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SUBROSION IN AND ABOUT THE FOUR-TQWNSHIP STUDY AREA

NEAR CARLSBAD, NEW MEXICO

By Arthur M, Piper

SCOPE AND ACKNOWLEDGMENTS

This paper concerns one aspect of the feésibility of storing wastes from
the nuclear-fired power industry in bedded salt of the Salado formation near
Carlsbad, New Mexico., The center of concern is a four-township study area--
Ts, 21 and 22 S,, Rs, 31 and 32 E,--vhich has been sélected by thé Oak Ridge
National Laboratory as a candidate locality for a pilot éepository. The
paper is based wholly on prior investigatlons by others, and.so.is no more
than an appraisal of information at hand., Figures 1 and 2 (in pocket)
illustrate selected features in the vicinity of the study area.

The one aspect here considered is the vulnerability of the candidate
area and storage horizon to future subrdsion--specifically, to dissolution
and removal of common salt and other evaporites by circulating ground water,
2lso to other agents by which thicknesé, composition, texture, and structure
of rock units may be modified im place. Principal among these other.agents
are: (1) subsidence or collapse of strata overlying a zone of. dissolution;
(2) volune expansion of anhydrite as it converts to gypsum in the presence
of water, such expansion commonly shattering the texture of enclosing strata
that are lightly loaded or merely inflating those strata if they are heavily
loaded; (3) Plastic flow of common salt under unequal load, tending to
close voids created by dissolution; and (4) up~-doming of strata as underlying

anhydrite-bearing beds inflate or as salt flows.



Principles of dissolution are examined in another paper (Piper, 1973).
Only the three general requirements are restated here, because they are
misunderstood commonly. These are: (1) a continual source of ﬁnéaturated
water, generally of land origin, elther physically above or un@er a
hydraulic head higher than strata of soluble evaporite; (2) an aquifer
system passing from the water source to the soluble evaporite, and beyond
to (3) a discharge area at the land surface, either local or remote, and
either physically lower than, or under a hyﬁraulic head below, the
particular evaporite zone,

Published sources of information are identified undef "referenc:s" and
by citations in the text.. Further, the writer acknowledges a consideraﬁle
indebtedness to A, L. Brokéw and C. L. Jones of the U, S. Geological Survey,
who have discussed freely their current investigation in the ar;a, and who
have furnished advance copies of illustrations from their pending report.
Most comprehensive of the published sources is that by Brokaw, Johes, Cooley,
and Hays (1972), which summarizes the topography, stratigraphy, structure,
and hydrology of the western half of the area represented by figuré 1.

That summary affords a necessary background for this greatly condensed paper.

STRATIGRAPHIC, STRUCTURAL, GEOMORPHIC, AND HYDROLOGIC SETTING
The stratigraphic units relevant to the subject matter of this paper
are shown in the following summary by Jones (written communication, 1973).



Summerv of rock units of latest Permian (Ochoa) and younger age,

Los Medanos area, Eddy and Lea Countles, New Mexico

e c—

| : ;
Age ! Rock unit |Thickness Description :
g (feet) .
: A
. Mescalero 0-15 Sand, eolian, fine~ to medium-grained,
e sand uniforaly reddish brown.
R E |
E. E Czliche 0-5 Lirestone, chalky, ncdular, pooriy indurated,
g grades into underlying rock,
§ Eg*;*;*%********* e ¥ % K %% % % * UNCONFORMITY = + « % % % = #
< 38 | Gatuna 0-375 | sandstone and shale, poorly indurated,
o 0O i = .
=8 formation dominantly reddish orange. .
**-}y**ig%%’r*********%&****%** UNCONFORMITY # % % % % % % #
| ' F o i Sandtone, fine- to medium-grained, tan, i
B S | Ogallala 20-60 pink and gray, locally conglomeratic,
& S [ formation typlcally has resistant cap of well-
3 — indurated caliche,
-n--n--m*n'-k*a-w**********ar******* UNCONFORMITY * * * % » & # *
' Chinl Shale, reddish-brown, interbedded lenses of
9 forma tien 300-800 gray and reddish-brown sandstone and
‘ a2 i ° ° greenish~gray sba.le.
3 4
2 &
& ° Sandstone, fine- to medium-grained,commonly
Pl '§ Santa Rosa | ,nc o)c cross-stratified, gray, yellowish-brown
sandstone and reddish-brown, contains pebble
i conglomerate and shale beds,
i#%i**é*%*********-i-*******UNCONFORMITY' I EEE RN
b Sandstone, very-fine- to fine-grained,
; reddish-orange to reddish-brown, contains
Dewey Lake 470-560 inter-bedded reddish-brown shale, small
scale laminatlion and cross stratification.
common,
a, -
b | Rustler 300490 Anhydrite and rock salt with subordinate
: E  formation dolomite, sandstone, shale and polyhalite,
L Q g |
E s
S (=) Salado 1160-2310 Rock salt with subordinate anhydrite,
formation polyhalite, potash ores, sandstone, and
magnesite, , '
; {
\ Castile 30-1840 Anhydrite and rock salt with subordinate
3_ . formation limestone,
[}

-



Late Permian (Ochoa) to mid-Cretaceous time

In late Permian (Ochoa) time, sedimentation in the area of concern
changed progressively from the great accumulation of evaporites Auring the
Castile, Salado,-and Rustler epochs to the fluvial sandstone and shale of
the Dewey Lake epoéh. Dissolution in the Salado formation occurred locally,
as evidenced by thinning of that formation and compensatory thickening of the
Rustler formation in at least one small basin (Maley and Huffington, 1953,
Pe 541). Fluvial deposition resumed in la£e Triassic time, during the'
Santa Rosa and Chinle epochs, However, in early Triassic time, also through
all the Jurassic period and thereafter, the area was land and was subject to
erosion and fluvial deposition, Also,the area being tectonically stable,
presunably (1) the Permian and Triassic rocks could have deformed only
loczlly, by differential compaction or by plastic flow; and (2) the
evaporites of the Rustler, Salado, and Castile formations remalined under a
progressively thickening cover of insoluble rocks, In these circumstances
it seems unlikely that the three requirements for in-situ dissolution could
bave been satisfied widely; they might have been satisfied locally and
transiently. No definitive evidence of dissolution in the Rustler or the
Salado during this time interval (post-Triassic, pre-middle-Cretaceous) has

been reported.



Ogallala formation and Hiszh Plains

About in the later half of the Cretaceous period, the rocks were
deformed by extensive upwarping centered locally in the vicinity §f the
Cuadalupe Mountains west of Carlsbad (fig. 1) and of the Sacramento Mountains
farther north., In and near the study area, the resultant present dip of
Permian and Triassic rock units is generally no more than 2°, toward the
east or southeast. Owing to this upwarping, erosion was rejuvenated
widely and culminated locally in a rock-cut.surface of little relief;
subsequently, the fluvial Ogallala formation was deposited widely. The
upper surface of that formation was a featureless plain flanking the present
Guadalupe and Sacramento Mountains; virtually unmodified remnants constitute

the present High Plains,

One extensive remnant of the High Plains extends intb the northeastern
corner of the area represented by figure 1, and there terminayes in Mescglero
Ridge, a southwestward-facing escarpment about 60 feet high (fig. 2, section
B-B'). Hat Mesa, near the northeast corner of the four-township study area,
is definitely an outlier, as are certain‘of the hiéhest sumnits of Grama Ridge
to the east. Here the reconstructed High-Plains surface descends 18 to 22
feet to the mile, S. 60° to 70o E.; its altitude is about 3,950 feet'above
sea level at the northeast corner of the study area., Projected westward,
the reconstructed surface would be about 4,300 feet above sea level at the
head of present Nash Draw and 4,425 feet at present Clayton Basin.

About &4 ﬁiles south-southwest of Hat Mesa, another isolated topographic
high, The Divide, is capped by the Ogallala formation and in fofm suggests
another High-Plains outlier; however, its summit altitude is about 120 feet
lower than the original High-Plains surface as reconstructed by the writer,

Th}s low position of the Divide is inferred tentatively to be an effect of
subrosion in the underlyinz Rustler formation.
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The altitude and slope of the High-Plains surface, also ﬁhe thickness of
the very permeable Ogallala formation are definitive factors in'retracing
the early subrosion history of the study area and its surroundinés.‘ Thus,
let it be assumed that, within the area represented on figure 1: (1) the
KHigh-Plains surface can be projected southward and westward at tHe altitude
and slope of its present remnants, as summarized above; (2) the Ogallala
formation ranges in thickness from O té 300 feet; and (3) the Rustler and
Salado formations can be projected westward from the study area in constant
thicknesses of 400 feet and 1,900 feet, respectively., Then, the projected
base of the Ogallala would, in principle, have truncated the projected
Rustler formation within a belt some 5 to.10 miles wide,'trending somewhat
west of south, and about spanning present Clayton Basin, weStﬁard, the
sub-0gallala surface would likewise have truncated the.Salado formation,
beginning some 6 to 10 miles beyond the axis of present Clayton Basin--that
is, about 5 miles east of the present western edge of §a1t in thé Salado
(see fig, 1 and fig. 2, section A-A'). The belt of implied Salado.truncation
would have been tens of miles ﬁide.

However, truncation in the sense of Rustler or Salado evaporites
exposed on a land surface seems highly unlikely. Rather, as erosive
downcutting approached truncation in principle, the requirements for dissolutlon
probably would have been satisfied and evaporites would have been removed from
the Rustler formation, and possibly'from the Salado formation, to a depth
sufficient that, across the hypotﬁetical belts of truncation, land surface
would have remained continuocusly on subrosional residue until the onset of

Ogallala deposition.



Having been deposited, presumably in an environment considerably
wetter than the recent and presenﬂ, the coarse textured Ogallala formation
would have been both a prolific source of unsaturated water and an aquifer

“ system contacting the soluble evaporites across the two belts of hypothetical
truncation. Numerous cells of unconfined ground-water circulatidh, retﬁrning
brine to the land surface, seem self evident. Thus, dissoluti§n of the
evaporites must have been rather rapid. Eastﬁard from the belts of hypothetical
truncation, confined ground-water circulation presumably would have supported
dissolution for some moderate distance down dip. On the other hand,
increasing down-dip distance would have increased the likelihood of hydraulic
traps beneath rock units of small permeability (Dewey Laké and Chinle), thus
restricting brine discharge and so finally inhibiting further é%ssolution.

It seems evident that, within about the western third of the area
represented by figure 1, regional dissoiution of evaporites from the Rustler,
and possibly from the Salado, probably began about with deposition of the
Ogallala, Frye (1970) and others describe the Ogallala as of late Miocene
and Pliocene age; granting such an age, the dissolution here postulated
would have begun some 12 million years.ago. It would have been the earliest
dissolution to bear on the purposes of this paper, |

This retracement of early dissolution history assumes that the Ogallala
formation is wholly a pediment mantle, and that the area here of concern was
of low relief prior to Ogallala deposition, Such has been the position

taken or éccepted by most prior investigators.,



Deeply filled dissolution basins to the south

Maley and Huffington (1953) describe "cilts, cands, and gravels" as
much as 1,700 feet thick, which fill very extensive dissolution basins
south of the area represented by figure 1. They conclude that "although
most of the £ill is probalbly Quaternary Z?ieistoceng7 in age, it°is likely
that some of the older deposits are Tertiary.”" According to ﬁhis age
assignment, the older basin fill may be abogt contemporaneous with the
Ogallala formation as described previously,

A northeastern lobe of the basin fill is mapped as egtending into
T. 25 S., R, 36 E., about 15 miles south-southeast of San Simon Sink anq
there underlying San Simon Swale, This lobe may have acfed. or now may act,
as one component of an aquifer system sustaining dissolution'béneath the
Swale. However, no specific evidence to that effect ié at hand, To the
west another lobe of the basin fill is shown extending into T. 25 S.,
R. 30 E., about 8 miles southeast of Malaga Bend of the Pecos Ri#er.
Mapping by Brokaw and others (1972, fig. 8) indicates that this particular
lobe of the deep basin extends even fattﬁer north, into T, 24 S. (see fig. 1);
however, neither presence nor absence of fill 1is reported for that
northward extension. |

No counterpart thick and extensive bodies of basin fill pave been
reported in the area of figure 1 of this paper, Conceivably, however, the
Gatuna formation in the head of Nash Draw (the Draw will be described) is a
stratigraphic equivalent of the younger part of the basin fill to the south,
In Nash Draw, the Gatuna may serve as a conduit by which ground-water can

reach the Rustler formation (fig, 2, section A-A').



The deep-basin fill to the south may have another counterpart in
certain small scattered deposits of quartz gravel or conglomerate low in
present Pecos River valley, deposits which Bretz and Horberg (1949) and
Thomas (1972) both ascribe to btasal Ogallala., One such deposit is along
Black River, about in sec, 9, T. 24 S., R. 28 E. (see fig. 1). Thoma.s‘
"suggests 1,300 feet of Ogallala valley fill" in an ancestral Pecos River
valley, now exhumed in the vicinity ofACarlgbad and Roswell. On the other
hand, Frye (in Thomas, 1972, p. 2, footnote 2) challenges the evident
presumption by Thomas that the quartz gravel in question 1is."0Ogallala in
situ,” Further, Maley and Huffington (op. cit.) cite persuvasive evidence
that the basin fill occupies neither an ancestral Peccs ﬁiver valley nor
any other prehistoric valley or valleys, '.

Evidence at hand is not competent to correlate any pért of the deep-
basin 111 with particular glacial or interglaclal stages. Some of the
younger fill mayvhave post-dated the High-Plains epoch and may be a time
equivalent of features next to be described,

Querecho Plains and related land forms

Locally, dissection of the High Plains began late in the Pliocene epoch,
probably about 4 million years ago (Bachman and Johnson, 1973, p. 8)»and
possibly due to further slight upwarping (Smith, 1940, p. 9%)., The rTegion
has been tectonically stable since.

The mosthonspicuous 1and-formle1ement next below the High Plains is a
5-to-15=-mile-wide apron, the Querecho Plains (Mescalero Pediment), which
siopes southward to southwestward from the base of Mescalero Ridge escarpment
into the norihern third of the area here described (figs, 1 and 2), A

counterpart, northward-sloping surface descends locally from Hat iiesa in’
the northeasternmost part of the study area (fig, 2, profile C-C'),

-9- . !



Eastward from Hat Mesa and The Divide, the Querecho Plains merge into
a series of shallow, vague drainage ways, principally the heads,qf San Simon
Swale and of Monument Draw (fig, 1), Locally these drains trend‘eaSt-southeast,
normal to the constructional slope of the High Plains. They are interpreted
by the writer as basically infant erosion forms consequent on the original
High-Plains surface. Regionally, San Simon Swale and Monumenﬁ Draw extend
far to the south, as ephemeral tributafies pf the Pecos River in Texas,

Westward from The Divide, the Querecho Plains merge locally into a
broad, gentle sag with nominal westward drainage toward tbe»Pecos River,

At Nimenim Ridge the sag is interrupted by Clayton Basin (to be déscribgd),
but resumes beyond that basin and extends-nearly to the western edge of
the area represented by figure 1. .

In regard to the subrosion of evaporites, the siggificance of the
Querecho Plains is that they cut some 350 to 800 feet below the reconstructed
High=Plains surface within the area here of concern. Thus, they would have
intersected the projected initial top of the Rustler formation about along
the axis of present Nash Draw, and the ﬂorthward projection of that axis,
Further, they would have intersected the projected initial top of the
Salado formation (base of the Rustler) somewhat east of Nimenim Ridge and
in principle would have truncated the Salado across present Clayton Basin

and beyond, toward the west,



The Querecho Plains appear to be the counterpart of a land-form
element which Frye and Leonard (1959, 1964) correlate with the Kansan
glaclal stage; the overlying Mescalero sands then may be the couﬁterpart
of extensive "Kansan deposits that contain a strong caliche so§1 profile--
Yarmouth Zznterglacia;7 Soil--in the top" (op. cit.). Granting these
correlations, the shaping of the Querecho Plains and counterparts spanned
at least the Nebraskan glacial stage, the Aftonian interglacial stage,
and the Kansan glacial stage--an aggregate fime lapse of about 1 million
years,

It seems evident that, during dissection of the HighAPlains to the
Querecho Plains stage, subrosion immediately west of the'four-townéhip |
study area must have continued without interruption because:- (1) The time
interval includes itwo glacial stages during which rainfall--and.so a
source of unsaturated water for dissolution--may be presgmed to have been
s_éveral fold greater than during historic time., (2) The hypothefical belts
of truncation across the Rustler and Salado would have shifted progressively
eastward as the dissection deepened. (3) The presumptive hydrologic
setting doubtless would have continued to favor dissolution both by local

unconfined circulation and by wider-reaching confined circulation,

~1lle



Clayton Basin and Nash Draw

Clayton Basin, the most extensive and deepest undrained depression in
the area here descrlibed, centers about 10 miles northwest from tﬁe northwest
corner of the four-township study area and has a "closure" abopt 11 miles
long, 5 miles across, and 130 feet deep. Its long dimension trehds abéut
N, 35° E.~-that is, about parallel to the hypothgtical belt of truncation
across the Rustler formation (described previously). It interrupts a
Querecho Plains counterpart which 1is extengive'both to the east and to the
west, and so is inferred to be largely a product of post-Yarmouth time--
that is, of about the past 350,000 years; if so, its formation has spanned
the Illinoian and Wiscongin glacial stages, during which rainfall :
presumably was several times greater than in the intervening'séngamon
interglacial stage and the subsequent post-Wisoncsin "£ecént" stage,

Clayton Basin is clearly a feature of land-surface subsidencet probably‘
intermittent subsidence and presumably an effect of subrosion in the
underlying Rustler and Salado formations, Its floor is about 325 feet
above the local base of such subrosion (fig. 2, section A-A!').

Nash Draw heads abruptly below the Maroon Cliffs to the west of, and
within the northwesternmost part of, the four-township study area. Thence
it trends about S, 35° W. about 16 miles to Salt lLake and the;e opens onto
the Pecos River valley. Belng about 300 feet deep below Livingston Ridge
to the e2st and having pseudo-terraced walls, the Draw is anomalous among
local land fofm#. In major features it suégests an erosion form; doubtless,
however, its origin was in considerable part by subsidence owing to subrosion
in the Rustler and Salado, Its floor, undrained in detail, is 250 to 400

feet above the local base of subrosion (fig. 2, section B-B'). y
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Nash Draw presumably was formed about simultaneously with Clayton Basin
to the north and west--that is, largely after the Yarmouth interglacial stage.
With Clayton Basin it has afforded, during the post-Yarmouth 1ntérva1 of
about 350,000 years, a moderately extensive catchment for unsaturated water
(from rainfall) and.so has constituted a principal local source for
sustaining subrosion, During the two glacial stages of pogt-Yarmouth time
its competence as a water source doubtless has been several-fold greater
than in historic time. |

Presently, the potentiometric surface for aquifers in the Rustler and
overlying formations has been trough-shaped beneath tie Dfaw and, separately, .
beneath Clayton Basin (Cooley, M. E., in Brokaw and others, 1972, fig. 8); '
presumably it has been somewhat so shaped during a considerable part of
post-Yarmouth time, Thus, ground-water circulation beﬁeath the.Draw is, and
presumably for some time has becn, generally toward the axis of the potentiometric
trough then southward toward Salt Lake and Malaga Bend of the Pecos River,
Circulation beneath Clayton Basin is toward and along the axis of its separate
trough; farther south the direction is ﬁoorly defined, This circuiation is
confined, at least 1ln part.

Underlying much of or all Nash Draw is a so-called brine aquifer, a
solution-breccia zone at the contact between the Rustler and Salado formations,
about 5 miles in average width and having a transmissivity of about 60,000
gpd/ft (gallons per day per foot of width) (Hzle, Hughes, and Cox, 195+,

p. 22-24), From it, a nearly saturated sodium-chloride brine (260,000 ppm)
discharges naturally into the Pecos River at and near Malaga Bend (fig. 1).

Theis and others (1942, p. 69) estimated the amount of this discharge to be
about 200 gpm (gallons per minute); this would be equivalent to 420 tons of
sodium chloride daily or 160,000 tons yearly. ’

-13-



From data by the U, S. Geological Survey, published under "Quality of
surface waters of the United States,” the writer has computed the mean
yearly dissolved-solids load of the Pecos River to include 310,060 tons of
NaCl (common salt) and 170,000 tons of Ca30,, (zypsum) at the sampling
station about 6 air;line miles downstream from the area represented by.
figure l.* Much of this load enters the river within a few miles beginning
at Malage Bend, A consider#ble part of‘the CaSOa my originafe as leachate
from irrigated lands upstream, also, some of the NaCl load is diverted
from the river onto irrigated land (Swenson, in Bachman and Johnson, 1973,
p. 50) but in large part, after some time>1ag, probably reenters the
river as irrigation tail water, Thus, the mean NaCl load may be taken as an
approximate measure of current dissolution from the Salado and Rustler

formations upstream,

*Mean of the 28 years ending September 30, 1938-1965, omitting 1941-1943

in which years peak flow was uncommonly large and the record of total
solute load was weak, Station at Red Bluff, New Mexico, 5.5 miles upstream
from thc Delaware River, Data from annual volumes of the Water-Supply
Paper series. "

~1lm



These hydrologic features suggest that Nash Draw and Clayton Basin
overlie the princigpal area of current dissolution and subrosion in the
Rustler and Salado formatlons, in the western part of the area répresented
on figure 1. That figure shows the traces of arterie$ of receqt dissolution
at the top of the Salado formation as inferred by the writer, Two sub-éystems
of these arteries are indicated: (1) A rather strongly defined'"main stem”
which heads near the center of the four-township study area, trends generally
west-northwestward to the northeast lobe of Nash Draw at its head thence
generally somewhat west of south about along the axis of the Draw, to and
beyond Salt Lake., (2) A second ramifying system, in par#rvaguely defined,
appears to drain Clayton Basin and the area to the west, nearly to 0il dity.
However, current discharge from this second inferred sub-system has not
been discriminated along'the Pecos River near Carlsbad; As jus; outlined,
this hydrologic setting for recent dissolution and subrosion proﬁably has
persisted in much the same form since the Querecho Plains stage, ﬁt leasta

Smaller areas of subsidence

Undrained depressions and "sinks", from a few yards to.a few ﬁiles
across, and from a few feet to a few tens of feet deep, are commonplace
in several parts of the area, Those more than about a mile in longeSt
dimension are shown on figure 1, Among these itwo groups are noteworthy;
(1) To the north of the four-township study area, a cluster of five
including Williams Sink, Laguna.Plata, Laguna Toston, Laguna Tonto, and
Laguna Gatuna; (2) About 10 to 15vmilés east of the study area, San Simon

Sink in T, 23 S., R. 35 E., and five unnamed depressions to the north,
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San Simon Sink is definitely a feature of subsidence, having a series
of ring fractures denoting successive collapse events, One such event is
reported to have occurred in 1922 (Bachman and Johnson, 1973, P-.29).
Exploratory drilling is reported to have penetrated 400 feet into the sink
without encountering Triassic rocks (op. cit., after Nicholson and Clebsch,
1961, p. 46). Evidently the material penetrated by the drill is "fi11,"

'~ largely subrosional residue, indicating dissolution of underlying evaporites
in a thickness equivalent to that of the reéidue. This leads fo two
conclusions relevant to the purposes of this paper: (1) The deep-basin
"f111" of Maley and Huffington (op. cit.) extends northward to and beyond
San Simon Sink, and so invades the area represented by figure 1; (2)
accepting the residue in the Sink to be at least 400 feet thlck, dissolution

there may have down-reached through the Rustler formation into the top of the

Salado formation, Presumably, the particular zone of dissclution is
relatlvely extensive--the named Sink lies within an undrained depression

about 7 miles long (northwest to southeast) and 4 miles wide (fig. 1).
Equally definitive information is not at hand in regard to the other
depressions of the San Simon cluster. Their form,as disclosed by topographic

map, suggests subsidence as the principal agent although cutting and.

deposition by the wind may have had a part.
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To the north of the four-township study area, Williams Sink and the
ad jacent four "lagunas" are depressions in a counterpart of thg,Querecho
Plains (fig. 2, section B-B*), Presumably, therefore, they are éost-
Yarmouth in age. The writer presumes that subsidernce above zohes of
dissolution is one probable agent of their formation; Jones (oral
communication, 1973) reports evidence of substantial eolian cutting and
deposition in their vicinity, Definitive evidence measuring downward
reach of dissolution, if any, is not at haﬁd for this district.

It has been stated that the summit of The Divide, in the eastern half
of the study area, appears to be about 120 feet too low t§ correldte
with the reconstructed High-Plains surface. Local subsidence in about
that amount is suggested by the log of a well--Culbertson & Irﬁin, 1
Murray--on the southern loﬁe of The Divide in sec., 9, T. 22 S., R, 32 E,
That log (Jones, C. L., advance copy of stratigraphic section, 1973) shows
the upper three foﬁrths of the Rustler formation to be about 80 feet thinner
than in a second well 8.6 miles to the north-northwest, and about 170 feet
thinner than in a third wgll 9.0 miles to the south-southeast, However,

a 60-foot bed of common salt with a parting of anhydrite near the botton
of the Rustler appears not to be thinned. Thus it appears that sutrosion

here during all post-Pliocene time has not reached the top of the 3alado

formation,
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Reglonal climatic and geomorphic history

The writer believes that, like the development of land forms, dissolutlon
of evaporites proceeds by Suécessive stages, each rejuvenated sbﬁge’
proceeding at a pace which slows progressively; further, that gp a
considerable degree‘the two processes respond concurrently to conmon agénts.
As has been shown, dissolution in the area here of concern probably began -

" in late Miocene time, about simultaneously with Ogallala deposifion, ani

has persisted through Pliocene time and the‘several glacial and interglacial
stages of Pleistocene and Holocene time. There is strong evidence that
rainfall during the several glacial epochs was several-fqid greater than
during historic time, and likewise greater than during idterglaciai intervals,

One major event of geomorphic history in southeastern New Hexico may
have affected the rate of evaporite dissolution, Thus; Theis (i932, p. 113)
has concluded that in early Pleistocene time the area no;th of Fort Sumner
drained, nét into an ancestral Pecos River but southeastward Qia.the |
Portales Valley into an antecedent Brazos River. Frye and Leonard (1959,
1964) assign Kansan age to certain extensive stream deposits in thé Portales
Valley; thus, the capture of its present headwater area by the Pecos River
occurred somewhat later than the Kansan glacial stage, and so somewhat
later than the Querecho Plains stage in the area of this paper. By this
capture, the Pecos River would have gained the drainage from the high and
water-productive Sangre de Christc Mountains and the Pedernales Hills; it

would have increased only slightly its area of exposed Permian rocks.

<18~
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QuUrces are: .

. The intermittent source in that, in
the wzzci here time 2% gains from, rather than

loses tu, the contiguous shallow grouna water, The river beccmes a
osing zhuiem, end sc a leeni drTiving lerce in ground-gater circulation,
enly Curiag tomnslient pericis of aign {Isw and only within a Telatively
neroew bell along eliher siie of its channel. In the particular réach
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kero esunidsred, the intervals ¢f high natural flow presently are

Cizinmichid L Treguency and durztlion by diversion and storage of water

P

upstrziot for irrigation.

cehe ¢f Flelstocene time, the antecedent
Feseos Divel presumsbly would have had a greater mean flow and may have
genuribuled nore to ground-water ciiculation, but not sufficiently more
e zove evir seen the rijor scurce of water dissolving evaperites., Also,
¢oxring ract pluvizl epechs sore preseatly ephemeral drainage ways of the
eren--gsrecislly San Simon Swale, FMonument Draw, and others to the east
te.s 2& ilash Draw to the west--may have been occupled by perennial
stzczmz. Depending onm loczl configuration of the water table 2t the
Linc, wocl aypothetical sireams could have furnished a component of the

weler dizzeiving evaporites,; a component which presently is zero,



ctezm occupied San Simon Swale

isscliviion may well have been

CommEnsuTTLe i

tion of deep-basin f1l11 to the
gouth, zrovioucly deseribed. That velume of f£1ll seems incongruously
lazgs Tovoabhs presumpilive Tr. o dliscluiion under the prefent (#nd
intcrglacizi?) semiarid envioerreni.

T droluenoe on eveporiie cisstlutien by the Pecos River and the

nerennial streams is and has been indirect in large part,
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Thuz, under eresive dovmeutiizg by rejurenzted streams, bodies of

evaporive deubtless have Loan ubvhgit within reach of circulating ground
water, Iuotvher, incision of sirczm channels has steepened ground-water
grelisnte beneath interstream trects, and so accelerated ground-water

cireciziic, Cenversely, &5 dowmcuiting has slowed and stream gradients

fJowve Jladioned, so hove ground-water gredlents flattened and circulation

2, Cround-water recharge on interstream tracts, naturally by

rainfzll and artifiecially by irrigetlion; doubtless the major source of
watar for evaporite dissclution, .Quantitatively, this source is the amount
by wallh ‘*“_1t*ation exceeds evapotranspiration at the land surface.

Iz the present semiarid environmenit and over much of the area, such

excess provably 1s zero in the driest years, nominal in most years, and
p;eut;fL. only in the wettesi years at intervals'possibly as long as
severz. decadss, Locally, the nunerous undrained depressions and their
catchuenis wzy so concentraie lufiltratlon that some recharge occurs in
mOst rears, In the more humid environment of pluvial epochs in the past,

ground-water recharge presumzbly would have been several-fold greater in
mean zmount, and possibly percnnial rather than intermittent.
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In genercl, sround-water recharge protebly is fully competent,

- o

over nmrot of A7 not all lhiz arsa, to sustain the smill zete of

circulaticn required for ¢flezilive dissoluitlon, For example current

Gigssolution of common salt from the Salado and Fustler foxmations

within 2% upstream from ithe avea of figure 1 has been taken to te

abecur 210,000 tons yearly. rerove this amount of salt as zaturated

brine would require a circvlation of only 400 gpm or 2800 acre feet
yvearly, dispersed over the entire area, This rate of dissolution would
be egquivalent to removing 0.14 mi“fi (0.15 foot thick over 1 square

mile} of pure common sait (hzlite) yearly, or a 160-foot-thick layer

over 1,000 scuare miles in 1 million .years., As will be shown, such a

-—p

rete is of the same order of magnitude as the inferred fean rate at

which ccrmon salt has been removed in post-Pliocene time, from all the

area upsiream from Malaga Bend.

3. Leaxage from aquifers below the Castile formation, primarily

Irom the Capitan limestone and its stratigraphic equivalents, the Yates
ané Tansill formations, These formations are moderately permeable; east

iver the head on their water is generally above the land
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surface, and at least locally their water is not saturated. Presently,
therefore, a potential hydraulic gradient, vertically upyard, existis
across the Castile, Salado, and Rustler formatlons; the externt to which
such & gracient may have existed in the geologic past is not known, In
principie, extremely sliow upward movement of water fror the Capitan
limesvone and its equivalents is to be expected; if there #re conduits
having sencivle transmissivity, the amount of upward movement may be

sufficient that evaporites are dissoived on the way., Cooley (in Brokaw
and others, 1972, p. 62) cites evidence consistent with such movement



VILRERAEILITY OF THE STULL fREA 70 FUTURE SUBROSION

Returel vulnera®ility on the west

Vul=mewzbi ity of the siudy =z +o future subrosion can be assessed by

secbecting inferred past reies of dissolution--rates in terms of both

&
auzraroniel advance of & subros.wonal “lront' and of vertical downreaching

¢ & zubrosiona. base, Both rates probapiy have fluctuated by stages
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T gecuorphic development, from a maximum following

erzsiye rejuvenztion to a minimum at erosive old age, In the area here of
concsT- waz wroiter infers that pzsent rates of subrosion presumably are
substantially sicwer than their ma:imuns of the past.

h2.8 been stated, th2 writzr Infers that the dissélution and subrosion
whieh czn be reiraced with some certeinty began with the onsét'gf QOgallala
cepocition abour 12 million years ago. At that time, preéumably, the south-
eastizrd Jdipring Salado formetion (1) had been "truncated" along the western
edgc of the zrz. represented by figure 1; and (2) together with a presumptive
pantle of ercsionzl and subrosionzl residue, there had been thinned to about

%s thickness as depcsited--specifically, to about 500 feet,
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Subsezuently--davring latest Pliocene time and all of Pleistocene and Holocene

Deweihe “£ront® of subrosion has advanced eastward about from 10. to 20

p,

riles, (meszured zi the projected top of the Salado formation), and the base
ef silvocion fas lowered about from 500 to 1,500 feet (average in the order of
900 t¢ 1,000 feet). Thus, the concurrent mean rate at which the "front" has

moved esgt. i.rd eppesrs to havs been in the oraer of 0.8 to 1.6 miles per

Lililon rexrs; Jlikewiss, the mean rete zt which the base of subrosion has
lswezred crpezrs to have been in the crder of 80 feet per million years,

-
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» wou.d have devizted substantially from the means
Just Gorivod couscoisably by zn oxndsr of magnitude more or less, Greatest
roiog weuld hove beea swpecied with Lo rejuvenziion of erosion ﬁnder which
the Figh Fizins vare dissected, beginning about 4 million years ago; again
with ihe cnegt o dissection ¢f the Querscho Plains and counterpart surface
ir etz {7} Verzcuth time, sey 0.5 million years ago. Least rates would have
beer cxmpected vith full development of the Querecho Plains surface in
aboﬁt 0.7 million years ago.

sichran (iS73, p. 41) hes concluded that "since the close of Ogalliala
Tinc, euout o 2ililom yszre ago; the selt front in Permlan rocks has
TutTestal e

civexa from 25 Yo 35 miles,™ and so that the average rate of

uuvencat 2.8 bzen ebout from 6 to 8 miles per million years,: His derivation

rTegvTiots oll removel of salt to iths Plelstocene and Holocene epochs and would

exclude 2oy suth rsooval by erosicn and subrosion antecedent to Ogallala

cepraliion. Fovever, Bachman®s rate falls within the range that the writer

fication of fhe preceding estimates can be
Cerived Srom gunorelizations and assumptions that (1) the area of subrosion
vosirenn Iron end tributery to the brine-discharge arez nsar Malaga Bend is
1,570 spwrs uiles (Brokaw and others, 1972, p. 56); (2) average thickness
of =it irn ths Fustier formatiion, as deposited, was 125 feet over all the
aren of svirseicn, and all this hes bzen dissolved and removed; and (3) the

Szlede formindon s deposited was 75 percent common salt, and all this has

baan maucwsi. frron the zone of subrosion,



From these generalizaiions and fron estimates stated previously,
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the volume of comicn salt removed would be about 3 x 1077 cuble feet or

2 x 1012 tons, Over the 12-millicn-ycar termef subrosicn derived by the
writer, this would average 1.7 x 105 tons yearly and would be equivalent
{0 & constznt dlscharge of 220 gpm of saturated brine, Over the'h-miliion-
Ye=r iterz of subrosion taken by Bachman (op. cit,.) the above volume of salt
world have sustained a 660-gpm discharge of saturated brine, These two
inferred rates of brine discharge are comparable to actual rates,-statedv
previously, of 200 gpm of brine as estimated by Theis and 390 gpm of brine

eguivelent as derived by the writer for mean NaCl load of the Pecos River

3

le€ Biuff, New Mexico, -

ty

Tae “front” of subrosicnal advance being a near-horizontai feather edge
rather thun o wvertical boundary, the writer feels that.its position on the
top of the Salafc formation (unthinned) does not indicate vulnerability of
& wesiez repository at depth in the Salado., Rather, that an assessment of
vuloerabiiily cepends jointly on the present stratigraphic horizon of the
subresicnal base and on the prospective rate at which that base will lower,
As nzs Teen cutlined, the subrosional bése appears to be presently above the
top of the Salaée formation in three quadrants of the four-township Study

Grez; An the rercining northwest quadrant the base appears to have been incised

within the stuiy area and presuming that in the future the subrosional base
misht lower =t the greatest credible rate previously derived, a waste
repssitory 1,000 feet below the top of the Salado would seem to be proof
against natural subrosion from the west for somewhat more than 1 million
rears, This estimate appears to offer an ample "factor of safety" against

the contingency that a pluvial environment would resume during the effective
ilfe of & repcsitory.
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Natural vulnerability on the north, east, and south

Datz arz not at hand for a sfecific assessment, like the preceding, of
vulaerability of the study area on the north, east, and south, General
stretigrephic, geomerphic, and hydrologic features have been summarized;
thess suggest, but do not demonstrate conclusively, that the subfosionai
base is yet above the top of the Salado formation to the north and east, To
the scuth, in the azrea of thick fill and it; two lobes which invade the area
of figurei, the subrosional base could well be hundreds of feet below the
top of the Salado, '

If a2 wzcte repository in the Salado formation must remain functional
for many thousands of years--that is, over a term sufficiently long that
revérsion to & pluvial environment would become credible--sohe.gpecific
infermation is cesirable as to (1) stratigraphic horison bf the subrosional
bage along and near all four sides of the study area, rather thaq the
wactern side aloney and (2) hydrologic setting of the thick fill to the south,

A 1itile "spot" information might prove definitive,



Man-caused vulnerability

The greatest threat to the ihtegrity of a waste repository in the
Salado formation within the study area might be from works of man in
the surroundings, especially from inadequate or deteriorated casings in
oil or g=s wells, or from inadequately plugged exploratory holes, |
Extensively if not universally, static fluid levels of deep aquifers in
 the Capitan-Yates-Tansill zone are considergbly higher than the Salado
formz=tion; potentially, therefore, a repository could be flooded from those
deep aquifers if it should cut an inadequately plugged deep.well. Further,
unnztural subrosion may have been, or may be, induced wherever unsaturated
deep-zquifer water from an inadequately cased well might.contact salt and
ther pass on to a discharge area, Information for assessing'th?se hazards
specifically is not at hand, As a first step toward asseésment, the writer
suggests a review of fluid le#els in oil and gas fields and in other deep
wells in the surroundings, to disclose any present anomalies of head

indicating cross-stratigraphic fluid movement,
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