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ABSTRACT 

The relationship between lithology and slope 

morphology is investigated at eight sites on granitic, 

andesitic, and sedimentary rock slopes in the Tucson 

Mountains. Several methods are used in the study. 

Topographic profiles are constructed. Skewness indices of 

the slope shapes, maximum and minimum slope angles, and 

slope lengths of the different slope profiles are computed 

ana compared witn each other. Deoris size analysis is done 

to better determine hi 11 front/piedmont junctions. Slope 

surface regularities of the tnree litnological slopes are 

analysed and compared. 

The results snow that the granitic piedmont slopes are 

found to be slightly concave to almost rectilinear, 

indicating tneir high resistance to erosive processes. In 

contrast, the concavity of the andesitic and sedimentary 

piedmont slopes demonstrate their inauility to resist tne 

erosive attack on them. However, in the case of the 

hillfront slopes, slope forms do not reflect litnological 

variations. 

v  i  i  i  



CHAPTER 1 

INTRODUCTION 

Many studies have been done about the relationship 

between lithology and slope form morphology; however, these 

studies did not reach the same conclusions. In some 

investigations, rock type was found to be associated with 

slope morphology, while in others an opposite conclusion 

was reached, suggesting that slope morphology is not 

significantly related to lithology, but rather to other 

factors, such as tectonic activity and climate. 

This study is undertaken to determine the relation

ship between lithology and slope morphology (slope form) in 

the Tucson Mountains. This study area was selected because 

of the presence of a variety of slopes from hillfronts to 

piedmont surfaces and the occurrence of different litholo-

g ies. 

Using a geologic map of the Tucson Mountains (Brown, 

1939) and four U.S. Geological Survey topographic maps 

(U.S.G.S, 1968), three different lithologies were chosen : 

Amole Granite, Shorts Ranch Andesite, and Amole Arkose as a 

sedimentary formation. Slope profiles were drawn on the 

selected lithologies, and these profiles were then submit

ted to computations and morphometric analysis of the 

1 
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following parameters : maximum and minimum slope angles, 

slope lengths, profile skewness, and slope regu1arities. 

In addition, field measurements were made of the debris 

size distriDution on the slopes, and the general vegetation 

on the study sites was noted. 

This study begins in Chapter two, with a review of 

the different morphometric studies with applications 

related to the present work. The third chapter deals with 

the physical geography of the Tucson Mountains including 

the study of the location, geology, and a description of 

the study sites. The fourth chapter discusses the dif

ferent morphometric methods and steps such as parameters of 

slope profile constructions, slope angles and lengths 

measurements, slope form and surface regularity computa

tions, and debris size investigation. In chapter five, an 

analysis and discussion of the recorded and collected data 

is carried out using the methods described in chapter four. 

Tnis analysis uses each parameter for the comparison 

between each pair of the lithological populations. The 

final chapter is a general summary and conclusion of the 

different results found in the prior chapter. 



CHAPTER 2 

BACKGROUND 

Many studies have been concerned with looking at the 

relationship between lithology and slope morphology using 

different assumptions and quantitative methods to demons

trate that relationship. Bryan (1940) recognized that 

hillslope morphology is determined by climate and litholo

gy. He stated that outcrops of rocks of differing resis

tance produce slopes of differing declivity, and that with 

an appropriate combination of these rocks, slope concavity 

may be accentuated, or the slope may become a generally 

convex one. Also, erosive processes, such as rainwasn, 

gullying, and landsliding are capable of producing irregu

larities in slopes. Ahnert (1970) presented a paper on a 

descriptive classification of slopes, in which the clas

sification system aims at a meaningful description of slope 

forms using qualitative and quantitative applications. 

Also, Pitty (1970) presented a very useful paper on 

quantitative hillslope analysis, which included the 

computing of the profile skewness which was used in this 

study. 

Selby (1970) stated that the most important indepen

dent variables influencing erosion on hillslopes are 

3  
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climate and geology, and that the factors of rainfall, soil 

character and vegetation are dependent upon them and are 

also interrelated with each other. With increasing the 

rainfall intensity and duration, and a moderate to high 

soil and rock permeability, much of the water from the 

rainfall will infiltrate into the soil and rocks, and 

therefore, the runoff will not be sufficient to entrain 

much soil material or rocks as it passes over the ground. 

Erosion will therefore not be excessive, which results in a 

stable slope surface. However, with impermeable and less 

resistant rocks, the ground surface will yield more 

runoff, which will be capable of intensive erosion and 

therefore change the slope morphology. Townshend (1970) 

showed that there is a relationship between lithology, 

slope form, and process. His study included a series of 

near-horizonta1ly bedded, fine grained rocks varying from 

siltstones to shale which are overlain by quartzose 

sandstone. The sandstone rocks are found to be more convex 

and the shale-si1tstone are more concave, caused primarily 

by the work of sheetwash and gullying with an increase of 

the scoring downslope on the shale. 

Sugden (1973) regarded climate and geology as the two 

main variables influencing the relationship between process 

and hillslopes. Toy (1978) agreed that bedrock cnemical 

composition and texture do influence the geomorphic 

processes and hence hillslope form, but the results of his 
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research support the hypothesis that hillslopes reflect 

climate variations. Also, in reviewing the different 

studies of slope angle, slope form and lithology, Clark and 

Small (1982) agreed that there exist relationships between 

slope angle, slope form and lithology, but the latter 

variable is not the only one of importance. They cited 

other factors, such as relief, climate, and erosional 

history, as major influences in changing the slope steep

ness and forms, and that lithology may have only a minor 

influence on the slope variation. Dunkerley (1983) in his 

study of limestone morphometry in Chillagoe, Australia, 

stated that the variability in topography (slope form) of 

the area is primarily caused .by lithologic variation in the 

1imestone groups. 

Other slope studies have looked at the association 

between slope steepness or slope angle, drainage basin 

size, tectonic activity, climate, slope roughness, and 

lithology. Mammerickx (1964) quantitatively studied some 

aspects of the pediment problem. She believed that the 

gradient of the pediment is determined by either drainage 

conditions or nature of the bedrock. However, she conclu

ded that neither size of the drainage basin above the 

pediment nor lithology determine the gradient of a pedi

ment. Rather, Mammerickx felt that the cyclic influence of 

a climatic change or tectonic activity may be more impor

tant in determining gradients. Cooke (1970) in his work in 
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the Mohave Desert observed that : 1- pediment slope 

morphometry is positively correlated with the relief and 

length dimensions of the pediment association; 2- the slope 

angle of pediments which are associated with faults is 

significantly steeper than the slope of pediments not 

associated with faults; 3- data relating pediment slope 

angle values to pediments which are partially or wholly on 

quartz monzonite and on other rocks, suggest that pediment 

slope angle is not significantly related to lithology. 

Also, Nieuwenhuis and Van Den Berg (1971) in their slope 

investigation in the Morvan, Haut Folin area discussed two 

slopes on different lithologies, microgranite and tuff. 

They found that the slope angle on microgranite is less 

than that over tuff, and they attribuited the difference to 

the greater homogeneity of the tuff than of the microgra

nite. Grender (1973) in working with the bedrock of the 

Appalachian Ridges near Roanoka, Virginia, stated that 

gentle slopes are strongly associated witn Devonian shale 

and very steep slopes are strongly associated with sand

stone, a more resistant rock than shale. 

Blong (1975) in a study of a dissected graywacke 

hillcountry. North Island, New Zealand, concluded that long 

hillslopes do not have steep gradients, while short slopes 

may oe either gentle or steep. He also found no signifi

cant association between hillslope gradient and either 

surface irregularity or hillslope shape; little evident 
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relationship between slope size and slope shape; and no 

strongly expressed association between surface irregularity 

and hi 11s1 ope shape. 

A number of studies have investigated the relation

ship between slope angle and debris size. Melton (1965) 

studied bedrock hillslopes of the Sonoran Desert of the 

Southern Arizona, and his main purpose was to study the 

change of debris size along traverses with slope angle 

decline. He concluded that there is at most a very low 

correlation between block size and slope angle, which he 

thought was caused by low accuracy in the visual estimation 

of the slope angles of a hillside and by other sampling 

problems. Cooke and Reeves (1972) investigated the 

relationship between slope angle and particle size to 

determine the hi11 front/pediment junction. They determined 

that slope angle usually declines with distance from along 

a traverse, except on some quartz monzonite pediments. The 

size of the largest particles generally decreases rapidly 

downslope, but less rapidly than the decline of slope. 

Morever, Abrahams and others (1985) stated that on Mohave 

Desert slopes the widely-jointed and mechanically strong 

rocks that are poorly ajusted to the present day erosive 

processes and little weathered, are characterized by little 

or no relationship between the hillslope gradient and mean 

particle size. However, debris slopes that are underlain 

by c1osely-jointed and/or mechanically weak rocks that are 
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exposed to the erosive processes, exhibit a strong rela

tionship between the hillslope gradient and mean particle 

size. 



CHAPTER 3 

PHYSIOGRAPHY 

Locat i on 

The Tucson Mountains lie within the Basin and Range 

Province of the U.S., about a mile west of Tucson. These 

mountains occupy latitude 32 degrees 00' to 32 degrees 30' 

North and longitude 111 degrees 00' to 111 degrees 15' West 

(Figure 1). The range trends about north-northwest and is 

bordered on the eastern side by the Santa Cruz Valley and 

on the west by a similar valley locally called the Altar 

Valley. The range is 25 miles long und about 10 miles wide 

in the central part, and narrowing toward both ends. 

Three groups of lUhologic sites were selected in the 

study area (Figure 1): 

1- The group of granitic sites (sites 1-3) covers about 

five square miles and they occupy latitude 32 degrees 15'to 

32 degrees 20* North and longitude 111 degrees 10'to 111 

degrees 13'45H West. 

2- The andesitic surfaces are found on tnree sites (sites 

4-6) of a total of about three and half square miles. Two 

sites are the Twin Hill (site 5) and the Golf Course Hill 

(site 4). They occupy latitude 32 degrees 12'to 32 degrees 

15' North and longitude 111 degrees Ol'lS" to 111 degrees 

9  



c£> 
SATFOMO PtAK 

1576 
MILES 

*32°20 
BtfintMiu Hiit iii^Pqii 

<n ^ 
Old Yw«*0 

WASSON PCAM 

Miif W«d« Mtrti 

CovOK 

&*>IOflO- Sonofd^^v*, 

\ TOW PR 
P»«dr*oftw# 

A, 

UOIt» 
BNEN 
*5990 SOUOCN SATE.MTN 

Lao 
TumontocHill ""A 

Win 
site 4 

r Mt« 
^ottih ^OII Wood 

site 7 

SM'"* 

• Pfeteo* 
ZONA 

&•!*•'itO 0wll« 
Site 6 Sift X«VW Ml IfC 

flY ftfH 

COUNT* 

Tucton Mtn# 

Figure 1. Location Map of the Study Sites. 



1 1  

05' West. The tnird site (site 6) is situated north of the 

Black Mountain and south of the Ajo Road and occupies 

latitude 32 deyrees 06'15" to 32 degrees 07'30" North and 

longitude 111 degrees 02'30" to 111 degrees 03'45" West. 

3- The sedimentary sites (sites 7,8) are the Sedimentary 

Hills and the Sedimentary Saginaw Hill. The Sedimentary 

Hills (site 7) are situated at latitude 32 degrees 10'to 32 

degrees 12'30" North and longitude 111 degrees 06'15" to 

111 degrees G8'45" West. The Sedimentary Saginaw Hill 

(site 8) occupies latitude 32 degrees 07'30" to 32 degrees 

10' North and longitude 111 degrees 5'to 111 degrees Ob'15" 

West. 

Climate and Vegetation 

The climate of the study area is semi-arid with wide 

daily temperature ranges and low rainfall. The temperature 

is characterized by a long hot season from April to October 

and daily temperatures above 90 degrees Fahrenheit are 

present from May through September. The mean annual 

temperature is about 68 degrees Fahrenheit at the Tucson 

Airport Station, with a mean daily maximum temperature of 

98.5 degrees Fahrenheit in July as the hottest month and a 

mean daily minimum temperature of 38.1 degrees Fahrenheit 

in January as the coldest month (U.S. Weather Bureau and 

the National Weather Service, 1985). 
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The distribution of precipitation through the year is 

such that more than 50 percent of the annual amount falls 

between July and September and usually from thunderstorm 

showers originating in moist air that flows into Arizona 

from the Gulf of Mexico. A secondary maximum precipitation 

of gentle and widespread rainshowers is from December 

through March when pacific storms move far enough south in 

their journey across the country to affect Arizona, and 

thus providing over 20 percent of the yearly precipitation. 

The mean annual precipitation is 11.09 inches at the Tucson 

Airport Station, with the highest average monthly precipi

tation of 2.54 inches in July and 2.03 inches in August. 

The lowest averages of monthly precipitation occur in 

April, May, and June with 0.31 inches, 0.15 inches, and 

0.24 inches, respectively (U.S. Weather Bureau and the 

National Weather Service, 1985). 

The commonest trees and shrubs in the Tucson Moun

tains are the mesquite, shrubs, palo verde, catsclaw, 

ocotillo, and palo fierro. These plants grow mainly on the 

piedmont slopes and along the banks of the dry channels. 

In addition, there occur a large variety of the cacti, 

saguaro, prickly pear, and the cholla. Grass is scarce in 

the range. 
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General Geology of the Tucson Mountains 

The Tucson Mountains are tilted fault blocks and 

contain a mixture of rocks of different types and age 

(Figure 2). The Precambrian is represented by the Pinal 

Schist exposed in the Picacho de Calera Hills (Mayo, 1968). 

The Cambrian and Upper Palezoic is represented by different 

kinds of limestone. The Cretaceous sediments are seen 

along the western slopes of the Tucson fountains. (Green-

stein, 1961). The sediments include the Amole Arkose, 

which is an assemblage of feldspathic sandstones, silt-

stones, shales, argillites, thin limestones, and arkoses, 

seen in the central and southern parts of the range, and 

the Recreation Red Beds (red siltstones, sandstones, and 

minor conglomerate) found in the western side of the range 

(Colby, 1958). Besides these sedimentary rocks, there are 

volcanic rocks of the same age (Mayo, 1968). 

In late Cretaceous and early Tertiary time, these 

rocks and structures were invaded from below by siliceous 

magmas, producing intrusive masses of the Amole Quartz 

Monzonite and Amole Granite in the northern part of the 

Tucson Mountains. 

Throughout the eastern half of the Tucson Mountains, 

a sequence of rhyolite flows and tuffs assigned to the late 

Cretaceous overlies the Tucson Mountain Chaos, associated 

andesitic and dacitic flows, and volcanic breccias. These 
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flows are named the Cat Mountain Rhyolite (Bikerman, 1962), 

and these have been dated at approximately 72 m.y. by 

Bikerman and Damon (1966). 

The Amole Granite (sites 1-3) occupy a broad area in 

the range (Figure 2). Along its eastern and southern 

borders, the granite is in contact with the granite 

porphyry and quartz monzonite or Amole Quartz Monzonite. 

The western border of the granite is covered by the 

alluvium of the Altar Valley fill. This granitic exposure 

is of Lamaride age, which was a time of great disturbance 

in the Tucson Mountains between the early Cretaceous and 

Tertiary (Brown, 1939). These rocks have been dated at 74 

m.y. by Bikerman and Damon (1966). The granite has a 

medium to coarse grained texture and is composed mainly of 

quartz, biotite, and feldspar crystals. 

The Amole Arkose sedimentary rocks are found in the 

Sedimentary Hills (site 7) and the Sedimentary Saginaw Hill 

(site 8)(Figure 2). These rocks are of Cretaceous age and 

contain largely siltstones, and argillites, with frequent 

beds of arkose, arkosic sandstones and sandstones, and less 

frequent beds of shale and limestone (Bennett, 1957). The 

Amole Arkose and older ilesozoic sediments and volcanics in 

the north-central part of the range are intruded by latite 

dykes, the Amole Latite of 77 m.y. in age. 
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Rising in the eastern and southern parts of the 

Tucson Mountains, and overlying the Cat Mountain Rhyolite 

are a series of different named rhyolite to andesite flows 

and flow breccias (Figure 2). These faulted and tilted 

volcanic rocks show Paleocene dates (Bikerman and Damon, 

1966). One of the andesites (Shorts Ranch Andesite in 

sites 4-6) is a massive andesitic flow and is the uppermost 

unit of the Tertiary volcanic sequence dated at appro

ximately 57 m.y. (Kinnison, 1958). According to Kinnison 

(1958, p.70), "the Shorts Ranch Andesite is the most 

uniform member of the Tertiary sequence and it is almost 

the same in every exposure". Furthermore, the most 

important constituent of andesites is plagioclase felpspar, 

which is found as white or gray in color; quartz is not 

abundant in the groundmass, and other minerals are found in 

the andesites, such as pyroxene, hornblend, biotite, and 

olivine. Structurally, some of the Shorts Ranch Andesites 

are faulted at the Twin Hill (site 5) where it is in 

contact with the rhyolite, and at the extreme southern 

outcrop (site 6) where it is in contact with the litho-

logies of rhyolite and other andesite flows. 

The northern and eastern sides of the Tucson Moun

tains near Safford Peak and Tumamoc Hill consist of a 

sequence of faulted and younger rhyolite tuffs and ande

sites (Figure 2). These volcanic rocks indicate a late 

01igocene-early Miocene age. 
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Description of Granitic Slopes 

The granitic slopes (sites 1-3) possess a variety of 

vegetation type. The most common plants on these slopes 

are palo verde, cacti and saguaros which dominate the 

gentle slopes, cholla, shrubs, mesquite, creosote bush, and 

some grass (Figure 4.). In addition, these slopes are 

represented by a poorly developed dendritic drainage 

pattern and a low drainage density. The slopes are mostly 

scored by shallow intermittent channels. 

Generally, the granitic slopes are characterized by 

an abrupt break of slope which divides the slopes into 

hillfronts and piedmont surfaces (Figure 11). The hill-

fronts are steep slopes ranging mostly from 26.93 to 51.79 

degrees in angle. The granitic hillfronts consist of 

apparent bedrock and boulders standing either in isolation, 

in groups, or in clusters of residuals. These boulders are 

certainly the most widely distributed of the surfaces 

developed on granite. They range in diameter from about 25 

centimeters to 4 meters or more, and they vary in shape 

from spherical to ellipsoidal forms; the former shape is 

related to the process active at or near the land surface 

as differential weathering, which changes the fresh rock 

mass from angular to rounded. The roughness of the 

hillfront slopes vary from low to moderate due to the 
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Figure 4. Photograph Showing a Granitic Site (Site 3). 
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different distribution of the shallow channels eroded by 

running water. The piedmont surfaces are characterized by 

broad and gentle surface slopes, forming an abrupt break of 

slope where they meet the hillfront. The upper slopes vary 

from 2.46 to 11.06 degrees in angle and the lower slopes 

from 1.23 to 3.63 degrees. The piedmont surfaces consist 

of soil with a regolithic veneer and a cluster distribution 

of bigger debris found especially along the channels. Some 

of these piedmonts are gently concave upward and others are 

almost rec ti1inear . 

Description of Andesitic Slopes 

The vegetation on the andesitic slopes are represen

ted by the palo verde, creosote bush, cacti, saguaros, 

mesquite, occotillo, and sparse grass. Generally speaking, 

the shrubs and the palo verde tend to increase downslopes 

and the mesquite are more common at the moderate to gentle 

slopes of the Twin Hill, site 5 (Figure 5). These plants 

and those of the granitic slopes appear to be holding 

debris on their upslope sides forming gentler surfaces 

around them and steeper surfaces downslope of these plants. 

Furthermore, the drainage pattern on the andesitic 

surfaces is dendritic and is characterized by a low 

drainage density of few intermittent streams cutting 

through these andesitic slopes. Sites 5 and 6 are pri

marily incised by shallow channels, but site 4 and its 



Figure 5. Photograph Showing the Andesitic Twin Hill 
(Site 5). 
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surrounding slopes are scored by shallow and deep inter

mittent channels. 

There are two types of the andesitic slopes (Figures 

2 and 3). One type is short and limited by the convergence 

of other andesitic hills as at the Golf Course Hill, site 4 

(Figure 6), or by different lithological contacts as at 

Twin Hill, site 5 (Figure 5). The other type is charac

terized by open slope surfaces as at site 6 (Figure 7). 

Tl'c- different lithological slopes do not show any apparent 

hi 11 front/piedmont junctions, but only contineous concave 

slopes (Figure 12). The maximum inclinations on these 

surfaces range from 26.93 to 51.79 degrees and the minimum 

inclinations are from 0.50 to 4.15 degrees. The steep 

slopes are characterized by an uneven debris size distribu

tion of debris exceeding 100 millimeters and smaller ones, 

consisting of fractured bedrock outcrops. The debris is 

found loose on the surface or bedded on soil and may be 

covered by lichen. Going further downslope at angles 

inferior to 10 degrees, the bedrock outcrops and large 

debris decrease in their exposure. They are replaced by 

smaller debris generally from 6 to 20 millimeters (using 

median size) at inclinations of 5 degrees and less except 

in the Twin Hill area. Morever, the debris on the Golf 

Course Hill (Figure 6) and Twin Hill slopes (Figure 5) is 

sub-rounded to rounded especially at slope angles between 

25 and 10 degrees (even below 10 degrees at Twin Hill). 



Figure 6. Photograph Showing the Andesitic Golf Course 
Hi!1 (Site 4) . 

Figure  7 .  Photograph Showing an Andesitic Site (Site 6) .  
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Description of Sedimentary Slopes 

The general vegetation on the sedimentary slopes 

resemble the one on the granitic and andesitic slopes. 

Among the most common plants are the cacti and saguaro, 

which thrive on the lower slopes. Prickly pear and related 

types are also common. Cholla are abundant on the Sedimen

tary Hill surfaces (site 7) and occotillo are sparse 

(Figures 8 and 9). Palo verde and mesquite are common 

especially along the drainages. The mesquite is very rare 

on the Sedimentary Saginaw Hill (site 8), but creosote bush 

is abundant (Figure 10). The shrubs are distributed 

everywhere and the grass is very limited. 

The sedimentary slopes are characterized by a 

dendritic drainage pattern and a medium drainage density. 

Site 8 is represented by a very low drainage density and 

scored principally by few shallow channels. The western 

part of site 7 is highly dissected by deep intermittent 

channels. The eastern part of these hills is moderately 

incised, and stands as topographic highs in the weak and 

unresistant siltstones and argillites. 

The slope shapes of the sedimentary rocks resemble 

those of the andesitic rocks. They are mostly concave 

without clearly-marked hillfront/piedmont junctions (Figure 

13); however, they do show more open and longer slope 

surfaces. The sedimentary slopes are generally moderate to 



Figure 8. Photograph Showing the West Facing Slopes of 
the Sedimentary Hills (Site 7). 

Figure 9. Photograph Showing the Southwest Facing Slopes 
of the Sedimentary Hills (Site 7). 





Figure 10. Photograph Showing the Sagii: "w Sedimentary 
Hill (Site 8). 



fairly steep ranging from 14.25 to 26.93 degrees in angle 

at the upper slopes and 0.50 to 1.94 degrees at the base 

slopes. The debris size distribution on slopes of 5 

degrees or steeper are much less sorted, with angular to 

sub-angu1ar•sandstone, arkose, and siltstone debris. The 

gentle slopes of 5 degrees and lees are characterized by 

smaller debris ranging from 9 to 15 millimeters in median 

(Figures 8 , 9 , and 10). 



CHAPTER 4 

METHODOLOGY 

The main sources of data for this study were topo

graphic maps, a geologic map, and field observations and 

measurements. The topographic maps are 7.5 minute qua

drangle at 1:24,000 each, of the Tucson Mountains, Arizona, 

Pima County and they are published by the U.S. Geological 

Survey (U.S.G.S, 1968). The topographic maps are: the Cat 

Mountain, Brown Mountain, Avra, and San Xavier Mission 

quadrangles. In addition, a 1:62,500 geological map of the 

Tucson Mountains, was used in this project and was entilted 

"Geologic map and structures of the Tucson Mountains, 

Arizona"(Brown, 1939). 

Topographic Profile Construction 

Topographic profiles were constructed by first 

establishing randomly distributed points on the different 

selected rock exposures, and then drawing a line running up 

and down from these points perpendicular to the contour 

lines and without crossing any streams, washes, and 

channels (Figure 3). The upper limit of each line was 

drawn to the maximum elevation of the hill, or to some 

irregularity on the hill surfaces, such as a break in the 

hillslope caused by faulting or erosive processes. The 
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lower limit of the line was drawn to a fixed distance in 

the alluvium, taking into consideration that the lengths of 

tne alluvium deposits from the bedrock pediments are more 

or less equal. However, some of the andesitic base 

profiles were ended at natural obstacles, such as channels 

or structural contacts, and these profiles include only 

minor alluvium surfaces. 

Using a magnifying comparator and a light table, 

norizorital distances were measured in millimeters between 

every two contour lines crossing the profile line, going 

from the top to the base slope. Then, with the help of a 

Macintosh Plus Computer, these map distances were converted 

into ground distances or real distances, and then cumu

lative distances. The inclination of each segment of each 

profile line was computed by dividing the contour interval 

(vertical distances) by the horizontal distance in that 

segment and then converting the value into degrees by using 

the tangent. 

The slope profiles of the three lithological popula

tions were then constructed with elevation data on the Y 

axis and cumulative distances on the X axis by using simple 

regression analysis programmed in the computer. 

Skewness and Other Parametric Analysis 

To determine the slope form of a slope profile, 

"profile skewness" analysis was used to determine the 
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degree to which either recti 1inearity or concavity domina 

tes the total profile and subprofile. The Y axis and the X 

axis of eacn slope profile was converted into cumulative 

percentages from 0 to 100 ^Figure 14) and these converted 

profiles were then used in tne profile skewness analysis. 

In addition, the slope profiles were divided into 

hillfronts and piedmont profiles to examine their respec

tive slope morphology. The division was determined Dy 

finding a suDjective point of inflexion separating the 

nillfront from piedmont slope of each profile. The 

inflexion point was found by first delimiting a segment of 

the profile where the ni11 front/piedmont junction was 

expected to occur. In this segment each slope angle 

portion was then suostracted from that next to it. The 

highest value of the difference between adjacent angles was 

then determined and the point of inflexion was located 

between the two substracted angle portions (Figure 14). 

Each hillfront and piedmont profile was then conver

ted into cumulative percentages in order to apply skewness 

analysis to the subprofiles (nillfront and piedmont 

profiles) in instances where results for the overall 

profile are inconclusive. The formula used to estimate the 

slope form is 

PSK = (Vp90 + VplO)-2(100 - Vp50)/Vp90 - VplO, 

where Vp is the vertical percentile and PSK is the profile 
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skewness index. Thus, a slope profile or subprofile which 

is essentially convex will have a positive profile skewness 

index, a concave profile will have a negative skewness 

index, and a rectilinear one will approaches the zero 

(Pi tty , 19 71) j. 

Besides the skewnoss analysis, three otner parameters 

were usea in this study: the maximum slope angles, minimum 

slope angles, and lengths of the profiles and subprofiles. 

The purpose of these parameters is to provide additional 

data about steepness of slopes and the extent of the 

piedmonts and hillfronts on the different lithological 

populations. The data appear in APPENDICES 1-9. 

Statistical Testing of the Parameters 

Descriptive statistical testing was applied to 

profile skewness indices, maximum and minimum slope angles, 

and lengths of the slopes in order*to test hypotneses about 

the relationship between eacn of the parameters and pairs 

of lithological populations. Significance testing using 

the difference between two sample means was employed (Pari, 

1967). The testing computation is: 

1- Compute the stcindard error of each parameter: 

S i  /  ( n i - l ) 1 / 2  

where S.. -js sample standard deviation of a parametric 

column,(7x^ -js standard error, and ni is the sample 

size. 
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2- Compute the estimated standard error: C7xi - X2 

0 x i  -  x 2  *  [  ( a x ! )  +  ( a x 2 ) ] 1 / 2  

3- Perform the significance test using the significance 

r a t i o :  

S.R. = X2 - X2 / CJxJ - X2 

where Xj and X2 are the means. 

4- State the significance level at 1% and in some cases at 

5 %, and: 

a- Obtain tne degrees of freedom, which are n^ + n2 - 2. 

b- Identify tne critical value of t (t*) from tne t 

distribution table. 

5- State the null hypothesis (Ho) that there is no diffe

rence between each of the parameters at the pairs of the 

lithological populations, in the case where S.R. is less 

than t*. We reject the null hypothesis when S.R. is 

greater than t*, stating that there is a difference between 

each of the parameters on the lithological pairs. 

Debri s Size Ana lysis 

Field investigation was done to determine the 

distribution of debris size from the upper slopes to the 

base slopes of the study sites, to determine the texture of 

the rocks with a hand lens, and to record the general 

vegetation distribution. The primary purpose of this 

investigation was to determine more accurately the hill-

front /piedmont junctions. 



Debris size distribution was determined with the use 

of a 100 feet steel tape, a compass, and a vernier caliper. 

Starting from near the top of each site and ending at the 

base, slope inclination was determined. The tape was 

spread horizontally on the surface, and at one foot 

interval, the debris particle under the tape was measured 

at its b axis in millimeters by the vernier caliper. At 

least three measurements were made at the same slope angle, 

and 25-50 debris particles were collected from each 

measurement line. The debris was not measured at every 

slope angle, but at selected intervals determined by the 

change of the debris size distribution. A total of 3203 

particles were recorded from the twelve studied sites; 1003 

were from the four granitic sites, 768 were from the four 

sedimentary sites, and 1432 were taken from the last four 

andesitic sites. Then, to determine the degree of sorting, 

the first and third quartiles (d25 and d75) were taken at 

each selected slope angle. The degree of sorting, which 

equals d75 - d25, and slope angles were plotted on graphs, 

on which increasing steepness of the graphic slope indica

tes less sorting. Decreased sorting indicates that the 

hi 11front/piedmont junction is less clear and less appa

rent. 
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Regularity of the Slope Surface 

The degree of regularity of the slope surfaces 

in each lithological population was determined with the use 

of a map wheel. A regularity index was computed from the 

topographic maps by delimiting two separate points on each 

contour line and then measuring the actual contour length 

(ACL) and the length of trie line parallel to the overall 

trend of the actual contour line (PCL). To minimize 

errors, four to five measurements were made per contour 

line, and the results averaged. The formula estimating the 

degree of regularity is: 

R.I. = ACL / PCL 

where R.I. is the regularity index. Thus, the higher 

the index, the greater the irregularity of the slope 

surface. Then, the significance testing of the two means 

was used to compare the regularity of slopes on the three 

rock types. 



CHAPTER 5 

ANALYSIS 

This chapter is concerned with the comparison of 

slope profiles and subprofiles of the lithological popula 

tions, using the parameters discussed in the previous 

c h a p t e r .  

Comparison of Granitic and Andesitic Slope Profiles 

Using the testing significance between two mean 

samples and the t test, the followiny results have been 

found (APPENDICES 1 and 2). 

Comparison of Slope Lengths 

The mean length of 5271.14 feet of the granitic 

slopes is greater than that of the andesitic slopes (mean 

length of 2673.37). Tne explanation of this difference 

will be given in the discussion of the piedmont zones. 

With a significance ratio greater than the critical t 

value, the null hypothesis that there is no difference in 

slope lengths between the two lithological populations is 

rejected with 99% confidence (Table 1). Thus, the result 

indicates that the slope lengths of the two compared rock 

type slopes are different. 

3 5  



3 6  

Table 1. Comparison of Granitic and Andesitic Profiles. 

S.E. S.E. Est imated 
Andes i te Gran i t e S.E. S .R. Dec i s i on 

S 1 ope S.R.>t* 
length 216.20 598.21 636.07 4 .08 reject Ho 

Skewness S.R.> t* 
index 0 .50 0.09 0.50 3 .42 reject Ho 

Degrees of freedom = 24 
Significance level = 1% 
t* = 2.592 
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Comparison of Slope Forms 

The testing produced unexpected results: it was 

expected that granitic slope forms in general would be more 

concave than the andesitic ones. The results, using mean 

skewness index, were that the granitic slopes are much less 

concave than the andesitic slopes. With a significance 

ratio higher than the critical t value (t*), the null 

hypothesis of the slope form similarity has to be rejected 

by stating that there is a 99% confidence that a difference 

between the two slope form lithologies exists (Table 1). 

Comparison of Granitic and Sedimentary Slope Profiles 

Comparison of Slope Lengths 

The difference here resembles that of the andesi-

tic-granitic lengths, where the sedimentary slope lengths 

(mean length of 3550.8 feet) are less than the granitic 

ones (APPENDICES 1 and 3). The significance ratio is 

greater than the critical t value; therefore, the null 

hypothesis is rejected by stating that there is a diffe

rence in slope lengths (with 99% confidence) between the 

two above populations (Table 2). 

Comparison of Slope Forms 

The testing shows that the sedimentary slope forms 

(using mean skewness index) are much more concave than 

those of the granitic slopes. This also contradicts prior 
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Table 2. Comparison of Granitic and Sedimentary Profiles. 

S.E. S.E. Estimated 
Seaimentary Granite S.E . S .R. Dec i s i on 

S 1 ope S.R.> t* 
length 157 .52 598.21 618.60 2 .78 reject Ho 

Skewness S.R.>t* 
i no ex 0.15 0.09 0.17 3 .52 reject Ho 

Degrees of freedom = 25 
Significance level = 1» 
t* = 2.485 



expectations (APPENDICES 1 and 3). Horever, the signifi

cance ratio is greater than t*, the null hypothesis of a 

similarity is rejected, and the difference in slope forms 

between tne two lithological rock types is accepted with 

99% confidence (Table 2). 

Comparison of Andesitic and Sedimentary Slope Profiles 

Comparison of Slope Lengths 

From the mean analysis, the results show that the 

sedimentary slope profiles are longer than the andesitic 

ones (APPENDICES 2 and 3). More explanation on this 

dissimilarity will be given in a later discussion. Thus, 

the null hypothesis that there is no difference in slope 

lengths between the two rock type slopes is rejected with 

99% confidence (Table 3). 

Comparison of Slope Forms 

The case here is different from-the previous 

comparisons. Both the andesitic and sedimentary slopes are 

similar to each other, and this is based on the statistical 

analysis of their skewness index means (APPENDICES 2 and 

3). The computed significance ratio is much less than the 

critical t value. Hence, as a decision maker, the null 

hypothesis is accepted with 99% confidence and by stating 

that there is no difference in the slope forms between the 

andesitic and sedimentary slopes. Both of the compared 
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Table 3. Comparison of Andesitic and Sedimentary Profiles. 

S.E. S ,E. Est imated 
Sedimentary Andesite S.E. S.R. Decision 

S 1 ope S.R.> t* 
lengtn 157.52 216 .20 267.49 3.28 reject Ho 

Skewness S.R.<t* 
index 0.15 0 .50 0.52 2.12 accept Ho 

+S.R.>t* 
+reject Ho 

Degrees of freedom = = 25 + with significance level = 5% 
Significance 1 e v e l  =  = 1« t* = 1.708 
t* =2.485 



4 1  

lithological slopes have the same slope morphology. 

However, changing the confidence to 95%, the two above 

slope form lithologies demonstrate a difference between 

them, and the significance ratio will be greater than t* 

(Table 3). Thus, the andesitic slopes become more concave 

than the sedimentary slopes. 

Debris Size Sorting 

The debris size sorting was determined for the 

tnree lithologic slopes. On the granitic slopes, the steep 

slopes are characterized by large-sized debris which was 

brought from the higher slopes or was derived from in situ 

weathering. The debris size decreases downslope, occurring 

where slopes are inclined less than 5 or 10 degrees in 

angle, and with particle size generally not exceeding a 

median of 9 millimeters. This small debris known as grus 

is derived from transported material and from in situ 

weathering of bedrock (Bryan, 1925). This analysis shows 

that debris sorting on the granitic slopes coincides with 

the subjective inflexion point (Figures 15 and 3), and the 

latter method was found to be satistactory for this 

project. 

The andesitic slopes show the least sorting. Three 

sites out of four show a low debris sorting from almost 5 

degrees in slope angle and greater (Figure 16). The larger 

debris is found not only on steep slopes, but also on 
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A: Site 4 
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Figure  16 .  D e b r i s  S i z e  D i s t r i b u t i o n  o n  A n d e s i t i c  S l o p e s .  



4 4  

moderate and gentle slopes, especially at the Twin Hill 

(site 5) and site 6. There is no apparent decrease of 

debris size downslope. The only well sorted slope is at 

the Golf Course Hill (site 4), where the larger particles 

are confined to the steep slopes (greater than 15 degrees 

in angle). On lower slopes the decrease in debris size is 

more significant, so that the selection of the hilTfront/-

piedmont junction at that slope angle coincides well with 

the subjective inflexion point. However, the other 

andesitic slopes were divided into hi 11 front/piedmont by 

using the subjective point of inflexion. 

The sedimentary slopes also show little sorting on 

slopes exceeding 5 or 10 degrees in angle, with good 

sorting occurring on slopes of 10 or less on two out of 

three sites in the Sedimentary Hills' site (site 7). The 

large debris is found on moderate to some steep slopes, and 

declines in size downslope to slopes of 10 degrees. 

Downslope f rom that point only the smaller particles with a 

median generally not exceeding 15 millimeters are present. 

The Saginaw Sedimentary Hill site (site 8) does not show a 

good debris sorting upslope (exceeding 5 degrees), but is 

well sorted at and below this angle. Tnus, the location of 

the point of inflexion derived from the sorting analysis is 

found to be similar to that determined subjectively (Figure 

17). 
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Hiltfront Slope Profiles 

In this section, the tnree lithological populations 

of granitic, andesitic, and sedimentary slopes are compared 

using the parameters of the maximum and minimum slope 

angles, slope lengths, and profile skewness indices 

(APPENDICES 4, 6, and 8). The slope profiles are divided 

into iiillfront and piedmont profiles or slope subprofiles 

accordiny to debris sorting analysis. 

Comparison of Maximum Slope Angles 

The significance testing between granitic-andesi

tic, granitic-sedimentary, ana andesitic-sedimentary slopes 

snow that the anaesitic slopes have the greatest mean 

maximum inclinations, followed by the yranitic slopes, and 

the sedimentary slopes, which have the lowest mean. No 

great difference in slope steepness is apparent between 

granitic and andesitic slopes. A minor difference is due 

primarily to some irregularities in granitic slopes that 

have prevented the slope profiles to De drawn further 

upslope. The significance ratios (S.R.) of the three 

comparisons show that they are greater than the critical t 

values; therefore, the null hypothesis is rejected and the 

difference in the mean maximum slope angles between the 

three lithologies is considered significant and accepted 

with 99% confidence (Tables 4, 5, and 6). 
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Table 4. Comparison of Granitic and Andesitic Hillfront 
Prof i1es . 

S .E. 
Andes i te 

S.E. 
Gran i te 

Estimated 
S.E. S. R. Decision 

M a x i m u m 
Angle 2.08 2.44 3.20 2. 72 

S . R. > t * 
reject Ho 

Minimum 
A ng 1 e 1.88 1.30 2.28 2. 19 

S.R.<t* 
accept Ho 

Slope 
Length 44 . 59 132.86 140.14 0 .  82 

S.R.<t* 
accept Ho 

Skewnes s 
Index 0.06 0.06 0.08 0 .  16 

S.R.<t* 
accept Ho 

Degrees of Freedom = 24 
Significance Level = 1% 
t* = 2.492 
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Table 5. Comparison of Granitic and Sedimentary Hillfront 
Pr of i 1 es . 

S.E. S.E. Estimated 
Sedimentary Granite S.E. S.R. Decision 

Max i mum 
angle 2 .01 2 .44 3 . 16 3. 48 

S . R. > t * 
reject Ho 

Minimum 
a ng 1 e 0 .69 1 .30 1 .47 2. 73 

S. R. > t * 
reject Ho 

Slope 
length 47 .28 132 .86 141 .02 1. 39 

S . R. < t * 
accept Ho 

Skewnes s 
index 0 .05 0 .06 0 .07 0. 93 

S.R.<t* 
accept Ho 

Degrees of freedom = 25 
Significance level = 1» 
t* = 2.485 
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Table 6. Comparison of Andesitic anu Sedimentary 
Hillfront Profiles. 

S.E. S.E. Estimated 
Sedimentary Anaesite S.E. S.R. Decision 

I'iaximum S.R.>t* 
angle 2.01 2.08 2.89 6.82 reject Ho 

Minimum S.R.>t* 
angle 0.69 1.88 2.00 4.50 reject Ho 

Slope S.R.<t* 
lengtn 47.28 44.59 64.99 1.25 accept Ho 

Skewness S.R.<t* 
index 0.05 0.06 0.08 1.01 accept Ho 

Degrees of freedom = 25 
Siginficance level = 1% 
t* = 2.485 
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Comparison of Minimum Slope Angles 

There is no difference in the mean minimum slope 

angles between the granitic and andesitic slopes. They 

both have means greater than 17 degrees, which indicates 

that even at the base of the hills the slopes are steep. 

The significance ratio is less than t*. Therefore the null 

hypothesis of the mean minimum inclination similarity is 

accepted for granitic and andesitic profiles with 99% 

confidence (Table 4). 

The comparisons between sedimentary-granitic slopes 

and sedimentary-andesitic slopes show that the mean minimum 

slope angles differ from one lithology to the other. The 

hillfront sedimentary slopes are characterized by gentler 

base slopes than the granitic and andesitic ones. The 

significance ratios are greater than the critical t value, 

thus leading to the rejection of the null hypothesis witn 

99% confidence: that there is no similarity in the two 

groups' mean inclinations (Tables 5 and 6). 

Comparison of Slope Lengths 

The mean lengths of the three lithologic slopes are 

similar despite their difference in the slope angle 

distribution. The computed significance ratios between 

granitic-andesitic slopes, granitic-sedimentary slopes, and 

andesitic-sedimentary slopes have values lower than t*. 

Thus, the null hypothesis of the similarity in slope 



lengths Detween the three groups is accepted with 99% 

confidence (Tables 4, 5, ana b). 

Comparison of Slope Forms 

Tne mean statistical analysis inaicates that the 

three rock type subprofiles have slightly concave hillfront 

slopes. Tne significance ratios of the comparisons are 

much lower tnan the critical t value; therefore, the null 

hypotnesis is accepted and tne similarity in the slope 

snapes Detween tne tnree groups is significant with 99% 

confidence ^TaDles 4, 5, and 6). 

Piedmont Slope Profiles 

Comparison of Maximum Slope Angles 

Tne comparison between the granitic and sedimentary 

slopes snows that tnere is no difference in the mean 

maximum slope angIes(APPENDiCES 5 ano 9;. Botn slopes are 

gentle, with over 90% of the upper granitic and sedimentary 

piedmont slopes less thetn 12 degrees. The significance 

ratio was found to be much less than the critical t value, 

and the null hypotnesis of a similarity between the two 

rock type mean maximum inclinations is accepted with 99% 

confidence iTable 8, pp.54). 

In contrast, the comparison between granitic-andesi-

tic slopes and sedimentary-andesitic slopes has given 

different results. Here, the mean maximum inclinations on 

the andesitic piedmont profiles (APPENDIX 7) are much 



the andesitic piedmont profiles (APPENDIX 7) are much 

higher than those on the granitic and sedimentary piedmont 

profiles (APPENDIX 9). The null hypothesis of a similarity 

in trie mean maximum slope angles between the two groups is 

rejected with 99% confidence, because the significance 

ratios are higher than t* (Taoles 7 and 9). 

Comparison of Minimum Slope Angles 

Both the andesitic-granitic base slopes and sedimen

tary ones are characterized by a similarity in their mean 

minimum slope angles(APPENDICES 5, 7, and 9). However, 

when each lithologic piedmont profile is taken separately, 

the answers are different. The granitic minimum inclina

tions do not decline to less than one degree, and they 

maintain a consistent slope decline even on the alluvium 

surfaces. Some of the sedimentary minimum inclinations 

(about 43% of the sample) and most of the andesitic minimum 

inclinations (61.50% of the sample) indicate a more 

intensive decline from one degree to a half degree. In 

addition, the high andesitic base slope values are prima

rily due to the existence of short piedmont zones mostly 

limited by structural contacts (for example in site 5). 

The significance ratios have shown that they are less than 

t*; thus, the null hypothesis of a similarity in the mean 

minimum slope angles between the two lithology groups is 

accepted with 99% confidence (Tables 7 and 9). 



Table 7. Comparison of Granitic and Andesitic Piedmont 
Prof i1es. 

S.E. 
Ana es i te 

S.E. 
Granite 

Estimated 
S.E. S .R. Dec i s i on 

M a x i m u m 
angle 1.79 0.97 2.03 3 .54 

S.R.>t* 
reject Ho 

Minimum 
ang 1 e 0.36 0.21 0.41 1 .27 

S . R. < t * 
accept Ho 

Slope 
1eng tn 243.06 589.50 637.64 3 .85 

S.R.>t* 
reject Ho 

Skewness 
index 0.20 0.06 0.21 4 .99 

S.R.>t* 
reject Ho 

Degrees of freedom = 24 
Significance level = 1% 
t* = 2.492 
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Table 8. Compdrison of Granitic and Sedimentary Piedmont 
Prof i1es . 

S.E. S.E. Estimated 
Sedimentary Granite S.E. S.R. Decision 

Max imum 
ang 1 e 0. 79 0 .97 1 .24 0 .95 

S . R. < t * 
accept Ho 

!i i n i mum 
angle 0. 13 0 .21 0 .25 4 .23 

S.R.>t* 
reject Ho 

Slope 
length 190. 41 589 .50 619 .48 2 .25 

S . R. < t * 
accept Ho 
+S.R.>t* 

+reject Ho 

Skewness 
index 0. 10 0 .06 0 .12 6 .42 

S . R. > t * 
reject Ho 

Degree of freedom =25 + with significance level = 5% 
Significance level =1% t* = 1.708 
t* = 2.485 
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Table 9. Compdrison of Andesitic and Sedimentary Piedmont 
Prof i1es. 

S.E. S.E. Estimated 
Sedimentary Andesite S.E. S.R. Decision 

Maximum 
angle 0. 79 1 .79 1 .95 3 .07 

S.R.> t* 
reject Ho 

Mini mum 
angle 0. 13 0 .36 0 .30 1 .33 

S.R.<t* 
accept Ho 

S1 ope 
1engtn 190. 41 243 .06 308 .76 J .43 

S.R.>t* 
reject Ho 

Skewness 
index 0. 1 L- 0 .20 0 .22 1 .36 

S. R.<t* 
accept Ho 

Degrees of freedom = 25 
Significance level = 1» 
t* = 2.485 
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In contrast, the granitic-sedimentary piedmont slopes 

are characterized by a dissimilarity in their mean minimum 

slope angles (APPENDICES 5 and 9), where the granitic base 

slopes are steeper than the sedimentary ones. There is no 

significant difference as the null hypothesis is rejected 

with 99% confidence (Table 3). 

Comparison of Slope Lengths 

In comparing the granitic-andesitic and andesitic-

sedimentary piedmont slope lengths, it is found that the 

andesitic slopes have the smallest mean slope lengths 

(APPENDICES 5, 7 ,  and 9). The granitic and sedimentary 

piedmont slopes have more extended pediment and alluvium 

surfaces than do the andesitic slopes. Thus, the signifi

cance retios are greater than the critical t values, and 

consequently the null hypothesis of a similarity in the 

mean lengths between the two piedmont groups is rejected 

with 99% confidence (Tables 7 and 9). 

On other hand, in comparing the granitic-sedimentary 

piedmont slopes, these show that there is no difference in 

the piedmont profiles with 99% confidence (null hypothesis 

is accepted). However, when the significance level is 

changed to 5% (with 95% confidence), the piedmont profiles 

will have different mean lengths, so that the granitic 

piedmont slopes especially pediment surfaces, will be 

characterized by longer surfaces than the sedimentary ones 

(Table 8). 
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Comparison of Slope Forms 

The granitic piedmont slopes are the least concave 

slopes (APPENDIX 5). These slopes are slightly concave to 

almost rectilinear, which contrasts with the andesitic and 

sedimentary piedmont surfaces whose slopes are much more 

concave (APPENDICES 7 and 9). The null hypothesis of the 

slope form similarity between the granitic-andesitic and 

granitic-sedimentary lithological groups is rejected with 

99% confidence (Tables 7 and 8). 

Andesitic and sedimentary slopes are found to be 

similar, as the null hypothesis is accepted with 99% 

confidence. This slope similarity is due primarily to the 

lithological heterogeneity and texture of the sedimentary 

formation, and also to the shortness of some andesitic 

piedmont surfaces, which do not provide a representative 

picture of the complete andesitic slope forms (Table 9). 

Slope Surface Regularity 

The final parameter considered is the surface 

regularity of the three lithological slopes (APPENDIX 10). 

The significance testing indicates that the sedimentary 

surfaces are the most irregular and rough ones. They are 

incised by deep channels especially in the Sedimentary 

Hills' area (site 7). On the other hand, the Saginaw 

Sedimentary Hill area (site 8) is mostly disturbed by 

shallow channels. These sedimentary surfaces have a medium 

drainage density caused principally by the heterogeneity of 
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the lithology and by the texture, which influence the 

resistance to the erosive processes. The argillite and 

siltstones are easily eroded by running water, forming deep 

channels. Comparison of the granitic-sedimentary and 

andesitic-sedimentary slopes indicate the rejection of the 

null hypothesis of a similarity of the surface regularity, 

in which the significance ratios are greater than t* 

(Tables 11 and 12). 

The andesitic and granitic slopes by comparison are 

more homogeneous, and their surfaces are more regular and 

less dissected, especially the granitic surfaces. The 

granitic slopes have a low grainage density and are only 

slightly scored by shallow channels while frequently 

experiencing sheetwash. The null hypothesis of a simila

rity in surface regularity between the andesitic and 

granitic slopes is accepted with 99% confidence because the 

significance ratio is less greater than t* (Table 10). 
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Table 10. Comparison of Granitic and Andesitic Slope 
Surface Regularities. 

S .E. S.E. Estimated 
Gran i te Andes i te S.E. S.R. Deci sion 

Regularity S.R.<t* 
i ndex 0.04 0.09 0.10 1.01 accept Ho 

Degrees of freedom = 23 
Significance level = 1% 
t* = 2.508 

Table 11. Comparison of Granitic ana Sedimentary Slope 
Surface Regularities. 

S.E. S.E. Estimated 
Granite Sedimentary S.E . S. R. Decision 

Regu1arity S . R.>t* 
i ndex 0.04 

C
O

 o
 

o
 0.12 2.76 reject HO 

Degrees of freedom = 25 
Significance level = 1% 
t* = 2.485 
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Table 12. Comparison of AncJesitic and Sedimentary Slope 
Surface Regularities. 

S.E. S.E. Estimated 
Sedimentary Andes i te S.E. S.R. Dec i s i on 

Reg u1ar i ty S.R.U* 
index 0.09 O

 
o
 

0.12 1.92 reject Ho 

Degrees of freedom = 22 
Significance level = 5% 
t* = 1.717 



CHAPTER 6 

SUMMARY AND CONCLUSION* 

As a result of the study in the Tucson Mountains, 

tne following summary ana conclusions are drawn. 

The significance testing of the relationship 

between lithology and slope form for the total slope 

profiles (hillfronts and piedmonts) have given the 

following results. The granitic slopes are longer than the 

sedimentary and andesitic ones. Also, the granitic 

profiles are less concave than the two other lithologic 

slopes, which are identical. The three litnologic slopes 

have equal hillfront lengtns and same slope forms, but the 

granitic piedmont slopes are less concave tnan the 

andesitic and sedimentary surfaces. Therefore, when 

combining hillfront and piedmont slopes, granitic slopes 

are less concave tnan those of the other lithologies. 

These slope profiles were then divided into 

hi 11 front/piedmont profiles Dy using a subjective point of 

inflexion and debris size analysis as a more accurate way 

of defining the junction. The granitic and sedimentary 

slopes revealed a significant junction where good debris 

sorting coincided well with the subjective point of 

inflexion. However, the division of the andesitic profiles 
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was mostly done by the subjective junction selection 

poor debris sorting. 

Tne relationship between litnology and slope forms 

in the granitic, andesitic, and sedimentary hillfront 

slopes is not apparent and not significant. Despite the 

difference in the rock type texture of the three litholo-

gies, the steep granitic and andesitic slopes, and the 

gentle sedimentary slopes are characterized uy a similarity 

in their slope forms, wnich .are slightly concave. There

fore, other factors than lithology, such as microclimate, 

erosive processes, topography, and vegetation might have an 

influence on the tii 1 1 fronts . 

The study of the slope morphology of the gentle 

granitic and sedimentary piedmont slopes, and the moderate 

andesitic piedmont slopes, shows ihdt there exists a strong 

relationship between litnology and slope morphology (slope 

form). The long and broad granitic piedmonts are cnarac-

terized by slightly concave to almost rectilinear slopes. 

Their texture is found to be medium to coarse grained 

particles of mainly quartz and feldspar; these provide less 

area of crystal surface per unit volume, low free energy, 

ana are vulnerable to reaction with the circulating water 

when surfaces are massive (Twiddle, 1982). Even witn the 

process of weatnering, these surfaces disintegrate more 

slowly and are more permeable to the running water invading 
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the surface; hence, these piedmont slopes will reduce the 

intensity of erosion and resist slope lowering, so that is 

why these surfaces tend to be smooth and scored mostly by 

shallow cnannels ana sneeiwasn. 

The short andesitic piedmonts are cnaracterized by concave 

slopes. Trie l r texture is principally fine grained, and 

should to be more susceptible to moisture attack than the 

coarse textured granite. Fine textured rocKs possess large 

areas of crystal surface per unit volume, and these 

surfaces are disposed to react witn the circulating water. 

Thus, these rocks are weakly permeable and less resistant 

to the weatnerin^ ana erosion processes. Also, the 

anaesitic litnology consists mainly of about 60-70& 

plagioclase feldspar; the rest is biotite, hornblend, and 

olivine, whicn are susceptible to the moisture attack. 

Even with this kind of texture, the andesitic slopes seem 

to oe little dissected, resemDling the slopes of the 

granite. 

Finally, the long sedimentary piedmonts are 

represented by concave slopes as are those of tne andesitic 

surfaces. Their texture is intermediate between the above 

two 1ithoiogical populations, and are of medium grained 

arkose and sandstone and of fine grained argillite and 

siltstone. Thus, because of the influence of the wea

thering and erosive action on the finer textures, the 

arkosic and sandstone rocks are undergoing incision on 
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arkosic and sandstone rocks are undergoing incision on 

their surfaces, but not as intensively as on the nignly 

dissected aryillite and siltstone slopes. 



APPENDIX 1 .  Granitic Profile Data. 

Profile # Length (feet) Skewness index 

1 7840.39 -0.77 
2 7557 .01 -1.07 
3 6517 .99 -0 .46 
4 6210.94 -0.78 
5 4754.62 -1.18 
6 3652 .57 -1.46 
7 7871.92 -0.90 
8 2227.68 -1.65 
9 3030 .62 -1.24 
10 6738.36 -0 .87 
11 4156.38 -1.16 
12 5785.89 -1 .34 
13 2i80 .45 -1.24 

Mean 527 1 . 14 -1.09 
Standard 
Deviation 2069.82 0.32 
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APPENDIX 2 .  Andesitic Profile Data. 

Prof i1e # Length (feet) Skewness index 

14 1657.11 -1.52 
15 1582.23 -1.76 
16 3794.25 -1.65 
17 3959.58 -1.89 
18 3117.24 -3.39 
19 2841.72 -3.79 
20 2959.83 -3.15 
21 2526.84 -7 .42 
22 2621.26 -4.61 
23 3314.02 -3.00 
24 2290.61 -1 .57 
25 1952.12 -1 .43 
26 1897.05 -1 .22 

Mean 2673.37 

O
 

C
O

 C
\J 

J 

Standard 
Deviat ion 748.07 1.75 
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APPENDIX 3 .  Sedimentary Profile Data. 

Profile # Length (feet) Skewness index 

27 3723.44 -i./y 
28 3700.66 -2.65 
29 4101.29 -1 .88 
30 3786.41 -2.33 
31 3345.55 -1 .67 
32 2865.35 -1.86 
33 2526.87 -1 .64 
34 3573.85 -0.73 
35 4258.72 -1 .44 
36 2959.84 -1.81 
37 3282.58 -1.33 
38 3140.26 -1.13 
39 3896.61 -1 .09 
40 4549.99 -2.38 

Mean 3550 .81 -1 .69 
Standard 
Deviation 567.08 0.53 
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APPENDIX 4 .  Granitic Profiles at the Hillfronts. 

Profile Maximum Angle Minimum Angle Length Skewness 
number (degrees) (degrees) (ft) index 

1 26.93 15.76 401.44 -0.24 
2 32.42 22.95 385.69 -0.13 
3 22.95 13.00 133.82 -0.61 
4 2G.93 13 .00 314.87 -0.44 
5 22 .95 13.00 464.42 -0.15 
6 40 .26 19.95 464.43 -0.16 
7 26 .93 9.02 1062 .67 -0.16 
8 51 .79 22.95 1881.38 -0.35 
9 40 . 26 19.95 362 .05 -0.59 
10 32.42 11.06 338.47 -0.54 
11 26.93 15.76 275.50 -0.24 
12 32.42 14.25 314.87 -0.46 
13 40.26 19 .95 566.72 -0.07 

Mean 32.57 17.42 535.87 -0.32 
Stand ard 
Deviation 8.46 5.28 459.71 0.19 
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APPENDIX 5 .  Granitic Profiles at the Piedmont Zones. 

Profile Maximum angle Minimum angle Length Skewness 
number (degrees) (degrees) (ft) index 

1 5.37 1 .63 7438 .95 -0.268 
2 8.50 1.88 7171 .32 -0.390 
3 2.30 1.79 4801 .90 -0.003 
4 5.37 1.96 5801 . 90 -0.290 
5 9.02 2.07 4290 .20 -0.410 
6 13.00 1 .99 3188.14 -0.721 
7 3.30 2.17 6872 . 22 -0.063 
8 8.03 3.1G 1180.78 -0.410 
9 5.58 3.09 2668.57 -0.190 
10 2.46 1 .33 5415.89 -0.013 
11 9.61 1.42 3880 .88 -0 .330 
12 4. 54 1 .23 547 1 . 02 -0.300 
13 11 .06 3.63 1613.73 -0.300 

Mean 6.78 2.10 4606.89 

C
O

 C
\J 

• 

o
 

1 

Standard 
Deviation 3.35 0.74 2039.69 -0.197 
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APPENDIX 6 .  Andesitic Profiles at tne rtillfronts. 

Profile Maximum angle Minimum angle Length Skewness 
number (degrees) (degrees) (ft) index 

14 40.26 15.76 267.63 -0.23 
15 32.42 22.95 535.27 -0.14 
16 40.26 20.93 118.06 -0.36 
17 26. 93 9.02 558.89 -0.60 
18 40.26 19.95 354.20 -0.29 
19 40.26 15.76 582.48 -0.46 
20 51.79 19.95 425.06 -0.28 
21 51.79 32.42 157.40 -0.18 
22 51.79 13.00 409 . 29 -0.91 
23 40.26 22.95 558.83 -0.16 
24 40.26 26.93 519.46 -0.12 
25 40.26 26.93 503.72 -0.29 
26 40.26 22 .95 472.25 -0.29 

Mean 41.29 21 .19 420 . 19 -0.33 
Standard 
Devi at ion 7.21 6.53 154.30 0.22 
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APPENDIX 7 .  Andesitic Profiles at the Piedmont Zones 

Profile Maximum angle Minimum angle Length Skewness 
number (degrees) (degrees) (ft) index 

14 14.25 2.59 1424.83 -0.88 
15 15.76 2.42 1070.57 -1.31 
16 8.49 0.68 3676 . 19 -1.07 
17 4.54 0.72 3400.69 -0.82 
18 17.62 0.72 2763 .04 -2.77 
19 10.28 0.79 2259.24 -1.51 
20 14.25 0.50 2534.77 -2.04 
21 22.95 0.93 1235.88 -2.44 
22 1.79 0.63 2211 .97 -0.66 
23 14.25 0.56 2755 . 19 -1.41 
24 19.95 2.64 1771.15 -0.81 
25 17 . 62 3 .23 1448.40 -0.89 
26 19.95 4.15 1424.80 -0.54 

Mean 13.97 1 .58 2152.05 -1 .32 
Standard 
Deviation 6.21 1 .24 841 .01 0.70 
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APPENDIX 8 .  Sedimentary Profiles at the Hillfronts. 

Profile Maximum angle Minimum angle Length Skewness 
number (degrees) (degrees) (ft) index 

27 32.42 14.25 183.92 -0.43 
28 17.62 11.95 314.87 -0.16 
29 15.76 9.61 275.51 -0.26 
30 19.95 9.02 362.10 -0.35 
31 19.94 11 .06 5 58 . SC -0.01 
32 40 .26 9.61 755.68 -0.60 
33 22.95 14.25 354.22 -0.19 
34 19.95" 11.06 236 . 15 -0.41 
35 26.3 3 17.62 10 2.33 -0.39 
36 19 .95 14.25 369 . 97 -0.17 
37 17.62 9.61 503.79 -0.29 
38 14.25 11 .06 267 . 64 -0.04 
39 14.25 13.00 244.03 -0.01 
40 19.95 14.25 204.66 -0.22 

Mean 21.55 12.13 338.48 -0.25 
Standard 
Dev i at i on 7.25 2.49 170 .23 -0.17 
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APPENDIX 9 .  Sedimentary Profiles at the Piedmont Zones. 

Profile Maximum angle Minimum angle Length Skewness 
number (degrees) (degrees) (ft) index 

27 7 .24 1.73 2109.67 -0.79 
28 5.80 0.53 3385.79 -1.33 
29 4.54 0.53 3825.78 -0.92 
30 4.68 0.51 3424.31 -1 .02 
31 8.50 1.10 2786.67 -0.96 
32 7.24 1.73 2109.67 -0.79 
33 11.95 1 .3D 2172.65 -1.12 
34 4 . 27 1 .94 3337 . 70 -0.32 
3 5 14.25 0.66 4156.39 -1.29 
36 9.02 1 .00 2589.87 -1 .34 
37 6.89 1.27 2778.79 -0.00 
38 8 .50 1 .61 2872.62 -0.76 
39 10.28 0.54 4345.3 3 -1.74 

Mean 7 .97 1 .05 3212.33 -1 .02 
Standard 
Deviation 2.85 0.49 685.47 0.37 
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APPENDIX 10.  Regularity Indices of the Investigated Slopes. 

Number of Granitic Andesitic Sedimentary 
measurements slopes slopes slopes 

1 1.040 
2 1 .090 
3 1.190 
4 1 .290 
5 1 .1 0 0 
6 1 .200 
7 1.640 
8 1.350 
9 1.190 
10 1 .085 
11 1.075 
12 1 .260 
13 1.500 
14 -

Mean 1.18G 
Standard 
Deviation 0.043 

1.980 1.410 
1 .280 1 . 600 
1 .600 1.550 
1 .150 1 .260 
1.050 1.470 
1 .025 2.130 
1.160 1 .690 
1.310 1 .220 
1 .120 1 .820 
1.070 1 .780 
1 .400 1 .037 

- 1 .180 
- 1 .060 
- 1 .120 

1 .236 1.517 

0.2C7 0.085 
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