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ABSTRACT 

The relationship between temperature and chemical weathering is well established, 

with higher mean annual temperatures leading to increased chemical weathering rates. In an 

attempt to ascertain if chemical weathering occurs in polar desert landscapes such as the 

McMurdo Dry Valleys, Southern Victoria Land, Antarctica (mean annual temperature of 

approximately -20°C), a series of stratovolcanoes of the McMurdo Volcanic Series were 

investigated. Nine volcanic cones of known age, ranging from 1.57-4.76 Ma, were sampled. 

Liquid water availability is extremely limited in these areas. By studying the loss of calcium 

ions through leaching during weathering, it was determined that chemical weathering of these 

cones is indeed occurring, but only where there is flowing water. Initial calculations suggest 

that the rate at which the weathering front penetrates into fresh rock in this polar desert 

ecosystem is approximately three to four orders of magnitude slower than rates observed in 

temperate regions. Additionally, the net chemical loss of calcium through leaching is 11 g 

Cahalyr, four orders of magnitude slower than values observed in forested temperate 

regions. 
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CHAPTER 1 

CHEMICAL WEATHERING IN THE ENVIRONMENT 

1.1 Introduction 

Chemical weathering is commonly defined as "the dissolution or chemical alteration 

of minerals, excluding simple ion exchange" (Drever, 1988). Weathering is an important 

process in any type of earth surface environment; however, the amount of weathering that 

occurs is extremely dependent on a number of important factors. These include temperature, 

precipitation, lithology, and vegetation (Nezat et al., 2001). 

Multiple studies have proven that rates of chemical weathering are directly related to 

climate. Previous studies (Drever and Zobrist, 1992; Velbel, 1993; Brady and Carroll, 1994) 

all found a direct correlation between temperature and chemical weathering rates: higher 

temperatures lead to greater rates of chemical weathering. 

Similarly, many studies have demonstrated that there is a direct correlation between 

chemical weathering rates and amount of precipitation. For example, White and Blum (1995) 

found that H4Si04 (a common weathering product) fluxes in sixty-eight different watersheds 

increased with precipitation. 

The effect of vegetation on chemical weathering rates is varied (Nezat et al., 2001). 

For example, Welch et al. (1997) suggest that vegetation may enhance the rate of chemical 

weathering by adding organic acids to the soil. On the other hand, previous studies have 

demonstrated that chemical weathering might also be inhibited by vegetation because it 

stabilizes soil, decreases physical erosion, and limits waterlbedrock interaction (Drever, 

1988). 

Physical processes such as freezelthaw and frost action as well as glacial grinding can 

also work to increase the rate of chemical weathering (Matsuoka, 1995; Anderson et al., 

1997). Fracturing and breaking up soil and ground debris through freezelthaw and other such 

actions expose more surface area, allowing for increased chemical weathering. 

Lastly, rock lithology also plays an important role in chemical weathering. Most 

primary igneous and metamorphic rocks (formed at high temperature and pressure relative to 

the earth's surface) are generally more easily weathered while minerals such as kaolinite are 

very slow to weather. Andre et al. (2004) also suggest that rock color might play a role in 



chemical weathering. Dark rocks have a higher propensity for high surface temperatures than 

light rocks, hence causing a steep thermal gradient between the rock surface and subsurface. 

The result is favorable conditions for weathering to occur. 

1.2 Weathering and Climate Change 

Carbon dioxide (C02) plays a significant role in chemical weathering. The 

weathering process begins when C02 is dissolved in water and forms carbonic acid, H2CO3, 

according to the following reaction: 

C02 + H20 H2C03 (1) 

Through a number of possible weathering reactions, H2C03 loses a hydrogen atom and 

becomes bicarbonate (HC03-) as rock weathers. 

During the chemical weathering of aluminosilicates a general equation can be 

written: 

Aluminosilicate + CO2 + H20 + 
mineral weathering product + cation + silicic acid + HC03- (2) 

Since HC03- is a product of weathering, its concentration in streams and lakes can be studied 

to gain a better understanding of weathering processes. 

It is already known that C02 is a major greenhouse gas in the earth's atmosphere that 

plays a significant role in controlling global climate through temperature regulation. By 

consuming C02, chemical weathering can potentially play a role in global climate as well 

(Berner, 1995). According to the above equation (I), large quantities of C02 in the 

atmosphere will lead to an increase in chemical weathering; therefore, since C02 plays such a 

critical role in global climate change, chemical weathering may in fact affect global climate 

change as well. This relationship is termed the "feedback mechanism" (Walker et al., 1981). 

Outlined by Berner (1995), the relationship between climate and C02 concentrations is as 

follows: high atmospheric concentrations of CO2 increase global temperatures; due to the 

correlation of increased temperature and increased chemical weathering rates, this 

temperature increase would cause C02 to be consumed at a faster rate as weathering rates 

increase. As increased C02 is consumed in weathering reactions, the atmospheric 

temperatures would begin to drop, causing the cycle to begin again. Hence, this study could 

have important implications for future studies of global climate change since weathering and 

global climate change are linked through the consumption and production of C02. 



1.3 Weathering in a Polar Desert Ecosystem 

When water supply is limited, vegetation non-existent, and the mean annual 

temperature is below O°C, the effects and rate of chemical weathering are more difficult to 

predict. It has been assumed that under these conditions, chemical weathering should be 

minimal, yet very little is known about chemical weathering rates in polar desert areas such 

as those in Antarctica and locations in the Arctic. Weathering in cold weather regions is 

generally assumed to be dominated by physical weathering processes, but chemical 

weathering has been determined to be a component of contemporary weathering processes 

that are currently shaping the Antarctic landscape (Meiklejohn, 1997). Long duration of 

sunlight during the summer, abundance of ultraviolet radiation, sparse vegetation cover, 

unobstructed land surfaces, rapid temperature excursions, steep temperature gradients, and 

the accumulation of soluble salts are all conditions in this environment that play a favorable 

role in the process of chemical weathering (Ugolini, 1986). However, in the polar deserts of 

Antarctica where liquid water is absent, chemical weathering should be limited (Marchant 

and Denton, 1996). Ugolini (1986) acknowledged that indeed one of the inhibitors of 

weathering in Antarctica is the paucity of liquid water, suggesting that the amount of 

chemical weathering occurring in an area has a direct correlation with the amount of free 

water available; less water would lead to less weathering. Additionally, Nezat et al. (2001) 

demonstrated that in the polar deserts of Antarctica chemical weathering occurs only where 

liquid water is seasonally abundant. 

1.4 Objectives 

The first objective of this study was to ascertain whether chemical weathering is 

occurring in the polar desert region of the McMurdo Dry Valleys. Samples were gathered 

from a number of cones of the McMurdo Volcanic Series ranging in age from 1.5 Ma to 4 

Ma in order to examine chemical weathering both in hand sample and thin section. The 

second objective was to compare the amount of chemical weathering occurring in different 

parts of the valleys and in rocks of different ages by comparing samples taken from different 

sites. The third objective was to determine the factors that influence chemical weathering in 

the McMurdo Dry Valleys. The last objective was to compare the rate of chemical 

weathering found in this study to rates found in previous studies on chemical weathering. 



CHAPTER 2 

STUDY AREA 

2.1 Geographical Setting 

The McMurdo Dry Valleys (MCM) are located in southern Victoria Land, Antarctica 

at approximately 77"40'-78'30' S latitude and 160-164" E longitude (Figure 1). The Dry 

Valleys are the largest ice-free expanse in Antarctica, comprising approximately 4800 km2. 

They have been studied as a Long Term Ecological Research Site (MCM-LTER) funded 

Figure 1: A Landsat image of the McMurdo Dry Valleys. The red box represents the area 
where Taylor, Wright, and Victoria Valleys an located. Taylor Valley is the eastemnost 
valley, Victoria the westemmost, and Wright Valley situated in the middle. 

by the National Science Foundation since 1993 (Fountain et al., 1999a). Through this MCM- 

LTER program, extensive ecological, meteorological, climatic, glaciological, hydrological, 

and biogeochemical research has been conducted in this area (e.g. http:lhvww.mcmlter.org). 

2 3  Geologic Features 

The relatively ice-free McMurdo Dry Valleys (MCM) include numerous landsape 

features. These features include glaciers, streams, and closed-basin lakes, soils, and exposed 

bedrock. The latter consists of nearly flat-lying Devonian to Triassic sandstones, siltstones, 

and conglomerates of the Beacon Supergroup and a basement complex of lower Paleozoic 



igneous and metamorphic rocks, all of which are intruded by Jurassic-age Ferrar Dolerite and 

Cenozoic volcanoes (Marchant and Denton, 1996). 

Other important geologic features are the large stratovolcanoes within and 

surrounding the Dry Valleys region. Volcanic detritus from drill cores in the western Ross 

Embayment indicates that volcanism may extend back to late Eocene time (Kyle, 1990). 

Thii-one K-Ar age determinations place the age of the cones withii a narrow time span of 

4.76-1.57 Ma (LeMasurier and Thomson, 1990; Wilch et al., 1993). Figure 2 shows the 

approximate location of some of the volcanic cones, including age, elevation, and extent of 

flow. These cones of the McMurdo Volcanic series are of particular importance to this 

Figure 2. Approximate location of a number of volcanic cones in upper Taylor Valley (Wilch 
et al., 1993). 

study. Goldich et al. (1975) demonstrate that the cones are nearly identical in lithology; 

analyses of well agedated cones with similar lithology allows for a comprehensive and 

qualitative study of the rate of chemical weathering in the Dry Valleys region and are 

particularly useful when trying to determine if the rate of chemical weathering differs 

between the valleys or between rocks of varying ages. 

Marchant and Denton (1996) subdivided the Dry Valleys region into three zones 

(Figure 3) based on climate and morphology: zone 1 is the coastal zone, with a relatively 

mild climate and small amount of fiee water available; zone 2 is the intermediate zone, with 

relatively cold and dry climatic conditions and rare meltwater; zone 3 is the inland zone, with 

extremely cold and dry conditions and no meltwater. The volcanic cones of interest in this 



study are located in zone 2, where relative humidity is quite variable due to alternating 

westward flowing katabatic winds and eastward flowing winds h m  the Ross Sea. 

Figure 3. Topographic Profile of Wright Valley from Marchant and Denton (1996). 

2 3  Climate 

The MCM are a polar desert; the mean annual temperature is between -16°C and 

-21 "C and precipitation in the form of snow is less than 10 cmlyr @oran et al., 2002). The 

MCM have many months of continuous daylight during the austral summer. For six to ten 

weeks a year (December-February), temperatures during portions of the day can rise above 

zero, melting glaciers and leading to stream flow (Fountain et al, 1999a). 

The modem climate within the MCM varies systematically with increasing elevation 

and distance from the coast. Relative humidity and mean annual temperature are highest near 

the coast @oran et al., 2002). Precipitation is also greatest near the coast, and katabatic 

winds are strongest inland (Fountain et al., 1999a). Topography also plays a role in the Dry 

Valleys climate, as winds of varying moisture content and temperature are d i t e d  and 

funneled around topographic highs (Marchant and Denton, 1996). 

2.4 Petrography and Geachemistry of the McMnrdo Volcanic Series 

There are approximately 30 scoriaceous mounds up to 60 meters high in Taylor 

Valley, and each probably represents an eruptive center (Haskell et al., 1965). Cones are 

generally less than 250 meters in diameter and flows are less than 10 meters thick (Pcdmon 

et al., 1981). The cones in the MCM are part of the Ross Sea petrologic province; this 

province is chamkrkd  by alkalic, silica-und- Neogene lavas and pyroclastic 

rocks (Goldich et al., 1975). Table 1 in Appendix A lists the weight % composition of the 

major oxides present in these rocks. The samples are basanites; they occur in nearly every 

exposure of volcanics in the Ross Island vicinity, and regardless of their relative ages, they 

are chemically and petrographically similar (Goldich et al., 1975). Common minerals include 

olivine, cliopyroxene (in the form of Ca-rich titanaugite) and plagioclase ( i  the form of Na- 



rich labradorite). Haskell et al. (1965) noted variations in phenocryst content from rocks with 

less than 5% labradorite to rocks containing up to 15% euhedral olivine, 8-12% labradorite, 

and minor clinopyroxene to rocks with up to 20% olivine, 10% clinopyroxene, and rare 

labradorite. The typical groundmass averages 45% labradorite, 35% clinopyroxene, 20% iron 

oxides, and minor amounts of glass. 



CHAPTER 3 

ANALYTICAL METHODS 

3.1 Sample Collection 

Samples were collected over a 2-week period during the month of January 2006. Four 

to six samples were collected from 9 different cones of the McMurdo Volcanic series 

scanered throughout Taylor and Wright Valleys (Figures 4 and 5). 

Figure 4: Taylor Valley sample sites (in green). 

Figure 5: Wright Valley sample sites (in green). 



3.1.1 Sampling Equipmenl 

The sampling devices used for each sample site included a sledgehammer, 

rock hammer, chisel, medium-sized cloth sample bags, as well as a GPS and 

altimeter. 

3.1.2 Sampling Pmedure 

A sledgehammer or rock hammer was used to break open the rocks in order 

to inspect for obvious signs of weathering. Four to six samples were collected at each 

sample site (Figures 4 and 5) to ensure accurate sample representation at each area. 

At sample site 8, near the Boms Glacier, there was a small amount of running 

water and a salt precipitate at the boulder-ground interface (Figure 7). Sample of 

each were also collected. GPS and altimeter readings were also taken at each site (see 

Appendix A, Table 2 for altimeter values). 

Figure 6. Sample site #16 near the Marr Glacier. 



Figure 7: Salt precipitate sample from sample site #8 near the Borns Glacier. 

Rocks were collected and stored in cloth rock-sampling bags; samples from 

the same site were stored in the same bag. A water sample from site 8 was collected 

and stored in a distilled, deionized water-rinsed 125 mL HDPE Nalgene bottle, and 

the salt precipitate from this location was stored in a small plastic bag; both of these 

were kept chilled. 

Upon return to McMurdo Station, the salt sample was dissolved in distilled 

deionized water, and the water sample and salt solution were analyzed in the Crary 

Analytical Laboratory via ion chromatography using techniques described in Welch 

et al. (1996). The rock samples were inventoried and separated into individualized 

Ziploc" bags for transport back to the US. Samples were transported via Comair 

back to the Byrd Polar Research Center in Columbus, OH, for analysis. 

3.1.3 Sample preparation 

Upon return to the US, planned analyses of the rock samples included textural 

and mineralogical analyses via microscope observations, electron microprobe 

analysis, and scanning electron microscope analysis. Eight rock samples were 

selected for analysis, representing a span of approximately 2.5 million years (See 

Appendix A, Table 2). Each of these samples was sent to Quality Thin Sections in 

Arizona, where both polished thin sections and microprobe thin sections were made 

from each sample. 



3.2 Sample analysis 

3.2.1 Standard Thin Sections 

The standard thin sections were analyzed using a petrographic 

microscope in order to describe and compare textural as well as mineralogical 

differences between samples. 

3.2.2 Polished Thin Sections 

Polished thin sections were made in order to perform both electron 

microprobe and scanning electron microscope work. The thin sections were 

analyzed for calcium, magnesium, and titanium concentrations in the 

Microscope and Chemical Analysis Research Center (MARC) at The Ohio 

State University. 



CHAPTER 4 

RESULTS 

4.1 Tbin Section Data 

All rock samples were taken from the same geographic region; hence, the 

composition of each sample is chemically and mineralogically similar (Goldich et al., 1975). 

The samples are fine-grained, swriaceous alkali basalts, with the most common phenocrysts 

beiig augite (Ca-rich pyroxene), olivine (Mg-rich), and feldspars (in the form of labradorite, 

both Ca- and Na-rich). Both in hand sample and thii section the overall color of the samples 

is black. 

The samples have a hypocrystalline matrix, comprised of appmximately 50% glass 

with some small plagioclase laths. Plagioclase laths do not show preferred orientation, 

suggesting extremely fast cooling. The rest of the matrix is commonly cryptocrystallie, too 

fine-grained to be viewed and described via micmscope observation. 

Strong reaction rims are present on both the pyroxene and olivine grains, suggesting 

that these phenocrysts are actually xenocrysts, and have been incorporated in to the melt from 

the sunoundmg country rock rather than formed from the melt. 

Figure 8 shows two thii section images of sample WAS, collected near the Borns 

Glacier in SW Taylor Valley. Augite and olivine grains are both present (olivine is 

distinguished by its high birefringence). Extremely small feldspar grains ( i  the form of 

labradorite) and black glass shards are both present in the matrix; however, the matrix is 

predominantly cryptocrystalline. 



Figure 8: Two thin section pictures of sample TVA8. The b m m  material is weathering 
residue and assumed to be ~ e ~ .  The large white areas near the top on the left picture and on 
the far right of the right picture are the edge of the samples, not vesicles or phenocrysts. 

4.2 Scanning Electron Micmsmpe Data 

Appendix A, Table 3 lists the CwTi and MgTi weight % ratios for sample TVA8 as a 

traverse from the outer (weathered) edge of the sample to the inner (non or less-weathered) 

part. Figure 9 is a Scanning Electron Microscope image with the data plotted below; the pink 

boxes represent the location of the analyses. Distance is represented on the x-axis as a 

traverse from the outer (weathered) edge of the rock towards the interior (less to non- 

weathered) part of the rock. Calcium and magnesium are both assumed to be mobile during 

weathering, while titanium is assumed to be immobile (Eggleton et al., 1987); hence, the 

calcium and magnesium data can be normalized against the titanium values. 

0 l 
0 5 10 15 20 25 

p q  Dktance (mm) 7- 
Figure 9: Scanning Electron Microscope image of sample TVA8. 

4 3  Microprobe Data 

The micropmbe data are listed in Appendix A, Table 4. The CwTi ratio was chosen 

to compare values between samples of different ages. Titanium is less mobile than calcium 

and magnesium and hence is used as a normalizing element. Figure 10 is a plot of distance 

(average values in 1 millimeter increments) vs. C f l i  weight percent (average values per 1 

millimeter increment) of samples from 3 different site% representing ages of approximately 2 

ma (blue), 2.5 ma (red), and 3.5 ma (green). 
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Figure 10: Plot of distance h m  the outer edge of the rock towards the inner part of the rock 
vs. C n i  wt. %. Values were averaged in 1-millimeter increments. 

- 

4.4 Ion Chromatography Data 

Ion chromatography data of major cations for Taylor Valley stream samples are listed 

in Appendix A, Table 5. A salt precipitate and water sample were analyzed from sample site 

TVA8, associated with one of the younger cones. Figure 11 is a ternary diagram representing 

the normalized concentrations of calcium, magnesium, and sodium + potassium of the water 

and salt samples, as well as geochemical data h m  the closest streams in the same area that 

drain from the southern slopes of Taylor Valley and are. annually sampled by LTER 

scientists. The black points represent geochemical data from Vincent and Bartlette Streams in 

the Lake Bonney basin which flow from the Hughes Glacier (Figure 12); both of these 

streams are east of but in close pmximity to our socalled "Basalt Creek" near sample site 

TVA8 (in red). 
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Figure 11: Ternary diagram of Vincent and Bartlette Streams and Basalt Creek. The upper 
crust value is from Wedepohl (1995). The composition of the salt precipitate is also included. 

Figure 12. Schematic map of Taylor Valley. The left box is the Borns Glacier with the 
approximate location of Basalt Creek (in purple). The right box is the Hughes Glacier, melt 
source of Vincent and Bartlette Streams. 



CHAPTER 5 

DISCUSSION 

5.1 Is chemical weathering occurring in the Dry Valleys? 

In order to ascertain if (and where) chemical weathering is occurring in the MCM, a 

number of factors must first be examined. To begin, Figure 8 is two thin section images of 

sample TVA8. In these images, a brown weathering residue, assumed to be ~ e ~ ' ,  is present 

from the outer edge of the samples to a depth of approximately 3 millimeters. The presence 

of this material suggests some chemical alteration of Fe2+ to Fe3+ due to weathering; this 

alteration is visible only in the groundmass of sample TVA8. The groundmass of the cones is 

comprised of approximately 20% iron oxides; approximately 75% of the iron oxides are ~ e ~ ' ,  

assumed to be altering to Fe3+ (Haskell et al., 1965). Therefore, initial visual inspection 

suggests that it is the groundmass that is being weathered, not the phenocrysts contained in 

the samples, despite the fact that the phenocrysts are composed of two easily weathered 

minerals, olivine and pyroxene. 

This is the first line of evidence that chemical weathering is indeed occurring in these 

rocks. However, this is the only sample of the eight samples analyzed that shows evidence 

for Fe oxidation, but it is one of the younger samples, and is only approximately 2.5 million 

years old. This may seem counterintuitive to my initial assumption that older samples would 

exhibit a greater degree of weathering. Therefore, the next step is to determine why only a 

relatively young sample shows signs of weathering. 

Referring to the scanning electron microscope image in Figure 9, calcium, 

magnesium, and titanium are all present in these samples. The relatively high calcium and 

magnesium values suggest the presence of both Ca-rich augite and Mg-rich olivine, which is 

consistent with thin section observations. The CdTi ratio was consistently higher than the 

MgITi ratio, suggesting a higher concentration of augite, also consistent with thin section 

observations. 

The CdTi ratios plotted as a traverse from the outer, weathering edge of each sample 

to the interior (less or non-weathered) of the rock can provide information needed to perform 

a comparison between the amount of weathering that has occurred in samples of different 

ages. In Figure 10, the average CdTi ratio per millimeter of three samples is plotted in order 



to compare the relative ratios of each samples. An overall increase in the general trend of the 

CdTi ratio is observed from the outer edge to the inner portion; the ratios are lower near the 

outer edge of the samples. However, there are some CdTi ratios in the sample interiors that 

are similar to those on the outer edge. This is particularly true for sample TVA8. The lowest 

CdTi ratio in this sample is at the outermost edge of the thin section. The higher CdTi ratios 

at 4-5 mm depth and 9-10 mm depth make it difficult to determine with any certainty if 

chemical weathering has penetrated this deeply into the basalt. Taking a conservative view, 

weathering may have only penetrated to a depth of approximately 2 mm. This number is 

similar to what is observed from the ~ e ~ '  staining observed in thin sections. Therefore, it is 

assumed that the weathering front has only penetrated the outer 2-3 mm of these basalt 

samples. 

Additionally, the sample that exhibits the overall lowest CdTi ratios is the 2.5 million 

year old sample (red). Since calcium is a common ion that is solubilized during chemical 

weathering, the 2.5 million year old sample with the overall lowest ratios apparently has 

experienced the most chemical weathering. While the initial conclusion that one of the 

younger samples exhibits the most weathering might seem unusual, it is important to note 

that the collection site of this sample (sample site #8) was also the location of flowing water 

and the salt precipitate. Therefore, evidence for weathering at this site is further supported by 

the data from Basalt Creek. 

The ternary diagram in Figure 11 provides a geochemical comparison of Basalt Creek 

versus Vincent and Bartlette Streams, both of which are located near Basalt Creek, but do not 

flow over rocks associated with the McMurdo Volcanic Group. The difference in 

geochemical data suggests that despite similar initial glacier meltwater geochemistry (Lyons 

et al., 2003), as Basalt Creek flows over the cones of the McMurdo Volcanic series, the water 

weathers the volcanic material. The ternary diagram reveals that Basalt Creek is depleted in 

calcium, similar in magnesium and highly enriched in sodium. The much higher sodium 

concentration in Basalt Creek is provides additional evidence that the Na-rich labradorite in 

the groundmass is the mineral that is being weathered, not the phenocrysts. 

Figure 11 also plots the composition of the salt precipitate found near Borns Glacier; 

the composition is nearly 100% NaCI. There are a few possible explanations for this, 

although further studies will be needed to determine the exact source(s) of the NaCI. The 



zone where these cones are located is influenced both by alternating westward-flowing 

katabatic winds and eastward-flowing winds from the Ross Sea (Marchant and Denton, 

1996). One explanation for the presence of NaCl in the area is that these eastward flowing 

winds introduce marine aerosol and sea salt to the Dry Valleys; this salt can travel significant 

distances before being deposited, so the salt could be coming from the Ross Sea. The sodium 

concentrations in Basalt Creek are higher than in nearby Vincent and Bartlette Streams; 

therefore a second explanation is that as glacial meltwater flows over the cones, sodium is 

leached in a chemical weathering reaction. If the glacier melt that forms Basalt Creek already 

has significant sodium values, the water would become supersaturated in NaCl and 

deposition would occur. 

Additionally, chemical weathering might be occurring due to the dark black-brown 

color of the volcanic rocks. However, surface temperatures will remain high only if the 

thermal conductivity of the rock is low. If a rock has both a low albedo and low thermal 

conductivity, surface temperatures will remain high, creating a steep thermal gradient 

between the rock surface and subsurface. This steep gradient creates favorable conditions for 

rock weathering (Andre et al., 2004). The extremely dark color of these volcanic cones 

(visible in Figure 6), especially compared to the color of the landscape surrounding them 

(light tan to brown soil and white glaciers), suggests that during the austral summer and 24 

hour daylight, these cones could absorb significant amounts of heat. This heat, compared to 

the near freezing temperatures of the glacial meltwater, should provide a catalyst for 

significant chemical weathering to occur when water is flowing. However, this glacial melt is 

rare, especially in high altitude locations. Marchant and Denton (1996) estimate that less than 

5% of the area in zone 2 (the intermediate zone with cold and dry conditions) has isolated 

streams and small ponds for two to three weeks each year. These streams are restricted to 

north-facing slopes where perennial snowbanks and glaciers terminate on dark-colored rocks, 

i.e. the McMurdo Group volcanics (Marchant and Denton, 1996). Even though these cones 

are a minor portion of the landscape in zone 2, my data from Basalt Creek suggest that where 

they occur, chemical weathering takes place. Hence, as suggested by Nezat et al. (2001), the 

presence of liquid water is the key to chemical weathering in MCM. 

In conclusion, chemical weathering is indeed occurring in the high altitude region of 

the Dry Valleys where the McMurdo Volcanic Group cones are located; however, this 



weathering is predominantly affecting the labradorite contained in the groundmass of these 

basalts, rather than the phenocrysts composed of olivine and clinopyroxene. Very little 

chemical weathering is seen, and that which occurs is a result of flowing water. 

5.2 The Rate of Chemical Weathering 

Quantifying weathering rates is a prerequisite for understanding landscape evolution 

(Summerfield et al, 1999); however, studies of weathering processes in polar areas are not 

only sparse compared with those in climatic regions, but are virtually all qualitative. Previous 

studies have suggested that the weathering rate is an exponential function of time (Ugolini, 

1986); however, this process is dependent on the presence of water. 

In an attempt to quantify the amount of weathering of these volcanic cones occurring 

in MCM, two approaches can be taken. The first is to determine the rate at which the 

weathering front penetrates into fresh rock, assuming no physical weathering loss. Thin 

section observations suggest a depth of 2-3 mm to which chemical weathering penetrates the 

rock. Therefore, 3 mm was chosen as the depth to which weathering occurs for weathering 

rate calculations. 

The following equation calculates the rate at which the weathering front penetrates 

into fresh rock 

where Rf is the rate of penetration of the weathering front, D is the depth to which penetration 

occurs, and A is the age of the volcanic cone. In this case, D equals 3 mm and A is equal to 

2.5 million years, leading to an Rf value of 1.2* 1 o - ~  cm/1000 years. In other words, 1.2* 1 o - ~  
cm is the rate per thousand years at which the weathering front is penetrating fresh rock. 

According to Velbel (1985), the rate at which a weathering front penetrates into fresh rock in 

the Southern Appalachians is 3.8 cm/1000 years. Therefore, the rate at which the weathering 

front penetrates rock surfaces in Antarctica [3.8cm/(1.2*10-~cm)] is approximately 32 000 

times (3.5 to 4 orders of magnitude) slower than the rate of penetration in temperate regions. 

The second approach to quantitatively measure the rate of chemical weathering in 

Antarctica is to determine the net chemical losses of elements by applying the open- 

chemical-system transport function for soils defined by Chadwick et al. (1990). The mass 



fraction of element j lost relative to the mass o f j  originally present in the parent material is 

calculated from the following equation 

where C is the concentration of the element, the subscript w refers to the weathered material, 

the subscript p refers to the parent material, and the subscript i refers to the least mobile 

element, in this case titanium (Kurtz et al., 2000). The average calcium weight percent value 

in the outer 3 mm is 6.53. Using this weight percent for the average value of calcium in the 

weathered sample (C,,,), 7 weight percent for the average value of calcium in the parent 

sample (C,,,), and assuming Ci,dCi,w is equal to 1 since titanium is immobile, a,,, is equal to 

-0.07. Negative a,,, values indicate a net loss of element j due to leaching (Kurtz et al., 

2000). This value can then be inserted in to the following equation to determine an estimate 

of how much material is being weathered each year: 

WR is the rate of weathering, a,,, is taken from the equation above (4), D is the depth to 

which weathering occurs, p is the density of the basalt, and A is the age of the cone. In this 

case, a,,, equals -0.07, D is 3 mm, p is 2.9g/cm3, and A is 2.5 million years. A value of 11 g 

Cdhalyr or 0.5 eqhalyr is obtained for the rate of weathering in the MCM. 

Although my value represents only the loss of ca2' and not the total cation loss from 

the basalt, recent work on chemical weathering in forested temperate watersheds indicates 

total cation weathering rates of between 65 17 and 8 1 17 eqhdyr (Carey et al., 2005). 

Obviously the rate calculated here for zone 2 of the MCM environment (Marchant and 

Denton, 1996) is four orders of magnitude lower than those of Carey et al. (2005). Both of 

these approaches yield extremely low chemical weathering rates compared to those in 

temperate climates. Previous studies (e.g. Nezat et al., 2001) as well as this study have 

proven that chemical weathering is indeed occurring in the Dry Valleys; however, the rate at 



which this weathering occurs is significantly lower than weathering rates in temperate 

regions. 

5.3 Implications of this Study 

As previously outlined, chemical weathering affects global climate by consuming 

C02, a major greenhouse gas in the Earth's atmosphere (Berner, 1995). Therefore, this study 

could have important implications for the study of global climate change. While the chemical 

weathering rates of this study are extremely low due to extremely limited water availability, 

Nezat et al. (2001) show that in Taylor Valley streams, where water is abundant, chemical 

denudation rates are comparable to or higher than rates in temperate watersheds. In the 

presence of abundant water, the situation might be similar for chemical denudation rates of 

the volcanic cones. Studies of weathering rates suggest that a polar desert region such as the 

MCM could be crucial in consuming C02 and stabilizing future global climate. Hence, this 

region is a critical location for the study of global climate change. 

A second important implication of this study is the ability to apply knowledge of 

weathering in a polar desert environment to weathering on other planets, particularly Mars. A 

recent article by Chevrier (2006) suggests that an analogy can be drawn between weathering 

processes of Antarctic and Martian basalts. The Antarctic Ferrar Dolerite can be used as an 

analogue of basaltic Martian crust; this analogue is based first on the dry and cold climate in 

Antarctica as well as on similar petrology. Therefore, studies on the chemical weathering 

rates in Antarctica could have important implications for future chemical weathering rates on 

other planets. 



CHAPTER 6 

CONCLUSIONS 

The major conclusions of this research are as follows: 

Weathering in the polar desert environment of the MCM is limited by water availability 

(Nezat et al., 2001). Therefore, very little chemical weathering is occurring in the 

intermediate zone 2 area (Marchant and Denton, 1996). 

The only sample in this study where chemical weathering can be documented is in the 

2.5 million year old sample where there was flowing water during the time of sample 

collection. Evidence of iron oxidation observed in thin sections suggests that the 

groundmass, not the phenocrysts, is being weathered. 

The depth to which weathering penetrates the McMurdo Volcanic Series basalt is 2-3 

mm. Calculation of the rate at which this weathering front penetrates the rock suggests 

that the rate of weathering in these rocks is 3.5 to 4 orders of magnitude slower than the 

rate of weathering front penetration in temperate regions. 

Preliminary calculations of the rate of chemical weathering suggest an estimated value 

of 1 1  g Calha/yr. This rate is four orders of magnitude slower than total cation 

weathering rates in forested temperate watersheds (Carey et al., 2005). 



Table 1. Weight % of major oxides present in basalt samples (reference A.25) 

1. Basanite, small vent on western edge of Sollas Glacier (Goldich, et al., 1975) 

2. Basanite, average of four samples (Armstrong et al., 1968) 

APPENDIX A 

SiO2 
Ti02 
A1203 
Fez03 
FeO 
MnO 
MqO 
CaO 
Na2O 
K20 
p2os 

Table 2. Eight samples were chosen for analysis; this table lists the sample number as well as 

corresponding GPS location and age. 

1. K-Ar dates from Wilch et al., 1993 

2. K-Ar dates from Angino et al., 1962 and others 

3. Elevation measurements are from field observations and correlated with 

measurements from Wilch et al., 1993 

Sample # 

8 

18 

23 

33 
- 

35 

1 
43.1 
3.32 
14.3 
4.89 
8.55 
0.21 

8.3 
10 

4.31 
1.51 
0.63 

2 
45 

2.9 
14.8 

-- 
13 

0.22 
7.1 
9.3 
4.3 
1.7 

0.65 

Latitude 
6S77O45.146' 

S77O44.462' 

16S77°41.330' 

S77°41.881' 

S77O30.866' 

S77O42.817' 
- - 

S77O42.126' 

41S77O41.924' 

Lonqitude 
E162°08.099' 

E162O14.675' 

E162°21.561' 

E162°15.407' 

E162O14.495' 

El62O38.285' 
- - 

El62O41.686' 

E162°40.806' 

Age1 
1.6-2.5 ma 
2.5 ma 

3-3.5 ma 

1.5-2.7 ma 
3.5-4 ma 
3.5 ma 
- - 

2.5 ma 

2.5 ma 

Aqe2 
1.75 ma 

2.3 ma 

3.4 ma 
2 ma 

3.5 ma 
4.5 ma 
-- 

3.0 ma 
3.0ma 

 levat ti on^ 
600 m 

380 m 
600 m 

650 m 
450 m 
650 m 
420 m 
420 m 



Table 3. Scanning Electron Microscope data from sample TVA8. 







Table 4. Microprobe data of samples TVA8, TVA18, and TVA23. 

Table 5. Ion chromatography data from Vincent and Bartlette Streams (from 02-03), Basalt 

Creek (from 05-06), the salt precipitate from near the Borns Glacier (from 05-06), and the 

world average for the upper crust (from Wedepohl, 1995). 

BARTLETTE 021226 1720 

BARTLETTE 2 021226 

BARTLETT 030116 1320 
BARTLETT 030125 1315 

VINCENT 021226 1400 

VINCENT 021227 1400 

VINCENT 1 021227 1200 

VINCENT 2 021226 1630 

VINCENT 030116 1330 

VINCENT 030125 1305 

BASALT CREEK 120106 

SALT SAMPLE 120106 

UPPER CRUST 

Na + K mM 

0.117 

0.094 

0.133 
0.144 

0.137 

0.136 

0.120 

0.204 

0.110 

0.166 

4.681 

5.960 

1850 

Mq mM 

0.052 

0.030 

0.057 

0.060 

0.055 

0.063 

0.065 

0.058 

0.044 

0.119 

0.679 

0.024 

556 

Ca m M  

0.086 

0.061 

0.181 

0.187 

0.172 

0.196 

0.078 

0.176 

0.137 

0.153 

1.616 

0.024 

735 
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