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ABSTRACT

Large amounts of ground water have been pumped from

alluvial deposits in southern Arizona basins since the late

1940's. Significant declines of ground-water levels have

occurred in some of the basins. Ground subsidence and earth

fissures, believed to be related to the large declines, have

been observed.

Striking examples of the earth fissuring phenomenon

occur in the Stewart area of the Willcox basin. Water

levels have declined more than 100 ft (30.5 m) in the past

30 years due to agricultural pumping. Subsidence of 1 to 2

in (3.3 to 6.6 ft) has been recorded near the area of

maximum water-level decline. Earth fissures associated

with the water-level declines and subsidence have appeared

at the basin floor margins near the Winchester Mountains,

the Circle I Hills, and the Spike E Hills. The fissures

occur in areas where alluvial sediments come into contact

with Pleistocene lacustrine clays. Dense mesquite forests,

with some unusually large members (some of which seem to

be dying), commonly mark the boundaries.

Two types of fissure patterns, semipolygonal to

polygonal and semicurved to linear, are found intermixed

in the Stewart area. The fissures in polygonal patterns

appear narrower and shallower than linear fissures. The

viii
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polygonal patterns suggest that some fissures may be due to

horizontal contraction of clayey sediments. Some linear

fissures may be the result of differential subsidence.



INTRODUCTICN

Purpose of Investigation 

Earth fissuring is becoming increasingly more common

in ground-water basins throughout southwestern United

States. The phenomenon has been linked to ground-water

withdrawals, but has been known to occur naturally (Holzer

1976).

This report gives the results of hydrogeological and

earth fissure research done in the Stewart area of the

Willcox basin, Arizona. The causes of the fissuring were

sought.

Location of Area 

The Willcox basin is a large, alluvium-filled,

closed basin, or bolson, in southeastern Arizona (see index

map, Fig. 1). The bolson, characteristic of basin and range

topography, is bounded by the Chiricahua, Dos Cabezas, and

Pinaleno Mountains on the east and by the Dragoon, Little

Dragoon, Winchester, and Galiuro Mountains on the west. The

headwaters of Aravaipa Creek and a topographic high which

parallels Turkey Creek, define the northern and southern

boundaries of the basin. The bolson comprises the northern

half of the Sulphur Springs Valley and has an area of

approximately 1,600 square miles (4,144 square kilometers).

1
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The Willcox Playa, a barren depression in the Willcox basin

which was once occupied by a pluvial lake (Lake Cochise),

covers about 50 square miles (129.5 square kilometers) of

the south-central portion of the basin.

The Stewart area of the Willcox basin is north of

the playa, the town of Willcox, and Cascabel Road and south

of the Graham-Cochise County line. Three closely parallel

transportation routes, the Interstate 10 Highway (not shown

on any of the accompanying maps), State Highway 86 (U. S.

666), and a Southern Pacific Railroad, cross the south-

eastern portion of the Stewart area.

Physiography, Climate, and Vegetation 

Elevations in the Willcox basin range from 4,135 ft

(1,260 m) above mean sea level at the playa surface, to

10,173 ft (3,101 m) above mean sea level at Mount Graham in

the Pinaleno Mountains. The average elevation of the

surrounding mountains is between 6,000 and 6,500 ft (1,829

and 1,981 m) above mean sea level (Pine 1963). The playa

grades into gently sloping low terraces near beach ridges.

At the margins of the basin floor, bajadas rise abruptly

from the low terraces to the surrounding mountains.

The average maximum summer temperature of the basin

floor is about 90°F (32°C). Winter temperatures dip to

freezing and below. The mean annual precipitation is

approximately 18 in (45.7 cm) at Willcox, most of which
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occurs as locally heavy summer thundershowers. Winter rain-

fall is generally from Pacific frontal systems. Snow falls

on the mountains and occasionally in the valley during the

winter months. Wide temperature and precipitation extremes

occur in the basin due to the extreme relief of the sur-

rounding mountains.

Vegetation on the basin floor ranges from grasslands

and shrubs at lower elevations (barren on the playa) to

mesquite and various forbs on the alluvial slopes. Mountain

vegetation is generally oak-juniper woodlands grading into

pine forest above 6,500 ft (1,981 m) (Pine 1963, Pipkin

1964). Most native vegetation has been removed from the

center of the basin to allow farming.



NATURE OF INVESTIGATION

This investigation was based on library research and

field work combined with a study of drillers' logs, water-

level data, and aerial photography. Some of the procedures

need explanation.

Significant conclusions were based on drillers'

logs (see Appendix A). The logs were extremely difficult to

interpret because they are not standardized. Most logs

report only the thickness and elevation of beds where

significant lithologic changes occur. The deposits are

usually referred to as sandy clays, water-bearing sands, or

green clays, etc. Drillers' logs do not record grain size,

and only some of them record sediment color. The logs,

however, were useful in conjunction with information on

soils and vegetation to find the horizontal and vertical

extent of some prominent deposits in the Stewart area.

Logs were also useful in obtaining relative clay per-

centages in the near-surface sediments north of Willcox.

The water-level decline maps for the periods of 1910

to 1975 and 1963 to 1975 were constructed by comparing 1975

point data (from the U. S. Geological Survey) against ground-

water elevation maps (Meinzer and Kelton 1913, Brown and

Schumann 1969). A water-level decline map for the period

of 1963 to 1975 was published by the U. S. Geological

5
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Survey (Mann, White, and Wilson 1978) as I was preparing a

similar map. Data near some fissure zones were sparse. I

was less conservative than the U. S. Geological Survey in

making interpretations of these data.

Aerial photographs were used to observe sedimenta-

tion, vegetation, and fissure patterns. Holzer (1978) of

the U. S. Geological Survey used aerial photographs (1 in =

500 ft) taken in 1978 to map detailed fissure patterns near

the Winchester Mountains. He used smaller scale photographs

to map general fissure zones in the Stewart area. I used

ANS aerial photographs (1 in approximately 4,600 ft) taken

in 1953 and SCS aerial photographs (1 in approximately

2,800 ft) taken in 1936. Both a stereoscopic viewer and a

hand lens were used for inspection of photographs.

Field work consisted of close observation of

sedimentation, vegetation, and fissure patterns. Sediment

samples were gathered from borrow pits and from the bottom

sides of fissures. Some samples were obtained by augering.

The samples were inspected in the field for gross charac-

teristics. The samples were taken to determine the

relative grain size and possible origin of the near-surface

sediments within fissure zones.

Coordinate points used in this report are based on

the Bureau of Land Management's system of land subdivision.

The "D" symbol refers to the southeastern quadrant of the

state. The following symbols represent the township, the
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range, the section, and the 1/4 section, etc. The "a"

symbol is the northeast quarter of a section or of a 1/4

section, etc. The "b," "c," and "d" symbols are assigned

in a counterclockwise direction. For example,

(D-13-24)18acb is in the NW-1/4 of the SW-1/4 of the NE-1/4

of sec. 18, T. 13 S., R. 24 E.

"Basin," "bolson," "basin fill," and "basin floor"

are terms which are used in this report. The terms "basin"

and "bolson" refer to a closed topographic depression

(including the surface water drainage divide). "Basin fill"

is the sedimentary material which has accumulated within

the lowest elevations of the basin. "Basin floor" refers

to the relatively level land surface above the unconsolidated

alluvial basin fill.



GEOLOGY OF THE WILLCOX BASIN AREA

Information concerning the geology of the Willcox

basin area was obtained from Meinzer and Kelton (1913),

Cooper (1960), Brown et al. (1963), Pine (1963), Pipkin

(1964), Long (1966), Brown and Schumann (1969), Schreiber

et al. (1970), Aiken and Sumner (1974), Richmond (1976),

Schreiber (1978), and numerous drillers' logs, lithologic

logs, and field investigations on file in the Arizona

district office of the U. S. Geological Survey.

General 

The geology of the Willcox basin and surrounding

mountain blocks is highly varied in structure and petro-

logical detail. Lithologies within the drainage area,

range from Precambrian granites to basin fill of Recent age.

For the purpose of this investigation, the fill material

will be dealt with in more detail than the rocks which

compose the nearby mountains.

Igneous Rocks 

Rhyolites, rhyolitic tuffs, and agglomerates are

the most common effussive rocks of the area. They crop out

over large portions of the Chiricahua, Winchester, and

Galiuro Mountains. "Basalts, andesites, and related pyro-

clastics high in mafic constituents cover large areas in the

8
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Winchester, Galiuro, and Dos Cabezas Mountains" (Pipkin

1964, P. 9). The rhyolites are of Tertiary age while the

large basalt flows in the northwestern section of the basin

overlie Tertiary and Quaternary deposits.

Precambrian granites, granodiorites, syenites, and

aphte and pegmatite dikes crop out in the Pinaleno, Dos

Cabezas, Winchester, and Chiricahua Mountains (Pine 1963).

All gradations in texture exist.

Metamorphic Rocks 

Rhyolitic schists, greenstones, phyllites, meta-

graywackes, quartzites, amphibolites, and granitic gneisses,

all part of the Precambrian Pinal Schist, crop out in the

Pinaleno Mountains to the northeast of the basin (Pipkin

1964). The Dragoon Mountains contain minor amounts of

amphibolite.

Sedimentary Rocks 

Isolated outcrops of Paleozoic and Mesozoic sedi-

mentary rocks exist in the southern portion of the basin.

There are 7,600 feet (2,316 meters) of Paleozoic, and 3,500

feet (1,067 meters) of Mesozoic strata exposed. The

Paleozoic sediments consist of limestone or dolomite with

interbedded sandstone and shale (Pine 1963). The Mesozoic

rocks consist of conglomerate, quartzite, siltstone, shale,

and limestone.
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Basin Fill 

The following discussion deals specifically with the

basin fill in the Stewart area. The general stratigraphy,

however, is similar in other parts of the basin.

Drillers' logs and gravity and magnetic surveys

indicate a substantial thickness of fill material in the

basin. A gravity cross section (Aiken and Sumner 1974) from

the Winchester Mountains, through the Stewart area, to the

Dos Cabezas Mountains revealed that the basin fill is as

much as 6,500 ft (1,981 m) to 10,000 ft (3,048 m) in thick-

ness. The values were obtained by using a density contrast

of 0.5 gm/cm 3 and 0.3 gm/cm3 respectively. Wells drilled in

the area have penetrated between 3,000 and 5,000 ft (914 and

1,524 m) of alluvial and lacustrine material without en-

countering bedrock. Three distinct lithologic units are

recognized within the basin fill (Brown and Schumann 1969).

They are referred to as moderately consolidated alluvium,

poorly consolidated alluvium, and unconsolidated alluvium

(see Fig. 2).

Poorly and Moderately Consolidated
Alluvium

The poorly and moderately consolidated alluvium have

similar lithologies and are differentiated on the basis of

structural features. The moderately consolidated alluvium,

where it crops out, shows a pronounced tilting of up to 29

degrees which is presumed to have occurred during normal
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faulting of the basin. The deposit has been dated as

Tertiary. The poorly consolidated alluvium, a late Tertiary

to early Quaternary deposit which overlies the moderately

consolidated alluvium, is much less deformed. Both units

are composed of moderately to well-cemented, lenticular

beds of sand, silt, and gravel. The larger fractions are

predominantly andesitic and rhyolitic in composition and

documented in drillers' logs as conglomerate. Basalt flows

have been identified within the deposits at scattered loca-

tions. The poorly and moderately consolidated alluvium may

form pediments along the mountain fronts (Pipkin 1964).

Unconsolidated Alluvium

The unconsolidated alluvium can be divided into two

distinct facies, the Pleistocene to Recent alluvial or

stream deposits and the Pleistocene deposits of Lake

Cochise.

The alluvial deposits are, hydrologically, the most

significant. They comprise the major aquifers in the

Willcox basin. The depbsits are characterized by highly

lenticular, unconsolidated to weakly cemented beds of clay,

silt, sand, and gravel which mineralogically reflect local

mountain source areas. Particles in the beds show variable

sorting and angularity. The bulk of the material consists

of impermeable silt and clay, but highly permeable stringers

of sand and gravel exist. Several hundred feet of the
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alluvial deposits exist in the surface north of Willcox.

The deposits show increasing vertical and lateral lithologic

variation approaching the playa surface. This is due to

interfingering between alluvial and lacustrine deposits.

The Pleistocene lacustrine deposits range from a

thick characteristic deposit of black-blue clay at depth

(Meinzer and Kelton 1913), to near-surface deposits of green

clay and marl (Long 1966). According to Pipkin (1964),

Lake Cochise covered an area of 120 square miles (311 square

kilometers) and was 20 miles (32.2 kilometers) in length

at its maximum extent. Long (1966) suggested that these

figures are most probably minimum ones. He estimated that

the lake was at least at the 4230 ft elevation and over 30

miles (48.3 kilometers) in length. Well-developed shoreline

features are found around the playa at an elevation of

4175-4180 ft. The shoreline features enclose an area 16

miles (25.7 kilometers) long in a north-south direction and

11 miles (17.7 kilometers) wide in an east-west direction.

The black-blue clay deposit, which represents a long

lacustrine environment for the basin, is at least 200 ft

(61.0 m) thick under Willcox (beneath 300 ft of younger

lacustrine clays and alluvium; 91.4 m). It is estimated

to be a minimum of 455 ft (138.7 m) thick near the playa

center (Pipkin 1964). The elevation at the top of the

black-blue clay deposit is higher near the playa center

than at Willcox. The clay is predominantly illite, but it
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contains a substantial amount of montmorillonite and traces

of other clays (Pipkin 1964). Some well logs distinguish

the deposit while others do not, so defining its aerial

extent is difficult. A driller's log from well

(D-13-24)16bbb shows a clear 230 ft (70.1 m) sequence of

blue clays which seem to correlate with the clays beneath

Willcox. Other scattered deposits of blue clay occur north

of this location, but none north of Township 13 South

(T. 13 S.). Meinzer and Kelton (1913) hypothesized that

deposition from the north caused early Lake Cochise to

gradually shift southward. This would explain why the

black-blue clay deposit is thinner and at a lower elevation

near Willcox as compared to the same type of deposit near

the playa center.

Cooper (1960) mapped a well-defined beach ridge

which probably represents a stable water-level period

during the last significant expansion of Lake Cochise. The

ridge roughly parallels the 4175 ft elevation. Much

deflation of lacustrine sediments has taken place within

this boundary. The deflation has produced significant

deposits of eolian sediments in the northeast quadrant of

the playa (Pipkin 1964, Schreiber et al. 1970).

Long (1966) identified and dated several late

Pleistocene to Recent deposits which comprise the uncon-

solidated alluvium. The following deposits have been found

in the Stewart area.
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1. Lower green clay: A lacustrine clay deposit which

overlies the black-blue clay deposit on the playa.

Only a few inches of Recent silt and clay overlie

the lower green clay on the playa. The lower green

clay is of unknown thickness. The lower green clay

has been found in gravel pits near the Winchester

Mountains at approximately the 4200 ft elevation.

Evidence suggests that the deposit may extend to an

even higher elevation. The age of the lower green

clay ranges from 13,000 B. P. to at least 30,000

B. P.

2. Willcox white marl: A fresh water lime deposit

which correlates with the upper portion of the lower

green clay. The Willcox white marl overlies an

older deposit of the lower green clay. The Willcox

white marl was found by Long only east of the playa.

Using drillers' logs, I found what appears to be a

significant deposit of marl or white clay west and

southwest of the Circle I Hills. The deposit is at

a similar elevation as the Willcox white marl. The

deposit, therefore, is assumed to be Willcox white

marl. The age of the Willcox white marl ranges

from 12,860 to 27,600 B. P.

3. Intermediate gravels: A Pleistocene stream deposit

of sand and gravel found north and northwest of the

playa. The intermediate gravel deposit, which is
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5 to 8 ft (1.5 to 2.4 m) thick, overlies the lower

green clay and contains erosional remnants which

seem to be from the lower green clay (presumably

from ancient outcrops of the lower green clay at

higher elevations). The age of the intermediate

gravels is at least 11,000 B. P.

4. Upper green clay: A lacustrine clay deposit which

resembles the lower green clay and overlies the

intermediate gravels. The upper green clay is less

than 1 ft (0.3 m) thick and has been found near the

4200 ft elevation approaching the Winchester

Mountains. The age of the upper green clay ranges

from 10,400 to 11,500 B. P.

5. Upper sands and gravels: Recent alluvial and eolian

sediments at least 8140 B. P. in age. The deposits

overlie the upper green clay. Their thicknesses are

variable.

I generally agree with the above stratigraphy as

presented by Long (1966). However, north of Willcox the

stratigraphy of the unconsolidated alluvium becomes

extremely complex due to interfingering between alluvial

and "lacustrine" deposits. Schreiber (1978) suggested that

some of the near-surface clayey "lacustrine" deposits in the

Stewart area (i.e., the lower green clay, the Willcox white

marl, and the upper green clay) may have formed in quiet
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shallow lagoons which were separate from the main body of

Lake Cochise. The suggestion is highly probable because

there is evidence that the lake was not a significantly deep

body of water. I have referred to the above deposits as

"lacustrine" in this report. Table 1 may indicate a

northern boundary of "lacustrine" deposition in the Stewart

area. The table is an interpretation of drillers' logs.

Elevations given in Table 1 are approximate lower and upper

boundaries for the indicated deposits.

It is my opinion that clayey lacustrine deposits

extend to at least beneath sec. 12, T. 13 S., R. 23 E.,

along the Winchester Mountains. However, data are not

available to confirm or reject the hypothesis. Most areas

north of T. 13 S. (except for those locations in Table 1)

seem not to have any clayey lacustrine sediments. Drillers'

logs show alluvium consisting of red clay, silt, sand, and

gravel beneath the areas. Similar alternating alluvial

sediments are found intermixed with lacustrine clay beds

beneath the center of the basin in T. 13 S. Table 1 indi-

cates that some substantially thick, relatively shallow

deposits of lacustrine clay lie beneath the surface of the

basin near the Circle I Hills, the Spike E Hills, and the

Winchester Mountains.

Soil data (see Soils, p. 27) seem to confirm the

conclusions I have made from drillers' logs. A soil

association (Karro-Elfrida), which formed near old lake
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margins, closely follows the proposed boundary of lacustrine

deposition (Table 1). Karro soils formed in sediments on

the lower end of the fans of larger streams that entered

Lake Cochise (Richmond 1976). A reddish colored soil

association (McAllister-Frye) was mapped in the center of

the basin above alluvial deposits. Frye and similar soils

formed in sediments on low fans that had restricted drainage

during the time of Lake Cochise (Richmond 1976). A somewhat

sandy, alkaline soil association (Gothard-Crot-Stewart) was

mapped in the center of the basin above alternating

lacustrine and alluvial deposits. Gothard and Crot soils

formed in alluvium and lake sediments (Richmond 1976).

Aerial photographs show that the Karro-Elfrida soil associa-

tion lies to either side of prominent relict stream

channels. The channels lie between the center of the basin

and the surrounding alluvial slopes of low mountains. The

relict channels, which closely follow the Pima-Guest and

portions of the Gothard-Crot-Stewart soil associations, can

be traced to well-defined drainage networks in the higher

mountains.

Several shallow sediment samples were collected

(usually between 5 and 10 ft below the surface; 1.5 and 3.0

m) within or near fissures from all zones. Only fine-

grained silts and clays were found. Many of the samples

appeared to be alluvium. The most lacustrine looking

sediment (thickness of the deposit unknown) came from a
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fissure 4 ft (1.2 m) below the surface in (D-13-24)32d. The

sample was a green clay similar to the lower green clay

found by Long (1966). The sample was taken within the

Karro-Elfrida soil association boundary and just west of a

prominent relict stream channel and a gravel pit. Very

little structure, except for some minor cross bedding and

soil features, was found in the near-surface sediments of

fissure zones.

Drillers' logs (cable tool and rotary) and litho-

logic logs were used to determine the percentage of clay in

the upper beds of the unconsolidated alluvium north of

Willcox. The logs showed that the alluvium has an extreme

vertical and horizontal lithologic variation. However, the

upper 200 ft (61.0 m) of the deposit was found to be pre-

dominantly sandy clay. Substantial problems were encoun-

tered in trying to interpret various drillers' terms. As a

result, the figures obtained contain a certain degree of

error but are useful for looking at relative clay per-

centages. The most important assumption made was that a

sandy clay (drillers' term) was predominantly clay. This

may have inflated clay percentages in some samples. The

logs were grouped by area according to land-surface contour

lines on the accompanying topographic map (see Fig. 3, in

pocket). Area 1 is the entire Stewart area. Area 2 is

north of Willcox to the 4200 ft land-surface contour line.

Areas 3 and 4 are between the 4200-4250 ft and the 4250-4300
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ft land-surface contour lines. Most data points were

concentrated in the center of the basin. The results are

given in Table 2.

Data presented in Table 2 suggest that clay per-

centages decrease with depth. Areas 3 and 4 appear to be

also almost identical in clay percentages at all depths.

Area 2 shows a less clayey sediment at the surface than that

in areas 3 and 4. The results from area 2 are of ques-

tionable validity because of the small number of samples

available. Additional evidence exists, however, for less

clayey surface sediments beneath the center of the basin

between Willcox and the 4200 ft land-surface contour lines.

Numerous sand and gravel pits are in the area. Cooper

(1960) mapped an extensive area of wind-blown sands and

coarse shoreline deposits north of Willcox below the 4175

ft land-surface contour line, and a soil survey (Richmond

1976) generally mapped sandy soils north of Willcox to the

4200 ft land-surface contour line and clayey soils beyond

that to the alluvial slopes. The intermediate gravel

deposit found by Long (1966) is compatible with the above

observations of area 2.

Individual logs show that all areas have points

with low percentages of clayey sediments. The points seem

to indicate old stream channels. The large number of

samples in areas 3 and 4 damp out the anomalous values.

Three of the twelve samples in area 2 have extremely low



Table 2.	 Clay percentages of
the Stewart area --
logs.

22

the unconsolidated alluvium in
Based on grouped drillers'

Depth in ft (m) Sample Mean
Area below land surface size (% clay) Std Dey

1a 0-50	 (0-15.2) 89 86.4 17.5

2b 0-50	 (0-15.2) 12 80.1 18.8

3c 0-50	 (0-15.2) 53 90.4 8.9

4d 0-50	 (0-15.2) 24 88.3 13.9

1 0-100	 (0-30.5) 89 83.1 13.5

2 0-100	 (0-30.5) 12 73.1 16.1

3 0-100	 (0-30.5) 53 84.7 12.4

4 0-100	 (0-30.5) 24 84.7 12.8

1 0-200	 (0-61.0) 51 79.1 14.0

2 0-200	 (0-61.0) 3 80.0 6.1

3 0-200	 (0-61.0) 35 78.8 14.4

4 0-200	 (0-61.0) 13 79.9 14.7

1 100-200	 (30.5-61.0) 51 73.6 18.2

2 100-200	 (30.5-61.0) 3 78.7 2.5

3 100-200	 (30.5-61.0) 35 72.5 19.3

4 100-200	 (30.5-61.0) 13 76.1 15.9

aThe entire Stewart area.

bBetween Willcox and the 4200 ft land-surface
contour line.

cBetween the 4200-4250 ft land-surface contour
lines.

lines.

dBetween the 4250-4300 ft land-surface contour
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clay percentages, are in a north-south line within 1 mile

(1.6 kilometers) of each other, and are in close proximity

to gravel pits. They seem to indicate a Pleistocene stream

channel. Aerial photographs show that the points lie within

a zone of relict meandering stream channels east of the

Winchester Mountains.

The rather high percentage of clay in the near-

surface sediments of the unconsolidated alluvium beyond the

4200 ft land-surface contour line to the alluvial slopes

can be explained by the following two mechanisms.

1. The fine-grained sediments are a result of

lacustrine deposition coincident with the lower

green clay, the Willcox white marl, and the upper

green clay. The probable extent of these deposits

has already been discussed.

2. The clayey sediments are a result of low energy

alluviation. The lack of an appreciable streamflow

gradient from the center of the basin to the playa

may have severely reduced the capability of streams

to transport coarse-grained sediments beyond the

alluvial slopes. Work by Pine (1963) seems to

support this hypothesis. He found that active

stream channels on the bajadas surrounding the

Willcox area rapidly lose their characteristics as

they approach the basin floor. As a result,

generally only fine-grained alluvium, consisting of
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sand, silt, and clay-size particles, is being

deposited within the basin under present arid con-

ditions. It seems probable that even during

moderately moist climates of the past, the basin

filled with relatively fine-grained alluvium

(except, of course, during extreme flood events).

Beds of coarse sand and gravel (i.e., the inter-

mediate gravel deposit) probably represent alluviation

during lengthy, wet climates. During wet climates there

was enough water to carry coarse-grained sediments, despite

low streamflow gradients, toward the playa. A mineral

analysis by Pine (1963) showed that sediments in buried

stream channels near the playa were deposited under pluvial

conditions. The intermediate gravel deposit found by Long

(1966) probably represents coarse-grained sediments carried

toward Lake Cochise during its last expansion. The apparent

trend from coarser-grained to finer-grained sediments in the

unconsolidated alluvium north of Willcox may represent a

general decrease in precipitation, through time, toward the

top of the deposit.

The following points are made in conclusion.

1. Pipkin (1964) gathered samples which showed that

clayey surface sediments in the Stewart area and

clayey surface and subsurface sediments of the playa

contain predominantly illite and montmorillonite.
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In nearly all samples, the percentage of illite was

at least twice that of montmorillonite.

2. Several hundred feet of older black-blue lacustrine

clay lie beneath several hundred feet of alternating

alluvial and younger clayey lacustrine sediments in

the vicinity of Willcox. If the black-blue clay

deposit extends into areas containing fissures, it

is considerably below the present water table in

these areas.

3. Younger thick deposits of lacustrine clay, which

seem to correlate with the lower green clay, the

Willcox white marl, and the upper green clay, lie

at shallow depths beneath fissure zones near the

Winchester Mountains, the Circle I Hills, and the

Spike E Hills. The deposits lie beneath the Karro-

Elfrida soil association. The clay deposits were

below the water table in 1910, but have been

partially drained since that time.

4. Sediments beneath the center of the basin north of

Willcox (nearly to T. 12 S.) also contain younger

deposits of lacustrine clay. The clay deposits,

which lie beneath the Gothard-Crot-Stewart soil

association, seem (from drillers' logs) to be

generally thin and interfingered with thick beds

of alluvial sand and gravel. A few earth fissures

exist in these deposits near the Winchester
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Mountains, the Circle I Hills, and the Spike E

Hills. Large amounts of ground water have been

removed from the sediments.

5. Alluvial sediments consisting of red clay, silt,

sand, and gravel lie beneath the center of the basin

north of the deposits in 4 (above). The alluvial

deposits, which contain extremely few fissures, lie

beneath the McAllister-Frye soil association.

Large amounts of ground water have been removed from

the relatively clayey sediments.

I believe that clayey lacustrine sediments (those

in 3 and 4 above) were deposited long before the last

expansion of Lake Cochise. A high lake level, as proposed

by Long (1966), could have easily caused lacustrine clay

deposition to occur within and near former large peripheral

stream channels. The driller's log from well (D-13-24)1baa

shows a long history of such possible deposition. Low

mountain fronts (i.e., the Winchester Mountains, the Circle

I Hills, and the Spike E Hills) and the semistable fans in

the center of the basin (i.e., the alluvial deposits in 5

above) seem to have protected some of the clay deposits

(those in 3 above) from subsequent erosion and interfinger-

ing with coarser-grained sediments.
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Soils

A generalized soils map (see Fig. 4) compiled from

a detailed soil survey of the Willcox basin (Richmond 1976)

shows near-surface lithologies and geomorphic surfaces in

the Stewart area. Both the map and the following discussion

contain some of my own interpretations. The following soils

are found on the map.

1. Pima-Guest association: Deep, well-drained soils

formed in mixed alluvium on flood plains and low

terraces probably during the Pleistocene; 80% Pima

soils (barns to clay loams) and 15% Guest soils

(clay barns).

2. Karro-Elfrida association: Deep, well-drained soils

formed in mixed alluvium on valley plains and flood

plains near old lake margins during late Pleistocene

and Recent times; 50% Karro soils (clay loams),

40% Elfrida soils (barns to clay loams), and 10%

Pima soils (barns to clay barns).

3. Gothard-Crot-Stewart association: Shallow to deep,

moderately well-drained to somewhat poorly drained,

saline-alkali affected soils formed in lacustrine

sediment and alluvium during Recent times; 50%

Gothard soils (moderately well-drained fine sandy

barns) 35% Crot soils (somewhat poorly drained sandy

barns), 15% Stewart soils (somewhat poorly drained



SOIL ASSOCIATIONS

Pima-Guest asociation: Nearly level, well-drained,
deep, slowly permeable and moderately slowly permeable
soils on flood plains and low terraces

Karro-Elfrida association: Nearly level, well-drained,
deep, moderately slowly permeable soils on valley
plains and flood plains near old lake margins

Gothard-Crot-Stewart association: Nearly level,
moderately well drained and somewhat poorly drained,
deep to very shallow, very slowly permeable, saline-
alkali affected soils

Vinton-Dry Lake association: Nearly level and gently
sloping, well drained and moderately well drained,
deep, slowly permeable and moderately rapidly permeable
soils on low terraces

Tubac-Sonoita-Forrest association: Mostly nearly level
to gently sloping, well-drained, deep, slowly permeable
to moderately rapidly permeable, mainly reddish-colored
soils on fans and valley slopes

Grabe-Comoro association: Nearly level, well-drained,
deep, moderately permeable and moderately rapidly
permeable soils on flood plains and low terraces

McAllister-Frye association: Nearly level, well-drained,
deep and moderately deep, slowly permeable and
moderately slowly permeable soils on valley slopes
and plains

Alluvial deposits Hard-rock area 

Contact • • Drainage divide   

-------- Limit of soil survey, Stewart area
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sandy barns), and traces of stabilized dunes and old

beach ridges.

4. Vinton-Dry Lake association: Deep, well-drained,

sandy wind-blown dunes and ridges formed in mixed

alluvium and lacustrine sediment on low terraces

during late Pleistocene and Recent times; 45% Vinton

soils (loamy fine sands), 35% Dry Lake soils (loamy

sands), and 20% Crot soils (sandy loams) and Karro

soils (clay barns).

5. Tubac-Sonoita-Forrest association: Deep, well-

drained soils formed in mixed alluvium on alluvial

and valley slopes probably during the wetter periods

of the Pleistocene; 45% Tubac soils (sandy barns to

gravelly sandy loams), 20% Sonoita soils (sandy

barns to gravelly sandy barns), 15% Forrest soils

(barns to clay barns), and 20% Pima soils (barns to

clay barns), Cowan soils (sandy bains to loamy

sands), and Pridham soils (clay barns).

6. Grabe-Comoro association: Deep, well-drained soils

formed in mixed alluvium on low terraces probably

during the Pleistocene; 55% Grabe soils (barns to

sandy barns), 30% Comoro soils (sandy barns to

gravelly sandy barns), and 15% Tubac soils (sandy

barns to gravelly sandy barns) and Sonoita soils

(sandy barns to gravelly sandy barns).
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7. McAllister-Frye association: Deep to moderately

deep, well-drained soils formed in mixed alluvium on

valley slopes and plains probably during the

Pleistocene; 70% McAllister soils (deep barns to

sandy barns), 25% Frye soils (moderately deep sandy

barns), and 5% Tubac soils (sandy barns to gravelly

sandy barns) and Pima soils (barns to clay barns).



GENERAL BASIN HYDROLOGY

The Willcox basin is a closed topographic basin.

Under predevelopment conditions, all subsurface and surface

water flow moved toward the Willcox Playa (Brown and

Schumann 1969). Today, subsurface flow moves toward areas

of large water-level decline in the Stewart area and in the

Kansas Settlement area (an area in the southern portion of

the basin). Intermittent surface flow is conveyed by

braided, losing stream channels. The channels are well-

developed on the alluvial slopes, but become less distinct

toward the basin floor. Drainages on the west side of the

basin occasionally convey runoff from intense summer storms

to the playa. This causes intermittent ponding on the playa

surface (Schreiber et al. 1970).

An estimated 306,000 acre-feet (377,604,000 m3 ) was

pumped from the Willcox basin in 1976 (Babcock 1977). Brown

and Schumann (1969) estimated that natural recharge to the

basin is between 54,000 and 75,000 acre-feet per year

(66,636,000 and 92,550,000 m3 per year). Thus, large

amounts of ground water are being mined from storage.

Water-level declines of 100 ft (30.5 m) and more (since

1945) are common in both the Stewart area and the Kansas

Settlement area.
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GROUND WATER IN THE STEWART AREA

Aquifers 

The major aquifer in the Stewart area is the un-

consolidated alluvium. The deposit is estimated by Brown

and Schumann (1969) to be approximately 500 ft (152 m) thick

in the center of the basin between the Winchester Mountains

and the Spike E Hills. Brown and Schumann (1969) showed

that the median "specific capacity" of the wells which

penetrate the deposit was 20 gallons per minute per foot of

drawdown per 100 ft of saturated material penetrated (i.e.,

a well which discharges 1000 gal per min with 10 ft of

drawdown and which penetrates 200 ft of saturated material,

would have a specific capacity of 50 gal per min/ft with

this definition). Some wells show large extremes from this

median value, indicating that substantial variations in the

water-bearing properties of the aquifer exist. The average

transmissivity of the aquifer was estimated at 160,000 gal

per day/ft (1987 m2/day) (Brown and Schumann 1969).

Few wells penetrate the moderately and poorly

consolidated alluvium. Specific capacity and transmissivity

values of this minor aquifer are significantly less than

those of the unconsolidated alluvium (Brown and Schumann

1969).
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The unconsolidated alluvial aquifer is generally

unconfined in the Stewart area. Local confinement of the

aquifer by the Pleistocene back-blue clay deposit near

Willcox creates some minor artesian conditions (Mann et al.

1978). Perched water tables occur in small isolated areas.

Generally, on a large scale, the unconsolidated alluvium

acts as a continuous, homogeneous, water-table aquifer.

Declines of Ground-Water Levels 

Meinzer and Kelton (1913) noted water-level

declines of a few feet near Willcox in 1910. These were

probably isolated cones of depression. Brown and Schumann

(1969) showed that significant water-level declines had

occurred throughout the area by 1952 (see Fig. 5). However,

well hydrographs and annual ground-water pumping data

indicate that the extensive declines did not begin until

1945 or later. A substantial area of water-level decline

had developed by 1952. Maximum water-level declines were

between 40 and 60 ft (12.2 and 18.3 m). From 1953 to 1963,

water-level declines of up to 60 ft (18.3 m) were again

recorded beneath the center of the basin. Lesser, but

significant, declines occurred beneath portions of the basin

floor margins (specifically near the Circle I Hills, the

Spike E Hills, and the southern portion of the Winchester

Mountains).
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Fig. 5. Maps showing changes in ground-water levels, Stewart area of the Willcox basin, Cochise County, Arizona.
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Analysis of U. S. Geological Survey data from 1963

to 1975 indicates that substantial water-level declines have

continued in the Stewart area. Maximum water-level declines

during the period occurred toward the Graham-Cochise County

line, and beneath portions of the basin floor margins. Very

little decline occurred toward Willcox. Declines during the

period were generally less than 10 ft (3.0 m) near Willcox

and greater than 40 ft (12.2 m) near the county line and

beneath portions of the basin floor margins.

Figure 6 shows the estimated annual ground-water

pumpage for the Willcox basin from 1940 to 1975. Figure 7

shows yearly water-level changes for selected wells in the

Stewart area. Well (D-13-24)5ccb
2 is near the early area

of maximum water-level decline. The hydrograph shows a

steep water-level decline till 1964 and then a nearly

steady-state condition till the early 1970's. Well

(D-13-24)16bbb is typical of the development of the area

of maximum water-level decline in the southern portion of

the Stewart area. The depth to water in the well was 30 ft

(9.1 m) in 1943, 50 ft (15.2 m) in 1953, 107 ft (32.6 m) in

1963, and 126 ft (38.4 m) in 1975. The other hydrographs

are extremely interesting because they are all near an

extensive earth fissure zone which parallels the Winchester

Mountains. All four hydrographs show similar declines till

the middle 1960's, when their records were discontinued. It

is not clear whether they went dry or were merely
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discontinued. Another well, (D-13-24)18aab, was measured

once in 1975. Assuming that its hydrograph would respond

similarly in time as the others (due to its close proximity),

a decline of up to 40 ft (12.2 m) can be inferred for the

fissure zone between 1963 and 1975. A hydrograph (not

illustrated) can be constructed by using three different

wells from the most southern fissure zone near the

Winchester Mountains. The depth to water in well

(D-13-24)32d was 13.6 ft (4.1 m) in 1910 (Meinzer and

Kelton 1913). The depth to water in well (D-13-24)32ddd

was 33 ft (10.1 m) in 1963. The depth to water in well

(D-13-24)33cbb was 55 ft (16.8 m) in 1978.

In summary, the larger water-level declines are now

occurring in the northern-central portion of the Stewart

area and beneath the basin floor margins toward Willcox.

From the early 1950's to the present, there has been a

steep ground-water gradient between the margins and the

center of the basin floor.



EARTH FISSURES IN THE STEWART AREA

History of Subsidence and Earth Fissures 

Subsidence data were obtained from Holzer (1978) of

the U. S. Geological Survey. Numerous bench marks near

Willcox show that no appreciable subsidence has occurred

in the southeastern portion of the Stewart area. Little

data were available elsewhere in the basin, with one

important exception. A series of bench marks (see Fig. 8)

near the northern fissure zone along the Winchester

Mountains show that significant subsidence has taken place

in the basin at that point. Leveling data show that

subsidence of 1 to 2 m (3.3 to 6.6 ft) on the basin floor,

and of less than 10 cm (3.9 in) at the alluvial slope-basin

floor contact, has occurred since the early 1940's.

Subsidence is suspected throughout the center of the basin

northward to the Graham-Cochise County line in areas of

large water-level decline.

Neither Holzer (1978) nor I were able to find

evidence of earth fissures in the Stewart area prior to

large-scale water-level declines. Earth fissures were not

found on aerial photographs taken in 1936. I observed a

few small polygonal looking patterns, suspected to be earth

fissures, on aerial photographs taken in 1953. The

suspected fissures were in secs. 12 and 13, T. 13 S.,

39
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Fig. 8. Map showing fissure zones and subsidence 
as of 1978, Stewart area of the Willcox basin, Cochise County, Arizona.
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R. 23 E. Holzer (1978) found earth fissures in the same

location on aerial photographs taken in 1958. Field work

for the soil survey (Richmond 1976) was done from 1965 to

1970. Several earth fissures were seen and mapped during

the course of the survey near the Winchester Mountains as

far south as secs. 29 and 30, T. 13 S., R. 24 E. No

fissures were mapped on the east side of the Stewart area.

Using aerial photographs taken in 1953, I also was unable

to locate any definite fissure patterns on the east side of

the Stewart area. A farmer, however, reported that he saw

earth fissures near the Circle I Hills during the middle

1950's.

Earth fissures in the Stewart area were mapped from

aerial photographs by Holzer of the U. S. Geological

Survey in early 1978. The maps were field checked by

Holzer and myself in June, 1978. Figure 8 shows the fissure

zones and one section of detailed fissure patterns in the

Stewart area. Figure 8 is a modification of some pre-

liminary, unpublished maps provided to me by Holzer.

Figures 9, 10, 11, 12, 13, and 14 are photographs of

Stewart area fissures. The photographs were taken in June,

1978 near the Winchester Mountains.

Earth Fissure Characteristics 

The most intense fissuring in the Stewart area is

in a zone which parallels the alluvial slope-basin floor



Fig. 9. A polygonal fissure near the Winchester Mountains
-- The fissure is just south of a windmill near
the center of sec. 19, T. 13 S., R. 24 E. The
camera is pointed northwest.

Fig. 10. The orthogonal intersection of two linear fissures
near the Winchester Mountains -- The fissures are
just north of a windmill near the center of sec.
19, T. 13 S., R. 24 E. Note the large mesquite in
the background. The camera is pointed south-
southeast.

42
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Fig. 11. A large linear fissure 27 ft (8.2 m) in depth near
the Winchester Mountains -- The fissure is in the
center of sec. 12, T. 13 S., R. 23 E., near an El
Paso Natural Gas Company right of way. The camera
is pointed north-northeast.

Fig. 12. A fresh looking fissure near the Winchester

Mountains -- There are indications of subsurface
erosion just below the opening. The fissure is
just south of a windmill in the center of sec. 19,
T. 13 S., R. 24 E. The camera is pointed west.



Fig. 13. A fissure near the Winchester Mountains which has
captured a small wash -- Water flows from back-
ground to foreground. The fissure is just south-
east of a windmill in the center of sec. 19, T. 13
S., R. 24 E. The camera is pointed southwest.

Fig. 14. Headward erosion near the Winchester Mountains in
a small wash captured by a fissure -- Water flows
from background to foreground. Note the dead
looking mesquite in the background. No fissures
are found further west at this point. The fissure
is just west of a windmill in the center of sec.
19, T. 13 S., R. 24 E. The camera is pointed west.
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contact of the Winchester Mountains in T. 13 S. The zone

closely follows an area of unusually dense mesquite within

the mesquite vegetation zone as described by Meinzer (1927).

The fissure zone also closely follows the Karro-Elfrida soil

association. The mesquite and soils are thought to be

surface indicators of the contact between coarse-grained

alluvial slope and fine-grained basin floor sediments.

All fissure zones, except for one small zone in

sec. 9, T. 12 S., R. 24 E., are thought to lie within areas

of thick lacustrine clay deposition or/and are near known

areas of significant subsidence. The subsurface geology in

some fissure zones, particularly near the Spike E Hills

and near the northern portion of the zone which parallels

the Winchester Mountains, was not well defined in drillers'

logs. It seems safe to assume, however, that lacustrine

deposits lie beneath these areas because geomorphic surfaces

are similar for all fissure zones. The fissure zone in

sec. 9, T. 12 S., R. 24 E. is an exception. The zone

possibly lies within an area of subsidence.

Semicurved to linear, and semipolygonal to polygonal

fissures were found in all zones. The overall pattern is

semipolYgonal. All fissures were found to have some amount

of horizontal separation, but none was found with vertical

displacement (i.e., faulting) as described by Holzer (1976).

The horizontal separation of most fissures has increased

dramatically due to erosion. The general trend of the
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fissure zones is approximately N. 30 0 W. (the same trend

as the mountain fronts). Individual fissures were found in

all orientations, including at right angles as well as

parallel to this trend.

Few completely closed polygons (see Fig. 9) were

found. Most of the polygonal patterns have at least one

or more open sides and are therefore called semipolygonal.

In general, the patterns of the semipolygonal to polygonal

fissures are from 50 to 500 ft (15.2 to 152.4 m) across.

Some patterns which suggest a semipolygonal form are as

much as 1000 ft (304.8 m) across. Triple junctions are

highly characteristic of the semipolygonal patterns. Two

fissures of the triple junction form sides to a polygon,

while the third fissure forms a semicurved to linear "tail"

which may or may not connect separate polygons. A few

"polygonal" patterns appear to be circular or semicircular.

Semicurved to linear fissures from under 100 ft

(30.5 m) to over 2500 ft (762.0 m) in length were found in

the Stewart area. The average length of the pattern is

approximately 500 ft (152.4 m). A significant number of

isolated semicurved to linear fissures exist, but more often

than not, they intersect one another. Angles of intersec-

tion range from acute to orthogonal. Two linear fissures

were seen which appeared to cross at their intersection.

This is the exception, however, because nearly all inter-

sections form triple junctions (see Fig. 10). There are
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many areas where semicurved to linear patterns grade into

semipolygonal to polygonal patterns. There are a few

semicurved to linear fissures which form en echelon

patterns.

Fissures were found to range from little more than

a slight depression to 27 ft (8.2 m) in depth (see Fig. 11).

Widths of fissures were found to be anywhere from 3 in (7.6

cm) to 6 ft (1.8 m) or more. Fissures in polygonal patterns

appear narrower and shallower than linear fissures. The

trend of many narrow fissures is marked at the surface by a

series of small openings or "pot holes" (see Fig. 12)

instead of by complete separation. There is some evidence

of piping, or tunnel-shaped subsurface erosion, beneath

these openings.

In general, narrow fissures with "pot holes" and

little vegetation (although some small areas within the

fissure zones do not support any vegetation under natural

conditions) seem to be recent features. Those fissures

with large widths, significant depths, and vegetation

suggest a moderate stage of development. Fissures which

form only slight depressions, are filled with clayey sedi-

ments, and are choked with vegetation, seem to be older

features. Holzer (1976) found that many new fissures

appear at the surface as deep hairline cracks. They then

slump and erode into gully-like features. Because fissures

act as sinks for sediment, surface 
widths (and apparent
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depths) increase while overall vertical dimensions decrease

during erosion. Eventually, fissures fill completely with

sediment and become choked with vegetation. The complete

cycle from young to old, as described above, would seem to

take a significant amount of time in this area of compara-

tively low runoff. Some filled-in fissures could easily be

on the order of 20 years in age. "Old" and "new" fissures

were found in close proximity in the Stewart area.

Some minor drainages extend a short way into

fissure zones. In many places, the drainages have been

captured by fissures (see Fig. 13). Where this has

happened, there is commonly noticeable headward erosion

taking place (see Fig. 14).

Several other conspicuous features associated with

the fissures in the Stewart area are worthy of mention:

1. Fissures, almost without exception, die out at the

margins of distrubed land surfaces (i.e., cultivated

fields, roads, etc.). A few fissures were seen

extending a small distance into an uncultivated

field near the Winchester Mountains. Fissures were

also found crossing an El Paso Natural Gas Company

pipeline right of way on both east and west sides

of the basin.

2. The semicurved to linear fissures which parallel

the Winchester Mountains near the northern portions

of T. 13 S., R. 24 E. and T. 13 S., R. 23 E. are
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the largest fissures (lengths, widths, and depths)

found in the Stewart area. The fissures are near an

area of significant water-level decline and

subsidence.

3. Fissure zones, almost without exception, die out

where small tributaries enter the basin from low

mountain fronts. It is highly likely that these

small tributaries have caused some coarse-grained

sedimentation within areas of thick lacustrine clay

deposition which lie at the base of the low mountain

fronts. This observation (remembering that parts of

the center of the basin were within a larger

drainage network) and the lack of fissures in

cultivated areas, suggest why no fissures have been

found in the center of the basin.

4. Fissure zones are, almost exclusively, within or

near unusually dense mesquite forests (Prosopis 

glandulosa). The mesquite forests can be seen quite

well on aerial photographs.

Meinzer (1927) observed that mesquite is a

fairly reliable indicator for depth to water. He

found that mesquite was generally confined between

the beach ridges and the upper alluvial slopes in

the Willcox basin. The inner boundary was found to

be due to extremely shallow depths to ground water

(less than 15 ft; 4.6 m) and alkaline soils. The
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outer boundary seemed to occur where the depth to

ground water was greater than 50 ft (15.2 m).

Mesquite was found to be stunted outside of these

boundaries (see Fig. 15). Meinzer (1927) found that

most mesquite trees were between 5 and 10 ft (1.5

and 3.0 m) in height but that some plants were over

15 ft (4.6 m) in height. The large plants were

found in areas where the depth to ground water was

between 15 and 25 ft (4.6 and 7.6 m).

The dense mesquite forests within and near

Stewart area fissure zones contain many plants in

excess of 10 ft (3.0 m) in height and several from

18 to 20 ft (5.5 to 6.1 m) and more in height (see

Fig. 16). The dense forests occur near the alluvial

slope-basin floor contact. The mesquite is healthy

looking at the contact, but many large plants appear

to be dying a short distance upslope from there (see

Figs. 17 and 18).

I believe that the mesquite forests indicate a

zone where runoff, through permeable sediments of

the alluvial slopes, intercepts impermeable

lacustrine clays. Because of lowering ground-water

levels in the basin, water moving through the

alluvial sediments to the clay contact is at a

lower elevation than in 1910. Some mesquite may be



Fig. 15. Average to small mesquite on the alluvial slopes
of the Winchester Mountains -- The mesquite are in
the southeastern quarter of sec. 31, T. 13 S.,
R. 24 E. The camera is pointed north.

Fig. 16. Unusually large mesquite within a fissure zone
near the Winchester Mountains -- The largest
mesquite is approximately 15 ft (4.6 m) in height.
The fissure is 3.5 ft (1.1 m) in depth. They are
in the southeastern quarter of sec. 32, T. 13 S.,
R. 24 E. The camera is pointed north.
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Fig. 17. Mesquite within the Spike E Hills fissure zone --
The mesquite are in the center of sec. 17, T. 13
S., R. 25 E. The camera is pointed west.

Fig. 18. Mesquite a short distance upslope from the
Spike E Hills fissure zone -- The mesquite are in
the western-central portion of sec. 16, T. 13 S.,
R. 25 E. The camera is pointed east-southeast.
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having a difficult time adjusting to the rapidly

changing moisture conditions.

5. Fissures occur within several soil associations, but

are found predominantly within and near the Karro-

Elfrida soil association. A number of fissures

occur within the Pima-Guest and Gothard-Crot-Stewart

soil associations where these soils contact the

Karro-Elfrida soil association. As stated pre-

viously, the Karro-Elf rida soil association formed

around old lake margins and thus generally marks

the outer boundary of Pleistocene lacustrine clay

deposition.

Proposed Causes of Earth Fissures 

Earth fissures in the Stewart area have been shown

to postdate the beginning of large-scale ground-water pump-

age. The fissures are therefore suspected to be a result

of water-level declines. A detailed analysis of the

mechanisms which have produced earth fissures within the

area is beyond the scope of this paper. I will, however,

attempt to explain the occurrence of fissures within the

Stewart area by using theories proposed by other researchers.

Several theories have been proposed for the forma-

tion of earth fissures. Holzer (1976, p. 426) summarized

the following mechanisms for the formation of earth

fissures: "(1) horizontal strains associated with
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differential subsidence; (2) tension caused by horizontal

seepage forces; and (3) tensile failure caused by horizontal

contraction in the zone drained by water-table declines."

Neal and Motts (1967) suggested that some fissures in

clayey sediments may be due to disequilibrium between

evaporative and capillary forces. They also suggested that

phreatophytes may cause fissures. Feth (1951) suggested

that shallow bedrock irregularities may cause some fissures.

Holzer (1976) questioned the horizontal seepage mechanism

proposed by Lofgren (1972) because of conflicting field

data (i.e., fissures in the center of a cone of depression,

which should not occur with this mechanism, have been

observed).

There is evidence (based on fissure size and trend,

declines of ground-water levels, and subsidence data) that

some fissures in the Stewart area may have been caused by a

differential subsidence mechanism. As mentioned previously,

the largest fissures (lengths, widths, and depths) found

are semicurved to linear features which formed near an area

of significant water-level decline and subsidence. The

fissures are generally parallel to the alluvial slope-basin

floor contact (and lines of equal water-level decline) near

the Winchester Mountains. The largest fissures are in sec.

12, T. 13 S., R. 23 E. Leveling data somewhat near this

section reveal little subsidence (less than 10 cm; 3.0 in)

at the alluvial slope-basin floor contact. The data show
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subsidence of 1 to 2 m (3.3 to 6.6 ft) nearby on the basin

floor. Holzer (1976) found earth fissures in other areas

with comparable magnitudes of subsidence. Semipolygonal to

polygonal fissures also occur in fissure zones. The

fissures suggest another mechanism of formation.

The semipolygonal to polygonal fissures and the

clayey nature of the sediments in which they form, strongly

suggest that they may be due to horizontal contraction of

the clays in response to water-level declines. Fissure

patterns, described as macropolygons, were found by

Vinogradov (1955) in a geologic setting similar to that of

the Stewart area. He proposed that the polygonal fissures

were due to declines of ground-water levels. Similar

polygonal fissure patterns 49 to 246'ft (15 to 75 m) in

width have been described by Neal and Notts (1967). They

found the fissures on playa surfaces throughout western

United States (including on the Willcox Playa). They

proposed that water-level declines beneath the clayey playa

deposits were responsible for the fissures.

Neal and Motts (1967) believe that polygonal

fissures on some playas are caused by disruption of

equilibrium between evaporative and capillary forces in

relatively near-surface fine-grained sediments following

declines of ground-water levels. "The surficial playa

clays in which these fissures are found are usually drier

than the shrinkage limit, revealing that the bulk of the
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shrinkage must involve moister clay at depth" (Neal 1972,

p. 373). Neal (1972) found that the fissures may extend

49 ft (15 m) beneath the surface. The estimate is based on

field observations and refraction seismic data. He found

that the fissures propagate upwards from depth and appear

rather suddenly (usually after periods of shallow ponding)

as slumped cavities, intermittent in extent. Neal (1972)

did not give any dimensions on the width of newly formed

fissures in his text, but an accompanying photograph shows

a newly opened fissure which ranges from a hairline crack

to a slumped cavity a few feet in width. Neal (1972) found

linear fissures in close proximity to polygonal fissures.

Neal and Motts (1967) suggested that linear fissures are

formed in the same manner as polygonal fissures. It is

thought, however, that linear fissures form in an

aniostropic stress field, while polygonal fissures form in

an isotropic stress field. Neal (1972) and Neal and Motts

(1967) described a "ring" fissure thought to be caused by

desiccation of clays influenced by phreatophytes. The

plants produce a uniform, centripetal desiccation gradient

which results in a circular fissure. Similar linear fis-

sures, thought to be influenced by phreatophytes, were also

observed by Neal (1972). The phreatophyte influenced

fissures were found to be of a similar magnitude as other

playa fissures.
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McQueen and Miller (1972) found that evaporation may

be limited to a depth of 2 ft (0.6 m). The conclusion was

based on soil moisture measurements (in clayey soils) taken

along the Gila River, Arizona. They also found that

mesquite use considerable moisture from the unsaturated

zone. According to Phillips (1963), mesquite roots have

been found to depths of more than 100 ft (30.5 m) in

Arizona.

The preceding paragraph may disprove that large

fissures are a result of disequilibrium between evaporative

and capillary forces in fine-grained sediments. However, it

is very probable that a disequilibrium between evapotrans-

pirative and capillary forces (due to declines of ground-

water levels) will produce fissures in fine-grained sedi-

ments. The "ring" fissures found by Neal (1972) and Neal

and Motts (1967) may have formed from such a mechanism.

Mesquite may have an effect on rather deep soil-moisture

profiles.

Holzer and Davis (1976) suggested that many fissures

are the result of tensile stress caused by horizontal con-

traction of dewatered sediments at depth. The proposed

mechanism may explain some deep fissures with semiclosed

patterns which form beneath the influence of evapotranspira-

tion. Because fissures act as sinks for sediment, their

initial depths can be estimated. An approximate calcula-

tion by Holzer (1976) showed that many fissures may be over
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several hundred feet in depth. "Support for the contraction-

tensile failure mechanism consists principally of the

correlation of fissures with water-table declines, the

estimate that fissures extend from the surface to the

drained zone, and the conclusion that many fissures appear

to have propagated upwards" (Holzer 1976, p. 426).

The semipolygonal fissures, the water-level data,

and the clayey texture of the sediments within Stewart

area fissure zones suggest that the fissures are, at least

in part, due to horizontal contraction of fine-grained

sediments. Observations of fissures in the Stewart area

support the fissuring mechanism suggested by Holzer and

Davis (1976). Because the fissures lie within mesquite

forests, I believe that some of them may be the result of

disequilibrium between evapotranspirative and capillary

forces (due to declines of ground-water levels). Depth to

water beneath Stewart area fissure zones was between 15 and

25 ft (4.6 and 7.6 m) in 1910 (Meinzer and Kelton 1913).

Water levels have declined as much as 100 ft (30.5 m) since

1910. Thus, either mechanism may have caused fissures.

The complex fissure patterns found in the Stewart

area may have several interconnected mechanisms of forma-

tion, all due to declines of ground-water levels.

Horizontal contraction of clayey sediments at depth

(beneath evapotranspirative forces), disequilibrium between

evapotranspirative and capillary forces in relatively
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near-surface clayey sediments (due to mesquite), and

differential subsidence, seem to be the most probable

mechanisms of fissure formation in the area. No detailed

geophysical evidence is available at this time to prove or

disprove the existence of shallow bedrock irregularities

beneath fissure zones. Drillers' logs, however, show that

wells near fissure zones penetrate bedrock at depths of

at least 300 to 500 ft (91.4 to 152.4 m). Existing gravity

and magnetic profiles through the Stewart area (Aiken and

Sumner 1974) suggest that some fissure zones may overlie

shallow bedrock. Unfortunately, the profiles lack the

definition needed to identify small bedrock anomalies. A

more detailed gravity survey was done in the Stewart area

by the U. S. Geological Survey in early 1978 (Holzer 1978).

Gravity data were collected from fissure zones near the

Winchester Mountains. The results from these data are not

available at this time.

In conclusion, it is extremely difficult to say

which, if any, of the above mechanisms is predominant. The

suspected fissures seen on aerial photographs taken in 1953

occurred with 30 ft (9.1 m) or less to 60 ft (18.3 m) of

water-level decline from the margins to the center of the

basin floor. The fissure patterns were polygonal. The

fissures mapped by Richmond (1976) during the middle 1960's

occurred with approximately 50 ft (15.2 m) or less to 80

ft (24.4 m) of water-level decline from the margins to the
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center of the basin floor. These fissure patterns were also

generally polygonal. The above fissures formed within dense

mesquite forests. I believe that these early fissures were

caused by horizontal contraction of relatively near-surface

clayey sediments in response to moisture loss. The sedi-

ments were saturated until large-scale water-level declines

began. I believe that mesquite roots were responsible for

removing considerable moisture from these sediments.



SUMMARY

Declines of ground-water levels in the Stewart area

within the unconsolidated alluvium have caused polygonal to

linear earth fissures to form. Dense mesquite forests and

the Karro-Elfrida soil association are found within or near

the fissure zones. Drillers' logs and some surface sediment

samples indicate that the fissures have formed in fine-

grained lacustrine or lagoonal deposits. The clayey

deposits (mostly illite with some montmorillonite) are

found near prominent relict stream channels. The stream

channels lie between the alluvial slopes of low mountains

and semistable basin fill deposits. Differential subsidence,

disequilibrium between evapotranspirative and capillary

forces (due to mesquite and water-level declines), and

horizontal contraction of sediments at depth (beneath

evapotranspirative forces), are all thought to be mechanisms

which have caused earth fissures in the area. All three

mechanisms are the result of removing water from the pore

spaces of relatively fine-grained sediments.

Earth fissures occur in exactly the same geomorphic

position in the Kansas Settlement area of the Willcox basin.

Large polygonal to linear fissures were found in undisturbed

areas just north of the Sulphur Hills in (D-17-25)1d and in

(D-17-26)6 (center of section). The fissures are within the

61
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Karro-Elfrida soil association and are near dense mesquite

forests. The fissures lie between the alluvial slopes of

the Sulphur Hills and relict stream channels on the basin

floor. Ground-water levels have declined more than 100 ft

(30.5 m) since 1910. No drillers' logs were available for

the area. However, logs show that white, blue, and yellow

clays are common at shallow depths to the north and north-

west of the area.

I expected to find earth fissures on the basis of

soils, geology, and vegetation in other portions of the

Kansas Settlement area and possibly near Cochise (a town

west of the playa). No other fissures were found. The

search for earth fissures in the southern portion of the

Willcox basin was done on the ground without the aid of

recent aerial photographs. Perhaps aerial photographs would

reveal some other fissures in the suspected areas.
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Table 3. Selected drillers' logs of wells in the Stewart
area.

Well location Description

Thick-
ness
(ft)

Depth
to
(ft)

(D-12-24)21dba Black mud
Red clay
Sand
Red clay
White clay

5
19
18
18
5

5
24
42
60
65

Red clay 21 86
Sand 12 98
White clay 64 162
Sand 4 166
Red clay 4 170
Conglomerate, sand, and clay 8 178
Red clay 24 202
Sand 4 206
White clay 52 258
Red clay 24 282
White clay 20 302
Sand 24 326
Red clay 4 330
White clay 15 345
Red clay 109 454
Blue clay 4 458
White clay 4 462
Red clay 50 512

(D-12-24)34ada Sandy clay 18 18

White clay 30 48

Red clay 15 63
Heavy red clay and gravel 12 75

Sand and clay mixture 12 87
Heavy red clay 6 93
Sand and gravel and water 7 100

Clay 3 103
Fine sand and clay 5 108

(D-13-24)1baa Sandy loam 3 3
Buck shot clay 4 7
Red clay 21 28
White clay 28 56
Sand and water 1 57
White clay 55 110
Blue clay 56 166
Sand clay 14 180
Yellow clay and gravel 30 210



65

Table 3.--Continued Selected drillers' logs of wells in the
Stewart area.

Well location Description

Thick-
ness
(ft)

Depth
to
(ft)

(D-13-24)1baa White clay 60 270
(continued) Sand gravel red clay 30 300

Red rock 10 310

(D-13-24)2baa3 Soil 5 5
Gravel 5 10
Talc 50 60
Shale 30 90
Sand 45 135
Sandy shale 5 140
Brown shale 7 147
Sand 21 168
White chalk 34 202
Brown shale 36 238
White chalk 10 248
Brown shale 26 274
Sandy shale 6 280
Sand 8 283
Sand 2 290
Sandy shale 15 305
Hard lime shell or shale 7 312
Blue shale 13 325
Brown shale and gravel 20 345
Blue shale 14 359
Lime shell 2 361
Blue shale 19 380
Hard lime shale 10 390
Lime shell and shale 30 420
Conglomerate 105 525
Conglomerate 70 595
Shale and gravel 18 613
Shale 37 650
Gravel wash 5 655
Wash with shale breaks 135 790
Sand and gravel 46 836
Solid rock 7 843

(D-13-24)1 0acb Top soil 5 5
Clay 65 70
Sand 10 80
Clay 10 90
Sand 3 93
Clay 9 102
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Table 3.--Continued Selected drillers' logs of wells in the
Stewart area.

Well location Description

Thick-
ness
(ft)

Depth
to
(ft)

(D-13-24)10acb Sand 3 105
(continued) Clay 3 108

Sand 30 138
Clay 3 141
Gravel 19 160
Rock 2 162
Clay 1 163
Sand 6 169
Clay 31 200
Sand 3 203
Clay 12 215
Sand 5 220
Clay 40 260
Sand 2 262
Clay 56 318
Blue sand 2 320
Hard sand rock 20 340
Clay 20 360
Sandy 20 380
Blue clay 24 404

(D-13-24)12dab Top soil 2 2
White caliche 49 51
Water sand 4 55
Clay 16 71

Sand 9 80
Sandy clay 10 90

Fine sand 8 98
Sandy clay 27 125

Clay 25 150

Sand 5 155

Clay 21 176
Sand 6 182
Sandy clay 10 192
Clay 8 200

(D-1324)16bbb Top soil 3 3
Caliche 2 5
Yellow clay 13 18
Red clay 17 35
Sand and gravel 5 40
Sandy clay 40 80
Clay 3 83



Table 3.--Continued	Selected drillers'	 logs of wells

67

in the
Stewart area.

Well location Description

Thick-
ness
(ft)

Depth
to
(ft)

(D-13-24)16bbb Sandy clay 35 118
(continued) Sand 3 121

Packed sand 13 134
Sticky yellow clay 6 140
Sand gravel and clay 4 144
Fine gravel and sand 6 150
Yellow clay 2 152
Sandy clay 15 167
Sticky blue clay 13 180
Brown clay with sand 8 188
Sticky blue clay 24 212
Brown sandy clay 6 218
Sand and gravel 4 222
Sandy clay 21 243
Sticky yellow clay 18 261
Sand 4 265
Gray shale 2 267
Brown sandy clay 5 272
Sand and gravel 7 279
Blue sandy clay 23 302
Fine gravel 8 310
Blue sandy clay 6 316
Large gravel 3 319
Fine sand and clay 1 320
Gravel 4 324
Blue sandy clay 8 332
Sand 1 333
Blue sandy clay 7 340
Sand with little clay 3 343
Dark brown sandy clay 7 350
Fine sandy gravel 11 361
Blue sandy shale 10 371
Blue shale 21 392
Gray shale 6 398
Light gray shale 5 403
Gray shale 9 412
Blue shale 10 422
Gray shale 20 442
Blue shale 18 460
Gray sandstone 6 466
Gray shale 14 480
Blue clay 50 530
Brown clay 65 595
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Table 3.--Continued Selected drillers' logs of wells in the
Stewart area.

Thick-
ness
(ft)

Depth
to
(ft)

3 598
138 736

3 739
156 895
23 918
2 920
2 922

228 1,150
4 1,154

126 1,280
10 1,290
20 1,310
46 1,356

2 2
28 30

110 140
210 350
55 405

115 520
10 530

470 1,000

90 90
25 115
40 155
55 210
40 250
15 265
15 280
30 310
10 320
7 327

43 370
5 375

32 407
33 440
26 466
9 475

3 3
62 65
15 80

Well location	 Description

(D-13-24)16bbb Hard gray sand
(continued)	 Brown clay

Gypsum
Brown clay
Brown clay and gypsum
Gray clay
Brown clay and gypsum
Dark brown clay
Brown clay and gypsum
Brown clay
Sandy brown clay
Brown clay
Dark brown clay

(D-13-24)18aaa Top soil
Hard clay and small gravel
Sand and some clay
Large gravel, some clay
Gravel and clay
Clay, some gravel
Blue shale, some gravel
Blue shale

(D-13-24)18dcb Clay
Sand
Sandy clay
Clay, sand streaks
Clay
Sand
Clay
Clay
Clay
Sand
Clay
Gravel
Clay
Clay and gravel
Sand and gravel
Conglomerate

(D-13-25)35d 3-1 Top soil
Sandy white clay
White clay with gravel
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Table 3.--Continued Selected drillers' logs of wells in the
Stewart area.

Well location	 Description

(D-13-25)35ddd Fine sand
(continued)	 Soft red clay

Red clay with gravel
Fine sand
Clay with fine sand
Coarse sand and gravel
Clay with coarse rocks
Hard lime
Sandy clay
Hard lime-rock conglomerate
Sand
Very hard conglomerate

Thick-
ness
(ft)

Depth
to
(ft)

3 83
6 89

28 117
4 121

36 157
12 169
36 205
7 212

11 223
80 303
2 305

278 583
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