a structural geologist,
I think it speaks well to the good things
that can happen when the walls be-
tween disciplines are kept low. 

The paper that you have cho-
sen to honor tonight reflects the work
and consideration of many of you who
are not listed as authors, but neverthe-
less, deserve recognition. So it is fitting
and proper to use this opportunity to
recognize the efforts of that broader
community. First and foremost, I’d like
to thank my co-author Mark Brandon.
This paper was such a complete team
effort that it is only through his grace
and character that my name appears
first. Mark has been my closest profes-
sional colleague and a good friend for
over ten years. I do not assume full re-
sponsibility for when Mark starts
speaking like a geomorphologist, but
our collaboration has certainly forced
me to rethink my traditional training!
The geomorphic foundation of what
Mark and I tried to accomplish in the
Olympics is an outgrowth of that train-
ing that I received from Steve Wells,
Les McFadden, and Tom Gardner, three
of the finest process geomorphologists
and citizens in our discipline. 

I have been blessed to have
mentored 11 outstanding graduate stu-
dents, two in the Olympics who were
among the finest young men any pro-
fessor could have ever hoped to advise.
Tony Garcia worked on the eastern side
of the peninsula, and Karl Wegmann
worked in the Clearwater basin itself.
Karl’s remapping of my initial work
was instrumental in getting the fluvial
stratigraphy correct for the Clearwater
drainage. Along with these students, I
have had a long-standing relationship
with Glenn Thackray who at that time

was completing his Ph.D. at the
University of Washington and is now an
associate professor at Idaho State.
Glenn and I spent several summers to-
gether and it is his glacial stratigraphy
and descriptions of the coastal expo-
sures that anchors much of what we
know about the Clearwater terrace ages.
Likewise, I am thankful for the cooper-
ation and numerous field discussions
with members of the State of
Washington DNR, namely Wendy
Gerstel and Bill Lingley. And I would
like to acknowledge the support and co-
operation of the National Park Service,
the Quinault Nation, and Rayonier Inc. 

The paper benefited greatly
from extensive reviews spanning sev-
eral years as Mark and I wrote, rewrote,
revised, rewrote, and rewrote again. I
am so thankful that length of time be-
tween the first draft and final publica-
tion was not a criteria in the award se-
lection process. I’d like to recognize
Harvey Kelsey, Brian Atwater, Kelin
Whipple, Bill Bull, and most important,
Peter Knuepfer, who graciously pro-
vided the final advice and push that
made the manuscript publishable.
Financial support over the years was
provided by the National Science
Foundation and I’d like to thank the
Tectonics Program and the unknown re-
viewers of my proposal to work in the
Olympics for their support. My re-
search continues in the Olympics with
the support of my current department at
Lehigh University and new collabora-
tors including Eric McDonald and John
Gosse as we attack the very compli-
cated world of soils and cosmogenic
exposure ages in the temperate rain for-
est setting. 

Last, in selecting this paper for
the Kirk Bryan Award, you have, in a
very direct way, recognized the efforts
of individuals whose names never
makes it to the list of authors. I’m
speaking specifically of my wife
Kristen, who for many consecutive
summers was home in Albuquerque,
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with three very young children, alone
and with no support while I was enjoy-
ing myself grandly in the Olympics be-
ing a field geologist. Rarely is there
recognition and almost never are there
awards for those at home that give us
field geologists the freedom and oppor-
tunity to do what we do. This award
recognizes the support and sacrifice of
my wife and I sincerely thank you on
her behalf for that.

This concludes my comments,
thank you again very much for your
recognition of this paper.
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