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Earth fissures of the Mimbres Basin, southwestern New Merico
by Gregory J. Contaldo, Geoscience Consultants, Ltd., NASA-WSTF, P.0. Drawer MM, Las Cruces, NM 88004;

and Jerry E. Mueller, New Mexico State University, Department of Earth Sciences, Box 3AB, Las Cruces, NM 88003

Introduction
Large earth fissures-long, narrow,

eroded extensional cracks----exist in the
Mimbres Basin of southwestern New
Mexico. Similar earth fissures have been
descr ibed for  numerous areas in  the
southwestem United States, including but
not limited to the Fremont, San Jacinto,
and San foaquin Valleys of Califomia
(Holzer, 1984; Ireland et al., 1984; Pam-
peyan et al., 1988), westem Arizona (Lister
and Secrest, 1985), south-central Arizona
(Holzer, 1984; PEwE et al., 1982), south-
eastern Arizona (Holzer, 19&l), western
Nevada (Bell and Hoffard, 1990), Las
Vegas, Nevada (Holzer, 1984), Animas
Valley of New Mexico (Lang, 1943), and
San Agustin Plains of New Mexico (Neal
and Motts, 1975). Both human-induced
and natural causes produce the stress nec-
essary to fissure the earth in these areas.

Mountains on the east, the Tres Her-
manas Mountains on the south, and Red
Mountain and Snake Hills on the west.
Interstate 10, US-180, and NM-11, 26,331,
332,3n, 478, 4%, and 549 provide vehicle
access to the area.

Associations related to formation of the
Mimbres Basin earth fissures are based on
integrating fissure data with water-level
and land-subsidence data. Particular at-
tention is given to documenting earth fis-
sures, total water-level decline, and land
subsidence. This study is the first to ad-
dress earth fissures and land subsidence
of the Mimbres Basin.

Geology
The geology of the study area is highly

varied (Fig. 2). Rock types range from
Cambrian plutonic rocks to basin-fill al-
Iuvium of Recent age. Basin and Range
normal faults inferred in the area from
gravity data include the Treasure Moun-
tain fault zone, the West Florida fault zone,
the Snake Hills fault zone, and the Sev-
enty-six fault zone (Seager, in press). A
northwest- to west-trending Laramide re-
verse fault zone is exposed in the Florida
Mountains.

According to Clemons (1985), most of
the study area was covered by Eocene to
early Miocene volcanic rocks before the
onset of Basin and Range deformation. As
structural basins formed along normal
faults, the volcanic rocks exposed in ad-
jacent uplifts provided most of the source
material for the basin-fill alluvium. Inter-
pretat ion of  cut t ings f rom four  deep
(>4,000 ft) wildcat oil and gas exploration
wells located near Deming indicates that
the boundary between bedrock and over-
lying basin-fill alluvium is at the top of
the consolidated Miocene-Oligocene vol-
canic sequence (Clemons, 1986). Over-
lying this sequence is late Tertiary to
Holocene basin-fill alluvium. Basin-fill al-
luvium can be distinguished from the vol-
canic sequence because drill cuttings of
the former generally contain a greater per-
centage of well-rounded grains (Clemons,
1e86).

The thickness of basin-fill alluvium is
probably greatest in the half-graben east
and northeast of Deming and in the gra-
ben between the Snake Hills and Seventy-
six fault zones and decreases toward the
surrounding mountains. In the Deming
area, Clemons (1986) suggests that the
thickness of basin-fill alluvium ranges from
3,160 to 4,225 ft. Based on interpretations
of complete Bouguer anomalies, the max-

imum thickness of basin-fill sediments in-
ferred by Seager (in press) in the graben
between the Snake Hills and Seventy-six
fault zones is about 3,500 ft.

The basin-fill alluvium consists of irreg-
ular lenses of gravel, sand, silt, and clay.
Individual beds or lenses vary greatly in
thickness and lateral extent (Darton,1916);
sorting and rounding in these sediments
are also irregular (Doty, 1959). The basin-
fill alluvium can be separated further into
upper and lower units.

ln general, the lower unit is composed
of sediments extending from 4,000 ft above
sea level down to bedrock. This unit is
finer grained than the overlying upper unit
and consists primarily of reddish clays.
Hawlev (written comm. 1988) indicates that
sediments of the lower unit represent al-
luvial-fan and playa deposits that are mid-
dle Pleistocene or older.

The upper unit extends from 4,000 ft
above sea level to the present land sur-
face. According to Hawley (written comm.

3 Santa Fe

j Albuquerque

NEW MEXICO

Q ntneaes aastn

I sruov anee

Also in this issue
Oil and gas discovery wells

drilled in New Mexico in
1 9 9 0  p . 7 5

Coal-bed methane in
New Mexico p . 8 2

Summary of New Mexico
state taxes on nalural
resource production p. 88

Section for teachers-
minerals p. 89

Gallery of geology-Blue
Canyon lava dome p. 90

NMGS 1991 abstracts
Geographic names
NMG subscription information p. 95
Atlas of Rocky Mountain gas

reservoirs p. 96
Upcoming geologic meetings p. 96
Service/News p. 97
Index to Volume 13 p. 98
Staff notes p. 99

p. 91
p. 95

q

FIGURE l-Mimbres Basin and study area.



1988) much of the upper unit is composed
of admixtures of gravel, sand, silt, and
clay and represents fan-delta or splay
sedimentation by the Mimbres River and
its distributaries in the late Quaternary
(Qa and Qb in Fig. 2). Braided channels
of ancient Mimbres distributaries in up-
permost basin fill have been mapped in
detail by Seager (in press). For additional
information on the geology of this area
and surrounding mountains, the reader
can refer to the literature of Darton (19L6,
1917), Balk (7962), Corbitt (1971), CIe-
mons and Brown (1983), Clemons and
Mack (1988), Matheney et al. (1988), Cle-
mons (1982, 7984, 1985, 1986, in press),
and Seager (in press).

Hydrology
The major aquifer in the study area is

the upper basin-fill unit. Thickness of sand
and gravel deposits in this unit generally
varies between 40 and 50 ft though in many
places the thickness is much less, ranging
from 5 to 18 ft (Darton, 1916). Determi-
nation of the lateral extent of water-bear-

ing strata is very difficult because of the
wide spacing of water wells and the len-
ticular nature of the water-bearing sand
and gravel.

The aquifer in the unconsolidated ba-
sin-fill alluvium is generally unconfined
(phreatic aquifer) although some local
confinement and artesian conditions have
been described previously (Darton 1915,
1916; White, 1930; Theis, 1939). The trans-
missivity of the alluvial aquifer varies from
14,000 to 190,000 gaUdaylft, and specific
capacity of wells developed in this unit
ranges from 0.5 to 106 gaVmin/ft of draw-
down (Mclean,7977). The range of these
aquifer characteristics may be correlated
with the lenticular character of the alter-
nating clayey and sandy beds of the basin-
fill alluvial deposits.

The aquifer is recharged primarily by
runoff from the Black Range, Mimbres
Mountains, and Cooke's Range and, to a
lesser extent, from the Florida Mountains
(White, 1930; Doty, 1959). This recharge
is mainly in the form of seepage from the
Mimbres River and San Vincente arroyo

(Doty, 1959). The recharge by rainfall on
the basin floor is greater in areas where
sands are exposed, and much less where
relatively thick deposits of generally im-
permeable clay pond and hold water at
the surface. The contribution to ground
water from sources outside the Mimbres
Basin is uncertain at present.

Most ground water in the study area is
used for domestic consumption, livestock
watering, municipal and industrial sup-
plies, and irrigation. Initial pumping of
ground water began in 1908 when a large
number of homesteaders settled in Luna
County (Fiedler, 1928). As the population
grew, the amount of irrigated acreage in-
creased, and the demand for ground water
also increased (Doty, 1959). Darton (1916)
estimated ground water used about that
time was no more than L0,fi)0 acre-ft per
yr. Wilson (1986) estimated the ground-
water withdrawal and depletion in 1985
at 106,825 and 50,553 acre-ft, respectively.

Water levels in the area began to decline
in L913 and continue to decline. Numer-
ous researchers, such as Darton (1915,
1916), Fiedler (1928), White (1930, 1932),
Theis (1939), Conover and Akin (1942),
Doty (1959), and Mclean (1977)have doc-
umented the amount and extent of water-
level declines during specific time inter-
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vals. Mclean (1977) produced the most
recent and comprehensive maps showing
the decline of water levels for various
periods from 1910 to L970. Most apparent
in Mclean's maps is a circular to elliptical
cone of depression that expanded in areal
extent from 1910 to 1970. Also evident is
the fact that the rate of ground-water de-
cline has increased through time, and the
cone of depression has migrated some-
what southward. The increased rate and
southward migration are probably the re-
sult of increased development of irrigated
land and increased pumpage associated
with this development.

Earth fissures
Earth fissures occur in 13 discrete lo-

cations in the Mimbres Basin (Fig. 3, Table
1). Their locations and dates of appear-
ance were determined through interviews
conducted with local residents and through
use of  h igh-resolut ion aer ia l  photo-
graphs. The latter included 1954 (1:54,000
scale) Army Map Service photographs, and
Dn,7984, and 1989 (1:20,000 scale) United
States Soil Conservation Service photo-
graphs. Fissures located by the above
methods were field checked in 1988.

Earth fissures in the area have two pat-
terns (Table 1): 1) orthogonal to polygonal
and 2) curvilinear. An orthogonal to po-
lygonal pattern consists of a series of fis-
sures in terconnected to form t r ip le
junctions (Fig. a). Individual polygons

TABLE l-Earth fissures of the Mimbres Basin shown in Figure 3. PLSS, Public Land Survey
System.

Location
number

Location
(PLSS)

Date fissures
first appeared Land use Fissure type

7

8

9

10

11

12

I J

Wr/zNWl/r
sec. 31
T25S R9W
E1/zNE1/r

sec. 32
T25S R9W
NE1/a sec. 6
T25S R9W
SllzSWllt
s e c . 1 l
T25S R9W
E1lz sec. 10
T25S R9W
central 1/a
sec. 27
T25S R9W
SWr/r sec. 20
T25S R9W
Sr/z sec. 31
T24S R9W
NWl/+ sec. 30
T24S R9W
NW1/+ sec. 18
T25S R9W
S1/z NWr/+
sec. 26
T24S R9W
NWr/rNW1/r
sec. 26
T23S R8W
SW1/r sec. 23
T25S R9W

June 1982

June 1982
and
October 1984
mid-1950's

early 1970's

post-1954
pre-L984
post-1954
pre-1984

post-1954
pre-1984
mid-1950's

post-1954
pre-L984
post-1954
pre-1984
post-1954
pre-1984

post-1954
pre-19M

post-1954
pre-1977

subdivided
rangeland

rangeland

subdivided
rangeland
subdivided
rangeland

subdivided
rangeland
rangeland

rangeland

rangeland

subdivided
rangeland
rangeland

subdivided
rangeland

rangeland

rangeland

intersecting
curvilinear

curvilinear

orthogonal-
polygonal
curvilinear

currrilinear

curvilinear

curvilinear

orthogonal-
polygonal
orthogonal-
polygonal
intersecting
curvilinear
intersecting
curvilinear

curvilinear

curvilinear
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FIGURE 4-Fissures at location 3 and location 8 mapped from a 1984
aerial photograph.FIGURE 3-Earth fissures of the Mimbres Basin.
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range from 98 to 1,200 ft across. Curvilin-
ear fissures are arcuate and exist isolated
from each other in six of their nine areas
of occurrence; their lengths range from 50
to 2,015 ft.

Measurable fissure depths range from
less than l ftto 42 ft. These measurements
are conservative and represent the limit
to which a weighted tape can be lowered
into the fissures. Depth measurements are
actually measurements of surface features
(e.g., potholes, hairline cracks, and sur-
face depressions) rather than measure-
ments of total fissure depth. Field evidence
indicates that the near-surface void space
of surface features is generated by trans-
port of shallow soils to greater fissure
depths. Holzer (1984) suggests that the
near-surface void space is a measure of
the total void space created during the
formation of an extensional crack. Based
on the observed size of surface features
and the amount of material transported
to greater depths, the actual depths of fis-
sures are probably at least one order of
magnitude greater than measured depths.
Widths, on the other hand, are often ex-
aggerated by erosional processes; they
range from incipient hairline cracks at
many locations to a maximum of 32 ft at
location 8.

The appearance of aligned potholes at
the surface at many fissure locations, and

the fact that no vertical offset was ob-
served along fissures, indicate that fis-
sures initially form as extensional cracks
in the subsurface. These extensional cracks
create preferred pathways for infiltrating
water, which in turn promotes enlarge-
ment of the cracks through subsurface
piping erosion. Once large voids are cre-
ated in the subsurface, soil above the voids
can no longer support itself and eventu-
ally collapses, typically forming aligned
potholes at the surface. Erosion through
hibutary gullying, slumping, and sub-
surface piping continues to enlarge many
potholes. Potholes generally become larger
along the trend of fissures and eventually
may interconnect, completely opening
fissures to the surface (Fig. 5). As erosion
at the surface and concomitant deposition
within the fissures proceeds, the width of
fissures generally increases, whereas the
apparent depth decreases. Many of the
fissures appear to be almost completely
filled with slump and runoff material.
These fissures are marked on the surface
by curvilinear surface depressions.

Additional conspicuous characteristics
of the earth fissures are: 1) almost without
exception, fissures occur in areas where
the land surface is currently undisturbed
by cultivation, typically forming either
between or immediately adjacent to cul-
tivated fields; 2) most curvilinear fissures

trend north-south; and 3) fissures are
generally narrower and shallower across
roads compared to those in adjacent un-
disturbed land. The reader can refer to
Contaldo (1989) for a more detailed de-
scription and map of each fissure loca-
tion.

Water-level declines, fissutes,
and land subsidence

The contours in Fig. 6 show total water-
level decline from 1910 to 1987. Conspic-
uous is a circular to elliptical cone of
depression that is elongated north-south.
An area of about 340 sq mi has been af-
fected by water-level declines. The max-
imum decline from 1910 to 1987 in the
Deming area is slightly greater than 110
ft; the average rate of decline in the area
of greatest depletion is 1.5 ft per yr.

A comparison of the location of earth
fissures (Fig. 3) to the areas of waterlevel
decline (Fig. 6) reveals that the two are
spatially associated. The majority of fis-
sures,  inc luding those at  locat ions 2
through 1.1 and location 13, occur near the
apex of the cone of depression in an area
where the water level has declined at least
70 ft. Earth fissures at location 1 and lo-
cation 12 are also in the cone of depres-
sion where the water level has declined
about 60 ft and 35 ft, respectively.

FIGURE 6-Total waterlevel decline from 7910 to 1,987 indicated by con-
tours (in feet). Data source: Mclean (1977) and New Mexico State Engineer
Office in Deming. A, B, protruding water wells.

FIGURE S-This fissure at location 8 is well defined at the surface and
displays tributary gullying on left (north). Photograph was taken in April
1988.
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Earth fissures are temporallv associated
with water-level declines. The-first known
earth fissures in the Mimbres Basin ap-
peared at the surface during the mid-1950s,
and others appeared as recently as Octo-
ber 1984 (Table 1). Analysis of water-level
decline maps provided by Mclean (1977)
reveals that the ground-water level had
declined as much as 45 ft by the mid-1950s.
Relatively precise dates on the first ap-
pearance offissures atlocations 1 through
4 and location 8 indicate that these fis-
sures, which are nearest the apex of the
cone of depression, are older than those
found farther from the apex. Fissures at
locations 3 and 8 first appeared in the mid-
1950s and are nearest to the apex. Fissures
at location 4 first appeared in the early
1970s and are located farther from the apex
than fissures at locations 3 and 8. Fissures
at locations 1 and 2 are located even far-
ther from the apex and first appeared be-
fween fune 1982 and October 1984. Because
the more recent fissures are located far-
ther from the cone of depression apex, the
fissures appear to be spatially and tem-
porally associated with the expanding cone
of depression.

Fig. 7 shows the amount of land sub-
sidence in the study area along line A-A'
in Fig. 5, based on leveling data obtained
by the National Geodetic Survey. The
original leveling line, line L4486, which is

along NM-1L (line A-A'), was first sur-
veyed in 1935. Each benchmark along this
leveling line is assumed stable and is used
as the datum; benchmarks along the line
are spaced less than 1 mi apart. Unfor-
tunately, leveling line L,1485 has never been
releveled. Only certain benchmarks along
this line were resuryeyed when surveys
were conducted along other leveling lines.
Benchmarks A1,34, 2133, Y133, and X133
along leveling line L14850 were resurv-
eyed in 1953. Based on unadjusted lev-
e l i ng  da ta ,  a  m ino r  amoun t  o f  l and
subsidence (<3 in.) occurred in the area
between 1935 and 1953. Benchmark ,4134
along levelin gline L24557 was resurveyed
in 1980. Analysis of elevation data from
this benchmark indicates that subsidence
increased greatly from 1953 to 1980.

Additional indirect evidence for deter-
mining the amount of land subsidence
during certain time periods was obtained
from two protruding water wells (A and
B in Figs. 6 and7). At both wells, the top
of the surface casings, the pumps, and the
concrete slabs supporting the pumps stand
farther from the ground surface than when
the wells were first completed.

Water well A was completed in April
1958 to a total depth of 400 ft. According
to Paul Smith (pers. comm. 1985), a local
well driller who installed the well, the base
of the concrete slab that supports the pump

for this well originally was flush with the
ground surface. Over a period of years,
the discharge pipe connected to the pump
continued to bend, resulting in damage
to the flow valve connected to the dis-
charge pipe. Measurements taken from the
ground surface to the base of the concrete
slab in April 1988 indicate that the land
surface had subsided 13.5 inches since 1958
(Figs. 7 and 8).

Water well B was completed in April
1953; the total depth is unknown. Similar
in construction to protruding well A, the
base of the concrete slab that supports the
pump of well B was flush with the ground
surface when it was installed. Measure-
ments taken from the ground surface to
the base of the concrete slab in April 1988
indicate that the land surface had sub-
sided 14.1 inches since 1953 (Fig. 7).

Analysis of total waterlevel decline from
1910 to L987 (Fig.7) suggests a cause and
effect relationship between water-level
decline and land subsidence. The amount
of subsidence, determined from bench-
marks along leveling l ine L14850, in-
creases as theamount of water-level decline
increases. Maximum subsidence, deter-
mined by measurements at protruding
water-wells A and B, has occurred near
the apex of the cone of depression where
the ground-water level has dedined at least
90 ft (Fig. 6). 13

FIGURE 8-Photograph showing protruding water well A. Original land
surface is indicated by arrow. Photograph was taken in April 1988.
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In summary, most earth fissures occur
in the area of greatest waterlevel decline.
Analysis of levelingJine and protruding
water-well data indicates that land sub-
sidence is greatest in the area of greatest
water-level decline. This evidence sug-
gests that the earth fissures are spatially
and temporally associated with water-level
declines and land subsidence.

Environmental problems related to
fissuring and subsidence

Problems related to the earth fissures
of the Mimbres Basin include: damage to
roads, water wells, and earthen stock
tanks; abandonment of irrigated land; and
various safety hazards. Sixteen instances
of road damage have been documented.
Much of the soil material used to patch
the f issured roads is  eventual ly  lost
through piping processes, making road
repair repetitive. Cattle have reportedly
fallen into earth fissures, and the hazard
to off-road vehicles and passengers is
equally great. The use of fissures as waste-
disposal sites poses a serious threat of
ground-water contamination.

Future structural damage is possible.
This is based upon the assumption that
long-term waterlevel declines and the
processes responsible for the formation of
the earth fissures will continue. Fissures
may directly damage buildings, roads,
water wells, and other agriculfural struc-
fures, and even without ground failure,
compaction subsidence in and of itself may
cause damage to structures that are large
in area or height. Aqueducts, storm drains,
water mains, and sewer mains that de-
pend on gravity flow may reverse flow,
and in extreme cases, rupture. The pos-
sibility of gas-line rupture and leaks also
exists.

Conclusions
The spatial and temporal association of

water-level decline with earth fissure for-
mation in the Mimbres Basin suggests a
cause and effect relationship. Although
existing land subsidence data are limited,
analysis of the data presented suggests
that land subsidence is a manifestation of
ground-water depletion. The fissures are
therefore suspected to be a result of land
subsidence caused by compaction of un-
consolidated sediments. The compaction
may be due to increased effective stresses
as a result of water-level decline, either
as the result of decrease in hydrostatic
(pore) pressure in a confined aquifer or
dewatering of an unconfined aquifer.

The United States Geological Survey is
presently involved in studying land sub-
sidence in this area utilizing the Global
Positioning System (GPS). The New Mex-
ico Bureau of Mines and Mineral Re-
sources recent ly  conducted seismic
reflection and gravity surveys to charac-
terize the distribution of alluvial units and
their physical properties. Information ob-
tained from these studies will provide

greater insights into the mechanisms re-
sponsible for the initiation, development,
and propagation of earth fissures in the
Mimbres Basin.

AcxNowlsocr'rnNrs-Critical reviews
by Russell E. Clemons, Iohn R. Giardino,
William C. Haneberg, Thomas L. Holzer,
and William R. Seager are greatly appre-
ciated. This article is based on work con-
ducted for Mr. Contaldo's MS thesis at
New Mexico State University, for which
financial support was provided by the New
Mexico Geological Society and New Mex-
ico Bureau of Mines and Mineral Re-
sources. Preparation of the maps by the
Laboratory for Cartography and Spatial
Analysis at New Mexico State University
is also appreciated.

References
Balk, R., 1962, Geology of the Tres Hermanas Moun-

tains: New Mexico Bureau of Mines and Mineral
Resources, Geologic Map 16, scale 1:48,000.

B€U, J. W, and Hoffard, l. L., 7990, Iate Quaternary
tectonic setting for a possible fault creep event in
the Pine Nut Mountains ilea, westem Nevada (abs.):
Geological Society of America, Abstracts with Pro-
grams, v.  22,  no.3,  p.7.

Clemons, R. E., 1982, Geology of Florida Gap quad-
rangle, Luna County, New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Geologic
Map 52, scale 1:24,000.

Clemons, R. E., 1984, Geology of Capitol Dome quad-
rangle, Luna County, New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Geologic
Map 56, scale l:24,A00.

Clemons, R. E., 1985, Geology of South Peak quad-
rangle, Luna County, New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Geologic
Map 59, scale 7:24,ffi0.

Clemons, R. E., 1985, Petrography and stratigraphy
of Seville-Trident exploration wells near Derning,
New Mexico: New Mexico Geology, v. 8, no. 1, pp.
5-9,  11.

Clemons, R. 8., in press, Geology of the Florida
Mountains, southwestern New Mexico: New Mex-
ico Bureau of Mines and Mineral Resources, Mem-
oir 43.

Clemons, R. E., and Brown, G. A.,7983, Geology of
Gym Peak quadrangle, Luna County, New Mexico:
New Mexico Bureau of Mines and Mineral Re-
sources, Geologic Map 58, scale 1:24,000.

Clemons, R. E., and Mack, G. H., 1988, Geology of
southwestern New Mexico: New Mexico Geological
Society, Guidebook to 39th Field Conference, pp.
+J-J / -

Conover, C. S., and A-kin, P. D.,1942, Progress rePort
on the ground-water supply of Minbres Valley, New
Mexico, 1938-1941: New Mexico State Engineer, 14th
and 15th Biennial Reports, pp.235)82.

Contaldo, G. C., 1989, Earth fissures and land sub-
sidence near Deming, New Mexico: Unpublished
MS thesis, New Mexico State University, 105 pp.

Corbitt, L. L., 1977, Structure and stratigraphy of the
Florida Mountains. New Mexico: Unpublished PhD
dissertation, University of New Meiico, ll5 pp.

Darton, N. H-, 1975, Underground water of Luna
County, New Mexico: U.S. Geological Swey, Water-
supply Paper 3451, pp.25-44.

Darton, N. H., 1915, Geology and underground water
of Luna County, New Mexico: U.S. Geological Sur-
vey, Bulletin 518, 188 pp.

Darton, N. H.,1917, Description of the Deming quad-
rangle: U.S. Geological Survey, Geologic Atlas,
Deming Fofio, no.207, 15 pp.

Doty, G. C., 1959, Mimbres Valley, Luna County; in
Doty, G. C. (ed.), Annual water level measurements
in observation wells, 1951-1955, and atlas of maps
showing changes ofwater levels for various periods
from beginning of record through 1954, New Mex-
ico: New Mexico State Enginer Office, Technical Re-
port 13, pp. 299-339.

Fiedler, A. G.,7928, Report ofa reconnaissance of the
ground-water area of the Mimbres Valley, Luna
County, New Mexico: New Mexico State Engineer,
8th Biennial Report, pp. 759-177.

Holzer, T. L., 1984, Groundfailure induced by ground-
water withdrawal from unconsolidated sediments;
in Holzer, T. L. (ed.), Man-induced land subsi
dence: Geological Society of America, Reviews in
Engineering Geology, v. 6, pp. 67-705.

Ireland, R. L., Poland, J. F, and Riley, F. S., 19E4,
land subsidence in the San Joaquin Valley, Cali-
fomia, as of 1980: U.S. Geological Suroey, Profes-
sional Paper 437-1,93 pp.

tang, W. T. 8., 1943, Gigantic drying cracks in Animas
Valley, New Mexico: Science, v. 98, pp. 583-584.

Lister, L. A., and Secrest, C. D., 1985, Giant desic-
cation cracks and differential surface subsidence,
Red Lake Playa, Moiave County, Arizona: Ameri
can Association of Engineering Geologists, Bulle-
tin, v.22, pp. 29-314.

Matheney, R. K., Shafiqullah, M., Brookins, D. G.,
Damon, P E., and Wallin, E. T., 1988, Geochro-
nologic studies of the Florida Mountains: New Mex-
ico Geological Society, Guidebook to 39th Field
Conference, pp. D-107.

McLean, J. 5., 79n, Hydrologic maps and data in the
Mimbres Basin, New Mexico:U.S. Geological Sur-
vey, Open-file Report 7-314, 531 Pp.

Neal, f . T., and Motts, W. S., 1975, Recentgeomorphic
changes in playas of western United States; in Neal,
f. T. (ed.), Playas and dried lakes----occurrence and
development: Dowden, Hutchinson and Ross,
Stroudiburg, Pennsylvania, pp. 327-i42.

Pampeyan, E. H., Holzer- T. L., and Clarke, M. M.,
1988, Modern ground failure in the Garlock fault
zone, Fremont Valley, Calif omia: Geological Society
of America, Bulletin, v. 100, pp. 6n-697.

P6w6, T. L., Raymond, R. H., and Schumann, H. H.,
1987, Land subsidence and earth-fissure formation
in eastern Phoenix metropolitan area, Arizona; in
Davis, G. H., and VandenDolder, E. M. (eds.), Geo-
logic diversity of Arizona and its margins----excur-
sions to choice areas: Arizona Bureau of Geology
and Mineral Technology, Geological Suwey Branch,
Special Paper 5, pp. 199-211.

Seager, W. R., in press, Geologic map of the south-
west quarter of the Las Cruces and northwest part
of the El Paso 1' x 2" sheets: New Mexico Bureau
of Mines and Mineral Resources, Geologic Map 60.

Theis, C. V., 1939, Progress rePort on the ground-
water supply of the Mimbres Valley, New Mexico:
New Mexico State Engineer, 12th and l3th Biennial
Reports, pp. 135-154.

White, W. N., 1930, Preliminary report onthe ground
water supply of the Mimbres Valley, New Mexico:
New Mexico State En8ineer, 9th Biennial Report,
pp. 131-152.

White, W. N., 1932, Progress report on the ground-
water supply of the Mimbres Valley, New Mexico:
New Mexico State Engineer, 10th Biennial Report,
pp.188-228.

Wilson, B., 1985, Water use in New Mexico in 1985:
New Mexico State Engineer Ofiice, Technical Re-
port 46,84 pp. LJ

November 7997 Nr.o Metico Ceology


