Keck Geology Consortium
21st Keck Research Symposium in Geology
Short Contributions
April 2008
Dr Andrew P. de Wet, Editor
Keck Director
Franklin & Marshall College

Keck Geology Consortium
Franklin & Marshall College
PO Box 3003, Lancaster Pa, 17603

Dr Amy Rhodes,
Symposium Organizer
Smith College

Keck Geology Consortium Member Institutions:

Amherst College Beloit College Carleton College Colgate University The College of Wooster The Colorado College
Franklin and Marshall College Macalester College Mt. Holyoke College Oberlin College Pomona College Smith College Trinity University
Union College Washington and Lee University Wesleyan University Whitman College Williams College

2007-2008 Projects:
Tectonic and Climatic Forcing of the Swiss Alps
John Garver (Union College), Mark Brandon (Yale University), Alison Anders (University of Illinois),
Jeff Rahl (Washington and Lee University), Devin McPhillips (Yale University)
Students: William Barnhart, Kat Compton, Rosalba Queirolo, Lindsay Rathnow,
Scott Reynhout, Libby Ritz, Jessica Stanley, Michael Werner, Elizabeth Wong
Geologic Controls on Viticulture in the Walla Walla Valley, Washington
Kevin Pogue (Whitman College) and Chris Oze (Bryn Mawr College)
Students: Ruth Indrick, Karl Lang, Season Martin, Anna Mazzariello, John Nowinski, Anna Weber
The Árnes central volcano, Northwestern Iceland
Brennan Jordan (University of South Dakota), Bob Wiebe (Franklin & Marshall College), Paul Olin (Washington State U.)
Students: Michael Bernstein, Elizabeth Drewes, Kamilla Fellah, Daniel Hadley, Caitlyn Perlman, Lynne Stewart
Origin of big garnets in amphibolites during high-grade metamorphism, Adirondacks, NY
Kurt Hollocher (Union College)
Students: Denny Alden, Erica Emerson, Kathryn Stack
Carbonate Depositional Systems of St. Croix, US Virgin Islands
Dennis Hubbard and Karla Parsons-Hubbard (Oberlin College), Karl Wirth (Macalester College)
Students: Monica Arienzo, Ashley Burkett, Alexander Burpee, Sarah Chamlee, Timmons Erickson
Andrew Estep, Dana Fisco, Matthew Klinman, Caitlin Tems, Selina Tirtajana
Sedimentary Environments and Paleoecology of Proterozoic and Cambrian “Avalonian” Strata in the United States
Mark McMenamin (Mount Holyoke College) and Jack Beuthin (U of Pittsburgh, Johnstown)
Students: Evan Anderson, Anna Lavarreda, Ken O’Donnell, Walter Persons, Jessica Williams
Development and Analysis of Millennial-Scale Tree Ring Records from
Glacier Bay National Park and Preserve, Alaska (Glacier Bay)
Greg Wiles (The College of Wooster)
Students: Erica Erlanger, Alex Trutko, Adam Plourde
The Biogeochemistry and Environmental History of Bioluminescent Bays, Vieques, Puerto Rico
Tim Ku (Wesleyan University) Suzanne O’Connell (Wesleyan University), Anna Martini (Amherst College)
Students: Erin Algeo, Jennifer Bourdeau, Justin Clark, Margaret Selzer, Ulyanna Sorokopoud, Sarah Tracy
Funding provided by:
Keck Geology Consortium Member Institutions and NSF (NSF-REU: 0648782)

Keck Geology Consortium: Projects 2007-2008
Short Contributions – Walla Walla
GEOLOGIC CONTROLS ON VITICULTURE IN THE WALLA WALLA VALLEY,
WASHINGTON: p55-60
Project faculty:
CHRISTOPHER OZE: Bryn Mawr College
KEVIN R. POGUE: Whitman College
THE INFLUENCE OF GEOLOGIC AND ANTHROPOGENIC INTERACTIONS ON
GEOCHEMICAL PROCESSES IN THE CRITICAL ZONE OF VINEYARDS NEAR MILTONFREEWATER, OREGON: p61-66
RUTH INDRICK: Smith College
Research Advisor: Robert Newton
INFLUENCE OF SOIL COMPOSITION AND SURFACE MATERIALS ON GRAPEVINE
TEMPERATURE: p67-71
KARL LANG: College of William and Mary
Research Advisor: Greg Hancock
TRACING TERROIR: COMPARING ELEMENTAL CONCENTRATIONS IN GRAPEVINES
WITH THEIR SOILS: p72-77
SEASON MARTIN, Whitman College
Research Advisor: Kirsten Nicolaysen
EVALUATION OF SOIL GEOCHEMISTRY IN THE VINEYARDS OF WALLA WALLA,
WASHINGTON: p78-83
ANNA ELIZABETH MAZZARIELLO: Bryn Mawr College
Research Advisors: Catherine Riihimaki & Christopher Oze
VARIATIONS IN TEXTURAL, HYDROLOGIC, AND CHEMICAL PROPERTIES OF SOILS
WITHIN THE WALLA WALLA VALLEY AMERICAN VITICULTURAL AREA: p84-89
JOHN NOWINSKI: Carleton College
Research Advisor: Mary Savina
ELECTRICAL CONDUCTIVITY AS A PREDICTOR OF SOIL CHARACTERISTICS IN THE
WALLA WALLA VALLEY, OREGON: p90-95
ANNA WEBER: Williams College
Research Advisor: David Dethier

Funding provided by: Keck Geology Consortium Member Institutions and NSF (NSF-REU: 0648782)
Keck Geology Consortium
Franklin & Marshall College
PO Box 3003, Lancaster Pa, 17603
Keckgeology.org

21st Annual Keck Symposium: 2008

INFLUENCE OF SOIL COMPOSITION AND SURFACE
MATERIALS ON GRAPEVINE TEMPERATURE
KARL LANG: College of William and Mary
Research Advisor: Greg Hancock

INTRODUCTION
High quality grapes are a necessity for fine
wine. To create ideal conditions for the production of quality fruit, a vineyard may employ a wide variety of techniques to control
the variables in the environment in which
grapes are grown. This study examines the
role of vineyard temperature. According to
Happ (1999), temperature is an important
factor in controlling vine growth and grape
ripening and flavor. Jones and Hellman
(2003) cited heat summation as the single
most important factor in choosing a vineyard site. Typically, viticulturalists use ambient air temperatures as indicators of the
heat their vines receive. However, ambient
air temperature does not accurately reflect
the temperature variations experienced by
different parts of the grapevine. This study
seeks to determine more precisely how
vine temperatures vary both above and
below the ground as a function of vineyard soil and
ground cover.

VINEYARDS
Four vineyard sites were used for this study (Figure
1). Sites were selected to be representative of different soils and surface materials; basalt cobbles at
Armada Vineyard, cobbly loam at Coccinelle Vineyard, silt loam with a bare surface at Cockburn Hills
Vineyard, and grass-covered silt loam at Seven Hills
Vineyard. Soil profiles are illustrated in Figure 2.

Vineyard soils are commonly believed to have a
large control on the vineyard microclimate, particularly in the case of rocky soils (Gladstones, 1992).
No study has yet examined this phenomenon in
detail, or even the more general relationship between soil type and soil and grapevine temperature
variations. The Walla Walla American Viticultural
Area (AVA) is an excellent area to study theses
variations because it contains a wide variety of soil
types including soils that consist almost entirely of
cobblestones (Figure 1). Also, management practices
vary from vineyard to vineyard with some viticulturalists leaving bare soil between rows while others
cultivate cover crops.

METHODS
Onset Computer Corporation HOBO© Pendant
temperature data loggers were installed at five
locations within each vineyard. Data loggers were
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inserted into grape clusters at various heights above
the surface, buried under a thin layer of soil on the
surface and at depths of 25 cm and 50 cm below
the surface, and suspended within solar radiation
shields 1.5 m above the ground at the end of vineyard rows (Figure 3). This configuration measured
the temperature variations experienced by the vine
in the root zone and in the grape clusters. These
measurements were then compared to ground surface temperatures, and ambient air measurements
recorded concurrently in the solar radiation-shielded boxes. The loggers were programmed to record
the temperature every twenty minutes, except for
the ambient air loggers which recorded every hour.

Due to limitations imposed by the number of available data loggers, it was not possible to concurrently
monitor all positions in all vineyards. Data was collected using a time matrix than ensured consistent
placement in each vineyard per time interval so that
the results could be directly compared. Ambient
air temperature and surface temperature monitors
were continuously recording between 7/25/08 and
8/31/08. Cluster monitors were operating with the
highest precision (a minimum 4 loggers) for the first
5 days, then subsurface monitors operated with high
precision (4 loggers) for the next 5 days, and then
data was recorded with 2 loggers in both clusters
and buried for the rest of the time period.
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The collected data was analyzed from three perspectives. First, the raw data was compared to determine
real temperature differences per vineyard site. Relative temperature differences at each site (e.g. between cluster temperature and ambient air temperature) were compared with other sites to determine
possible soil type and ground cover effects. Lastly,
total heat summation for the four-day intervals was
summed and compared as average daily growing
degree-days (GDD). GDD are calculated by averaging daily ambient air temperatures temperatures
and subtracting a base value of 10° C, see equation
below.

TEMPERATURE ANALYSIS
Data collected over the total 37 days was assembled
and cataloged in a spreadsheet for analysis. The
lower precision data collected after 8/05/08 gave
averaged temperatures very similar to the higher
precision sets collected in the first 10 days thus,
results presented here are a direct comparative
analysis focusing on the higher precision data sets of
the first 10 days. Excluding the first transition day of
each set, the total set was subdivided into four days,
averaged and further divided into day and night
periods. Days correspond to data sampled from 9:00
to 20:40, and nights, from 21:00 to 8:40.

GDD = Sum (Tmax-Tmin/2) -10		

Average subsurface temperatures at both 25 and
50 cm depths for the four days is presented in the
line graph component of Figure 4. Comparing the
subsurface graphs C and D to the surface temperature graph B, there is a noticeably large degree of
temperature variance. Results show that at about

This base temperature of 10° C is commonly used
because grapevines exhibit very little growth below
this temperature. This calculation is designed to
quantify the amount of heat the vine can use to grow
and mature (Hellman and Jones, 2003).
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50 cm, subsurface temperatures approach a dirunal
equilibrium value. Temperatures at 25 cm depth
to vary inversely with surface temperatures. This
phenomenon is observed in all vineyards, and in
Coccinelle to the highest degree. In fact, as daytime
surface temperatures peak around 2 PM, subsurface
temperatures just begin to rise. Nightly, subsurface
temperatures maintain a temperature at least 6° C
warmer than the surface at all locations, Both 25 cm
and 50 cm data show an average rate of temperature
decrease with depth of about 0.12° C/cm. Peak subsurface temperatures occur between 22:00 and 0:00;
latest at Cockburn Hills and earliest at Coccinelle.
Interestingly, the amount of time during which the
temperature at 25 cm depth exceeded surface temperatures ranged from 14 to 16.3 hours at Cockburn
Hills and Coccinelle, respectively. This subsurface
temperature dominance begins between 18:00 and
20:00, earliest at Coccinelle and latest at Cockburn
Hills.

the bar graph components of Figure 4, with figure
parts representing area specific GDD totals. The
white line cutting the bars represents the relative
proportion of GDD accumulated during the day and
night (and pertain only to the solid bar data sets). A
and B display total GDD calculated from both fourday averaged data sets. Differences in these data sets
are only observed to a significant degree in B, resulting from higher average temperatures observed on
the surface during this time period. However, while
total GDD vary, general data trends are maintained.
The consistently highest GDD total was observed
for Cockburn Hills, followed closely by the two
cobbly vineyards Armada and Coccinelle. Seven
Hills maintaind a relatively lower heat summation,
particularly when GDD are calculated using subsurface temperatures. For all locations, more GDD
accumulate at night using subsurface temperatures,
and during the day using ambient air temperatures.
Temperatures measured at a depth of 25 cm yield a
higher GDD in all locations except for Seven Hills.
Even 50 cm depth calculations produce higher total
GDD than ambient air calculations; again excepting
Seven Hills.

The grape cluster temperature data set was compared to ambient air temperatures and analyzed for
consistent trends in the data (Figure 4, E). Diurnal
cluster temperatures tended to follow ambient air
temperatures closely. Maximum absolute temperatures reached in both Armada and Coccinelle were
only a few degrees C higher than Cockburn Hills.
The highest average temperature difference, roughly
5° C below ambient air temperatures, occurred at
Cockburn Hills; spending only 6 hours a day with
cluster temperatures above ambient air temperature.
The lowest average difference occurred at Coccinelle, which was less than 1° C below the ambient air
temperature, with the same amount of time above
ambient. All vineyards but Coccinelle experienced
particularly low differences in cluster temperatures,
ranging from 7° C below ambient at Seven Hills to
14° C below at Cockburn Hills. Coccinelle experienced a maximum 2° C below ambient temperature
difference. Cluster temperatures exceeded ambient
air temperatures in all vineyards for about 6 hours
each day in the mid to late afternoon.

CONCLUSIONS
Interestingly, relative to surface temperatures, subsurface temperatures only vary modestly. The largest
25 cm depth variance was 17° C warmer, observed
at Coccinelle. This, however, may be inadvertently
biased. While absolute temperatures were much
higher at Cockburn Hills, subsurface temperature
variance was similar to the cobbly vineyards. This
finding suggests that perhaps the influence of a
cobbly substrate is easily masked by higher overall
temperatures (in this case dependent on elevation).
Upon closer inspection of the data, cobbly vineyards
Coccinelle and Armada do still have an impact.
They are able to maintain subsurface temperatures
higher than surface temperatures much longer than
Cockburn Hills or Seven Hills. Thus, the summation over this time period is comparable despite the
cobbly vineyards’ lower overall temperatures. This
would indicate that a cobble substrate is most effec-

GDD calculations of heat summation were summed
using subsurface and cluster temperature data sets
for the four day interval. This data is presented in
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tive at maintaining higher than expected subsurface
and shallow surface temperatures for a longer period
of time (up to 2.3 hours more per day). Taking this
into account, it would be logical to assume that if the
Armada and Coccinelle had the same average ambient air temperature as Cockburn Hills they would
have higher GDD due to their ability to sustain
higher subsurface temperatures longer.

and in similar soils. This may be due to the presence
of an irrigation canal near the ambient temperature
data logger. The cool water may have decreased the
ambient air temperatures resulting in an apparent
increase in relative temperature differences in this
vineyard. At most this could have increased the relative temperature difference in the cluster data set by a
few degrees, marginally inflating GDD totals.

The results also illustrate how vineyard temperature, as measured by the ambient air temperature,
differs from the temperature experienced by the
roots and clusters of the vines. If heat summation is
calculated as GDD using ambient air temperatures,
large variations in the heat actually experienced
by the vine will not be observed. Results show that
these GDD totals can vary by more than 20 percent
depending on the temperature data set is used. This
is particularly important for cobbly vineyards. Separate measurements allow a viticulturalist to make
careful modifictaions a vine to control site specific
heat exposure. Close mointoring of exposure in
clusters during fruit set might, for example, help a
viticulturalist better predict the arrival of véraison.
The most accurate data for calculating GDD would
account for this observed variation at the vine scale.
Even a simple approximation for the difference
between ambient air temperatures and shallow subsurface temperatures would greatly increase GDD
accuracy.

Finally, a wide variety of factors affect the temperatures experienced at a given vineyard. These include
but are not limited to, elevation, row orientation,
aspect, proximity to water or developed areas, annual
precipitation, irrigation methods and viticultural
practices. It was possible to control these factors
to some degree by only directly comparing relative
temperature differences from ambient air or surface
temperatures. However, the Cockburn Hills data was
obviously affected by the higher elevation of that site.
The elevation of the Cockburn Hills vineyard places
it above the nocturnal cold air pool that reduces
nighttime temperatures on the valley floor where the
other sites were located.
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COMPLICATIONS
Several complications arose which require the results to be interpreted with some caution. Notice the
notches in surface temperature data in Figure 4, B
that indicate depressed temperatures due to shading of the data loggers by the vine canopy. Daily, as
the sun reached its zenith and surface temperatures
increased, the surface data loggers were completely
shaded. This phenomenon occurred at nearly every
site, but to a lesser degree at Seven Hills, due to an
E-W row orientation.
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Additionally, there is a noticeably lower average ambient air temperature at Coccinelle than at Armada.
Both vineyards are located at the same elevation,
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