


The Effect of Elevation Gain on Soil 

Introduction: 

Does soil change as altitude increases? If so, in what ways? How do 

the soil horizons differ from one another? Are the changes primarily in soil 

chemistry, or are organic content and soil texture affected as well? What 

mlght cause these changes? In an attempt to find the answer to these 

questions, I collected soil samples fiom the east-facing slope of Rocky 

Mountain, a solid granite monolith at the foot of Pike's Peak, just west of 

Colorado Springs, Colorado. The consistent exposure, as well as the solid 

bedrock allowed me to more precisely isolate altitude as the cause for any 

changes in soil content. I hiked &om the bottom of Barr Trail, at  6800', to 

the summit of the mountain, at 9250'. I collected 14 surface soil samples 

and dug four soil pits. For a more dramatic example of the possible effect 

of altitude on soil, I dug a soil pit above timberline on the east slope Pike's 

Peak.2 While in the field, I determined the temperature and soil color of the 

samples. Once in the lab, I determined the percent loss-on-ignition and the 

soil texture of the samples fmm the O/A horizon. I thought these 

measurements would serve as reasonable indicators of changes in soil 

content. I also found the pH and the concentrations of exchangeable 

cations and water-extractable anions of each of the samples. I felt these 

measurements would senre as  good indicators cf chemical changes the 

soil.3 

Materials and Methods: 

I collected my samples &om Rocky Mountain in as sterile a Ir=ner as 

possible. By using the untouched inside r\f Z i p h c  hafie --b- as Ystpr!Je b doves," I 

packed as much of each sample as possible into the bag, trying to avoid 

touching the soil (and thereby contaminating it). I collected samples from 



the O/A soil every 200 vertical feet. I had a total of 13 samples of the 

surface soil. In addition, every 800 vertical feet, I dug a soil pit until I 

reached the C horizon. I took samples &om both the O/A horizon and the 

B horizon. Precise soil pit sites as well as surface sample sites are shown 

on Map 1.4 I determined the change in elevation using a watch with an 

altimeter and a topographic rnap.5 I also dug a soil pit on Pike's Peak at  

12,250' so that I could compare soil from above timberline to soil from 

below timberline. The location of this sample site is indicated on Map 2.6  

In the field, I measured the temperature in degrees Fahrenheit of each 

sample with a probing thermometer, and determined its color uslng the 

Munsell Rock Color Chart. in the lab, I tested the pH of the samples with a 

digital pH meter by.making a sluny of the sample and distilled deionized 

water. I determined the concentrations of the magnesium, potassium, and 

calcium exchangeable cations by using atomic adsorption 

spectrophot&etry. I also found the concentrations of the water-extractable 

chloride, floride, phosphate, and sulfate anions through ion 

chr~matography.~ I detennined the percent organic matter in each of the 

samples by weighing the dry samples, baking them in a 660°C oven for 6 

hours to burn off all organic materid, and weighing them again.8 Finally, I 

found the texture of the samples from the O/A horizon hydrogravirnetrically 

by using a Boyoucos hydrometer to measure the specific gravity of an 

agitated mixture of soil, 1 M detergent solution, and distilled water at  

precise time Intervals. 
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Mscdon: 

I found many trends in the data as elevation increased. There were 

considerable changes in horizon composition, including dramatic differences 

in soil texture, horizon depth and temperature. I expected more corre]tation 



between soil chemistry and elevation, but I did find subtle changes in the 

chemical composition of the sofl as altitude increased. 

As Iong as it has not been cuItivated or eroded, the thickness of a soiI 

horizon can serve as an indicator of its age and mat~r i ty .~  Rocky Mountain 

has never been significant& disturbed by humans, which limits the amount 

of erosion, nor has it ever been cultivated. However, Figure 1 shows that, , -- - - -- - 7 'y;,:; r 

as elevation increases, the d&$$oftheBhorfion decreases substan<&r. 
n 

jrt.+z .--TV- 
. / 

w 

/ feel this can be attributed to the Rocky Mountains being a relatively he ' - 
? 

.Cr  \ geo&gf& formation. Thus. they have had little time to develop a-ture 4 , , L , L p k  - / 
/ 

f 
//-/-+- . 

, soff proflle. As elevation increases, the soil profile is less mature simply 
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because it has had less time to develop, As a result, it is not surprising 
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, s ~  1 , that the depth of soil horizons is significantly altered by changes in - '! A 
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elevation. I I 
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The dep* of the O/A horizon is afTected in a similar manner. -2 
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2 shows that as altit11d.e. increases, the O/A horizon also 
- 

decreases. This is to be expected hecawe much of the O/A horizon is 

comprised of decomposing or humifled organic material. 10 P h t  growth 

generally decreases as altitude incremes stmply hecause wea-ther conctiticms 

are, harsher an& the growtng season is shorter. As a result, less organic 

matter is present in the soil, calmtag the dpt6 of the O/A harfi~n 

decreases. 

Figure 2 shows a logical rerationship betweeen soiI horizon cTe, h and P 
ekvation gatn- Eventually, as altitude increases, the growing season 

becomes so short and the weather conditions so hash that no vegetation 

can sunrive. Indeed, there is no vegetation on the slltnrnit af Pike's Peak, at 

14,I 1 0 ft. As a result, there is no 0 /A soff horizon. L feel that the Me 

depicting the relationship between O/A horizon depth and altitude is 



reasonably accurate. I t  intercepts the X axis at 13,600'. the approximate 

v&s fi elevation at which significant amounts of vegetation disappear. /lo - 
Percent loss-on-ignition (LOI) is a reasonable estimate of the organic 

component of soil. Figure 3 shows that percent LO1 of the O/A horizon 

decreases quite substantially as altitude increases. There are fewer and 

smaller p h t s a s  ~1evatic~ hcreases due to the abbreviated growing season 

and severe weather conditions. Therefore, it is not surprising the percent of 

o-rgarr.1~ materlzil in the O/A soil horizon decreases as well. 

In addition, soil temperature decreased as altitude increased. Thls is 

abso a reflection of harsher weather at  higher elevations. For every 100 foot 

',< increase in elevation, there is approximately a 0.27-F drop in atr uJ :.? 
temperature.1 As a result, the temperature of snowfall is lower at higher 

altitudes. Since the east slope of Rocky Mountain was covered ~4th SPAW at 

the thne cf soil sampling, it is not surprising that temperature of the O/A 

soil horizon decreased as altitude increased. Figure 4 IUusts-ates tMs 

relationship. For every 100 foot increase in elevation, there was a 0.71°F 

drop in the soil temperature, over tavo tmes seater than the decrease &A air 

temperature. I feel the relatively greater decrease in soil temperature can be 

attributed to the fact that the ground had not coa$ete& thmwd at higher 

elevations. 

Temperature differed between soil horizons as well. Figure 5 shows 

than that of the O/A horizon. Because there was still snow cover, the 8 j A  

horizon was quite cold. This horizon may have insulated B horizon from 

the colder temperatures of the snow. Due to this same Wsu~atIen effect, - 
the summer, I would e-upect the O/A horizon to have a higher temperature 



than the B horizon because it would absorb much of the heat of the 

summer sun. 
w 7  

Elevation gain also seems to sect the texture of the O/A soil I / %:7 c,* 2 
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horizon. Althou@ the percent clay did not change in a consistent manner, 

both the percent of  sand and silt did change uniformly. 

Ngure 6 illustrates the decrease in percent sand in the O/A soil horizon 

due to altitude. In contrast, Figure 7 shows the increase in percent silt in 

the O/A soil horizon as altitude increases. This is contrary to what I 

expected. I thought that, because the soils at higher altitudes are less 

mature, they would have a larger amount of sand in their composition 

because the soil would not have had as much time to be warn down into 

silt-she particles. A possible explanation for this trend is that, on average, 

weather becomes harsher as altitude increases. Because weathering wears 

down soil into smaller pzuticles, the harsher weather at higher elevations 

could result in the decreasing percentage of sand and the increasing 

percentage of sflt. It is conceivable that, at higher elevations, weathering 

has a greater effect on particle size than soil maturity does. 

Although 1 did not ilnd a consistent relationship between pH and 

increasing elevation, I was surprised that the pH of my SOU samples Wered 

so significantly &om the pH of the soil samples that ES 102 collected horn 

the R&B plot.12 Figure 8 shows that the pH of soil sampIes &om both the 

O/A and B horizons of the R&B plot is significantly more acidic than the 

samples I collected. I believe this diflerence is due to three factors. First, 

"in humid regions, soils are acidic."ls Willlamstown averages over 35 

inches of rain a year, and over 30% humidfty. In contrast, Colorado Stxfngs 

is very arid, receiving on average less than 16 inches of rainfall each year, 

and less than 20% humidity.l4 Second, acid deposition can lower the pH of 



soils. Williamstown receives acid precipitation because the prevailing 

weather pattern carries air pollution from the industrial cities of the 

Midwest to New England. The sulfates and nitrates in this pollution cause 

the precipitation to be acidic. Acid precipitation is not yet a critical 

problem in the West because there is so little industrial. pUut3on_ Fawy, 

the difference in pH can also be attributed to soil maturity. The low pH of 

the soils in the R&B plot indicates that they are in the advanced stage of 

weat3m-i.q. The significantly higher pH of the Rocky Mountain soils 

suggests that they are only in the intermediate stage of weathering.'5 

The cancentralticm at' hns present ln the O/A horizon was much 

greater than the concentration of ians present in the B horizonc First, the 

concentration of water-extractable anions differed quite dramatically 

between soil horizons. For example, Figure 9 sfrows the concentration of 

nitrate (NOS-) found in the O/A horizon is almost eight times greater than 

the concentration of nitrate in the B horizon. 1 feel the high concentration 

of nitrate in the O/A horizon -ts a reflection of hommn composition. 

Because the chief source of nitrate in soils is organic material,le and the 

O/A horizon consists in large part of organic matter, it is not surprising 

that O/A horizon has a high concentration of nitrate. Accordlng1y, the B 

horizon, which has little organic material, has a low concentration of 

nitrate. 

Figure 10 illustrates a similar relationship with the concentration of 

sulfate (SO4'). The amount of sulfate ions extracted by water from the O/A 

horizon is over four times greater than the amount extracted from the B 

horizon. While this disparity is large, it is just half the difference in nitrate 

concentration between horizons. 1 belleve this is also a reflection of horizon 

composition. The primary sources of sulfate in soils are gypsum 



(CaS04.2H20) and pyrite (FeS2).17 Both of these compounds occur in both 

the O/A horizon and the B horizon of Pike's Peak granite.18 Unlike nitrate, 
- -- 

I feel the lower concentration of sulfate in the R horizon is not due to the 

absence of sulfate from the horizon, but rather due to its entrapment in the 

rock. Because the rock in the O/A horizon has been hroken clown by 

weathering, many more of the sulfate ions In the O/A horizon can be 

extracted by water. 

The concentrations of exchangeable cations dld not change as 

dramatically between soil horizons as the concentrations of water- 

extractable anions did - However, there were signiflcan t differences hetween 

the average cation content of the O/A horizon and the B horizon. Figure 

11 shows that the average cnncentmtion of exchangeable potassium ions in 

the O/A horizon is over 50% greater than the concentration in the B 

horizon. Figure 12 depicts a similar relat.tonship regarding magnesium 

cations. Neither of these results are surprising. Due to intensive 

weathering and leaching, most of the exchangeable cations in the'B horizon 

have been removed. In contrast, the O/A horizon still retains these cations 

in its humus.19 

When Figures 1 1 and 12 are compared, it becomes apparent that, in 

both horizons, there is a greater concentration of exchangeable potassium 

ions than magnesium ions, This is somewhat unilsl~al since most soils 

have a greater concentration of exchangeable magnesium ions.20 Because 

much of soil chemistry can be attributed to the chemical makeup of the 

parent material, I feel that the higher potassium concentration could be a 

reflection of the chemical composition of the parent material. Mica is quite 

abundant in Pike's Peak granite, and especially in the weathered O/A soil 

h ~ r i z o n . ~  l Since mica is a primary source of potassium dons in s o l l ~ , ~ ~  the 



relatively large amounts of mica could cause the higher-than-normal 

potassium ion concentration. Because the amount of potassium is greater 

than the amount of magnesium in the granite parent material, it is not 

s ~ ~ q r t - s ~ g  that there is a relatively greater concentration of exchmgeable 

potassium ions in both soil horizons. 

Elevation gain seems to have some effect on the concentration of 

exchangeable cations present in the O/A horizon. Figure 13 illustrates 

that the concentration of exchangeable magnesium ions actually increases 

slightly as elevation increases. Figure 14 illustrates a similar relationship 

with potassium ions. The correlation between these graphs suggests that 

increasing cation concentration with elevation gain is a bona fide trend. I 

feel this can be attributed to two factors. First, the amount of vegetation 

decreases as altitude increases. Fewer plants require fewer t o t .  ions to 

supply their nutritional needs. Therefore, the demand for magnesium ions 

decreases as elevation increases. The greater number of ions left in the soil 

results in the higher concentration. Second, soil maturity affect% the 

retention of cations. Weathering of mature soils causes the removai of 

potassium and magnesium, while weathering of less mature soils does not 

result in this removal23 Because soil maturity usually decreases as 

elevation increases, more cations are retained in the less mature, higher- 

elevation soils. 

There are many uncertainties in the data I collected for my 

Independent project. First, human error may have caused inaccuracies in 

the data. I could have easily contaminated the samp1es while in c ~ l l e c t ~ g  

them the field, while sieving them, zmd while weghing them. The smples 

may have also been contaminated by unclean glassware in the lab. In 

addition, there is a considerable possibility that errors were made in making 



measurements. For instance, the altimeter may not have been very 

accurate. In addition, I may not have given the pH meter enough time to 

equilbrate to some soil samples, or I may have read the hydrometer 

incorrectly. Finally, once the data were collected, T may have made errors in 

recording it. Dilutions may not have been accounted for, or the 

measurements could simply have been entered incorrectly on the 

spreadsheet. 

Furthermore, there is some imprecision 4 the methods that I used to 

collect the data. The altimeter may only be accurate to within 30 vertical 

feet. The ovens used to burn off moisture and organics may have gone 

above the requisite temperatures, burning off inorganic material as well as 

organic material. kwever, this probably only caused at most a 2% error. 

The hydrometers are quite precise, reading to the nearest thousandth. The 

pH meters are probably accurate to within 0.02 pH units. The AAS is a very 

precise instrument, which is capable of determining cation concentrations 

to within 1 mg of cation per 1 kg of soil. The depths of the horizons are 

precise to within 0.5 in because I only recorded the horizon depth to the 

nearest half-inch. 

Because of these factors, I feel it is necessary to estimate the total 

uncertainty of the measurements. Although I did not perform any duplicate 

tests of my samples, I performed many of the same tests on my soil samples 

that the ES 102 class did the soil chemistry lab. Because I used similar 

methods to analyze my samples, I believe the differences in the data 

collected from the the duplicate samples of the ES 102 soil chemistry lab 

are a reasonable estimate of both the human error and the precision of the 

techniques used to analyze the samp1es.24 Using the method, I calculated 

the pH to be precise to within 7% and the cation concentrations to be 



precise to within 3%. I found that the percent moisture was precise to 3%. 

and the percent LO1 to 1%. There was somewhat more error concerning 

particle size. I found the percent sand to be accurate to within 9%, the 

percent silt to within 5%, and the percent clay to within 6%. 1 feel the 

higher degree of imprecision of the percent sand measurement may be a 

reflection of the hydrometer not having enough time to equilibrate before 

the specific gravity measurement was taken. The bubbles created on the top 

~f the sample due to shaking it made this readlng very  cult to take. 

Concl*sion: 

I found many trends in the data I collected from Rocky Mountain. 

There are significant dmerences in the data collected kom the soil horizons. 

First, anion and cation concentrations are both considerably lower in the B 

horizon than in the O/A horizon. Second, the average temperature of the 

O/A horizon, at the time of data collection, was much lower than the 

average temperature of the B horizon. Third, although the pH of the 

samples I collected did not show any consistent trends regarding-either 

elevation or horizon, it was very different from the soil samples ES 102 

collected from the R&B plot. 

I believe soil composition does change signiflcanffy as altitude 

increases. First, the depth of the O/A and the B soil horizons both 

decrease substantially. Second, because snowfall temperature decreases zs 

altitude increases, the temperature of both soil horizons decreases as 

altitude increases. Third, the amount of organic material decreases because 

it becomes more difficult for plants to survive at higher altitudes. Fourth, 

the particle size distribution of the O/A horizon changes as elevation 

increases. Finally, the concentrations of cations increase as elevation 

increases.25 
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Figure : The Effect of Elevation Gain (ft) 
on Depth (in) of the B Soil Horizon 
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Figure 2: The Effect of Elevation Gain (ft) 
on Depth (in) of the OIA Soil Horizon 
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Figure 3: The Effect of Elevation Gain (ft) on the 
Percent Loss-On-Ignition of the OIA Soil Horizon 
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Figure y: Change in Temperature ("C) of 
the O/A Soil Horizon as Elevation (ft) Increases 
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Figure 5 :  Average Temperature ( 'C) of 
Soil Horizons on Rocky Mountain 
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Figure 6: The Effect of Elevation Gain (ft) 
on Percent Sand in the OIA Soil Horizon 
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Figure 3: The Effect of Elevation Gain (ft) 
on Percent Silt in the OIA Soil Horizon 

6400 6800 7200 7600 8000 8400 8800 9200 9600 

Elevation (ft) 



Figure 8: Average pH of Soil Samples from 
Rocky Mountain and the R&B Plot 
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Figure 4 : Average Concentration 
(mglkg) by Soil Horizon of 

Water-Extractable Nitrate (NO,') 
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Figure 10 : Average Concentration 
(mglkg) by Soil Horizon of 

Water-Extractable Sulfate (SO,-) 
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Figure I \ : Average Concentration of 
Exchangeable Potassium (K+) 
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Figure la: Average Concentration (mglkg) 
of Exchangeable Magnesium (Mg") 

Cations of Soil Horizons 
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Figurel3 The Effect of Elevation Gain (ft) on Exchangeable 
Magnesium (Mg**) Ion Concentration (mglkg) in the OIA Soil Horizon 
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Figure 1% The Effect of Elevation Gain on Exchangeable Potassium (K') 
Ion Concentration (mglkg) in the OIA Soil Horizon 
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