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234 D. W. Powers and David Owsley

cated mainI5.'through using the photographs; Dave
Belski used his personai Global Positioning System
(GPS) equipment for some of the field survey, which
was quite helpful.

Based on previous field experience, most of the ob-
servable evaporite karst features of significance were
expected to be east of Laguna Cuatro along outcrops
and subcrops of the sulfate beds of the Tamarisk Mem-
ber of the Permian Rustler Formation (Fig 2). While
the gypsites of the Tamarisk F lats area should also be
susceptible to karst formatron, surface feaiures do not
appear to have developed to the same degree. Trench-
ing for the EI Paso Energy pipeiine across the Tama-
risk tr'lats (Fig. 3) did not show significant features
(Powers and others. 1997). Most of the field survey
was conducted east of Laguna Cuatro and included
areas both north and south of the present NM 128
right-of-way.

f ield time focused on forming an overall impres-
sion of evaporite karst in this area and was limited. A
detailed survey will no doubt yield additional features
through this area, and this study by no means covers
the extent of karst in Nash Draw. Nevertheless, it is
possible to propose a course of action for geotechnical
field activities to help in the final decision about the
location and design of the realignment.

BACKGROUND ON NASH DRAW
EVAPORITE KARST

In 1925, Willis T. Lee examined this area as part of
his broader studies of karst and caves in the region
around Carlsbad Caverns. Sinkholes and smali caves
in central and northern Nash Draw (trig. 1) were iden-
tified by Lee (1925), and he proposed a general theory
of soiution and fill to account for the development of
the draw. Dril l ing in the late 1920s revealed potash
minerals just north of Nash Draw, and further drill-
ing resulted in development of the first potash mine
in the early 1930s. Though this drilling focused on
Nash Draw and the immediate surroundings, very
shallow geology was not well studied. Robinson and
Lang (1938) mapped some of the springs and the shal-
low hydrology, indicating that salt was being removed
from the evaporites and that the overlying ground was
subsiding in response. Vine (1963) also pieced together
more of the geology and concluded that dissolution
had affected the outcropping formations sufficiently
so that it was difficult to make sense of the strati-
graphic sequence. Vine also noted sinkholes in the
central part of Nash Draw.

The most comprehensive theories of solution and
f i l l  or  evapor i te karst  were developed by George
Bachman ( I974, 1976, 1980, 1981, 1985) for  much of
this area. Bachman (1981) mapped the Nash Draw
area in more detail, identifying numerous areas of
s inkho les  or  co l lapsed s inks .  He a lso  proposed
(Bachman, 1980) that alluvial dolines observed just
east of Livingston Ridge (well north of the NM 128
right-of-way) provided local catchment and feeders to
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Figure 2.  Simpl i f ied strat igraphic chart  of  the study area
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shown,

Nash Draw at one time and developed local sprin=
deposits on the eastern side slopes of Nash Draw,
Bachman (1981) shows a few sinkholes in the gener;-
vrcinity of proposed realignment routes for NM 1l!
but his studies were more general.

SPECIFIC SURVEY FEATURES

Based on analysis of photos, topographic maps, an:
field surveys, features are grouped into six more-gen-
eral categories that have utility for the realignmen:
study:

1. Caves, which include a variety of shapes an j
sizes, but all are developed in gypsum rock or w.el_L-
lithified gypsite.

2. Alluvial sinkholes, in which soft or unlithifiei
aliuvium has collapsed and should indicate a car-_
opening for drainage below the sinkhole.

3. Alluvial dolines, whrch are shallow depression=
with alluvial fill in the depression. Cave or ailuvia-
sinkholes may or may not be observable in an allur-ra_
doline.

4. Collapse valleys or swales, postulated to develn-r
as a series of dolines or caves connect and an are:,
collapses after dissolution.

5. Springs, which feed some of the local lakes ani
may be fed by karst recharge.

6. Lineaments, which show apparent trends to :
variety offeatures.

The first three features are individual and mor'=
objectively identified. The collapse valleys or swale:
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NW% sec. 5,  T.23 S.,  R. 30 E. (UTM 602772 mE,

3578111 mIrD OiS. 3). It is in a large, heavily vegetated

alluvial doline near the crest of a smalt hill. This cave

entrance is relatively large (Figs. 5, 6), and it is also

developed in gypsite. Although the Tamarisk Meno-

ber likely underlies this site, there are no nearby out-

crops to determine possible depth.
Goldenrod caue (new name) is in the SE% sec. 5, T-

23 S., R. 30 E. (UTM 603827 m8,3577475 mN) (Fis-

3). The surficial deposits appear to be gypsite, but the

Tamarisk sulfate beds must be shallow, as they are

exposed at the mouth of nearby Acacia cave' The Gold-

enrod cave entrance is also relatively large (FiS- 7).

Acacia caue (new name) is in the SE% sec' 5, T. 23

Figure 4. The entrance to Thornbush cave is developed in
surficial gypsite that l ikely overlies the upper sulfate bed (15+
m thick) of the Tamarisk Member. Dave Belski provides scale.

Figure 5.The entrance to Saltbush cave is in gypsite in a large,
heavily vegetated alluvial doline near the crest of a small hill.
The drainage into this cave is not very obvious on the surface.

D. W. Powers and David OwsleY

S., R. 30 B. (UTM 6A3747 mE, 3577528 mlrl") (Fig- 3).
It has the largest observed entrance @ig. 8), and some
notable rattlesnakes guarding the entrance. Acacia
cave has nearby subsidiary unnamed caves, and it is
in an area with several alluvial sinkholes in a broad
collapse valley or swale.

A small, shallow series of caves occurs slightly west

of the center of the NE% sec. 5, T.23 S., R. 30 E- (UT}[
-603350 mE, -3578175 mI$. These caves developed
in gypsite along a north-northwest trend and show no
significant drainage into them.

The rocks and lithified gypsite around cave eu-
trances surveyed here commonly display some dip tc
bedding and fracturing. The dip is often at odds with
the regional dip of about 1o to the east, no doubt caused
by movement of the rocks after solution of underlying
sulfate or Salado Formation halite (Powers and oth-
ers, 2003). The fracture trends have not been mapped-

Exploration in the area of these caves will suren-t"
show additional caves and alluvial sinkholes. In view"
of the topography and drainage patterns, there shor-iln
be additional caves to be found south and east of th*
localities given here. Though these caves and feature*
would be of general interest in understanding the de-
velopment and status of evaporite karst along the re'
alignment routes, the survey of features was conductei
in the more immediate vicinitv of the routes.

Alluvial Sinkholes

The term sinhhole generally refers to a small a-r'e"a
of collapse at the surface in bedrock and soil. In tb,u
atea, small cave openings occur in lithified gypsite m
gypsum rock. Generally circular and local collapse C
unlithified alluvium occurs within a larger allu'mslr
doline. This collapse of alluvium is called here a:n a,,-
luuial sinkhole. For the most part, more lithified uruilrfi
that allow drainage are not observed in the botton C'
an alluvial sinkhole. It is probable that, if the dra:u'
age is adequate, the alluvium is washed out, lea'r:qg
an observable cave.

Six larger alluvial sinkholes were found in the a:'st
of the survey (solid white circles in Fig. 3). Numer:r,:urw
very shallow depressions in alluvial dolines or colLllat,omrn
valleys have been observed, but they were not d.:rrru"
mented if they appeared not to be active. Signif;rurnm
alluvial sinkholes are located as follows:

1. Near the center of sec. 5, T.23 S., R. 30 E ilr i
approximate UTM coordinates of 603250 mE, 35:-$#Iliii
mN. This alluvial sinkhole is near the current r:"*tml
of-way, and it is within a major collapse valley or s'n &rr!n

2. Near the southern boundary of the NE"i =*: :
T. 23 S., R. 30 E., at approximate UTM coordinal,*r irrl
603625 mE, 3577975 mN. This alluvial g' inkt-:!,* Lrrr
developed along the edge of a major collapse v,n : i 'ir,,r"

swale, and it also would be approximately on lini 5''''ltlr
Thornbush cave through some other unnamed, i,r: ,
caves.

3. North of the center of the SE% sec. 5, T" 2: : .

30 E., at approximate UTM coordinates of 603E[r" : ti
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Figure 8. Entrance to Acacia cave in Tamarisk Member gypsum.This cave has the largest entrance observed in the caves alo r,:
It_:119,Y ir".". S9.y"ral subsidiary.caves in lhe area are likely interconnected. Acacii cave lies in the eastern ot two appareika[st valleys trending approxirpately north-€outh and crossing the NM 128 right-of-way (Fig.3).

Figure 9. Large sinkhole developed in an alluvial doline south
of Los Medafios caves.This sinkhole appears relatively stable,
as grasses have developed, along with a few annuals.

fill of alluvium. There are many small alluvial dolines
with no obvious alluvial sinkhole, cave, or other spe-
cific drainage points for water coming into the doline.
Smaller alluvial dolines (-b0-1b0 m across) tend to
have limited arroyos or channels upslope, and they
\:ery commonly develop a single channel or arroyo
somewhat downslope. Larger alluvial dolines are more
hkely to show a direct channel draining downslope.

The vegetation in many of the alluvial dolines con-
sists of mesquite, creosote, and gramma grasses or
sacaton. Because these species are perennial, these
dolines q'ould appear to have rather stable surfaces,
not subject to significant sedimentation. It may also
be that these dolines receive less inflow. Other allu-

vial dolines show a variety of annual species, inctrul-
ing ragweed or other "weeds" that are characterr_:::r
colonizing species. This vegetation may be growinr -:

fresh alluvium or in areas that appear to be subjec,: ::
more recent flooding. It seems likely that these sr,*-
cies indicate relative instability of the surface of i:,*
dolines they inhabit.

Alluvial dolines are important recharge points ii
is obvious where an observable alluvial sinkhone :,:
cave has developed within a doline. The doline-s \r--::-
out specific drainage points are also likely to be ::r.
portant recharge points, but they may also prc,'-::,*
some storage, allowing longer periods of steadrer :*".
charge to the system. This is speculative without star,*
direct hydrological observations in this area. Ir r r,,
be helpful in some areas, however, to provide sur::,:,,,,
drainage for alluvial dolines to limit or avoid the :,:,+.
sibility of unplugging an alluvial doline to crea:* i
large alluvial sinkhole under a right-of-way.

Collapse Valleys or Swales
Two larger valleys or swales intersect the rig::-. ,

way in sec. 5, T . 23 S., R. 30 E. (Fig. B). They tend : : r ,
100-200 m wide and up to -1 km long. Vegetai-.:
heavy, consisting of larger mesquite, some cre::: r.
and a variety of grasses. Local areas &r€ corer" i -,,,, ,,
annuals, indicating surface instability owing r,r :,: l
mentation or flooding or both.
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to the local karst, the springs also indicate that the
system has some storage capacity. Most karst conduits
drain rapidly.

The principal concern with road construction and
maintenance related to karst through this area is to
avoid sudden collapse into either an unknown cave or
from "unplugging" an alluvial doline to produce an
alluvial sink. The potential for collapse is real and can
be demonstrated by the past rerouting of the Mobley
Ranch road, <0.5 mi south of NM 128, around a col-
lapse in an area with alluvial dolines and caves. Al-
though the date of the collapse is not clear, it occurred
after 1976, on the basis of aerial-photo inspection.

In view of the collapse valleys and apparent trends
to karst features, it is most likely that existing fea-
tures and existing trends will be followed as karst con-
tinues to develop. Conduits that are already devel-
oped will most likely continue to develop over the life-
time of a road. Given that geologically short period of
time, a "new" sinkhole or doline is less likely to de-
velop from collapse into a cavernous system; it is more
likely that an existing doline or collapse valley will be
locally reactivated. Existing trends should be given
priority during field investigations for final design.

The significant alluvial sinkholes found during this
survey tend to be in alluvial dolines where surface
drainage is connected over larger areas and appears
to concentrate more runoff. This is most apparent in
the drainage north of the current right-of-way through
sec. 4, T.23 S., R. 30 tr. It is appropriate to avoid this
drainage system, and it is also appropriate to mini-
mrze surface inflow to alluvial dolines intersected bv
the road grade.

GENERAL DESIGN CONSIDERATIONS

Given the features already found in a basic field
survey, it is highly probable that the existing NM 128
road grade was constructed across areas with active
cave systems in evaporite rocks. The road grade has
not failed because of karst processes. At least one lo-
calized collapse in this vicinity, however, caused the
Mobley Ranch road to be rerouted in the lastZ4years.
Geologic inspection of the area suggests that the NM
128 route selection and design consider three recom-
mendations.

The first is that the route through sec. 4 may be
better if it stays on or slightly south of the existing
road grade. The reason for this is that alluvial sink-
holes appear to be developed in alluvial dolines along
the drainage not far north of the existing right of way.
This drainage apparently collects more water to flood
the dolines, which may be the factor that develops the
alluvial sinkholes. The sinkhole near the Western Ag
Minerals access road is very large and is to be avoided.
Some alluvial dolines south of the existing road grade
may be aligned with this larger sinkhole and may be
part of the same system, but they do not appear to be
active at this time.

The second recommendation is to avoid concentrat-

ing road runoff and ditch drainage into alluvial dolines
under the grade. At the same time, surface drainage
out of any alluvial doline crossed by the grade should
probably be enhanced or at least not hindered.

Third, grades crossing the larger alluvial valleys.
especially in sec. 5, should provide adequate cross-
grade drainage to eliminate unnecessary ponding ur
the low areas and possible activation of alluvial sink-
holes. As practical, ditches may need to be designei
to divert flow or minimize concentrations of flow int.r
these areas.
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