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INTRODUCTION

The term terroir encompasses a sense of place ex-
pressed within a wine, the relationship between the 
physical characteristics of a vineyard and the flavor 
of wine produced by the vineyard (Goode, 2005).  
Winemaking is an amalgamation of influences that 
include climate, topography, and perhaps most 
importantly, soil chemistry (de Andreés-de Prado et 
al., 2007).  The potential of a wine is believed to be 
influenced if not determined within the chemistry 
of the soils where roots reside, prior to the juicing of 
grapes and fermentation.  Wine flavors differ when 
the only variation exists in the soils in which the 
grapes were grown.  Elements present in soil forma-
tions change due to factors such as elevation and 
precipitation, which, when combined, alter the local 
chemical weathering rates of vineyard soils. 

 While the relationship between soil and 
wine quality has been studied extensively in 
older wine-producing regions (e.g., de An-
drés-de Prado, et al., 2007), the Walla Walla 
wine industry is so new that little research 
has been conducted and made available.  
The objective of this project was to inves-
tigate regional variations in soil chemistry 
and to potentially identify the chemical 
fingerprints a grape berry might inherit 
from the soil.  During August of 2007, I 
worked with five other students and two 
professors to study the physical and chemi-
cal fingerprints or terroir of the vineyards in 
Walla Walla, Washington.  For this report 
I collected samples from a variety of soil 
formations at a range of elevations in the 
valley to summarize the elemental distribu-
tion of the vineyard soils.

STUDY AREA

The Walla Walla Valley American Viticulture Area 
(AVA) encompasses land along the Washington-
Oregon state boundary (Fig. 1) between the Cas-
cade Mountains to the west and the Blue Moun-
tains which forms the eastern border of the valley 
(Gregutt, 2007).  The mountains keep the valley 
both dry and hot throughout the summer months, 
blocking moist, cool air from the west.  Irrigation 
is crucial to Washington vineyard success because 
the majority of the eastern half of the state is pre-
dominantly arid and semiarid terrain.  This area has 
been primarily used for fields growing wheat and 
some orchards of apples or peaches.  Commercial 
production of Vitis vinifera—the common grape 
vine—wines dates from 1967 in Washington State, 
but the Walla Walla appellation was not officially 

EVALUATION OF SOIL GEOCHEMISTRY IN THE VINEYARDS 
OF WALLA WALLA, WASHINGTON

ANNA ELIZABETH MAZZARIELLO: Bryn Mawr College
Research Advisors: Catherine Riihimaki & Christopher Oze

Figure 1)  Regional Walla Walla, WA American Viticulture Areas located in 
the northwest corner of the United States. The Walla Walla AVA (in laven-
der) rests specifically on the Washington-Oregon state boundary.  From 
http://vintners.net/wawine/misc/appellations
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recognized as an American Viticulture Area until 
1984 (Gregutt, 2007).   

Geology

The Walla Walla Valley was shaped by two dra-
matic geological occurrences, lava flows and glacial 
floods.  Basalt is the primary bedrock in the valley 
which outpoured from a fissure in the Earth’s crust, 
whereas the sediment is composed of cobbles as 
a result of flood deposits, lake-laid Touchet beds, 
and, most recently, wind-blown loess.  Basaltic lava 
flows inundated the valley multiple times between 
17 and 6mya and formed what is now known as the 
Columbia River plateau.  The second major geo-
logic event was the multiple glacier outburst floods 
known as the Missoula Floods which occurred 
during the Pleistocene from 15.3-12.7kya.  The 
slackwater sediments which were deposited in these 
lakes are known as Touchet beds.  The most recent 

geologic activity has been the transport of Quater-
nary sediment, predominantly wind-blown loess, 
into and out of the region.  The loess composition 
is mostly quartz and feldspar which is rich in cal-
cium (Carson, 1996).  Basalt and sediment give the 
Walla Walla soils their range in characteristics from 
large cobbles, which drain very readily, to varying 
combinations of silty- and sandy-loams.  These four 
components ultimately modify the soil chemistry 
throughout the Walla Walla AVA.  The samples were 
collected from 17 vineyards located on six soil for-
mations: Freewater, Ellisforde, Walla Walla, Athena, 
Sagemoor and Gwin.

Climate

The Walla Walla valley appellation experiences both 
climatic and vegetation changes with elevation; 
vegetation health fluctuations, and more specifi-
cally vine health fluctuations, may be directly related 

Figure 2. Climate data for the Walla Walla AVA displaying decreased annual temperature versus increased elevation. There is no 
clear pattern when plotting precipitation rates versus increased elevation. Combined, temperature and precipitation with increas-
ing elevation of the Blue Mountains influence the moderate chemical weathering rates of the soils in the valley vineyards. Chemi-
cal weathering chart from Ritter.
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to climatic and weathering variations as elevation 
increases throughout the valley.  Temperature is a 
governing factor in the rates of weathering within a 
soil formation.  Individual meteorological stations 
from the study area indicate decreased annual tem-
perature with increased elevation, but with no clear 
elevation pattern for precipitation (Fig. 2).  Based 
on the temperature and precipitation data, chemical 
weathering rates are likely slow to moderate, with 
some variability in rates with elevation.

METHODS

For this study, soils were collected from seventeen 
vineyards.  The aim of this sampling was to repre-
sent many of the soil formations in the valley and to 
perform whole soil chemical analyses.  Within each 
vineyard, three to four samples were collected along 
a diagonal path through the site.  Sample coordi-
nates were obtained via GPS for each hole.  A 30 
cm hole at the base of a vine was dug and soils were 
collected and homogenized from the 0-30 cm por-

tion of the hole.  To maintain the elemental spread 
within each vineyard throughout the valley, every 
bagged sample from each hole was kept separate and 
analyzed individually.

In the lab samples were sifted through a standard 
2mm sieve and organic material (such as wheat 
grains or roots) was removed by hand.  Each of the 
single-hole samples was split into three bags, where 
“A” was analyzed in the lab for preliminary data, “B” 
was sent away for a complete analysis, and “C” was 
kept for future studies.  An Innov-X Handheld XRF 
(X-ray fluorescent) Analyzer Alpha Series was used 
to analyze the samples.   X-rays discharged by the 
XRF result in energy emitted by the samples and 
the wavelengths of the energies are then measured 
to obtain preliminary geochemical data.  For more 
accurate chemical soil analyses, samples were sent to 
the ALS Laboratory Group in Nevada to be assessed 
by inductively coupled atomic emission spectros-
copy (ICP-AES).

Figure 3. Two peaks of outliers in the scatter plots which display elemental concentration versus elevation.  Peaks occur at approxi-
mate elevations of 280 m and 440 m. Elements such as cobalt, iron, manganese, sodium, and calcium follow this trend.
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RESULTS

Geochemical data yielded divisions or groups of ele-
ments defined by the relationship between concen-
tration of the element and topography, specifically 
soil elevation.  I analyzed the distribution of chemi-
cal attributes of soil samples versus elevation of the 
sample locations.

Concentrations for one group of elements are just 
at the limits of detection whereas another group of 
elements are found in higher concentrations than 
the first group, but in no obvious pattern or rela-
tionship with elevation or spatial distribution in the 

valley.  A third group shows two peaks of outliers 
in the scatterplots of data at 280 m and 440 m amid 
a general trend of higher concentrations at higher 
elevations (Fig. 3).  Elements such as cobalt, iron, 
manganese, sodium, and calcium follow this trend.  
Potassium concentrations dip at the same elevations 
where several elements peak (Fig. 4).  These dips are 
considered any value below 1.2% on the scatterplots.  
The results are limited to four specific vineyards: 
Cayuse Canyon Site 1, Cayuse Canyon Site 2, Cay-
use Coccinelle vineyard, and Yellow Jacket vineyard, 
all of which correspond to the Gwin and Freewater 
soil formations.

DISCUSSION

The fact that the Walla Walla AVA stretches up into 
the Blue Mountains suggests that change in eleva-
tion is likely to be an important factor in the soil 
properties within this region.  Change in elevation 
can influence temperature and precipitation, and 
therefore weathering rates and transport of particu-
lar elements.  Combined, these topographical factors 
have the potential to change the biotic community 
and, in this case, potentially alter the quality of 
Walla Walla wines (Monger, 2006).  Two possible 
explanations for the outliers in elemental concen-
trations on the graphs include land treatment and 
parent material.

Land treatment specifically refers to the myriad fer-
tilizers and pesticides which are used on vines with-
in the sites, thus, one might infer that these practices 
are the primary cause for outliers in the data.  While 
vineyard farming techniques may be influencing the 
geochemical characteristics of the soil, and therefore 
explain anomalous chemical concentrations, this 
hypothesis is difficult to examine because the treat-
ment practices of most vineyards are kept private.
The second hypothesis regards the chemical weath-
ering of the parent material in the valley, most 
notably the mafic basalt cobbles.  Both the Gwin 
and Freewater formations are the only two which 
contain Columbia River Basalts; it is within these 
two formations that we see the outliers on the scat-
terplots.  Elements with outliers on the graphs were 
iron, manganese, calcium, phosphorus, and sodium.  

Figure 4.  Potassium concentration dips at the same elevations 
where cobalt, iron, manganese, sodium, and calcium spike.  
These trends are isolated to the Gwin and Freewater soil forma-
tions, both of which consist of large basalt cobbles.

Figure 5.  Lead concentrations peak at about 280m when plot-
ted versus elevation.  This spike is found in two isolated vine-
yards, Cayuse Coccinelle and Yellow Jacket, both are located 
within the Freewater soil formation which has a high percent-
age of basalt cobbles.
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Because the three most common minerals found 
in basalts are phenocrysts of olivine, pyroxene, and 
plagioclase, a relationship between local weathering 
processes, parent material, and resultant soil chem-
istry is potentially present (Stoffer, 2002).  In 1938 
Goldich determined that mineral stability of silicates 
is directly related to their order of crystallization ac-
cording to Bowen (1928).  Minerals which form un-
der high temperatures, such as olivine and pyroxene, 
are least stable at the surface and therefore weather 
the most rapidly (Ritter, 1978).  Iron-rich olivine 
is fayalite (Fe2SiO4), but the mineral can also have 
high concentrations of manganese.  The chemical 
composition of olivine suggests that peak levels of 
iron and manganese can be attributed to the chemi-
cal weathering of the basalt cobbles in the Gwin and 
Freewater formations.  In addition, pyroxene very 
commonly exchanges ions such as calcium and so-
dium which could also be leached out of the basalts 
during chemical weathering.  Plagioclase feldspars 
have both sodium-rich and calcium-rich end-mem-
bers so it is possible that the outliers are the result of 
chemical weathering of the basalt.

Interestingly, potassium levels dip below 1.2% at the 
same elevations where the two peak data sets spike.  
Here again it is the Gwin and Freewater formations 
and the very same vineyards which have outliers 
on the scatterplots.  Statements cannot be made to 
conclude that farming practices are the cause for 
inconsistent potassium concentrations because two 
of the four sites where potassium levels dropped are 
without vines.

Phosphorus, which is an essential nutrient for plant 
development, exists in organic and inorganic forms.  
It is a main component of most fertilizers but can 
also be derived directly from chemical weathering 
of soils (Monger, 2006).  The outliers for phosphorus 
are not explained by the chemical weathering of the 
parent material because the element is not found in 
basalt nor is the element confined to the Gwin and 
Freewater soil formations.  It would require further 
research to determine whether the phosphorus lev-
els in the Walla Walla valley result from phosphate 
rocks such as apatite, the high levels of organic or 
inorganic fertilized agriculture, or the organic phos-

phorus from the decaying biotic community (Rehm 
et al., 2002).

Nickel and lead are hazardous contaminants at high 
concentrations and because these elements can be 
transferred into the wines they warrant further study.  
Concentrations of lead peak at elevations ranging 
from 277-286m—the lower of the two peak clusters 
~280m—in two isolated vineyards, Cayuse Coc-
cinelle and Yellow Jacket (Fig. 5).  Both are located 
within the Freewater soil formation.  Why lead 
content is so high in these two particular vineyards 
is unknown, but it would be useful to measure how 
much lead is transferred into the wines from Cayuse 
Coccinelle and Yellow Jacket to determine if any of 
the wine should be considered contaminated.
Although sodium is not necessary for plant growth 
and health, it has been found to increase the sugar 
content in sugar beets (Hunt, 1972).  It would be 
interesting to evaluate the sugar content in grapes 
under varying sodium levels since the amount of 
sugar dictates the eventual percentage of alcohol 
within a wine.  Results indicate that the peak levels 
for sodium are above 1.6% and found in both the 
Freewater and Sagemoor formations.  These are the 
two most different formations texturally, and the 
vineyards within these two formations are arguably 
the most dissimilar.

In addition to soil type, field topography directly 
affects plant development by redirecting water 
availability which in turn indirectly influences the 
distribution of certain chemical and physical soil 
properties such as organic matter content (Jiang et 
al., 2004).  Soil textures which are easily drained and 
contain large basalt cobbles may allow potassium 
to more easily flush out of the system, depleting the 
soils of this element.

CONCLUSIONS

A local combination of topographical factors which 
include elevation, parent material, and chemical 
weathering rates affect the elemental dispersal within 
soil formations throughout the Walla Walla valley.  
Understanding the variability of topography and soil 
attributes and how these factors affect cultivation is a 
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critical component of site-specific management sys-
tems for Walla Walla vineyards (Jiang et al., 2004).  
Soil attributes affect the success of vine growth and 
subsequently influence the characteristics, or terroir, 
of wines created in the Walla Walla AVA.

REFERENCES

Carson, R. J.; Pogue, Kevin R. Flood Basalts and 
Glacier Floods: Field Trip Guide to the Geology 
of Parts of Walla Walla, Franklin, and Colum-
bia Counties, Washington. Washington Divi-
sion of Geology and Earth Resources: Informa-
tion Circular 90. January 1996, 1-7.

De Andrés-de Prado, R.; Yuste-Rojas, M.; Sort, 
X.; Andrés-Lacueva, C.; Torres, M.; Lamu-
ela-Raventós, R. Effect of Soil Type on Wines 
Produced from Vitis vinifera L. Cv. Grenache 
in Commercial Vineyards. American Chemical 
Society. 2007.

Goode, J. The Science of Wine, University of Cali-
fornia Press: Los Angeles, 2005; pp 25-34.

Gregutt, P.; Washington State Regional Correspon-
dent Appellation America Inc, 2003-2007, 
retrieved from: http://wine.appellationamerica.
com/wine-region/Walla-Walla-Valley.html

Hunt, C. B. Geology of Soils: their evolution, classifi-
cation, and uses. W.H. Freeman and Company: 
San Francisco, 1972.

Jiang, P., Thelen, K. D. Effect of soil and topographic 
properties on crop yield in a north-central 
corn-soybean cropping system. Agronomy 
Journal. 2004, 96, 252-258.

Monger, H.C.; Bestelmeyer, B.T. The soil-geomor-
phic template and biotic change in arid and 
semi-arid ecosystems. Journas of Arid Environ-
ments. 2006, 65, 207-218.

Rehm. G.; Schmitt, M.; Lamb, J.; Randall, G.; Bus-
man, L. The Nature of Phospherous in Soils. 
Regents of the University of Minnesota. 2002. 

retrieved from: http://www.extension.umn.
edu/distribution/cropsystems/DC6288.html. 
Reviewed 1998

Ritter, Dale F. Process Geomorphology. William 
Brown Company: Iowa. 1978.

Stoffer P. Rocks and Geology in the San Francisco 
Bay Region, USGS Bulletin 2195, Volcano Haz-
ards Program Website, 2002


	TitlePagec.pdf
	WallaWallaSummary.pdf
	Mazzariello.pdf

