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ABSTRACT

The surf ic ia l desertification  and degradation characteristics of 

major elements of the natural environment (vegetation, drainage, and 

morphology) associated with the development of earth fissures were 

investigated. Three appropriate fissure sites within a general study 

area located southeast of Phoenix, Arizona were carefu lly  selected to 

minimize cultural influences.

Data for analysis were collected from s a te l l i t e  imagery and 

aerial photography, and from ground level surveys. Traditional remote 

sensing analysis techniques were employed to identify  degradational 

characteristics which appear on the various remotely-sensed data bases. 

Remote sensing techniques were incorporated into the investigation to 

provide an overa ll ,  comprehensive view to enhance the spatial arrange­

ment of anomalies suggestive of degradational characteristics. On-site 

data collection involved taking calculated transects across the various 

fissures to provide micro-scale information suggestive of degradational 

characteristics. These ground surveys involved the collection of 

physical measurements of individual fissures; apparent plant stress 

information; gross thermal characteristics; erosional characteristics  

and anomalies; and apparent surf ic ia l changes in the natural drainage, 

morphology, and vegetation.

The results of analysis indicate that the occurrence of true  

desertification  does not ex is t ,  but that degradation clearly  exists,  

primarily in the form of erosion, and is the result of earth fissure
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development. Erosion was found to occur in two ways: that which is 

commonplace beginning at fissures and migrating up-slope, and that 

which washes soil from around plant roots. In addition, minor selec­

t ive  changes in the vegetation, drainage, and morphology were clearly  

identif ied  and proven to be the result of earth fissure development. 

I t  is concluded that erosion can not be e ffec tive ly  halted and, as a 

resu lt ,  w il l  spread widely resulting eventually in desertification .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PREFACE

This dissertation topic was undertaken as a result of the 

researcher's in terest in worldwide desertification  and, in particu lar,  

degradation of arid lands in the American Southwest. Obtaining suf­

f ic ie n t  water supplies for agricultural and urban needs is a r e a l - l i f e  

problem that must be correctly addressed and solved in the Southwest. 

Just as important is the understanding of environmental consequences 

that result when water supplies are mismanaged. Such mismanagement is 

occurring in areas of Arizona as groundwater supplies are being grossly 

over-pumped.

Thus, this dissertation is designed to serve as a preliminary 

investigation of environmental damage resulting from earth fissures 

which are, in turn, a result of groundwater mismanagement. Since no 

other studies are available explaining the degradational consequences 

related to earth fissures, i t  must be stressed that this study is a 

beginning, a foundation, fo r future research.

I t  is appropriate here to acknowledge two individuals in par­

t ic u la r .  F irs t ,  Dr. Paul Mausel served as advisor and director of the 

dissertation. In this capacity he was exceptionally helpful, patient, 

and understanding. Second, my wife Pam served as editor and typ is t,  

and provided that necessary, dedicated assistance to make this dis­

sertation possible. They w il l  always have my deepest thanks.
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Chapter 1 

INTRODUCTION 

Desertification

Investigations of the world's desert environments and the way 

in which man affects the various deserts have greatly increased in recent 

years. Studies of so-called "waste lands" are becoming extremely impor­

tant as the world's human population increases, because less and less 

arable land is available to support more and more people. Full re a l iza ­

tion of the extent to which man occupies desert regions has come about 

in the last few years. For example, i t  has been just within the last  

decade or so that published conference proceedings have documented 

research conducted by scientists interested in the problems associated 

with arid environments.1

The primary concern of these various scientists is the rate at

which arid lands are degrading. Degradation is best explained in terms
2

of climatic fluctuations and the various a c t iv it ie s  of man. The la t te r  

is  commonly thought by scientists to be the primary cause for desert 

expansion or desert degradation ( in ten s if ica tio n ).

^Gene Penick, Arid Lands in a Changing World, Abstracts of Con­
tributed Papers, an international conference sponsored by the American 
Association for the Advancement of Science and the University of 
Arizona, Tucson, Arizona, June 1969.

o
Michael Glantz, ed., D esert if ication , with a Foreword by 

Viktor A. Kovda (Boulder, Colorado: Westview Press, 1977).

3Ibid.
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2

This spatial phenomenon of desert expansion and/or the

physical and b iotic  degredation of deserts are termed desertification .

Various other, perhaps more precise, definitions of desertification

exis t. For example, Grove suggests that desertification means " . . .  a

laying waste of land associated with diminishing surface water and in-
4

creasingly sparse vegetation." Another defin it ion  of desertif ica tion ,  

and one that seems to include a ll  pertinent considerations, is that 

proposed by Dregne. He writes:

Desertification is the process of impoverishment of a r id ,  semi- 
a r id ,  and some subhumid ecosystems by the combined impacts of man's 
a c t iv it ie s  and drought. I t  is the process of change in these 
ecosystems that can be measured by reduced productivity of desirable 
plants, a lterations in the biomass and the diversity of the micro 
and macro fauna and f lo ra ,  acceleratedrsoil deterioration, and 
increased hazards fo r  human occupancy.

One other d e f in it io n , that proposed by McGinnies, states th a t ,  "deserti­

f ication  is the product of processes leading toward impoverishment of 

biota, soil depletion, and the establishment of altered erosional sur-
C

faces." The occurrence of desertification  is found worldwide in a ll  

warm desert regions.7 Figure 1 shows that desertification  on a

A. T. Grove, "Desertification in the African Environment," 
report presented at the symposium on Drought in A frica , Centre for  
African Studies, School of Oriental and African Studies, Cambridge 
University, London, 1973, p. 1.

5
Harold E. Dregne, "Desertification: Symptom of a C ris is ,"  

Desertification: Process, Problems, Perspectives, ed. Patr ic ia  Paylore 
and Richard A. Haney, J r .  (Tucson, Arizona: University of Arizona,
1976), p. 12.

^William G. McGinnies, "Ecology of Desertif ication ,"  D e s e r t if i ­
cation: Process, Problems, Perspectives, ed. Patric ia  Paylore and Richard 
A. Haney, Jr. (Tucson, Arizona: University of Arizona, 1976), p. 40.

7Ibid.
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worldwide basis is not only wide-spread but also varies from slight to 

very severe.

Of the 124 m illion square kilometers (48 m illion square miles) 

of arid and semiarid land on the earth's surface, 78 m illion square 

kilometers (30 m illion square m iles), or 19 percent, of the earth's land
o

surface are threatened by desertif ica t ion . This is s ignificant because 

one-sixth of the world's population, 600 to 700 m illion people, occupies
Q

dry land regions. Approximately 50 m illion people (8 percent) of the

to ta l arid lands population are threatened by d e s e r t i f ic a t io n .^

Perhaps most severely affected is the African continent, where

the southern side of the Sahara Desert is moving south 48 kilometers (30

miles) every year. The northern side of the Sahara loses nearly 100,000

hectares (247,000 acres) to desertification  each y e a r .^

The Peoples' Republic of China (China) is also losing land to

desertif ica tion . Verbal communications with Chinese geographers from

Peking suggested that China is attempting to halt the expansion of the

Takla Makan Desert through reforestation measures along the current

12periphery of the desert. Documentation of a tree-planting campaign 

indicates that areas in southern China are experiencing denudation 

problems because past practices called for the clearing of trees to

g
Kenneth Brower, "The Ungreening," Omni, December 1980, p. 70.

q
Ibid.

^Douglas L. Johnson, "The Human Dimensions of Desertification,"  
Economic Geography 53 (October 1977):318.

^Dregne, "Desertification," p. 13.
12 Interview with Yang Shih-gen and Ch'eng Chi' Ch'eng, 

Geographers, Peoples' Republic of China, Terre Haute, Indiana, 9 October 
1978.
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5

plant grains fo r the rapidly increasing population. As a resu lt ,  more

land is lost from agricultural production because of severe erosion than

13i f  forested areas were l e f t  standing.

The degradation of arid lands in North America (figure 2 ),  

more precisely, the Sonora Desert of Mexico and Arizona, is not as 

apparent as degraded lands in, fo r example, Africa or China. The 

reasons fo r th is are not yet clear. Several factors appear to be con­

tributing  to the differences in desertification  between North America 

and Africa or Asia. For example, these differences may result from 

technological differences, conservation practices, climatic factors,  

varied population rate increase, or any combination of these. Perhaps 

too, more arid land research interests have centered on the African 

environment rather than on the American Southwest.^

Causes of Desertification

The causes of desertification  generally are multiple. A

review of the l i te ra tu re  has indicated that desertification is a result

15of e ith er  climatic or cultural factors or both.

During periods of defic ient precipitation most vegetation types 

tend to be under more stress than normal. This, in turn, res tr ic ts  soil 

development, although soil degradation tends to be minimal assuming

13Jay Mathews, "China Proposes Huge Tree-Planting Campaign to 
Save Land," Arizona Republic, 30 March 1980, Sec. AA, p. 2.

14The Periodical Economic Geography 53, no. 4, October 1977, 
contains many references to desertif ica tion , most of which are directed 
toward the African environment.

15Dregne, "Desertification," p. 14.
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1 g
non-interference by man. A specific explanation of climatological

desertification  appeared in a recent a r t ic le  suggesting that 20,000 year

ago Saharan sands were approximately 400 kilometers (667 miles) north

of the present l i m i t . ^

The occurrence of desertification  in recent years along the

southern boundary o f the Sahel might, from a climatological standpoint,

be best explained by synoptic climatology. The movement of the

Intertropic Convergence Zone (ITC), corresponding with seasonal change

in the southern Sahara, tends to control the amount of precipitation

received in this intensely desertified area. In winter months, the

dominant Azore high pressure cell works contiguously with a broad, but

weak, low pressure belt  across central Africa. Together these pressure

systems bring hot, dry a ir  from the northern Sahara region insuring dry

conditions. Summer months experience essentially  a reversal of the

winter season but precipitation to the southern Sahara, however, results

primarily from convective a c t iv ity  when the ITC moves up over this

region. In addition, i f  the ITC fa i ls  to move north to i ts  normal 18°

north la titude point, then drought conditions may begin in regions which
18are not accustomed to prolonged dry spells.

This concept of climate influencing the occurrence and spread 

of desertification  is va lid , but i t  must be stressed that desertif ica­

tion is ". . . an inevitable encounter between human livelihood systems

^Brower, "Ungreening," p. 108.
18

J. F. G r i f f i th s ,  ed., Climates of Africa (New York: Elsevier 
Publishing Company, 1972), p. 76.
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19and the physical environment from which they must extract a l iv in g ."

This fact is agreed upon by v ir tu a l ly  a l l  researchers of desertification .

I t  is also the concensus of researchers of desertification  that 

human influences, more than climate, are the principal agents respon­

sible for desertif ication . For example, one w rite r  suggests four ways 

in which people help to expand or intensify  desert regions: the expansion

of agriculture into ra in fa l l -d e f ic ie n t  areas, poorly-planned i r r ig a t io n ,

20overgrazing, and the collection of wood for fuel.

Perhaps the problem is not th is simple. Hare, Kates, and Warren

suggest two major patterns of change in human society as being causal in

desertif ica tion . The f i r s t  is population dynamics and the second involves

21changes based on the interaction of society at varying scales.

Population change tends to have the most dramatic e ffec t on 

desert landscapes by causing increased pressures to be placed on the 

resource base. The e ffect of social change on desertification  manifests 

i t s e l f  in three ways: the onset of more complicated socioeconomic sys­

tems, new versus old technologies, and the capability  and consistency

22for local governments to manage marginal lands.

Land Subsidence 

Because almost a l l  publications on desertification  focus on 

environments in other parts of the world, various causes of land

19Johnson, "Human Dimensions," p. 319.

20 Brower, "Ungreening," p. 108.
0*1

F. Kenneth Hare, Robert W. Kates, and Andrew Warren, "The 
Making of Deserts: Climate, Ecology, and Society," Economic Geography 
53 (October 1977):339.

22Ib id . ,  p. 340.
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degradation in North America seem to go unnoticed. I t  is also d i f f ic u l t

to apply the previously-referred-to human influences to the occurrence

of desertif ica tion  in the American Southwest. In fa c t ,  technological

advances and the American socioeconomic system are combining to help the

spread of land degradation in ways d iffe ren t from the rest of the world.

Wilson, for example, suggests that the key to desertification  in the
23American Southwest is groundwater overdraft.

Groundwater overdraft, which is the result of the mining of

groundwater, is the chief cause of land subsidence. Land subsidence is

now the most apparent aspect of a changing desert landscape in the

southwestern United States. I t  should be noted here that overgrazing is

also quite apparent, but i t  is a problem that can be, and is being,

managed. Land subsidence, on the other hand, is very d i f f i c u l t  to 

24contro l.

Greater technological capabilit ies  for d r i l l in g  deep wells in 

North America have resulted in the d r i l l in g  of many deep wells through­

out much of the southwestern United States to supplement surface 

25waters. For example, one deep well located in northwestern Phoenix, 

Arizona is 520 meters (1707 fee t)  deep and withdraws 3778 l i t e r s

23Andrew W. Wilson, "Technology, Regional Interdependence and 
Population Growth: Tucson, Arizona," Economic Geoqraphy 53 (October
1977):389.

24Arizona Department of Water Resources, Water Resources Center, 
and Office of Arid Land Studies, Arizona Water Resources Project In fo r-  
mation (Tucson, Arizona: University of Arizona, August 1980), p. 3.

25R. L. Laney, Richard Raymond, and Carl C. Winikka, Maps Show­
ing Water-Level Declines, Land Subsidence, and Earth Fissures in South- 
Central Arizona, Open-File Report of the U.S. Geological Survey, Water 
Resources Investigation 78-83 (Tucson, Arizona: U.S. Geological Survey,
1978).
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(1000 gallons) a minute. Few deep wells ( tra d it io n a lly  hand-dug) have 

been u t i l ize d  in the arid African environment. Instead, the capturing 

and channeling of rainwater has been the most important source of
o r

water. The result is that land subsidence and associated problems are 

not as significant a problem in arid Africa as in some of the agricul­

tural communities of Arizona. This difference manifests i t s e l f  in the 

large quantities of water required by large, modern farming practices, 

while nomadism and subsistence farming are s t i l l  common on the African 

continent.

The best known areas of land subsidence in the United States 

27are those in Californ ia . For example, the most intense area of sub­

sidence may well be in the San Joaquin Valley where i t  is estimated that 

the land surface has subsided as much as 9.2 meters (30 feet) because of 

groundwater mining to meet irr ig a t io n  needs. Another area of publicized

subsidence in California is the Long Beach region. Here subsidence has

28occurred because of the pumping of subterranean o i l  resources.

Less notice and concern exist for land subsidence in Arizona

compared with regions such as Californ ia . In fa c t ,  records of land
29subsidence exist since 1925 in Ca lifo rn ia , while subsidence in Arizona 

was not noted until 1934 by the U.S. Geological Survey and the National

^KAET Television Station Channel 8, "Desertification,"  Public 
Broadcasting System (Tempe, Arizona: Arizona State University, 8 April 
1980).

27 State of California Resources Agency, Landslides and Sub- 
si dence—Geologic Hazards Conference (Los Angeles, California: The 
Resources Agency, 1965), pp. 90-169.

28 Thomas Y. Canby, "Water: Our Most Precious Resource," National 
Geographic, August 1980, p. 171.
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n
Geodetic Survey while surveying an agricultural valley of central Arizona.

The land surface subsidence correlated with declining groundwater levels

in that area. Although l i t t l e  data have been made available for land

30subsidence in the Phoenix area (the general area of this research)

other than the simple mapping of selected fissures, recognition of the

severity of the problem is exemplified by a 311 square kilometer (120

square mile) area near Eloy. This region, about 67 kilometers (40 miles)

south of Phoenix, has subsided between 2.13 meters (7 feet) and 3.8 meters
31(12.5 fee t)  since 1952. At another s ite ,  Winikka and Wold indicate 

surf ic ia l subsidence of over 1.16 meters (3.5 feet) has occurred near
32the tiny  community of Queen Creek, which is adjacent to the study area.

Causes of Land Subsidence 

The causes of land subsidence are multiple. The rated authority 

on land subsidence, Joseph F. Poland, has indicated that subsidence can 

be caused by

. . . withdrawal of f lu id s ,  the application of water to moisture 
defic ient deposits above the water table (hydrocompaction), drainage 
of peat lands, extraction of solids in mining operations, removal of 
solids by solution, application of surface loads, and tectonic move­
ment. 33

30Arizona Department of Water Resources, Water Resources Center, 
and Office of Arid Land Studies, Arizona Water Resources Project In fo r­
mation, p. 2.

31
Laney, Raymond, and Winikka, Water-Level Declines, sheet No. 1.

^C arl C. Winikka and Paul D. Wold, "Land Subsidence in Central 
Arizona," Proceedings of the International Association of Hydrological 
Sciences 121 (Anaheim, California: International Association of Hydro- 
logical Sciences, 1976), pp. 95-103.

33Joseph F. Poland, "Land Subsidence in Western United States," 
Conference Proceedings Geologic Hazards and Public Problems, Office of 
Emergency Preparedness (Santa Rosa, California: Office of Emergency 
Preparedness, Region Seven, Federal Regional Center, 1969), p. 77.
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In the western United States the withdrawal of f lu id s , primarily water, 

is the most intense of the various factors causing subsidence.^

The withdrawal of water reduces the f lu id  pressure in the 

aquifer and increases the effective  stress (grain-to-grain load) which 

is dependent upon buoyant support. For every foot of saturated sedi­

ments, the effective stress increases by 0.6 as water is lost from those

35sediments. The effect of th is increase in stress is immediate.

As the ground water is mined and the aquifer depleted, compac­

tion of sediments increases because the buoyancy factor previously 

available is lost. The result can be observed at the surface in the form 

of subsidence when leveling across suspected subsidence valleys is taken 

and recorded. I t  is this subsidence (or compaction of sediments) that 

is hypothesized to be the cause of fissures.

The effects of land subsidence are basically twofold. F irs t,  

the gradient of the surface is changed thus affecting natural drainage, 

erosion, i r r ig a t io n  systems, and flood-control projects. Second, earth 

cracks, or fissures appear at the surface and, as they enlarge over time, 

they a l te r  surface runoff and erosion, transportation networks, 

u t i l i t i e s ,  and other cultural features.

The term "earth fissure" is defined as a narrow vertical crack

in a l lu v ia l  deposits. Fissures, which are the focal point of this in ­

vestigation, may f i r s t  appear as very narrow cracks along the surface,

as a series of holes, or even as abrupt gorges several meters wide.

35Thomas L. Holzer and Earl H. Pampeyan, "Earth Fissures and 
Localized D if fe ren tia l  Subsidence," Water Resources Research 17 
(February 1981):223.

Laney, Raymond, and Winikka, Water-Level Declines, sheet No. 1.
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The depth of fissures is also variable; from a few centimeters to a few 

meters is common. Their occurrence is always adjacent to desert moun­

tains where support of alluvium by underlying bedrock is greatest.

37Usually there is no vertica l o ffse t.

Causes of Earth Fissures 

The cause of earth fissures is thought to be man-induced through 

the mining of groundwater, in turn causing subsidence, although the

specific mechanism of earth fissure formation has not yet been demon-

38strated. Other hypotheses regarding the formation of fissures, such

as desiccation, horizontal seepage forces, and rotation of r ig id  slabs

of overburden responding to regional d if fe re n t ia l  subsidence, have not

been as strongly accepted as has the idea of d if fe re n t ia l  subsidence

because of groundwater withdrawal. I t  should be noted that to date no

defin ite  cause of fissuring has been proven, but research strongly

suggests that earth fissuring is a result of d i f fe re n t ia l  subsidence

caused by d if fe re n t ia l  compaction as flu ids are withdrawn from the 

39sediments.

As groundwater is depleted and compaction of sediments occurs, 

compaction is greatest in areas where distance to the water table is 

greatest. But where bedrock l ies  closer to the surface, compaction of 

sediments, and thus subsidence, is neglig ib le. As a resu lt ,  tens ile  

stress is applied to that point where subsiding sediment in the a llu v ia l  

valley meet those sediments that are not subsiding and which l i e  over

38Holzer and Pampeyan, "Earth Fissures," p. 223.
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the buried bedrock. Figure 3 i l lu s tra te s  this e ffect. The result is

the development of a shear zone caused by the subsidence which, in turn,

causes pulling from one side while stationary, nonsubsiding sediments

40on the other side resist pulling.

Surfic ia l changes associated with earth fissures are becoming 

increasingly apparent to many scientists; however, research on the 

effects which fissures exert upon th e ir  surrounding natural environments 

has not been conducted. Thus, an investigation to determine i f  earth 

fissures cause degradation of major elements of the surrounding natural 

environment (within 16.5 meters, 50 feet) seemed warranted.

Dissertation Hypothesis

This investigation was conducted under the hypothesis that earth 

fissures, resulting from groundwater depletion and the corresponding 

land subsidence, cause isolated areas of surfic ia l degradation of major 

elements of the natural environment immediately adjacent to fissures 

within the selected study area. Degradation is defined by this researcher 

as the in i t ia l  v is ib le  stage of desertification , not yet regional in 

scope, and refers to the decrease in quality  of b iotic  communities and 

destruction of surface and subsurface soils.

Study Area

The study area for this research is located in eastern Maricopa 

County, Arizona near the small agricultural community of Chandler 

Heights. This area lies  approximately 32.6 kilometers (20 miles) 

southeast of the greater Phoenix metropolitan area. The fissure f ie ld
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of interest stretches approximately 8.15 kilometers (5 miles) in an east- 

west direction. Figure 4 delineates th is  study area fissure f i e l d ,  and 

three specific sites of in terest within i t ,  as the area para lle ls  the 

northern boundary of the Santan and Goldmine Mountains.

This study area is not located within housing developments or 

agricultural f ie ld s ,  nor does th is  area have major transgressing trans­

portation routes. The natural desert setting surrounding the fissure  

f ie ld  may well be one of the very few in arid North America. There are, 

however, a few homes and c itrus groves in the general area. I t  is 

expected that the fissures w i l l  expand into the nearby agricultura l and

residential areas as they have done in several other locations in central
41Arizona.

Geologically, the study area contains a water bearing unit of

a llu v ia l  sediments approximately 244 to 366 meters (800 to 1200 fee t)
42thick. I t  is these sediments that compact as groundwater is removed.

I t  is estimated that almost a l l  of the mined and yet unmined groundwater
43was accumulated during previous geologic periods of wetter climates.

The climate of th is area is typical of warm deserts. Winters 

tend to be mild since the average maximum temperature fo r the six winter 

months (October through March) is 22.7°C (72.9°F), as indicated by 

Phoenix temperatures. The average minimum temperature fo r  the corre­

sponding time period is 6.6°C (43.9°F). The six summer months (April

^Winikka and Wold, "Land Subsidence," p. 98.
42M. E. Cooley, Map Showing Distribution and Estimated Thickness 

of A lluvia l Deposits in the Phoenix, Arizona Area, U.S. Geological 
Survey, 1973.

43Thomas Clark, Phase 1 Arizona State Water Plan— Inventory of 
Resource and Uses (Phoenix, Arizona: Arizona Water Commission, 1975), 
p. 45.
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through September) tend to be much warmer. The average maximum tempera­

ture fo r these summer months is 36.2°C (97.2°F), while the average 

minimum temperature for the corresponding time period is 19.4°C 

(6 7 .0 °F ) .44

The potential evaporation of the general study area exceeds the

average annual precipitation of 17.63 centimeters (7.05 inches) by a

45factor of approximately 6. Most moisture is received during midwinter 

frontal a c t iv ity  and occasional tropical storms. Convective summer 

storms, although few, begin in midsummer as the controlling thermal low 

pressure system helps to bring in moist tropical a ir .  Nevertheless, 

i t  is probable that groundwater replenishment from precipitation and 

runoff is insuffic ien t to keep pace with the rate of groundwater 

withdrawal.

44Valley National Bank of Arizona, Arizona S ta t is t ica l Review, 
35th ed .,  Economic Research Department (Phoenix, Arizona: Valley 
National Bank, 1979), p. 56.

45 Interview with Dr. Anthony Braze!, Office of State Climatology, 
The Laboratory of Climatology, Arizona State University, Tempe, Arizona, 
19 June 1980.
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Chapter 2

REVIEW OF RELATED LITERATURE AND RESEARCH

The Office of Arid Land Studies (OALS) at the University of 

Arizona is a world center for the study of desertificaton and desert 

degradation and, consequently, has much of the available l i te ra tu re  on 

world desertification . The subject matters reviewed focused on deserti­

f ic a t io n ,  land subsidence, and earth fissures. Brief discussions of 

some of the more prominent and appropriate l i te ra tu re  follow.

A. T. Grove prepared an excellent study on desertification

en tit led  Desertification in the African Environment for the 1973

Symposium on Drought in Africa. There are four separate discussions

within the a r t ic le .  Grove f i r s t  presents a historical description of

clim atic change over the las t twenty thousand years for the entire

African continent and a discussion of climatic change on a regional

bas isJ The second section focuses on man's role in desert encroachment.

Again, a historical perspective is placed on such topics as burning of
2

vegetation, overgrazing, cutting of wood for fu e l ,  and cu lt iva tion .

The th ird  section describes past and present methods used for locating 

and measuring the rate of desert encroachment. Grove suggests that  

remote sensing techniques can be of great value, especially infrared  

photography; and since comparative remote sensing studies have not been

^Grove, "African Environment," pp. 1-23.

2Ibid.
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widely exploited in the study of desertification , they are, therefore,
3

encouraged. The fourth section describes methods of combating desert 

encroachment. Because Grove focuses on the African environment, his 

discussion is limited to reclamation associated with pastoral cultures.^

One of the more recent works on desertification  is the publica-
5

tion D esertif ica tion , edited by Michael H. Glantz. This book is a 

contribution of a rt ic les  by various authors knowledgeable in various 

phases of desertification . I t  is a comprehensive and basic source of 

information on desertification  focusing primarily upon the African con- 

t i  nent.^

The a r t ic le  by Bahre and Bradbury, "Vegetation Change along the 

Arizona-Sonora Boundary," does not refer to desertification  as such, 

but incorporates the ideas of desertification .^  A comparative analysis 

of vegetation change along boundary markers using photographs taken in 

1892, 1969, and 1976 revealed drastic changes in the vegetation cover 

over time. In the late  1800s drought and overgrazing destroyed much of 

the vegetation in the area. Subsequently, vegetation cover has returned 

and the grass cover is now quite dense. A pronounced difference of 

surf ic ia l vegetation cover has developed since the construction of the 

fence l ine  marking the border between Mexico and the United States.

3Ibid.

^Ibid.
5
Glantz, D esertif ication .

^Ibid.

^Conrad J. Bahre and David E. Bradbury, "Vegetation Change along 
the Arizona-Sonora Boundary," Annals of the Association of American 
Geographers 8 (June 1978):145-65.
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Management of grazing lands on the U.S. side has been more successful 

than on the Mexican side, as can be attested to by higher abundance of 

grass cover.®

Kharin has published an a r t ic le  describing the general techniques 

remote sensing can contribute to the monitoring of desertification
Q

processes. He cites examples of climatic desertification  (such as 

defic ien t p rec ip ita t io n ) ,  anthropogenic desertification  (the location 

and movement of cultural features and centers), and desertification  which 

is the result of natural events (severe flash flooding and f i r e s ) .  This 

a r t ic le  provides insights into remote sensing of desertification  in the 

Soviet Union.10 Much more research involving remote sensing of 

desertification  has been conducted in the Soviet Union than in the 

United States.

A publication of maps and associated text by Laney, Raymond, 

and Winikka provides indirect evidence that the mining of water in 

central Arizona is contributing to the occurrence of d e s e r t i f ic a t io n .11 

Since 1923, groundwater recharge has not equaled the amount pumped from 

the ground fo r  agricultural and municipal uses. This, in turn, has 

caused compaction of a l lu v ia l materials such that the surfic ia l slope 

of the land has been changed, increasing the gradient of drainage channels 

and causing accelerated erosion and gullying. This erosion has the

8Ib id .
Q
N. G. Kharin, "Remote Sensing Techniques and the Monitoring of 

D esertification Processes in Arid Areas," report presented to the 
Turkmen Academy of Sciences, In s t itu te  of Deserts, Moscow, U.S.S.R.,
1977.

1° Ib id .

11Laney, Raymond, Winikka, Water-Level Declines, sheet No. 1.
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e ffec t  of washing away soil from around the already sparse vegetation and

diverting water away from needed areas, and the resulting vegetation

stress may be the primary key to the identif ication  of desertification  

12in North America.

13Other corresponding maps are those by Ross and Laney, Ross,
14and L i t t in .  These maps i l lu s t r a te ,  and the tex t  b r ie f ly  describes,

groundwater conditions in eastern and western Maricopa County, Arizona.

In the area representing the main water-bearing un it ,  contours show water

level a lt i tude  above sea level and other contours indicate depth to

groundwater. Although a few isolated areas have depths to groundwater

of over 213 meters (700 fe e t ) ,  the average depth is in the range of from

91 to 152 meters (300 to 500 fe e t ) .  Generalized directions of ground-

15water flow are also indicated.

One other map of d irect importance to th is  study is that by 

Schumann which indicates the d istribution  and amounts of subsidence in 

a large, somewhat irreg u la r ,  area around Phoenix, Arizona. Also 

indicated on the map are earth fissures of 1970. Although Schumann's

13P. P. Ross, Maps Showing Ground-Water Conditions in the 
Western Part of the SaTtTRiver Valley Area, Maricopa County, A r izona-  
1977, U.S. Geological Survey Water-Resources Investigation 78-40 
(Tucson, Arizona: U.S. Geological Survey, 1978).

14F. L. Laney, P. P. Ross, and G. R. L i t t in ,  Maps Showing 
Ground-Water Conditions in the Eastern Part of the Salt River Valley 
Area, Maricopa and Pinal Counties, Arizona--1976, U.S. Geological Survey 
Water-Resources Investigation 78-61 (Tucson, Arizona: U.S. Geological 
Survey, 1978).
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research was comprehensive, i t  is apparent that many new fissures have
1 fiappeared in the las t decade.

Raymond, Winikka, and Laney designed a f ie ld - tr ip /ro a d -lo g  guide

to selected earth fissures along the southeastern boundary of Maricopa

County.^ The log b r ie f ly  describes the characteristics and facts about

existing earth fissures. Included are several photographs showing some

fissures as large gu llies . Other fissures mentioned, but not quite as

large, are s t i l l  of importance because many are beginning to cross high-
18ways causing cracks in the asphalt.

Winikka and Wold give a b r ie f  account of land subsidence in 

19central Arizona. They suggest that land subsidence has been an ongoing

process since the 1940s because of groundwater withdrawal. For example,

subsidence for an area near Eloy, Arizona between 1948 and 1967 was 2.29

meters (7.4 fe e t ) .  Another area east of Mesa, Arizona has subsided

approximately 1.13 meters (3.6 fe e t ) .  Subsidence seems to be a renewed

20process since intensive groundwater mining began in the 1960s.

1 fiH. H. Schumann, Land Subsidence and Earth Fissures in Alluvial 
Deposits in the Phoenix Area, Arizona, Map 1-845-H (Washington, D.C.:
U.S. Geological Survey, 1974).

^Richard H. Raymond, Carl Winikka, and R. L. Laney, "Earth 
Fissures and Land Subsidence, Eastern Maricopa and Northern Pinal Coun­
t ie s ,  Arizona," Bureau of Geology and Mineral Technology, Guidebook to 
the Geology of Central Arizona, edited by D. M. Burt and T. L. Pewe 
(Tucson, Arizona: University of Arizona, 1978), pp. 107-14.

18Ib id . ,  p. 107.

^Winikka and Wold, "Land Subsidence."

20Ib id . ,  p. 95.
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Wilson focused on a c i ty  in Arizona and i ts  influence on 

21desertification . I t  was claimed that although desertification has 

been observed in the Tucson area, the local population had been shielded 

from the rather harsh re a l i t ie s  of desertification by modern technology. 

Wilson suggested that the agricultural a c t iv ity  in the area is essen­

t i a l l y  expendable because i t  only employs 1 percent of the population 

but uses most of the mined water. I t  is further suggested that agri­

culture requiring irr ig a t io n  should be eliminated since Tucson receives 

v ir tu a l ly  a l l  of i ts  food from more humid regions of the United States.

The underground water could then be mined for municipal purposes thereby
22allowing greater population growth.

A frequently referenced a r t ic le  on land subsidence is that by 

23Poland. The author describes three types of subsidence: organic deposits 

due to drainage, application of water (hydrocompaction), and withdrawal 

of f lu ids . The problem created by subsidence and explorations of sub­

sidence in the southwestern United States and remedial actions, such as

24repressuring operations and the importation of water, are discussed.

The only study found to date that is an actual analysis of land

subsidence rather than the typical descriptive discussion is that by 

25McCauley and Gum. Their intent was to investigate a fissure area for

21Wilson, "Tucson, Arizona."

22Ib id . ,  p. 389.

22Poland, "Land Subsidence," pp. 77-96.

24I b id . , pp. 84-85.

25Charles McCauley and Russell Gum, "Land Subsidence: An Economic 
Analysis," American Water Resources Association, Water Resources Bulletin  
11, no. 1 (Minneapolis: American Water Resources Association, 1975), pp. 
148-54.
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economically-related problems caused by subsidence. The authors con­

cluded that there was l i t t l e  or no economic change exerted by land
28subsidence upon the selected study area.

One of the e a r l ie s t  published art ic les  about earth fissures is 

27that by Leonard. His 1929 a r t ic le  described one of the f i r s t -  

discovered earth fissures in Arizona. The s ite  was near Picacho and 

crossed the main railroad right-of-way. A search for the cause revealed 

three poss ib il it ies :  a saturation of sediments following a torrentia l  

downpour; tectonic disturbances in the underlying rock structure; and 

earth vibrations originating many miles away. The la t t e r ,  a distant
28earthquake, was thought to be the actual cause of the earth fissure.

In 1965, Kam described earth cracks (fissures) as an important 
29cause of gullying. He suggested that fissures result from subsidence 

caused by d iffe ren t ia l  compaction of unconsolidated sediments. These 

fissures can take on any shape regardless of the drainage pattern. Where 

fissures cross drainways lower base levels are established, resulting in 

a more rapid erosion rate and the consequential formation of gullies  

upstream. Research indicates that i f  drainways are not crossed by 

f issures, gu llies tend to form upstream. Where the material beneath 

the fissures does not absorb the water carried by the gu llies , streams

26Ib id . ,  p. 153.

27R. J. Leonard, "An Earth Fissure in Southern Arizona," Journal 
of Geology 37 (1929):765:74.

28Ib id . ,  p. 774.
29William Kam, "Earth Cracks— A Cause of Gullying," U.S. 

Geological Survey, U.S. Geological Survey Professional Paper No. 525 
(Washington, D.C.: U.S. Government Printing Office, 1965), pp. B122-25.
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diverted along the fissures may lead to changes in the drainage pat- 

30tern.

An a r t ic le  by Lofgren on the analysis of stresses causing land

subsidence suggested that subsidence is related d irec t ly  to effective

31stress changes resulting from changes in the groundwater leve l.  Even

though stress changes are often d i f f i c u l t  to calculate, these changes

can occur in two major ways. Water table fluctuations change the buoyant

support of grains in the zone of change, and a change of the water table

may induce hydraulic gradients and seepage stresses in the deposits.

The author claims that these changes are additive in the ir  e f fe c t ,  and

32together cause compaction.

A study by Charney and others investigated the effects of albedo

33change on the amount of ra in fa l l  received at six selected sites. Two 

sites each in Africa, Asia, and North America were selected with one 

site  in each case on the desert/non-desert boundary and one s ite  within  

the non-desert region. Those desert sites having high evaporation and 

an albedo change of from 0.14 to 0.35, for example, caused large decreases 

in r a in fa l l .  At the low evaporation sites (non-desert) an increase in 

albedo was not an e f f ic ie n t  predictor of ra in fa l l  as in the high albedo 

sites. Overall results indicated that changes in evaporation are as

30Ib i d . , p. B122.

31 Ben E. Lofgren, "Analysis of Stresses Causing Land Subsidence," 
U.S. Geological Survey, U.S. Geological Survey Professional Paper No. 600 
(Washington, D.C.: U.S. Government Printing O ff ice , 1968), pp. 219-25.

J. Charney, W. J. Quick, S. H. Chow, and J. Kossinfield, "The 
Comparative Study of the Effects of Albedo Change on Drought in Semi- 
Arid Regions," Journal of the Atmospheric Sciences 34 (September 1977): 
1366-85.
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important as changes in albedo, although albedo proved to be the better

34predictor of desert conditions.

Dregne presents a succinct view of desertif ication , on a world­

wide basis, and suggests that desertification w il l  ultimately lead to
35an increase in human misery. I f  land degradation or the spread of 

desert environments are not halted, then human suffering w ill  continue 

to increase. The author presents a carefu l, well though-out d e f in i­

tion of desertification . He also suggests rates and the severity of 

desertification for affected areas around the world. Maps are u t i l ize d  

to convey this information. Other considerations confronted by Dregne 

are factors contributing to desertif ica tion , the impact of desertif ica ­

t ion , combatting desertification through governmental action as part of

broad national development e f fo r ts ,  the extent of desertification , and
36c r i te r ia  for estimating desertification  hazard. Although specific

ideas on worldwide desertification are discussed, the author does not

indicate groundwater overdraft as a factor in influencing the intensity

of land degradation or the spread of desert environments.

One a r t ic le  that does discuss the relationship of groundwater
37overdraft to land degradation is that by Matlock. His approach to

land degradation resulting from the mining of deep groundwater does not 

include the occurrence and consequential e ffec t  of earth fissures on

^Dregne, "D esertif ica tion ."

36Ib id .
37W. Gerald Matlock, "Segments of a Vicious Circle: Land Degra­

dation and Water Resources," Desertification: Process, Problems, Per­
spectives, ed. Patricia Paylore and Richard A. Haney, Jr. (Tucson, 
Arizona, 1976), pp. 45-50.
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the land; rather, the author suggests that previous areas of intense

agriculture have now become idle lands because the expense of pumping

deep underground water has become uneconomical for farmers. Farm lands,

essentially  abandoned, are now isolated "dust-bowl" pockets because

defic ient moisture supplies prevent a meaningful vegetation cover from
38becoming established.

Only the most appropriate and pertinent publications have been 

reviewed in this chapter. A few of these mention earth fissures but 

only from the standpoint that they exist and that they pose a potential 

hazard to man. No a r t ic le  has yet been found which relates earth 

fissures d irec tly  to land degradation (or desertification).

38Ib id . , p. 50.
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Chapter 3 

AREA AND SITE ANALYSIS

Several methodological steps were involved in th is  research 

project. These steps included locating an acceptable study area; 

collecting ground level data; collecting remotely-sensed data; and 

analyzing, synthesizing, and classifying these data fo r the purpose of 

understanding degradational processes as they re la te  to the occurrence 

of earth fissures within the study area. Figure 5 charts the various 

procedural steps.

Site Selection

Prior to data collection i t  was necessary to select a study site  

which satis fied  certain requirements. Chief among these requirements 

was a natural desert environment, free of man-made features, and one 

which contained several well-developed earth fissures. Also, guaranteed 

site  accessib ility  ( i . e . ,  not Indian reservations or posted lands) was 

needed for proper data collection. Of the various areas evaluated during 

preliminary investigations and the l i te ra tu re  review, only the Chandler 

Heights area met the stated c r i te r ia  (figure 4).

The study area was divided into three s ites , as indicated in 

figure 4, corresponding to fissure groupings. Each grouping consists of 

more than one fissure and has i ts  own characteristics of vegetation 

surface morphology and natural drainage.
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Data Collection and Analysis

Two forms of data were collected for this investigation. 

Remotely-sensed data were collected from a irc ra f t  and spacecraft p la t­

forms to help understand fissure patterns and characteristics through 

an overall view. Ground level data were collected for precise, large- 

scale information extraction to f a c i l i t a te  an understanding of degrada­

tion and vegetation stress as they are caused by the occurrence of earth 

fissures within the study area. The term stress is u t i l iz e d  by this  

w rite r to categorize those plants not exhibiting normal existence 

characteristics. The l i s t  of degradation and stress characteristics in 

Table 1 is the result of ground level observation in conjunction with 

analysis of low a lt i tu d e , infrared photographs. Aside from naturally  

defic ient precip ita tion , there are two causes of stress: lack of water 

because of altered drainage channels and erosion of soil from around 

plant roots. To better understand the causes of plant stress i t  is 

necessary to investigate drainage and morphological characteristics as 

influenced by earth fissures.

Prior to detailed data collection, i t  was necessary to evaluate 

the study area in terms of fissure locations, vegetation characteristics, 

general drainage patterns and characteristics, and locations of man-made 

features. After defining the study area boundary, fissures were located 

from information in publications, f ie ld  investigation, and corresponding 

high a lt itude  photography. Some fissures were easy to identify  because 

scarce plant cover made them clearly v is ib le ,  and/or because plants 

growing in the more eroded gullies delineated the l inear fissure pattern. 

Other fissures were very d i f f ic u l t  to locate because they e ither were 

not well-developed or because they were hidden by plant cover. The fu l l
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TABLE 1

DEGRADATION AND STRESS CHARACTERISTICS

Type Characteri sties

Erosion of Soil Gullying
Undermining
Up-Slope Erosion

Vegetation Stress Exposed Root Systems
Loss of All Leaves
Dried Limbs
Losing Leaves
Leaves Recently Dropped
Low R e flec t iv ity  in the

Green and Near Infrared
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extent of fissuring in the study area was not determined until the low 

altitude  aerial photography was analyzed.

Ground Level Survey

Three extended v is its  to the study area were made fo r the purpose 

of collecting ground data in the categories of vegetation, drainage, 

surf ic ia l morphology, fissure gully temperatures, soil characteristics,  

and selected physical measurements of fissures. The f i r s t  t r ip  was in 

June 1980 to locate fissures, obtain an overall understanding of the 

area, and collect selected data related to plant stress during the 

warmest season. In addition, discussions were conducted with individuals  

considered experts in land subsidence.^ A ir temperatures during the 

June v is i t  approached 37.8°C (100°F) by mid-morning.

Two more v is its  made for data collection in December 1980 

provided the opportunity to co llect data during the cooler season (for  

comparison with data collected during the warm season). Temperatures 

during December approached 26.7°C (80°F) by mid-afternoon.

One purpose for collecting ground level data during the warmer 

and cooler seasons was to attempt to iden tify  differences caused by 

seasonal precip ita tion. Unfortunately, drought conditions prevailed 

during both seasons of f ie ld  work. The desert environments of Arizona 

generally receive precip ita tion during the winter months rather than 

during the hot summer months. The average annual precipitation for this  

environment is less than seven inches, as evidenced by the study area 

receiving v ir tu a l ly  no precipitation between June and December 1980.

^Personal conversations with Dr. Carl C. Winikka, Arizona Depart­
ment of Transportation, and Dr. H. H. Schumann, U.S. Geological Survey, 
Phoenix, Arizona, 18 June 1980, concerning the degradational effects of 
earth fissures on the natural environment.
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This is because a strong high pressure system was positioned over the 

entire  western United States. As a resu lt ,  je t  stream paths were changed 

sign ifican tly  northward taking with them storm tracks and thus lessening 

the chances for precip ita tion. Also, because of the high temperatures 

of the region, much of the precipitation that f e l l  evaporated before 

reaching the surface.

Soil temperatures at selected locations and fissure depths were 

collected to provide an insight into subsurface moisture pockets. Equip­

ment u t i l iz e d  fo r this step in data collection consisted of an e lec tr ic  

thermometer and a portable radiometer. The collection of temperatures 

was accomplished in two phases.

F irs t ,  the e lec tr ic  thermometer was used to collect a i r  tempera­

tures at 1.5 meters (5 feet) above the surface and at selected depths 

within the various fissures. Such temperatures were 24.0°C (75.2°F) a i r  

temperature on 21 December 1980 at 11:00 A.M.; 19.0°C (66.2°F) at 

approximately 92 centimeters (36 inches) deep in Fissure A of Site 1; 

and 21.5°C (70.7°F) at approximately 140 centimeters (55 inches) deep 

in the same fissure. These temperatures along various fissures varied 

l i t t l e  except fo r  temperatures collected at depths approaching 140 

centimeters (55 inches). Variable fissure depths prevented the recording 

of numerous temperatures at consistent depths along fissures.

The second phase of collecting temperatures involved a portable 

radiometer commonly used in measuring te r re s tr ia l  radiation. Measuring 

the radiation from soils with the radiometer proved to be unreliable  

because solar heating e ffec tive ly  masked te rre s tr ia l  radiation which may 

have given indications of subsurface patterns. Soils were very dry and 

temperatures bore no indication of moisture pockets. Thus, ground
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temperatures could not be considered as a major data source for under­

standing desert degradation.

S ite  1

Site 1 is located in the SE 1/4 of Section 34, Township 2 South,

Range 6 East. The major fissure trend direction is east-west. The

eastern one-half of Site 1 has the appearance of once having been

denuded of vegetation, perhaps for agricultural purposes, but now annual

grasses, creosote, and palo verde trees are common over the entire s ite .

The soil at S ite 1 is Antho sandy loam (AnA) with a 0 to 1 percent
2

slope, which is resistant to surface flow and erosion. In fac t ,  i t  is 

probable that when su ff ic ien t  precip ita tion  is received, surface flow 

is more in the form of sheet wash than channel flow, although a few 

minor drainage channels may ex is t.  Other than drainage channels, the 

only surf ic ia l  expressions found in these soils are related to fissuring.

Fissure s ta t is t ic s

Because numerous branch fissures ex is t ,  i t  was decided to collect  

measurement information from the three most dominant fissures. These 

fissures (Fissure A, Fissure B, and Fissure C) have the greatest length, 

width, and depth, and correspond with the general trend directions.

Fissure A (east-west orientation) is approximately 209 meters 

(682 feet) long (figure 6 ) .  The width tends to be quite narrow, from a 

surface due to erosion. An average width is v ir tu a l ly  impossible to

2
U.S. Department of Agriculture Soil Conservation Service, Soil 

Survey: Eastern Maricopa and Northern Pinal Counties Area, Arizona 
(Washington, D.C.: U.S. Department of Agriculture, 1974), p. 62.
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S e c t i o n  34

2ooo

fee t

Fig. 6. Generalized fissure configuration January 1981 at 
Site 1, T2S, R6E, Chandler Heights Quadrangle, Arizona.
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calculate, but i t  can be said that widths tend to be less than 1 meter 

(3.3 fee t)  except where erosion of fissure sides has been more prominent.

Depths are variable because alluvium has been deposited in most 

fissures. Also, d if fe re n t ia l  erosion within the fissures helps to cause 

depth variation. Drainage of water in to , and through, the fissure shear 

zone often results in deep holes rather than a single, linear opening 

into subterranean alluvium. Selected hole depths were measured, with 

the greatest depths measuring approximately 150 centimeters (60 inches).

Fissure B follows the same general orientation of Fissure A 

(figure 6). The overall length of Fissure B was measured at approximately 

197 meters (640 fe e t ) ,  and the width was found to be similar to Fissure 

A, generally less than 1 meter (3.3 fe e t ) .  The depth along Fissure B 

was inconsistent. In some instances the bottoms of holes within the 

fissure could not be seen because the holes often did not follow a 

vertical path, but, rather, angled downward so that i t  was impossible to 

obtain re liab le  measurements. Selected fissure depth measurements were 

in the general area of 150 centimeters (60 inches).

The th ird  major fissure at Site 1, Fissure C, was found to be 

the longest of a l l  the fissures at th is s ite .  I t  measured approximately 

543 meters (1810 fee t)  in length in a northeast-southwest orientation  

before disappearing when meeting the western side of an unpaved road 

(figure 6). The surf ic ia l expression of the fissure reappeared on the 

eastern side of the road and continued for approximately 18 meters (60 

fe e t ) .

The width of Fissure C can only be estimated because erosion 

along fissure openings has e f fec tive ly  masked the fissure shear zone
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width. Because of th is ,  the erosional width along fissure openings 

varied from approximately 0.5 meters (1.65 fee t)  to 3 meters (10 fe e t ) .

The depths of holes in this fissure are characteristic of other 

f issures. Measurements were collected to approximately 150 centimeters 

(60 inches) deep, at which point the holes changed course and standard 

measuring devices were no longer useful.

Age

Comparison of the 1970 high a lt itude  photography with the recent 

low a lt i tu d e  photography yielded interesting results. At Site 1, Fissure 

C is the longest and has some of the more intense areas of erosion around 

fissure openings; however, although th is  fissure appears on the low 

a lt i tu d e  photography taken in January 1981, i t  does not appear on the 

high a lt i tu d e  photography taken in February 1970 or March 1971 as do 

Fissures A and B. As a resu lt ,  Fissure C is less than ten years old 

making i t  the youngest of the major fissures a t  Site 1. The oldest may

be Fissure B since i t  has the most intense erosion, but the true ages

of these fissures have not been established.

Comparison among fissures

The su rf ic ia l  relationship of fissures suggests that those 

fissures trending in the same general directions might be associated 

with the same subsurface shear zone. In many cases, these fissures tend 

to jo in  one another as they are viewed a t  the surface.

Many fissures are separated by only a few meters. Fissures

A and B, fo r  example, are separated a t  the western side of the road

(figure 6) by a physical distance of approximately 36 meters (120 fe e t ) .  

The distance between Fissures B and C, again at the road, is about 43.6
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meters (142 fe e t ) ;  and the distance between Fissures A and C, using the

road as a reference point, approaches 78.6 meters (262 fe e t ) .

Distance alone may not be indicative of d irect fissure re la t io n ­

ships, but i f  distance apart and directional orientation among fissures 

are considered together, then patterns emerge suggesting fissure re la t io n ­

ships. For example, the smaller, often shorter, fissures generally are 

found close to a major fissure and take on the same general directional 

pattern.

Cross sections

A pattern of cross sections was designed to collect data for  

determining the e ffect various fissures have on the surrounding vegeta­

t ion , drainage, and morphology. At Site 1, cross sections were taken 

at r ight angles to the three prominent fissures (A, B, and C). Cross 

sections were taken for a distance of 15 meters (50 fee t)  and at in te r ­

vals of 7.5 meters (25 fe e t)  along each fissure.

Table 2 catalogs the findings along each cross section at S ite  1.

Where no apparent e ffec t of fissuring on e ith er  the surf ic ia l morphology, 

natural drainage, or natural vegetation for any cross section could be 

id en t if ie d ,  i t  was l e f t  blank in the tables. In the case of S ite 1 and 

2 l i t t l e  meaningful data were collected related to the surface morphol­

ogy; as a resu lt ,  that category does not appear in the tables. The 

relationship of the cross sectional observations to the occurrence of 

degradation are discussed in chapter 4.

S ite  2

Site 2 is located 9.4 kilometers (5 .9  miles) east of Site 1 

(figure 4 ). I t  has considerably more vegetation cover consisting
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TABLE 2

CATALOG OF FINDINGS AT SITE I

Cross
Section Fissure Vegetation Drainage Channels

1 A............................................. deposition

2 A healthy plant 35 cm deposition
below surface

3a A ................. side erosion
rechanneling into 

fissure

4 A ................. side erosion w/
rechanneling

5 A dead plant deposition w/ caving
of side walls, 

rechanneling

6 A 3  creosote bushes, deposition
1 dead

7 A .................  deposition

8 A .................  deposition

9b A .................  .................

10b A exposed roots side erosion

11 A........................... .................  headward erosion
3 m erosion finger  

perpendicular to 
fissure

12c A........................... .................  side erosion has
created a drainage 
channel into fissure  
5.5 m long w/ .3 m 
tr ibu taries

13 A........................... .................  intense headward
erosion

14^ A exposed creosote side erosion
roots
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TABLE 2--Continued

Cross
Section Fissure Vegetation Drainage Channels

15 A exposed mamosa 
tree root

side erosion

16 A exposed creosote 
roots

side erosion

17 A caving of fissure 
wal 1 s

1 B

2 B side erosion

3 B healthy plant deposition

4 B healthy plant side erosion

5 B healthy creosote

6 B exposed creosote 
roots 

plant under stress

side erosion

7 B vegetation growing 
in fissure

side erosion

8 B vegetation growing 
in fissure

side erosion

9 B vegetation in 
fissure  

exposed creosote 
root

10 B liv e  & dead 
vegetation in 
fissure

side erosion

11 B large l iv e  bush 
in fissure

side erosion

12e B exposed creosote 
root

deposition

13f B exposed grass & 
creosote roots

intense headward 
erosion
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TABLE 2—Continued

Cross
Section Fi ssure Vegetation Drainage Channels

149 B

, 5b,h B side erosion

16e B exposed roots

17 B

18 B vegetation under 
stress subsided 
w/  surf ic ia l  
soils to 92 cm

side erosion

19 B

20 B stressed vegetation 
in hole

21 B stressed vegetation 
in hole

side erosion

22 B non-healthy annual 
grasses in area 
of fissure only

23 B gullying  
side erosion

1 C side erosion

2 C

3 C side erosion

4 C side erosion

5 C side erosion

6 C dead bush in fissure side erosion

7 C

8 C ................. side erosion w/ deep 
hole
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TABLE 2--Continued

Cross
Section Fissure Vegetation Drainage Channels

9 C 2 holes 1.2 m from 
main fissure

10 C side erosion

11 C liv e  plant 
exposed roots

erosion
slumping of fissure  

side

121 C

131 C

14 C palo verde tree in 
f issure , 1.8 m 
t a l l ,  started in 
f i  ssure

erosion washing soil 
from tree roots

15 C dead grasses and 
plants within 1 m 
of fissure only, 
nothing beyond

16 C •  •  •  •  • side erosion

17 C dead grasses and 
plants within 1 m 
of fissure only, 
nothing beyond

18 C side erosion

19 C palo verde growing 
in fissure

20 C creosote growing 
in fissure

.................

21 C plants in fissure side erosion

22 C

23 C healthy plants in
f i  ssure

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



44

TABLE 2---Continued

Cross
Section Fissure Vegetation Drainage Channels

Cross
Section Fissure Vegetation Drainage Channels

24j  C ................. .................

25 C dying creosote................................. .................

26 C   holes with side
erosion

27 C   holes with side
erosion

28 C   holes with side
erosion

29 C   holes with side
erosion

30 C concentration of dead .................
grass in and around 
old fissure hole

31 C ................. .................

aFissure 137 cm deep 

V i  ssure 152 cm deep

cDrainage channels drop 14 cm sharply into fissure  

^Temperature 21.5°C at 140 cm and 19°C at 92 cm 

eFissure 102 cm deep
f
46 cm drop-off 

V i  ssure B and C cross
L.

Subsiding along surf ic ia l fissure expression

Voiding 3.7 m away on north side and a minor crack is the only 
su rf ic ia l  fissure expression

JHoles on each side of fissure with no surfic ia l expression between
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S ite  2

Site 2 is located 9.4 kilometers (5.9 miles) east of Site 1 

(figure 4). I t  has considerably more vegetation cover consisting p r i ­

marily of creosote bushes, mesquite, palo verde, annual grasses, saguaro 

cac ti ,  and cholla cacti. The soil type is s lig h tly  d ifferent from Site

1. Antho gravelly sandy loam (AoB) with a slope of from 1 to 3 percent 

dominates. I t  is moderately a lka line , and occupies the upper parts of 

a lluv ia l fans bordering the Santan and Goldmine mountains. The gravel
3

content varies from 15 to 35 percent by volume.

Drainage channels adjacent to Site 2 have dissected more deeply 

than those found in the v ic in ity  of S ite 1 because of the greater slope. 

For example, channel dissection can be found up to 30 centimeters (1 

foot) deep, whereas channel depths at S ite 1 average about 3.75 centi­

meters (1.5 inches).

Fissures s ta t is t ics

Two separate fissures, referred to as Fissure A and Fissure B, 

were found at Site 2 (figure 7). Fissure A is 361 meters (1184 fee t)  in 

length and lies  in an east/west d irection , perpendicular to the natural 

drainage. This fissure was not as well developed as those fissures at 

Site 1 because less erosion has occurred at S ite 2.

Depth measurements within exposed fissures were less than 30.5 

centimeters (12 inches). I n i t i a l l y ,  this appeared correct, but under­

mining by water has caused certain portions of fissures to become deeper 

than realized. The researcher found this to be the case when the ground 

gave way beneath him while he was investigating depths along Fissure A.

3Ibid.
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Sect ion  3

2o o o

Fig. 7. Generalized fissure configuration January 1981 at 
Site 2, T3S, R7E, Sacaton NE Quadrangle, Arizona.
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A small subsurface cavern approximately 1.2 meters (4 fee t)  deep was 

revealed and appeared to be the result of water percolating downward 

along the fissure shear zone.

This information is significant because there was no apparent 

indication of surf ic ia l fissure expression where the surface gave way.

I t  is d i f f i c u l t  to estimate how extensive subsurface undermining is 

because surf ic ia l expressions do not always exist; however, undermining 

was found to be more prevalent at Site 2 than at Sites 1 and 3.

The width of Fissure A was found to be quite narrow, rarely more 

than 15 centimeters (6 inches). On occasion, however, minor fissure  

branches were apparent at the surface and the total distance across 

measured approximately 61 centimeters (2 fe e t) .  These narrower widths 

have not yet been eroded to the same degree as those at S ite 1, perhaps 

due to larger, more stab ilized  soil partic les even though the surface 

slope is 2 percent steeper here.

Another measurement taken at Site 2 is the offset from one fissure  

side to the other. Offset along Fissure A varies from 0 to 15 centimeters 

(6 inches). These offset areas, in essence, are creating nick points 

where drainage channels cross, thus renewing the base leve l.  This 

fa c i l i ta te s  up-slope erosion by water.

Fissure B was measured and found to be 178 meters (584 fee t)  in 

an east-west direction. Although this fissure is much shorter than 

Fissure A, the widths, depths, and offsettings are a ll  very s im ilar.

Widths do not exceed 30.5 centimeters (12 inches) with very l i t t l e  side 

erosion. Depths were rarely measured over 15 centimeters (6 inches). 

Variable offsetting also occurred along Fissure B, normally less than
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10 centimeters (4 inches). No areas of undermining along this fissure  

were id en tif ie d .

Age

The ages o f these two fissures cannot be verified  from publica­

tions. V isible evidence from the 1967, 1970, and 1971 aerial photography, 

however, suggests that fissuring in the area of Site 2 has been present 

fo r  at least the past fourteen years.

Comparison among fissures

Surfic ia l relationships between the various fissures were the 

focus of th is  study. I t  is suspected that the two fissures at S ite 2 

are associated with the same subsurface shear zone, primarily because of  

th e ir  trend directions and because of th e ir  proximity. These fissures, 

at the surface, vary from 4.6 meters (15 feet) to 7.6 meters (25 feet)  

apart.

Cross section

The same procedures for ground level data collection were applied 

a t  Site 2 as were applied at S ite 1. This procedure involved studying 

a series of cross sections approximately 7.5 meters (25 feet) apart.

Each cross section focused on the vegetation, drainage, and morphology.

Vegetation

The primary vegetative types found at Site 2 were creosote 

bushes, annual grasses, palo verde trees, mesquite, saguaro cac ti ,  and 

cholla cac ti .  Unlike Site 1, there was no apparent tendency for vegeta­

tion  to occupy the fissure openings. Site 2, as compared with Sites 1 

and 3, had a higher vegetation density, but no apparent density patterns
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from ground level were associated with the occurrence of the fissures.

Table 3 summarizes the data collected along each cross section at Site 2.

Site 3

Site 3 is located .32 kilometers d irec t ly  south and s lig h tly  

east of Site 2 (figure 8 ). I t  is on the southern part of the same 

a lluv ia l slope where Site 2 is located. Site 3 may have at one time 

been under cultivation as suggested by the denuded appearance and the 

level surface.

Two d ifferent soil types have been d ifferentia ted  in the v ic in ity  

of this s ite . Antho sandy loam (AnA), with a slope of from 0 to 1 percent, 

and Antho gravelly sandy loam (AoB), with a slope of from 1 to 3 percent,
4

are present. Both are moderately alkaline.

Fissure s ta tis tics

There are two surf ic ia l fissures at Site 3, but i t  is believed 

that they connect to the same shear zone at an unknown depth. The 

resulting surface formation is graben-like. Fissure A is 240 meters 

(789 feet) long and Fissure B is 168 meters (552 fee t)  long.

Age

The l ite ra tu re  indicates that the fissures at Site 3 are post- 

1975. The interpretation of the various photographs, however, revealed 

that these fissures could be seen on the 1967 Soil Conservation Service 

photography. Thus, these fissures have been in existence fo r at least 

fourteen years, but records on th e ir  growth have not been kept.

4Ibid.
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TABLE 3

CATALOG OF FINDINGS AT SITE 2

Cross
Section Fissure Vegetation Drainage Channels

1 A.......................................... .................

2 A.......................................... termination of
drainage channel

3 A.......................................... .................

4 A exposed roots rechannelization

5 A.......................................... .................

6 A ................. .................

7 A no vegetation .................

8 A ................. .................

9 A 6 dead creosote 2 .................
bushes in 13.4 m 
area

10 A ................. new micro channels
leading into fissure

11 A .................  new micro channels
leading into fissure

12 A .................  .................

13 A .................  .................

14 A ................. .................

15a A ................. .................

16b A ................. undermining

17 A ................. crosses channel but no
effect

18b A ................. .................

19b A ................. .................
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TABLE 3—Continued

Cross
Section Fissure Vegetation Drainage Channels

20 A dead plant 
undermining caused 

plant to f a l l  in 
fissure  

exposed root

21 A interruption of minor 
drainage

22b A undermi ning

23 A headward erosion

24c,d A exposed roots in 
hole

undermining

25a A severed roots undermining

26 A stream capture

27d A exposed saguaro 
roots

erosion and rechan­
nel i ng

28 A

29 A termination of 
channel

30 A

31 A rechanneling of drain­
age into fissure

32 A rechanneling of drain­
age into fissure

33 A dead cactus skele­
ton in hole

1 B termination of drain­
age

2e B plants f a l l  in hole 
as caving occurs

micro-channels form 
and drain into hole
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TABLE 3--Continued

Cross
Section Fissure Vegetation Drainage Channels

3e B plants f a l l  in hole 
as caving occurs

micro-channels form 
and drain into hole

4e B plants fa l l  in hole 
as caving occurs

micro-channels form 
and drain into hole

5 B undermining of 
creosote bush

6a B exposed roots 
7 dead plants within  

1.5 m

7a B

8a B down-side plants 
under more stress 
than up-side plants

termination of major 
drainage channel

9 B channel termination

io a B

l l a B

12f B exposed saguaro root 
saguaro root truncated

channel termination

13 B ................. minor erosional hole

14a B channel termination

15b B

16 B exposed roots .................

17 B ................. termination of major 
channel

18 B dead creosote

19 B ................. rechanneli zation

20 B no effect no major 
channel
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TABLE 3--Continued

Cross
Section Fi ssure Vegetation Drainage Channels

21 B undermining of plants

22b B

23 B exposed roots .................

24 B .................

25 B rechannelization

a15 cm offsetting

S l i g h t  surf ic ia l folding

cPoint where earth surface gave way underfoot

^Temperature 10°C in fissure hole at .6 m deep

Subsidence noted

^Exposed cemented, unconsolidated material of subsurface soil layer
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S e c t i o n  3

2ooo

e a t

Fig. 8. Generalized fissure configuration January 1981 at 
Site 3, T3S, R7E, Sacaton NE Quadrangle, Arizona.
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Cross sections

Procedures for ground level data collection at S ite 3 were 

identical to those used at Sites 1 and 2. These procedures involved 

examining a series of cross sections approximately 7.5 meters (25 feet)  

apart. Each cross section focused on the vegetation, drainage, and 

morphology. Table 4 summarizes the cross section findings at Site 3. 

Because of the existing su rf ic ia l characteristics, no problems were 

encountered involving e ither drainage or vegetational characteristics.

Remotely-Sensed Data Collection 

Table 5 l is ts  the various types of aerial photography and 

imagery u t i l iz e d  during data collection and analysis. Remote sensing 

was incorporated into the study in an attempt to f a c i l i t a te  the id e n t i f i ­

cation of degradation along fissures.

Various dates, scales, and types of photography and imagery were 

selected to provide information regarding the ages of fissures as well 

as indications of vegetation stress. Conventional visual photographic 

analysis techniques were u t i l iz e d .  All photography, except the black 

and white, was u t i l iz e d  in positive transparency form. Analysis of the 

photography required a l ig h t  tab le , optical magnifiers, and various 

cartographic tools.

Analysis of remotely-sensed data

The actual analysis of the study area for fissure-re lated sur­

f ic ia l  changes and the mapping of fissures required larger scales than 

Landsat and Skylab (spacecraft platforms) imagery and photography were 

capable of providing; thus, the high a lt itude  National Aeronautics and
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CATALOG OF FINDINGS AT SITE 3a

56

Cross
Section Fi ssure Morphology

I A offsetting  30 cm

2 A offsetting  30 cm

3 A offsetting  30 cm

4 A offsetting 30 cm
5 A offsetting  30 cm
6 A offsetting  25 cm
7 A offsetting 25 cm
8 A offsetting  20 cm
9 A offsetting  8 cm

10 A offsetting  15 cm
11 A offsetting  15 cm

12 A offsetting  15 cm
1 B offsetting 46 cm

2 B offsetting  46 cm

3 B offsetting  46 cm

4 B offsetting  41 cm

5 B offsetting  36 cm

6 B offsetting  23 cm

7 B offsetting  15 cm

8 B offsetting  12 cm

9 B offsetting  15 cm

10 B

11 B •  •  •  •  •

12 B « •  •  •  •

aNo change in vegetation or drainage was id en tif ia b le  at this s ite
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TABLE 5

REMOTELY-SENSED
USED

IMAGERY AND 
IN ANALYSIS

PHOTOGRAPHY

Type Agency Platform Angle Date Scale

Black & White SCSa A irc ra f t Vertical 1967 1:20,000
Color NASAb Ai rc ra f t Vertical 3/3/71 1:113,500
Color IRC NASA A irc ra ft Vertical 2 /8/70 1 :113,500
Color IR NASA Ai rc ra f t Vertical 2/8/70 1:55,200
Color IR NASA Ai rc ra f t Vertical 3 /7 /78 1:51,000
Color NASA Skylab Vertical 8 / - /7 3 1 :1 ,200,000
Color IR NASA Landsat Vertical 11/15/75 1 :1 ,000,000
Color Researcher Ai rc ra f t Obiique 1/17/81 183 meters (600 ')  AMTd
Color IR Researcher A irc ra ft Obiique 1/17/81 183 meters (600 ')  AMT
Color Researcher Ai rc ra f t Oblique 1/17/81 366 meters (1200') AMT
Color IR Researcher Ai rc ra f t Oblique 1/17/81 366 meters (1200' ) AMT

aSCS = Soil Conservation Service

bNASA = National Aeronautics and Space Administration

° IR  = Infrared

dAMT = Above Mean Terrain
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Space Administration (NASA) photography proved more helpful during 

analysis and mapping.

Mapping of fissures

Without sophisticated equipment, the most e f f ic ie n t  means of 

mapping fissures was to delineate the various fissures on an overlay of 

transparent tracing paper with a l igh t table as the illuminating source. 

This resulted in maps showing s ite  boundaries and fissure configurations 

only. The information was then easily transferred to base maps. Figure 

6 shows the fissure configuration as Site 1; figure 7 shows the fissure  

configuration at Site 2; and figure 8 shows the fissure configuration at 

Site 3.

Analysis o f remotely-sensed data 
fo r  degradational processes

Analysis of the imagery and photography for evidence of d e s e r t i f i ­

cation characteristics began with the imagery and photography collected 

from the highest platform a ltitudes. This was, f i r s t ,  Landsat imagery, 

which has an a lt itude  of 940 kilometers (570 m iles), and then Skylab 

photography, which had an a lt itude  of 430 kilometers (270 miles). The 

Landsat imagery (scene ID E-2297017195) was available as a color composite 

in transparency form. The Skylab photography was in the form of a color 

transparency.

Optical magnifiers were u t i l ize d  with imagery and photography 

over a l ig h t  table source of illumination. This technique proved suf­

f ic ie n t  fo r  locating those fissures with s ignificant plant growth in 

fissure openings.

The a b i l i t y  to locate fissures by the corresponding plant growth 

was dependent upon resolution capabilit ies  of the various forms of
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remotely-sensed data. Resolution for the Landsat multi spectral scanner 

(MSS) system is an actual instantaneous f ie ld  of view (IFOV) of 79 x 79 

meters (260 x 270 fee t)  which, because of the sampling ra te , has a 

nominal resolution element size of 79 x 56 meters (260 x 184 fe e t ) .  As 

a result the resolution of Landsat MSS images is considerably greater 

than the width of fissures. The fac tor,  then, that allowed the few 

vague fissure patterns to be identif ied  on the Landsat imagery was 

vegetation. This is because a l l  su rf ic ia l  features contained within  

one resolution unit have an averaged spectral signature and, in the 

situation here, the fissure pattern identif ied  as such has the vegetation 

as the dominant reflector of energy (in this case, near infrared energy) 

causing the resolution elements to have signatures characteristic of 

moderately vegetated areas. When the Landsat color composite trans­

parency is viewed, the result is a l ineation of several resolution 

elements having a l ig h t ,  pinkish-purple hue.

Vegetational reflectance patterns from only one fissure were 

iden tif ied . This fissure was identif ied  as Fissure C at Site 1 (figure  

6). Because of resolution constraints, no other information extraction  

was possible; thus, no indications of degradation were noticed on the 

Landsat imagery.

The resolution capabilit ies  o f Skylab's Earth Terrain Camera are 

approximately 50 meters (164 fe e t ) ,  somewhat better than Landsat's MSS 

resolution capab ilit ies . Nevertheless, the iden tif ica tion  of fissures 

through optical magnifiers proved d i f f i c u l t .  The Skylab photography 

u t i l iz e d  for analysis was color and not color infrared; consequently, 

minor areas of vegetation were much more d i f f i c u l t  to identify  and 

delineate because of the lower intensity  of vegetation r e f le c t iv i ty  in
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the v is ib le  region as compared with the r e f le c t iv i ty  in the near infrared  

region.

The next set of photography selected for analysis was the NASA 

high a lt itude  color and color infrared photography. The smaller-scale 

(1:113,500) set of color infrared information was collected with a Zeiss 

5L camera having a 30.5 centimeter (12 inch) focal length from a platform 

a lt itu d e  of 17,983 meters (59,000 fe e t ) .  The larger-scale (1:55,200) set 

of color infrared high a lt itude  NASA photography was thought to have been 

collected by the same Zeiss 5L camera on the same mission because both 

sets of photography were collected on the same date (8 February 1970) 

only 30 minutes apart (11:55 A.M. fo r the smaller-scale and 12:25 P.M. 

for the larger-scale). The same interpretation techniques applied to 

Landsat and Skylab imagery and photography were applied to the NASA high 

a ltitude  color infrared photography.

Black and white, 1967, 1:20,000 scale, Soil Conservation Service 

photography was interpreted but provided l i t t l e  diagnostic information. 

This photography was of rather poor quality . As a resu lt ,  vegetational 

characteristics were not well defined, although indications of fissure  

configurations were suggested by vegetational patterns.

Of major in terest regarding the possible iden tif ica tion  of 

degradational processes were the low a lt itude  color and color infrared  

photography collected by the researcher. This photography seemed more 

appropriate for identify ing areas in the beginning stages o f the 

desertification  process.

The procedures for collecting these data involved renting a small, 

high-winged a i rc ra f t .  The a irc ra f t  fa c i l i ta te d  the collection of oblique 

to near vertical photography at selected altitudes of approximately 183
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meters (600 fee t)  and 366 meters (1200 fee t)  above the te rra in . One 

35 mm, single-lens reflex camera was u t i l ize d  with color and color 

infrared f i lm  for data collection. The information was collected f i r s t  

at Site 1, then at Sites 2 and 3 because of the ir  proximity to each 

other. The lower a lt itude  f l ig h t ,  183 meters (600 fe e t ) ,  was conducted 

f i r s t ,  followed immediately by the higher a ltitude f l ig h t ,  366 meters 

(1200 fe e t ) ,  in the same sequence. These procedures assured essentially  

an equal (winter) sun angle which was important for obtaining more 

effective  photographs of the fissures. This allowed shadow in the 

deeper parts of fissures and a bright, solar illuminated, south fissure  

side for easy identif ica tion  of fissures.

This photography was collected in slide form and thus proved 

easier than the smaller-scale photography to analyze. Each slide was 

projected thus enlarging each particu lar scene. This fa c i l i ta te d  in te r ­

pretation by making patterns of interest more apparent. These patterns 

included vegetational stress, pockets of more healthy vegetation that 

correspond with the occurrence of one or more fissures, surfic ia l erosion 

characteris tics , and changes in surf ic ia l drainage characteristics.

Slides of each s ite  were visually analyzed for patterns or 

characteristics indicative of degradation of the natural environment 

resulting from the occurrence of fissures. Important characteristics  

observed from slide interpretations included vegetation enhanced by the 

occurrence of fissures, erosion centered on fissures, no apparent patterns 

of vegetational stress, and no apparent changes in drainage characteris- 

t i  cs.

Since headward erosion was observed as being quite obvious along 

segments of various fissures, a test was devised to calculate the ra tio
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of headward erosion to fissure length u t i l iz in g  the low a lt itude  

photography. A section of Fissure C at Site 1 was selected fo r the 

test. Measurements on the projected slide were made using known d is­

tances from the corresponding 1:24,000 U.S.G.S. topographic quadrangle. 

The length of the selected fissure segment was caluclated to be approxi­

mately (allowing fo r  measurement error along the curvilinear fissure  

segment) 277 meters (908.7 fe e t ) .  In that distance, sixteen incidences 

of headward erosion were noted and measured. The total measured length 

of these sixteen occurrences of headward erosion is approximately 55.16 

meters (180.97 fe e t ) .  The ra t io ,  dividing fissure length (277 meters) 

into erosion length (55.16 meters), is 0.199. This means that fo r every 

1.5 meters (5 fe e t )  of fissure length, there is approximately 0.3 meters 

(1 foot) of headward erosion. Incidences of these sixteen erosional 

gullies ranged from 1.46 meters (4.8 fee t)  to 5.12 meters (16.8 fe e t ) .

The above ra t io  (0.199) of headward erosion to fissure length 

seems moderately high because the fissures and erosion along them are 

geologically very recent. Because the d irect impact from variables such 

as climate, man, and continued groundwater withdrawal/subsidence are 

unknown, i t  is d i f f i c u l t  to predict i f  such erosion rates w il l  continue 

at the same rate.

Degradation patterns characterized 
by vegetation stress

An attempt was made to quantify and categorize a l l  vegetational 

stands along each fissure according to whether or not they were dead or 

a live . The low a lt i tu d e  color and color infrared slides collected by 

the researcher were used fo r  data analysis. Viewing the slides allowed 

the various plants to be categorized as e ither dead or a live . Where a
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true diagnosis could not be made when using color photographic informa­

tion , color infrared information was employed to show the more apparent 

infrared reflectance from l iv e  leaves. I t  was hoped that the end product 

would be a map showing the boundary between degraded and non-degraded 

areas along the various fissures.

The results of analysis at Site 1 show that 33 percent of the 

plants along fissures A, B, and C are dead. In addition, a d is t inc t  

stress difference, as indicated by infrared reflectance, was noted 

following the general trend of fissures A, B, and C at Site 1. On the 

southeastern (up-slope) side of the fissures the infrared reflectance  

was brighter red than on the northwestern (down-slope) side, which was 

more pink in infrared reflectance intensity . Noted on the "healthy" 

side were seven large palo verde trees; also noted were twenty healthy 

(primarily creosote) plants e ither growing in a fissure or on the up- 

slope side but s t i l l  near the fissure. In the same area are th ir ty -th ree  

obviously stressed (dying) plants on the down-slope side.

Because of the locations noted above of the dead plants, a map 

showing degradational boundaries cannot be e ffective ly  produced. Almost 

a ll  categorized plants occur e ither in a fissure or on a fissure bank. 

Thus, any map attempting to show this would not e ffec tive ly  show spatial 

relationships.

Sites 2 and 3 provided l i t t l e  information about l ive  versus dead 

vegetation as indicators of degradational boundaries. For example, 

f i f t y - s i x  healthy plants were counted along the fissures at Site 2 and 

only four obviously dead plants. The dead plants were bunched together 

and not su ff ic ien t ly  spaced to be e ffec tive ly  mapped. Site 3 has no
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larger stands of vegetation ( i . e . ,  creosote), so no degradational 

patterns relating to vegetation ex is t.
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Chapter 4 

RESULTS

The data leading to the results of this study were collected, 

analyzed, and interpreted from two d iffe ren t viewpoints. A ground 

level survey provided micro-scale information, and remote sensing tech­

niques provided a macro-scale survey from a synoptic viewpoint.

Ground Level Analysis of Fissures

Results of the ground survey w il l  be discussed in terms of 

degradation of the vegetation, natural drainage characteristics, and 

s u rf ic ia l  morphological tendencies of each individual s ite .

S ite 1

At Site 1 erosion is the key to degradation. Erosion was not a 

problem in this area until fissures f i r s t  appeared at the surface in 

the la te  1960's. This s ite  has three well-developed fissures because 

of erosion, and i t  is quite apparent that continued erosion is much 

more aggressive on the up-slope side of fissures.

Vegetation

The degradation of vegetation was not found to be occurring on 

a broad scale; but isolated incidences of plants under various degrees 

of stress were identif ied  and examined. No one plant type was found to 

be more affected by stress and degradation than any other plant type.
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Contrarily , there were occurrences noted where vegetational 

vigor has actually increased because of fissures. For example, seedlings 

have become trapped in the fissures and are nourished by water channeled 

into fissures. Palo verde trees and some creosote bushes do particu­

la r ly  well once growth in fissures begins (figure 9 ).  Plants in fissures 

actually receive more water than do plants not located in fissures. As 

a resu lt,  many of the plants in these older fissures at Site 1 are 

larger and healthier. These fissure-induced plants often are s u f f i ­

c iently abundant to allow for rather precise delineation of fissures 

from high altitudes since the plants, as opposed to the fissures, are 

actually observed (figure 10).

Erosion, changes in drainage channels, and prolonged drought 

conditions during the year of f ie ld  investigations a l l  contributed to 

the noted vegetational conditions and patterns. Erosion has d e t r i ­

mental effects on vegetation at Site 1 primarily through the removal of 

soil from around plant roots. Within the Site 1 area this occurs in 

three ways: one is the removal of soil from around plant roots within 

the fissure zone, another is the removal of soil from around up-slope 

plant roots by up-slope erosion; and the third is the increasing 

cav ity - l ike  underminings of plants (mostly annual grasses) which occur 

as up-slope erosion continues. The f i r s t  leaves roots openly exposed 

extending from the sides of the fissure gorge, the second tends to 

to ta l ly  wash away plants; and the third leaves plants in tact within 

the surface s o i l ,  but the roots are exposed within a subterranean 

cavity , often p a r t ia l ly  open to the outside (figures 11 and 12). 

Vegetation is also lost as fissure gorges expand when erosion (p r i ­

marily water) widens the gorges. Plants located immediately next to
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Fig. 9. Palo verde and creosote growth in fissures

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



68

Fig. 10. Delineation of fissures at Site 1 by vege­
tational growth.
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Fig. 11. Openly exposed roots ex­
tending from fissure walls caused by ero­
sion.
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Fig. 12. Exposed roots within a cavity caused by
erosion.
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the fissures experience the loss of soil from around the plant as 

erosion widens the various gorges (figure 13). Because of the re la tive  

abundance of creosote bushes, most of the exposed roots were creosote. 

Their diameters were measured and found to be generally between 0.63 

centimeters (0.25 inches) and 2.5 centimeters (1 inch).

While damage to larger and smaller plant root systems was 

prominent, the annual grasses characteris tica lly  appeared to be surviving 

much better where associated with fissures. Although not lush, these 

grasses were found to be more dense and usually about 2.5 centimeters 

(1 to 2 inches) t a l l e r  in the fissure depressions (figure 14).

No stress patterns, from high stress to low stress, away from 

fissures were iden tif ied . Areas of stress were noted only for those 

plants in the fissures or situated close enough for roots to reach the 

nearest fissure. Few plants were identif ied  as being under stress that 

were not already dead. These plants were situated near fissures such 

that th e ir  roots were losing the surrounding soil e ither through erosion 

within the fissure or through side erosion.

Another factor noted as having an e ffect on the vegetation vigor 

is the clim atic history from approximately May of 1980 to May of 1981. 

During th is  period drought conditions were experienced. Records from the 

nearest weather station located at Phoenix's Sky Harbor International 

Airport indicated that only trace amounts of precipitation were received 

within the general area at various intervals during that twelve month 

period. The equivalent precipitation amounts must be assumed for the 

study area; thus, i t  is easily understood that plant growth is more 

dependent on fa l l in g  precipitation than on surface flow. In most 

instances there is insuffic ien t precipitation to cause surface flow.
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Fig. 13. Erosion of soil around 
plants causing widening of the gorge and 
death to some plants.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Fig. 14. T a l le r  grasses growing 
in fissure depression.
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Natural drainage

As more and more information was gathered relating changes in 

drainage to earth fissure development, i t  became obvious that the most 

apparent and intensive changes involved erosion. Almost every instance 

of noted erosion was preceding up-slope, as well as in the fissure 

opening i t s e l f .  Erosion occurs every time precipitation is received 

because of a high erodability  factor and because of low vegetation 

density. More importantly, a new base level is established each time a 

fissure opens at the surface.

Fissures cause the lowering of the base level in two ways, 

s u rf ic ia l  folding and the opening of fissures. Surfic ia l folding 

(figure 15) creates a down-warp allowing the speed of runoff to increase, 

thus intensifying the erosional process. These down-warps tend to be 

located on the up-slope side of fissures and cause an additional lowering 

of the base level which works in tandem with the lowered base level 

caused by the fissure opening. No proof, however, was found that more 

erosion occurs where folding and fissuring occur together than where 

f issuring alone occurs.

Erosion f i r s t  occurred along fissure shear zones creating 

erosional gorges. In addition, the appearance of a fissure at the sur­

face acts l ik e  a nick point along a stream. As water flows over the 

fissure edge, erosion occurs and continues to occur as surface flow is 

maintained.

The soil (Antho sandy loam), which is re la t iv e ly  soft and has 

good t i l t h ,  further fa c i l i ta te s  up-slope erosion (figure 16). I t  is 

d i f f i c u l t  to estimate the rate of erosion because i t  depends upon suf­

f ic ie n t  precipitation to cause surface flow. Weather disturbances of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



75

Fig. 15. Surfic ia l folding
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Fig. 16. Example of up-slope erosion
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this magnitude are infrequent, but those that do occur tend to be quite 

intense; consequently, erosion rea lly  only occurs during severe storms.

The greatest up-slope erosion noted during the f ie ld  surveys at 

Site 1 was approximately 5.5 meters (18 fe e t ) .  Drainage from this  

erosional tr ibu tary  drops immediately into a 114 centimeter (45 inch) 

hole. Another up-slope erosional tributary  measured approximately 3 

meters (10 fe e t ) .  This tributary  was o f f  Fissure A and came to within  

0.6 meters (2 feet)  of a branch of Fissure B. This type of surf ic ia l  

degradation has already removed much soil from around plant roots 

increasing chances of more vegetation loss leading to desertification .

Although expanding erosion is a chief cause of plant degradation, 

drainage characteristics themselves were noted as causing a few instances 

of plant stress. Changes in drainage patterns resulting from a renewed 

base level and/or from stream capture occasionally prevent plants from 

receiving su ff ic ien t  moisture thus causing stress and eventual death.

This resu lt is minor because Site 1 experiences a near 0 degree slope 

and, therefore, almost a l l  of the drainage channels are considered 

micro-channels. Over a period of time, however, much of the water that 

would have o r ig in a lly  nourished these stressed plants is diverted to, 

and captured in ,  fissures.

Surface morphology

The types of su rf ic ia l  morphological changes suggestive of 

subsidence a c t iv i ty  are s ligh t folding at the surface, very sim ilar to 

a micro-monocline, and offsetting  of fissure banks. The monocline e ffect  

occurs only along the up-slope side of Fissure C at S ite 1 approximately 

4.9 meters (16 fee t)  away from the fissure opening. Offsetting of
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fissure banks at Site 1 is minimal. Maximum offsetting  is 5 centimeters 

(2 inches), but normal o ffsetting is neglig ib le.

Site 2

This s ite  is less affected by erosion than is Site 1. The 

steeper slope, approaching 3 percent, at this s ite  would suggest that 

erosion occurs much faster here than at Site 1. Comparing the erosional 

intensity at the two sites indicates this is not the case since the 

aerial photography shows that fissuring at S ite 2 began occurring (in  

the la te  1960s) approximately f ive  years a f te r  fissuring at Site 1.

Vegetational effects resulting from the occurrence of earth 

fissures were found to be minor. Isolated spots of both plant stress 

and plant death were located, but more importantly, areas of enhanced, 

rather than degraded, vegetational growth were iden tif ied . Figure 17 

shows a more lush area of vegetation. Although this pattern can be 

clearly  id e n t if ie d ,  no degradational characteristics can be delineated.

No su rf ic ia l  evidence was uncovered to show that fissure a l te ra ­

tions of su rf ic ia l  drainage have contributed to the degradation of the 

area. Subsurface water movement, however, has caused undermining of 

surface materials in areas of more consolidated so ils . Plant roots 

have been exposed, but not yet to the extent that su rf ic ia l  degradation 

is apparent e ither from the ground or from the use of remote sensing 

techniques. Analysis at ground level has revealed subsurface erosion 

is a major threat and w il l  result in severe degradation i f  allowed to 

continue.

Offsetting of fissure banks and s ligh t su rf ic ia l  folding have 

not yet combined for su rf ic ia l  erosion to become apparent. Insu ffic ien t
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Fig. 17. Pocket of more lush vegetation at S ite 2
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time has passed since the occurrence of fissuring to allow morphological 

changes (o ffsetting ) to be modified by infrequent and l i t t l e  prec ip ita ­

t ion. Determining a time frame for erosion is d i f f i c u l t  because the 

amount, frequency, and intensity of precipitation are v ir tu a l ly  unpre­

dictable.

Vegetation

Of the f i f ty -e ig h t  cross sections taken along Fissures A and B, 

fourteen showed evidence of damage or death to plants. For example, 

within a 3.7 x 3.7 meter (12 x 12 foot) area where one cross section 

intersects the fissure, six dead creosote bushes (three on the up-slope 

side and three on the down-slope side) were noted. At another location, 

remnants of seven dead plants were observed within 1.5 meters (5 feet)  

of the fissure. Other damage included eight cases of exposed roots, 

primarily creosote and saguaro, and two cases of severed roots, one a 

creosote and the other a saguaro. The damage of exposed roots was quite 

obviously caused by the erosion of soil by water from around the various 

root systems. This damage was not exclusive to any one plant type; 

saguaro (the largest exposed roots), creosote, and grass (the smallest 

exposed roots) were a l l  affected equally. The cases of two severed 

roots were not caused by erosion, but resulted from tension of movement 

along the fissure shear zone as subsidence occurred. Both of these 

roots were approximately 3 centimeters (1.2 inches) in diameter.

There was no iden tif iab le  pattern of vegetation stress away from 

fissures that could be connected more to the occurrence of fissures than 

to the hot, arid climate. The s ite  gave the impression that degradation 

was occurring, but that more time is required before vegetation stress 

can be clearly  identif ied  and mapped.
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Natural drainage

Of the f i f ty -e ig h t  cross sections taken along Fissures A and B, 

eighteen crossed at points where the natural drainage was altered. At 

the same time, three locations were identif ied  where surfic ia l drainage 

was not altered because there was no su rf ic ia l  expression of the fissure.

Most of the noted changes in drainage involved the termination 

of channels by fissures. Water now flows into fissure cavities. Conse­

quently, side (up-slope) erosion was noted as being in the early stages 

as was the undermining of surface soil layers. These undermined areas 

have a cemented layer of unconsolidated materials about 2.5 to 5 centi­

meters (1 to 2 inches) below the surface. This hard under-layer inhib its  

erosion and is one reason why side erosion is much less extensive at 

Site 2 than at Site 1.

Another e ffec t  on the natural drainage by the fissures is the 

creation of micro-channels less than 15 centimeters (6 inches long).

This is a result of a new, lower base level caused by the appearance of 

the fissures. Many of these new channels e ither have captured, or are 

about to capture, other small channels. The result is a restructuring  

of some of the smaller drainage channels within about 5 meters (16 feet)  

of the fissure.

The two longer channels in this area did not appear to have flow 

interrupted by the fissures. Even though the fissure could be seen 

crossing these streams at right-angles, sand in the channel bottom was 

undisturbed and seems to f a c i l i t a te  continued flow. Unfortunately, this  

cannot be ver if ied  because su ff ic ien t  precip ita tion to cause water flow 

in the channels rarely  occurs.
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Surface morphology

Morphologically, several features came under study as resulting  

from subsidence at S ite  2. These included surf ic ia l folding, o ffsetting  

of fissure sides, graberi-like features, and undermining of surfaces.

The surf ic ia l folding (figure 15) is s light but is related to 

the fissure in two ways. F irs t ,  folding occurs at the point on the 

surface where su rf ic ia l  fissure expression appears. This is related to 

subsurface o ffsetting  along the fissure shear zone, the effects of which 

have not fu l ly  reached the surface. Second, folding can occur in the 

area of 1.5 to 3 meters (5 to 10 fee t)  up-slope from the surf ic ia l  

fissure expression. The reason for the occurrence of folding in this  

region is unclear and has not been found in any appropriate publication.

The o ffsett ing  is very similar to fau lting . The up-slope side 

remains essentially stationary because of underlying bedrock while the 

down-slope side subsides along the fissure shear zone because of ground­

water depletion. The primary e ffect caused by o ffsett ing  is the creation 

of a new, lower base level which increases the rate o f  water flow causing 

increased erosion, as previously described. As erosion continues, soil 

is washed from around plants, eventually preventing su ff ic ien t  amounts of 

nutrients and water from reaching plants (figure 13). The consequence 

is increased vegetation stress over an increasingly wide area.

Along both Fissures A and B, only one small graben-like feature 

was observed. This feature was located near the western end o f Fissure 

A, the longer of the two fissures. This small graben-like feature was 

characterized by a lineation of small holes between 1.3 and 2.5 centi­

meters (0.5 and 1 inch) in diameter on the south side and a lineation of 

larger holes of approximately 7.6 to 10.2 centimeters (3 to 4 inches)
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in diameter on the northern side. The area in between, approaching 3 

meters (10 feet) across, has subsided as much as 10.2 centimeters (4 

inches). The reason for the appearance of this graben-like feature, 

as indicated by the holes on each side, is undermining of the surface 

alluvium.

Undermining is the fourth morphological feature as noted by the 

occurrence of fissures at Site 2. As water runs into the fissures from 

the terminus of drainage channels, i t  often flows along down-slope trend­

ing portions of fissures before seeping deeper into the fissure shear 

zone. During this process, material is eroded out from under the 

cemented layer and into deeper subterranean fissure holes. When suf­

f ic ie n t  material is los t,  thus reducing the effective  support of over- 

lying materials, subsidence occurs. Because support for these small 

subsidence zones is maintained on each side of the undermining, rather 

sharp break points occur resulting in two high sides and a down-dropped 

middle sector, hence, a graben-like feature.

Site 3

Dynamic ac t iv it ies  occur very slowly at Site 3. AO degree 

slope and a man-made embankment have essentially eliminated surface 

flow. As a resu lt ,  erosion is negligible and degradation is not 

apparent.

Vegetation

The vegetative types found at Site 3 are essentially the same as 

at Site 2. Annual grasses, creosote bushes, and a few palo verde trees 

are the major types that tend to gather primarily around the drainage 

channel. No degradational e ffect on the various plants at S ite 3 were
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observed. No cases of exposed or severed roots and no indications of 

dead or dying plants resulting from the fissure were observed. The 

vegetation density at Site 3 is much less than at Site 2. Site 3 was 

previously denuded of vegetation, l ike  the eastern portion of Site 1, 

probably for agricultural purposes.

Natural drainage

The slope at this s ite  is essentially zero. As a resu lt ,  few 

problems or changes in the drainage characteristics were observed. The 

only major drainage channel transgressing this s ite  measured approxi­

mately 0.65 meters (2 feet) deep. Soil is banked along the sides of 

this channel making i t  a r t i f i c i a l l y  deeper. This appeared to be the 

primary reason why this channel is unaltered by fissuring. Precipitation  

tends to pond at this s ite  rather than drain o f f .

Surface morphology

This s ite  is not characterized by holes or gorges as were the 

other s ites; rather, one large graben-like feature occupied much of the 

length of the fissure.

This graben-like feature was not formed by undermining, as 

described e a r l ie r  under Site 2. Instead, these surface fissures connect 

with the same fissure shear zone at an unknown distance below the sur­

face. The distance between surface fractures, which are characterized 

by o ffse tt in g , varies between 13.7 and 22.9 meters (45 and 75 fe e t ) .

The offsetting  on the north side varies between 15.2 and 30.5 centi­

meters (6 to 12 inches), and the offsetting  on the south side was as 

much as 45.7 centimeters (18 inches). The subsided area between the
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sides remained v ir tu a l ly  le v e l ,  causing no apparent minor slope or 

drainage changes.

Of the three s ites , the fissuring at Site 3 is the only one 

that has no degradational e ffec t  on the surrounding environment. A 

large man-made embankment 7.6 meters (25 feet) to the south separates 

the f ie ld  from the highway. These two man-made features have completely 

changed the slope and drainage previously experienced here and, there­

fore, minimized any e ffec t  th is  fissure might have had on the surrounding 

natural environment.

Summary o f Degradation from Ground Level 

Table 6 summarizes cross sectional incidences of degradation for  

a l l  three sites. Table 7 summarizes cross sectional incidences of non­

degradation factors.

Site 1 has the greatest number of degradational occurrences with 

70, and the greatest number of non-degradational related factors at 32. 

This is related d irec tly  to the greater number of cross sections made 

at Site 1; however, i t  does not necessarily mean that degradational 

processes are greater at Site 1.

To help emphasize th is ,  a ra t io  between the total number of  

degradational occurrences (70) and the to ta l number of cross sections 

(71) was calculated and found to be .986 at Site 1. Performing similar  

calculations for Site 2, a ra t io  between the to ta l number of degrada- 

tioanl occurrences (56) and the total number of cross sections (58),  

gives a value of .966. This means that in over 95 percent of the 

transects, some form of degradation was encountered.
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TABLE 6

CROSS-SECTIONAL INCIDENCES OF DEGRADATION

Observation Site 1 Site 2 Site 3

Rechanneling 3 3 0

Caving/slumping 2 0 0

Up-slope erosion 33 2 0

Gullying 1 0 0

Holes 4 2 0

Channel termination 0 6 0

Stream capture 0 1 0

Undermining of soil 0 4 0

Exposed roots 10 6 0

Dead plants 6 4 0

Stress difference 3 1 0

Undermining of plants 0 2 0

Plants fa llen  into holes 0 4 0

Severed roots 0 2 0

Dead grass 4 0 0

Dying plants 1 0 0

Subsidence 1 3 0

Folding 2 6 0

Offsetting 0 8 22

Graben 0 1 0

Cemented soils 0 1 0

Total 70 56 22

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



87

TABLE 7

CROSS-SECTIONAL INCIDENCES OF 
NON-DEGRADATIONAL FACTORS

Observation Site 1 Site 2 Site 3

Deposition 8 0 0

New channels 0 5 0

Healthy plants in fissures 15 0 0

Vague surf ic ia l expression 5 2 0

No effect 4 9 3

Total 32 16 3
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Sim ilarly , ratios can be calculated for subclasses such as 

up-slope erosion. For example, a ra t io  between tota l cross sections and 

incidences of up-slope erosion was encountered. This is the 

highest percentage for the various observations at the three sites.

The key factor noticed from studying tables 6 and 7 for Site 1 

is that up-slope erosion is the dominant degradational process with 33 

occurrences. Also significant is the rather high number of healthy 

plants and trees growing in fissures as noticed during f ie ld  analysis; 

the largest and most numerous of these are the palo verde trees. I t  is 

clear that fissuring is not always detrimental; erosion may be occurring, 

but at the same time major plants are securing a solid position in the 

localized ecosystem because of the fissuring.

The next highest occurrences related to degradation are the ten 

cross sections which revealed eight exposed roots. I t  is interesting  

to note th is  erosion while eight cases of deposition were observed at 

the same s ite .

No one degradational type at Site 2 is dominant. Table 6 shows 

that several types of degradation are occurring with s im ila r ity .  I t  

should be noted, too, that nine cross sections showed no degradational 

effect at th is  s ite .

Site 3 has only one degradational category l is te d ;  this is o f f ­

setting. Because of the graben-like surf ic ia l structure, twenty-two 

cases of o ffsetting  were observed as being the only degradational 

category. Three cross sections were c lass ified  as no e ffec t.

Clearly numerous degradational consequences of fissuring are in 

the process of occurring. Most important is up-slope erosion, which
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is currently the most prevalent degradational type and which w il l  have 

the longest term and greatest overall e ffec t.  Factors which are con­

sidered non-degredational ( i . e . ,  plant growth in fissures) do not 

outweigh the detrimental effects of fissuring.

Remotely-Sensed Data 

Analysis of the various forms of remotely-sensed data revealed 

much less information concerning degradation of major elements of the 

surrounding natural environment than did the f ie ld  survey. In fa c t ,  

only the low a lt itude  aerial photographs collected by the researcher 

allowed fissure gorges and eroded areas to be identif ied . All other 

forms of remotely-sensed data showed only l inear stretches of vegetation 

delineating fissure patterns (discussed in chapter 3).

Interpretation of Landsat imagery and Skylab photography for  

surf ic ia l degradation leading to the identif ication  of desertification  

was unsuccessful. Skylab photography did, however, provide evidence for  

the identif ication  of the vegetation in and along Fissure C, as did 

Landsat, at Site 1.

Similar interpretation results of the Landsat imagery and Skylab 

photography suggest that d iffe r ing  resolutions and d iffe r ing  spectral 

bands between the two systems prevented optimum information extraction. 

The Skylab system has better resolution, but the Landsat system recorded 

reflected infrared energy, thus enhancing detection of vegetation having 

mesophyll layers ( i . e . ,  green plants).

Analysis of the 1970, 1:113,500 scale color infrared photography 

revealed two important factors. F irs t ,  no patterns of vegetation stress 

were revealed which might possibly be related to the occurrence of
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fissures. This was true for a l l  three s ites . The second important 

fact revealed was that not a l l  fissures existed in 1970.

Fissure C at Site 1 (figure 6) could not be iden tif ied  on the 

1970 photography. This suggests that subsidence would appear to be a 

continuing process since this major fissure has appeared within the 

las t eleven years.

The analysis of the 1971, 1:113,500 scale photography also did 

not show the existence of Fissure C at Site 1. In addition, density 

analysis over the l ig h t  table with the Model LT630 lens system revealed 

no su rf ic ia l  anomalies which might be tied to the existence of fissures. 

Thus, this fissure has appeared within the last ten years.

When analyzing the 1:113,500 scale photography for su rf ic ia l  

degradational effects within the study area, features which appeared to 

actually be enhanced by the occurrence of fissures were also noted. For 

example, the photographs showed an accumulation of various vegetational 

stands on a portion of the southern (up-slope) side of Fissure A at 

Site 2 (figure 17). This was not obvious during the f ie ld  survey. 

Theoretically , when drainage channels are terminated by a f issure , i t  is 

l ik e ly  that more water would then be available fo r  vegetation on the 

up-slope side, while vegetation on the down-slope side would continually  

be water defic ient and react accordingly. This was not the case at this  

s ite .  Photographic analysis did not indicate that the down-slope vege­

tation was under more stress than vegetation in other areas of Site 2;  

rather, vegetation growth simply seemed to be more dense on the up-slope 

side. This aspect was verified  when the same analysis was applied to 

the 1970, 1:55,200 scale, color infrared photography.
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As was previously discussed, analysis of the low a lt itude  

photography showed erosion to be the most apparent degradational process. 

This was more prominent at Site 1 than at the other sites as shown by 

the ground survey.

Prior to analysis, i t  was thought that vegetational stress 

patterns might be apparent using low a lt itude  photography. They were 

not, but this may well change as erosion continues. Besides vegetational 

stress patterns, changes in surface drainage also were not apparent on 

the low a ltitude  photography, although the ground survey proved that 

drainage alterations were in progress.

Summary of Remote Sensing Techniques

Remote sensing techniques were incorporated into this study to 

provide synoptic information regarding degradation of the major elements 

of the selected natural environment. Several forms of imagery and 

photography were u t i l iz e d ,  from low a lt itude  photography to Landsat 

spacecraft imagery.

Results show that the information gained from remote sensing 

techniques was of l i t t l e  value in delineating degradational patterns. 

Instead, vegetational patterns were highlighted suggesting that no real 

degradational process exists. The low a lt itude  photography did, however, 

show that gullying and erosion were (and s t i l l  are) s ign ificant problems. 

Insu ff ic ien t  reflectance of infrared energy by the various xerophytic 

plants because of the small lea f  size prevents the recording of any 

meaningful information regarding plant stress. This type o f study could 

not e f fec tive ly  be undertaken using remote sensing techniques alone.
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Chapter 5 

CONCLUSIONS

Factors contributing to degradation and eventual desertification  

of this study s ite  are s im ilar ye t,  at the same time, d ras t ica lly  d i f ­

ferent from factors which have caused degradation of major elements of 

the natural environment in Africa. At both locations degradation is 

clearly  related to the misuse of resources. In Africa misuse of grazing 

lands by intense overgrazing and the destruction of woodlands for fuel 

are well-known and are contributing heavily to desertif ication . In 

general, cu ltu ra l,  p o l i t ic a l ,  and religious a c t iv it ie s  account for the 

misuse of natural resources in Africa.

In the southwestern United States, and more spec if ica lly  this  

study area, the factors contributing to degradation are related to 

groundwater resources. The effects of groundwater mining are numerous 

and consequential, as figure 18 i l lu s tra te s .  One e ffe c t  of groundwater 

mining is the development of earth fissures. Although l i t t l e  is known 

about the dynamics of earth fissures, they are becoming increasingly more 

apparent in arid  environments where intense groundwater mining is 

commonplace.

This study is a basic investigation o f the effects earth fissures 

have on major elements of a selected natural arid environment. Research 

was conducted to co llect and analyze data which would e ither support or 

re ject the hypothesis that earth fissures are causing degradation of
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Groundwater Mining

Compaction of Sediments

Shear Z,ones Develop between Subsidence/Non-Subsidence Areas

Surfic ia l Fissuring Develops

Lowered Base Level

Increased Erosion

Degradation

Coalescing of Degraded Spots into Areas of Desertification

Fig. 18. Sequence of a c t iv it ie s  and consequences 
leading to desertification .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



94

major elements of the surrounding environment. Because no other studies 

have been concerned with understanding the effect on the natural physical 

environment when earth fissures develop, this investigation should serve 

as a foundation for future study.

The major conclusion of this research is that the hypothesis can 

be accepted. Isolated spots of degradation (a significant amount of 

up-slope erosion and many dead or dying plants) within the study area 

have been shown to be caused by earth fissures. The researcher is led to 

conclude, however, that insuffic ient time has occurred since the in i t ia l  

appearance of the various fissures and the clear-cut appearance of coa­

lescing degradational patterns signifying desertification. The natural 

dynamics of the area have not had time to su ff ic ien tly  degrade the 

natural desert environment to the point that desertification can be 

clearly  iden tif ied .

Another important conclusion is that the occurrence of d e s e r t i f i ­

cation within the study area seems inevitable . The key to degradation 

and eventual desertification  of this area is erosion. The researcher

believes that desertif ica tion , following the current state of degradation,

w il l  occur because this research project has proven that erosion is pro­

gressing steadily up-slope, and i t  does not appear that i t  can be c i r ­

cumvented. Erosion w il l  continue to wash soil from around vegetational 

stands causing them to die as has been the case with some isolated 

plants. The natural surface environment w il l  become less and less stable,

resulting eventually in desertification .

Halting the degradational process described above seems impos­

s ib le . As the mining of groundwater continues, subsidence and fissuring  

can only worsen. Although the problem of groundwater overdraft is
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recognized by scientists and state o f f ic ia ls ,  the degrading and eventual 

desertification  of the natural environment is not recognized even though 

there was no erosion in the area of the three selected sites prior to 

the appearance of fissures.

Correctional measures have not yet been undertaken or even se r i­

ously considered. More emphasis seems to be placed on obtaining addi­

tional water supplies than on conserving existing supplies. Serious 

conservation measures which might be explored are groundwater recharge, 

a lte ring  irr ig a t io n  techniques (perhaps drip i r r ig a t io n ) ,  and the 

phasing-out of agriculture in central Arizona. The la t te r  course of 

action would be most unfortunate, but i f  serious planning and conserva- 

tional measures are not imposed in the near future , the only alternative  

is to completely eliminate agriculture to preserve, maintain, and 

expand the urban environment.

Significance of This Study

The major significance of this study lies  in spatia lly  id en tify ­

ing areas of degradation in relation to the occurrence of earth fissures. 

Perhaps more importantly, this researcher believes, is the unclear end 

to this unnatural hazard currently in progress. That is to say, 

degradation in the areas of fissures may not be the end product of 

groundwater mining; rather, as figure 18 indicates, the l ik e ly  result is 

the coalescing of these degraded areas over time into a region of 

desertif ica tion .

Although the occurrence of desertif ication  within the study area 

has not been proven here, i t  is believed by this researcher that 

desertification  w il l  be a re a l i ty  within time. The time frame for this
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event is not yet predictable, but those legislators and scientists in 

decision and policy-making roles need to be aware of the real and 

inevitable hazard of desertification occurring adjacent to a major c ity  

in the southwestern United States so that the necessary adjustments in 

water resource management and use can be implemented.

Future Research 

This study was designed as a preliminary investigation of 

degradational aspects associated with earth fissures. Consequently, 

many detailed studies are warranted to further understand the processes 

of degradation and desertification  associated with the occurrence of 

earth fissures.

For example, specific data about vegetation stress are not 

clearly  understood. Also not well understood is the apparent healthy 

vigor of those plants ( i . e . ,  palo verde) growing in fissures while close 

by other plants are dead or dying. In addition, more research seems 

warranted to understand the true cause of earth fissures since no one 

theory has been proven, although the land subsidence theory seems the 

most credible. Other suggested detailed studies are investigations of  

su rf ic ia l  morphological characteristics ( i . e . ,  what does morphological 

folding at the surface mean in re lation  to the substrata and to the 

presence of earth fissures?) and influences on drainage characteristics.

Perhaps once the cause of earth fissures (in  Arizona) is under­

stood then sound predictive models can be established for determining 

future fissure locations. This is important because fissures are now 

beginning to appear in the suburban area of greater Phoenix, Arizona.
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I t  seems that a variety of studies are warranted: bio logical,  

geological, hydrological, and geographical. Opportunities for positive  

investigation seem good since earth fissures are s t i l l  developing and 

because the real danger, erosion, is just beginning to make an impact 

on the natural arid environment.

Summary

Researched in th is  study were the degradational characteristics  

associated with earth fissures in a selected arid environment. Specifi­

c a l ly ,  changes in vegetation patterns, surface water flow, and the 

surface morphology were investigated for evidence of degradation due to 

the presence of earth fissures. The study area selected (a known fissure 

f ie ld  in the area of Chandler Heights, Arizona) proved the best site  

for testing the hypothesis that earth fissures cause su ff ic ien t changes 

in the natural vegetation, drainage, and morphology for degradation, i f  

not desertif ica tion , to occur.

Testing the hypothesis involved collecting data from the ground 

and from aerial platforms. A series of cross sections, or transects, 

was taken across each fissure at each of the three sites in the study 

area. Remote sensing techniques were employed to collect and analyze 

vertica l data.

Results indicate that desertification  is not yet a re a l i ty  in 

the study area, but that degradation is occurring. The principal form 

of degradation recorded is up-slope erosion. The current growth patterns 

and characteristics of erosion suggest that degradation w il l  continue to 

spread, eventually enlarging into a region of desertification .
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I f ,  as expected, desertification  does become a re a l i ty  within a 

matter of years, then the area researched in this study can prove to be 

a very important area fo r additional investigations. This is because 

of the poss ib il ity  fo r  observing degradation as i t  spreads into a 

desertified region.

The fa i lu re  thus fa r  of legislators and scientists to plan and 

implement groundwater resource conservation practices may well mean the 

appearance of more earth fissures, thus increasing the rate of degrada­

tion. In addition , the current rate of up-slope erosion needs to be 

considered, but i t  appears unlikely that erosion can be stopped, only 

slowed. The end resu lt  w il l  be a harsher desert environment (deserti­

f ic a t io n )  than currently ex ists , and one that w il l  require the importa­

tion and s t r ic t  management of water as well as reforestation techniques.

I t  is hoped that intense desertification  w il l  be avoided, but 

the decision-making individuals need to be apprised of the current 

situation and possible consequences. When one considers the proximity 

of this area to metropolitan Phoenix and the large population there, 

the consequences of groundwater overdraft become a scary proposition 

indeed.
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