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ABSTRACT

The Wink Sink in Winkler County, Texas, formed on June 3, 1980. It expand-
ed to a maximum width of 360 ft (110 m) within 24 hours. On June 5, maximum
depth was 110 ft (34 m). Volume of the sinkhole is about 5.6 million ft3
(158,600 m3). Between June 3 and June 6 a large area bordering the south rim
of the sink subsided about 10 ft (3 m) relative to the north side. Further sub-
sidence of 1.456 ft (44.4 cm) occurred along the southern rim between July 19
and December 12, 1980.

Precursor to the sinkhole was probably a solution cavity that migrated up-
ward by successive roof failures producing a collapse chimney filled with brec-
ciated rock. Dissolution of salt in the Permian Salado Formation is inferred to
have produced the solution cavity. Depth of the Salado ranges from 1,300 to
2,200 ft (396 to 670 m). Data are unavailable on the size and initial depth of
the solution cavity.

Several dissolution zones exist within the Salado Formation in the region.
Occurrence of dissolution in the middle of the Salado evaporite sequence may
have resulted from ground-water f1low along fractured anhydrite interbeds. Water
may come in contact with salt by downward movement from overlying aquifers or by
upward movement from underlying aquifers under artesian pressure.

The Wink Sink 1ies directly above the Permian Capitan Reef which contains
water that is unsaturated with respect to sodium chloride. Hydraulic head of
water from the reef is higher than the elevation of the Salado Formation, but
Tower than the head in the Triassic Santa Rosa Formation, a near-surface fresh
water aquifer. Fracture or cavernous permeability occurs above, within, and
below the Salado Formation, as shown by the loss of drilling fluid circulation

in wells drilled near the site of the sinkhole. Consequently, a brine density
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‘_QTTow cycTe may”be”operating "reTat1ve1y fresh water moves upward under artes1an

,,;pressure d1ssoTves saTt and denser br1ne moves . downward under grav1ty fTow 1n

"‘.the same fracture system. ATternat1veTy,_downward fTow of water from aqu1fers

:such as the Santa Rosa Format1on or- Quaternary sed1ments above the salt 1s also
"fp0331b1e. A pTugged and abandoned weTT that was 10cated w1th1n the c1rcumfer-'
ence of the 51nkhoTe may have prov1ded a conduit for water movement _

Compos1t1on of water in the W1nk S1nk is s1m11ar to water in nearby weTTs
tproduc1ng from Quaternary aTTuv1um and from the Tr1ass1c Santa Rosa Format1on.

The Hendr1ck No. 10-A weTT was. dr111ed in 1928 at a s1te now w1th1n the
*ctrcumference of the s1nkhoTe. The we]T»1n1t1aTTy~produced about 80 percent'

'7water from: the Perm1an Tan51TT Format1on and was pTugged w1th cement and aban- g

- "doned in 1964 The weTT was not used for br]ne d1sposa1 Over 12 m1TT1on bar-

rels of salt water produced from the Hendr1ck ‘Field were disposed of by 1n3ec-

o c7‘t10n 1nto the Perm1an Rust]er Format1on dur1ng 1961 Waterf]ood prOJects in the"

"Hendr1ck F1e]d began in 1963 and are st111 in. progress.
a1nkh01es s1m11ar to the W1nk Slnk occur in other areas of North Amer1ca.
: The1r morpho]ogy, assoc1ated strata and mode of format10n suggest that d1s-

,soTut1on breccwat1on, and surface subs1dence are. processes common in their .

. format1on..,‘:

INTRODUCTION -

The sudden format1on of the W1nk S1nk on June 3 1980 attracted wwdespreadffbvn
17pub11c attent1on through both nat1ona1 and Toca] news med1a. “In the days fol- |
: ‘Tow1ng the appearance of the s1nkho]e there was much SpecuTat1on regard1ng 1ts
ideve]opment and the poss1b111ty that add1t1ona1 sxnkho]es m1ght deveTop | Th1s
'report addresses some of the quest1ons concern1ng the orwg1n of the s1nkhole

'based on severa] months of 1ntens1ve 1nvestlgat1on.



On June 3, 1980, at about 9 a.m. a Harvard Construction Company crew was
inspecting a Gulf 0i1 Company brine pipeline on the east side of Section 41,
Block B-5, Public School Lands (PSL) Survey in Winkler County, Texas. The pipe-
line was leaking from a collar joining two sections of 24-inch (61 cm) diameter
pipe (Juan Garcia, Harvard Construction Co., personal communication, September
28, 1980). Splashing water drew the attention of one crew member to a 20-ft-
wide (6 m) hole in the ground about 100 ft (30 m) west of the pipeline. Large
blocks of earth were collapsing into the hole throwing water 30 ft (9 m) into
the air. By noon the diameter of the hole was about 100 ft (30 m). Rapid
expansion of the oblong cavity ceased by the next morning when its longest
(east-west) dimension was about 360 ft (110 m) (fig. 1A).

The maximum depth of the hole on June 5 was 110 ft (34 m), and average
depth was estimated at 80 ft (24 m) based on a line and plummet survey of the
hole. Surface area of the sink was about 70,400 ft2 (6,540 m2) and its
volume was about 5.6 million ft3 (158,600 m3). This is more than twice the
volume of the Cargill salt plant sinkhole near Hutchinson, Kansas, and almost
three times the size of the Panning sinkhale in Barton County, Kansas (Walters,
1978).

Blocks up to 30 ft (9 m) long continued to fall into the hole at irregular
intervals for several weeks (fig. 1B). Annular cracks that surround the hole
extend up to 290 ft (88 m) from the southern edge. A large area bordering the
south rim of the sinkhole subsided about 10 ft (3 m) relative to the north side,
within the first three days of movement (fig. 2A). This small graben-like de-
pression is bounded on the east and west by fissures up to 60 ft (18 m) long
that are tangent to the hole (fig. 3A). Subsidence has been accompanied by
faulting and lateral movement of the depressed block, as shown by abundant ten-

sion fractures (fig. 3B).



Development of the sinkhole had little impact on oil field operations.
Workmen cut and re-routed a 6-in (15-cm) diameter Shell 0il Company pipe]ihe
that carried crude oil to storage tanks 1,000 ft (305 m) northeast of the sink-
hole (fig. 2B). The brine pipeline Being inspected by the maintenance crew was
broken by the expanding hole (fig. 2A). As a result, the oil wells producing
the brine had to be shut down.

Workers for Petro-Lewis Company, an independent 01l company, were attempt-
ing to circulate cement behind the liner in Hendrick Well No. 3-A, a producing
01l well about 500 ft (152 m) south of the sinkhole when the sinkhole began to
form. They p]ﬁgged and abandoned the well on June 5 because of the proximity of
tension fractures to the well (Mike Handren, Petro-Lewis Company, personal com-

munication, August 14, 1980).

REGIONAL GEOLOGIC SETTING
Surficial Geology

The Wink Sink formed 2.5 mi (4.0 km) northeast of Wink, southwestern
Winkler County, Texas (fig. 4). Winkler County is covered principally by
Quaternary deposits that obscure bedrock formations. Along Coného Bluff in the
northeastern corner of the'county, Cretaceous strata are exposed.

Surface drainage is poorly developed in Winkler County because surface
sediments are highly permeable and rainfall is infrequent and usually localized.
Mean annual precipitation is about 12 in (30 cm), and the annual net lake
surface evaporation rate is over 70 in (178 cm) (Arbingast and others, 1976).
Most precipitation col]ectsvin playas and other internally drained depressions.
The Wink Sink is located on a line described by a group of these surface depres-

sions that extends from west of Kermit to east of Wink (fig. 4).
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Stratigraphy

The Delaware Basin of southeast New Mexico and West Texas is the western
part of the Permian Basin Province (fig. 5A). It is separated from the Midland
Basin to the east by the Central Basin Platform, a north-south oriented struc-
tural high. The Delaware Basin is filled primarily with sedimentary rocks of
Permian age. Uppermost Permian strata comprise the Ochoa Serﬁes (table 1).

This series is composed of four formations. The lower two formations, the
Castile and Salado, contain most of the evaporite deposits in the Delaware
Basin. The upber two formations, the Rustler and the Dewey Lake, are composed
mainly of red beds, some gypsum and. anhydrite, and minor amounts of salt
(Johnson and Gonzales, 1978).

The Castile and the Salado Formations were deposited on very uniform stable
surfaces, as evidenced by the lateral continuity of individual laminae which can
be traced over distances of several miles (Anderson and Kirkland, 1966; Hills,
1968; Anderson and others, 1972). The Castile Formation consists of anhydrite
and halite and is as much as 1,650 ft (503 m) thick. It was deposited entirely
within the Delaware Basin, bounded by the Capitan Reef, which essentially sur-
rounds the basin (Anderson and Kirkland, 1980) (F1gs.-SA, &, 115. The Castile
contains more anhydrite than the overlying Salado Formation, which contains pot-
ash deposits (Johnson and Gonzales, 1978).

The Salado ?ormation was deposited over a larger area than the underlying
Castile, extending far beyond the Capitan Reef which defines the margin of the
Delaware Basin. On the north and east sides of the basin (fig. 6), it overlies
the Capitan strata, but salt in the Salado Formation has been removed by dis-
solution from most of the area west of the Pecos River (fig. 13) (Maley and

Huffington, 1953). Where dissolution has not occurred, the Salado consists

D



fpr1mar11y of haT1te w1th some anhydr1te 1nterTayers.f Depth to saTt 1ncreasesv

v\';'from about 165 ft (50 m) on the west s1de of the DeTaware Bas1n to 2 540 ft

:”:7(747um) farther east The format1on has a max1mum th1ckness of 1, 950 ft (595 m)

& : in the DeTaware Bas1n, saTt th1ckness reaches 1 650 ft (503 m) TocaTTy (Johnson |

Lufand Gonza]es 1978). In the study area a max1mum of 945 ft (288»m)vof~sa1t“has
':ibeen observed (table 2). . ST | IJVV | ) | |
),Tj The RustTer Format1on a]so conta1ns saTt.v Ind1v1dua1 saTt beds are 6 to
j33 ft (2 to 10 m) thick and const1tute about 40 percent of the format1on where ’

T'dd1ssolut1on has not occurred (Johnson and: Gonza]es 1978) ‘ :

| The uppermost Perm1an format1on the Dewey Lake conta1ns no sa]t. It 1s
Zcomposed pr1mar11y of red s1Ttstone and some gypsum, anhydr1te and red sha]e
‘(Wh1te 1971) (figs. 6, 7). | | '

The Tecovas Format1on of Tr1ass1c age unconformabTy over11es the Perm1an

o _:Dewey Lake Format1on. In th1s report the base of the Tecovas is def1ned as the

contact between cTaystone of the Tecovas and s1Ttstone of the Dewey Lake
i, (Append1x A) ‘ - |
| Above the Tecovas Format1on is the Tr1ass1c Santa Rosa Sandstone composed

_of med1um- to coarse gra1ned sandstone (Wh1te 1971) The Santa Rosa Tecovas

lwia‘contact 1s at the contact between cTean Santa Rosa ;sandsand underTy1ng f1ne-v

z‘gra1ned cTaystone of the Tecovas (Append1x A) . The contact of the Santa Rosa
and over1y1ng und1fferent1ated Tr1ass1c or Cenozo1c strata is def1ned here as
»the f1rst cTay- or s11tstone or. poros1ty "break ' Pos1t1on of the uppervand
)Tower Santa Rosa contacts 1s approx1mate, as 1nd1cated by the dashed 11nes on»
f1gures 7 15 and 16 In the area covered by th1s study Tr1ass1c strata over-
rTylng the Santa Rosa Sandstone are not read11y separab]e from Cenozo1c sed1-v
:.:ments. ConsequentTy, post Santa Rosa depos1ts are not d1fferent1ated on.cross

sect1ons (f1gs.u6, 7 15 16) | where post Santa Rosa Trwass1c sed1ments have



been recognized, they are conformable with the underlying Santa Rosa Sandstone

(White, 1971).
Structural Geology

The structural setting of the region is illustrated by a structure contour
map on the baSe of the Towermost dolomite within the Tansill Formation (fig. 8),
which is predominantly dolomitic near the Capitan Reef (White, 1971). The Tan-
sill Formation probably does not extend basinward beyond the top of the Capitan
Ree% (fig. 6). However, the dolomite used for constructing figure 8 can be
traced througﬁout the study area (Appendix A). In the vicinity of the sinkhole
the Tansill overlies the Yates Formation, but westward the Yates pinches out and
the Tansill Formation directly overlies limestones of the Capitan Reef (fig. 6).

The Wink sinkhole is Tocated above a closed structural high (fig. 8). Ba-
sal Tansill strata dip 25 ft/mi (4.7 m/km) east of the sinkhole and 500 ft/mi
(95 m/km) to the west. The steeper westward dip probably reflects the steeply
sloping face of the underlying Capitan Reef and is probably not related to salt
dissolution.

Structural configuration on top of the Rustler Formation resembles that of
the Tansill except that no structural high exists beneath the w%nk Sink, but a
broad closed high occurs 2 mi (3.2 km) to the east (fig. 9). East of the high
the formation dips eastward at about 75 ft/mi (14 m/km), about three times
greater than the‘eastward dip at the base of the Tansill. West of the high the
Rustler dips 200 ft/mi (38 m/km) to the position of the Wink Sink and then in-
creases dip to 500 ft/mi (95 m/km).

The westward dip exhibited by the Rustler Formation is greater than its
eastward dip as a result of salt dissolution in the underlying Salado Formation.

As the salt was removed, overlying formations collapsed to fill available space.
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Because the thickness of the Rustler does not increase into the dissolution
trough (fig. 6), the trough formed after Rustler deposition.

This explanation for the structure displayed by the Rustler Formation is
demonstrated by an isopach map of the Salado and Tansill Formations (fig. 10).
The isopach map documents a decrease of over 800 ft (244 m) in thickness from
the thickest point shown on the map to the thinnest point in the dissolution
trough on the west. These thickness variations result from salt dissolution
because neither the Tansill nor the anhydrite beds in the Salado vary more than
50 ft (15 m) in thickness (fig. 7).

Furthermore, the remarkable congruence between the isopach configuration of
the Salado and Tansill Formations (fig. 10) and the structural configuration on
top of the Rustler Formation (fig. 9), including isolated highs and reentrants,
suggests that dissolution in the Salado strongly controls the structure of the
Rustler. The Rustler appears to be draped over the underlying formation.

[f solution cavities had developed in the Salado and migrated upward
through the Rustler, closed depressions should occur at the top of the Rustler.
Features of this kind are not apparent in figure 9, but the distance between
most data points is too great to detect a feature less than 360 ft (110 m) in

diameter, the approximate size of the Wink Sink.

SALT DISSOLUTION IN THE DELAWARE BASIN

History of Salt Dissolution

The chronology and geographic distribution of salt dissolution in the
Delaware Basin were and are controlled by local hydrologic conditions and the
geology of the basin. The timing and style of dissolution differ for the

western and eastern parts of the basin.



~In the western part of the basin, Sa]ado salt depos1ts were d1sso1ved when
the Delaware Basin was t1lted eastward between the end of Salado depos1t1on and
~the beginning of Rustler depos1t1on (Adams 1944), and aga1n in the Tate
;'Tert1ary (Maley and Huff1ngton‘ 1953; Bodenlos 1978) | Structural t11t1ng
elevated strata on the western s1de of the bas1n, and ‘as a result, salt beds
“were d1ssolved by ground and surface water com1ng 1nto contact w1th the sha11ow
Hor exposed sa]t beds. (Mercer and Hiss, 1978)

In.thefeastern Delaware Basin, Salado salt dissolution and related subsif
dence began during the Permian (fig 6) and probably cont1nues today. The .
‘Perm1an Dewey Lake Format1on is about 140 ft (43 m) thicker in the d1sso1ution
trough,‘1nd1cat1ng that 1ts.depos1t1on co1nc1ded wtth or post- dated a ‘period of

subs1dence. Tr1ass1c and Cenozo1c sed1ments are up to 1,100 ft (335 m) thicker
bl1n the trough (fig. 6), 111ustrat1ng that d1ssolut1on and subs1dence were -active
dur1ng the Triassic ‘and Cenozo1c.‘

Source of the waters that dissolved the Sa]ado salt has been a subject ot
',;several geologic studies of the area. . Maley and Huffington (1953) mapped the
disso1ution>trough (tig. 6), and they'ascribed the anomalous occurrence of
1,500 ft (4572m) of TriassTC~andrCenozoic.a]]uvia] deposits to dissolution of
~-salt above the Capitan Reef aquifer; A corre1ation betweenksalt dissolution and
the'Capitan Reef was earlier recogntzed by Adams (1944), who suggested that -
faults in the Rustler, caused by d1ssolut1on, subs1dence or warping of the
'under1y1ng Cap1tan Reef had fac1]1tated movement of ground water down through
the Rust]er and into contact with Salado salts. Hills (1970) s1m11ar1y conc]ud-‘
ed that d1sso1utlon may have been caused by ground water mov1ng along joints and
kfau]ts opened by movement along a north- south trend1ng fault zone on the west
side of the Centra]_Bas1n PTatform (f1g. 5A).

Mercer and.Hiss:(1978), on'the other'hand conc]uded that the Cap1tan Reef

and shelf- aqu1fer systems were the sourrs of the waters that d1sso]ved -Salado



'xhsalt and formed the co11apse features on the northeast s1de of the De]awarekv“'”‘
'Bas1n (f1gs. 11, '13). Th1s hypOthes1s reQU1res, of-course» that'the source of‘”}bl

fv‘water be be1ow the Sa1ado sa]tt -This mechan1sm was proposed by Parker (1967) to

v‘.exp1a1n sa]t d1sso]ut1on in. theVW1]11ston Bas1n ‘in North Dakota and in the
f'Powder R1ver Bas1n in wyom1ng and more- recently has been- used by Anderson and

yK1rk1and (1980) to exp]aln dwsso]ut1on 1n the De]aware Bas1n.
, Mechanisms:of‘Salt Dissolution -
;Brlne Densuty F1ow
A br1ne dens1ty f1ow mechan1sm to exp1a1n d1ssolut1on by upward movement of
‘unsaturated ground water in the De]aware Bas1n was recent1y descr1bed by

'Anderson and K1rk1and (1980) (f1g. 11) They report»that the mechan1sm is a

‘cycle w1th two components (1) an under1y1ng artes1an source of re]at1ve1y

g _,fresh'waterband_(Z) a permeab]e fracture zone between the under1y1ng water

’~'source and’sa1t~strata that'norma11y'are isolated from shallow ground waterQ

Arte51an pre35ure in the Cap1tan Reef aqu1fer is at 1east part]y ma1nta1ned

A by recharge from the De]aware Mounta1n Group (fig. 11). Water in the De]aware

rMounta1n Group moves across theyDe]awarelBas1n7from west to east (McNeal, 1965).
'Salinity ot’the water'in the Brushy Canyon Cherry CanyOn and Bell Canyon Forma-
' t1ons 1ncreases from less' than 5 OOO mg/1 on the west to ‘more than 200 ,000 mg/1
‘on the east (H1ss 1975) e ‘

| Where the br1ne dens1ty f1ow cyc]e operates relatively‘fresh'water is
,forced upward under artesian cond1t1ons 1nto contact w1th sa]t strata where the av

b’;sa1t 1s d1sso]ved Brlne produced by d1$$01ut1on is more dense than the fresher

b-,.water' hence the br1ne moves'downward-under grav1ty-f1ow and forces fresher‘s‘

water to move upward to replace the br1ne thereby perpetuat1ng the cycle. Both
downward and upward flow may occur s1mu1taneous]y in the fracture system because

of d1fferences in f1u1d denswty o
st 100



Evidence of this phenomenon has been documented in southeastern Eddy
vCounty, New Mex1co (Anderson and others, 1978) ~Dissolution zones were found in
the upper part of the Castlle Formation and 1ower part of the Sa]ado Format1on
but overlying salt beds in the upper and middle Salado were not dissolved.

A similar pattern of d1sso1ut1on ex1sts in.western Winkler County, Texas.
Sa]t d1ssolut1on zones occur at several 1evels within the Sa]ado Formation and
appear to be assoc1ated with anhydr1te 1nterbeds (figs. 7, 15, 16). The mecha-
nism for d1sso]utlon in the middle of an evaporlte sequence has not been fully
exp1a1ned but Anderson and h1s co- workers (1978) suggest that permeab]e beds
within the evapor1te sequence could perm1t ground water to m1grate into contact
‘With and dissolve salt beds. Anhydr1te beds  shown in figures 7, 15, and 16 may
be»permeab]e pathways due to fractur1ng'or partings between thin dolomite and

carbonate beds within the anhydrite. Fractures in the Salado Format1on may have
| been caused by warping of these younger strata over the under1y1ng Cap1tan Reef

(Adams, 1944), by deeper so]ut1on and collapse, or by minor faulting. Ke]ler
‘(1980) reports that m1crose1sm1c events in. the southwestern Winkler county-

"northern Ward County area are common.

Downward Ground-Water Flow

If permeable zones above and be]ow the‘sa]t are interconnected, then the
.brine density flow mechanism is Tess feasible. eSa1t disso1ut10n by the brine
density]cycle functions only if sa]tbstrata are iso1ated»from’sha1lower aquifers
that have hydrostat1c heads higher than. the underlying artesian aquifer d
(G Fogg, Bureau of Economlc Geo]ogy, persona] commun1cat1on 1981) Resu]ts of
drill stem tests from wells in the v1c1n1ty of the Wink Sink show that in 1975,
the hydrau11c head 1n the Santa Rosa Formation was higher than that in the
Tansill, Yates or Cap1tan (fig. 12). If the Santa Rosa were connected via per-

meable zones with the aquifers underneath the Sa]ado Format1on downward flow

11



into- the deeper aqu1fers wou]d resu]t the reverse of the br1ne dens1ty f]ow A
‘model | ‘

: Furthermore Garza and Wesselman (1959)'report that in w1nk1er County, _
wells dr111ed into the Rustler Formation for waterflood proaects yielded artes-
'1an water., Three wells comp]eted 1n the Rust]er north and northwest of Kermit
between 1954 and 1957 had stat1c water 1evels that were h1gher than those in the
Yates and. Tans111 Format1ons 1n 1975 (Garza and Wesselman, 1959; table 7, |
,p]ates 1 and 3). No hydrologic data were available from wells completed 1n'the
‘Rustler near the location of the Wink Sink during that pertod (1954-1957). |

' Two‘factors, however,'may'impede downward movement of water from these two
formatfons; First, the Dewey Lake'Formation which lies between the Santa Rosa

and. the Sa]ado Formatxons is a relat1ve]y 1mpermeab1e red bed sequence and

acts as a barrier to water movement except where it is fractured, or perhapsb
penetrated. by wel]s.‘ Second permeab111ty and water y1e1ds of the Rustler are :'
h1gh]y var1ab1e, owing to. the sporadic occurrence of cavernous poros1ty ~ There-
fore, downward flow into the Sa]ado Format1on from the Santa Rosa and Rustler
Formations may occur only 1oca11y. At.the<same,t1me, brine density flow may be
occurring in isolated lower parts of the Sa1ado Formation that are not hydrau-

lically connected with the overlying aquifers.
Dissolution Phenomena in the Delaware Basin

CoT]apse Features _

The prox1m1ty of severa] d1sso]ut1on/co11apse features to the Cap1tan Reef
trend suggests that the reef plays an 1mportant role in their development _
(f1g. 13). The C]ayton Ba51n in eastern- Eddy. County, New Mexico, has subsided
hore'than'loo.ft (30 m) since the middle P1e1stocene (Bachman,-1976). Nash,Draw

is an unfilled so]utionttrough’which-is actively developing (Adams,»1944).



According to Bachman (1976), parts of the draw have.subsided as much as 180 ft
(55 m) since middle Pleistocene.

Perhaps the best-known solution features in the Delaware Basin are the San
Simon Swale and San Simon Sink in Lea County, New Mexico (fig. 13). The swale
is a 100 mi2 (260 km?) elongate depression, trending northwest-southeast on
the northeastern edge of the basin. The swale overlies and is parallel to the
inner margin of the Capitan Reef. According to Nicholson and Clebsch (1961,

p. 14) the swale "probably originated as the result of a deep-seated collapse."

The Towest part of the swale is the San Simon Sink. It covers an area of a
half square mile (1.30 km2). The sink is about 130 ft (40 m) deep and is
filled with at least 400 ft (120 m) of alluvium deposited abéve the surface of
Triassic red beds. The most recent subsidence at the sink occurred about 50
years ago (Nicholson and Clebsch, 1961).

Several workers studied the relationship between evaporite dissolution and
ephemeral streams. Morgan (1942) believes that evaporite dissolution influenced
the effectiveness and location of ephemeral stream channels in the Pecos River
basin. Maley and Huffington (1953) suggest the opposite, that ephemeral surface
drainage affected subsurface evaporites. They conclude that dissolution was
probably enhanced along stream courses by percolation of fresh Qater into under-
lying sediments.

Monument Draw (fig. 13) which extends from central Lea County, New Mexico,
to the Pecos River in Ward County; Texas, has been cited as an example of sur-
face drainage which has been affected by evaporite dissolution (Nicholson and
Clebsch, 1961). In southern Lea County the north-sduth trend of the draw de-
fines an acute angle to regional northwest-southeast dip, suggesting that its
orientation is a result of "stream capture" by surface lowering along a trend

parallel to the subsurface Capitan Reef. In northern Winkler County, the draw
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'veers 90 degrees'to.the.southwesf, passdng above thefCapitan‘Reef,;fhen abruptly
changes dfrectdon again, and passes 3.1 mi (5 km) west of the Wink Sink paral]e]
w1th the trend of the 1nner marg1n of Cap1tan Reef (figs.‘4 and 13).  These an-
gular bends in the draw may be controlled by subsurfacejfau1ts or linear disso-

lution zones.

Pecos River Salt Load |

The Pecos River is a discharge zone for saline springs in the Delaware
Basin.: The largest concentration ofdsprings is at Malaga Bend in southeastern
~ Eddy County,'New Mexico (fig. i3)f Historica]]y, brine>discharging at that
Tocation from the Rustler Format1on 1ncreased the load of tota] dissolved solids
d1n the Pecos R1ver by at least 340 tons per day (U.S. Geo]og1ca1 Survey, 1941).
Recharge.1nAtne outcrop zone near C]ayton Basin maintained a'hydraolic head  that
»forced'the.brine (concentrat1on =125 OOO 155 OOO ppm) upward to discharge
pointsia]ong the river. Presumab]y, the sa]t was derived from d1ssolut1on of
“the Salado>under]y1ng‘the Rust]er.» | |
| rFarther downstream between Orla and'Grandfal1s, Texas (fig 13), the sa]t‘
content of: the Pecos R1ver water is 1ncreased by evaporatlon, transpiration of
water by phreatophytes along the river channe] saline ground-water discharge
and eontam1nat1on from oil wel]s’(Pecos Rlver Commisstn, 1955; Grozier and
others,'1966).b‘5amp1es obtained May 10-12,‘1965, exhibited chloride concentra-
" tions of 7,710 ppm at Or1a_and116,300'ppn at Grandfalls. This large increase
probably was due; at. least Tn,part, ﬁo brine'po11ution from 0il fields upstream
from Gnandfalls (Grozier and others, 1966). The-Patton 0il Field straddles the
Pecos River Just upstream>fron Grandfalls. Source of-sa1t from natura]lseeps
’was'not determined." |

Downstream from Grandfalls the qua11ty of the river water gradua]]y im-

proves as fresher water from Cretaceous aqu1fers d11utes the r1ver water. Near
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~Imperial, Texas, 13 river miles (21 km) downstream ffom Grandfa]ls; chToride
concentration on May 10-l2, 1965,'was 7,220 ppm (Grozier and ofhers, 1966).
Based on the. number and sizekof‘dissolutfon featurés, it is evident that
large volumes of sa]t"have'been.remdved from the De]aware Basin. Morgan (1942)
‘estimates that the amount bf salt removed frbm the Salado Formation in eastern
Eddy Codnty, New Mexico, amounts to 56 pércent‘of all sedfment and solute re--
moved from the area during early and mid-Pleistocene. He alsb concludes that if
present rates of discharge from aquifers in cohtact with the Salado continue un-
~changed during the next mf]]ion years, the ground surface will be lowered 56 ft
(17 m) over an’ area of 1,500 mi2 (3,900 kmz); Anderson ‘and Kirkland (1980)
predict that 6vér a beriod of 30,000 years, sufficient salt could be removed
from the Delaware Basin in New Mexico alone to form 100 dissolution chambers
each with a volume of 35 mi]lion ft3 (990;000 m3) or about six timés 1arger 

than the Wink Sink.

‘DEVELOPMENT OF “THE WINK SINK
Mechanisms of Dissolution

How water comes in contact with a salt body is not well understood.
Anderson and Kirkland (1980) report that disso1utfon may occur in zones that are
well-removed from recharge areas of the dissolving waters. if this is true in
the case of the Wink Sink, it may be impossible to pinpoint the source of the
watef which produced the dissolution chamber. Avai]able data indicate that
dissolution may have occurred by upward or downward movement of water, and that
water movement may have been inf]ﬁenced by the presence of an abandoned

52-year-o0ld borehole.



The two components of a br1ne dens1ty f]ow cycle are extant in the v1c1n1ty;.
-j?of the W1nk1er County s1nkhole F1rst dr1]1 stem test data from two 011 we]1s el
iﬁw1th1n 1 500 ft (457-m) of the sink (tab]e 3) 1nd1cate that hydrau]1c heads in
glythe Yates and Tans111 Format1ons and the Cap1tan Reef are at least as h1gh as o

‘5the Salado Format1on (f1g. 12) | H1stor1ca11y, the head in the Capwtan was h1gh-}d

~er than 1ts present 1eve1 but w1thdrawa1 of water for water f]ood progects has

1owered the head 1n the aqu1fer (H1ss 1971) | 7
Water 1n the Yates Format1on and in’ the Cap1tan Reef 1s re]at1ve]y fresh./

'Ch10r1de ion concentrat1ons have been reported for water samp]es taken near the ,‘

ds1nkho1e (H1ss 1975) They range from 4 300 to-35, OOO mg/1 for water from the LT

'1Yates and from- 1 300 to 3 600. mg/] for water from the Cap1tan ‘None of these : dv‘
jlconcentrat1ons approaches saturat1on w1th respect to sa]t 311 300 mg/] or B
o h226 000 ppm (Walters 1978)-” Thus artes1an pressure and’ relat1ve1y fresh water';
t;fprov1de the f1rst component of a br1ne dens1ty f]ow system | - ‘ y
» Second presence of permeable fracture or cavernous zones. 1s 1nd1cated by.
vedthe 1oss of f1u1d dur1ng well dr1111ng., Th1s occurred 1n four d1fferent wel]s
'bdr111ed in: 1927 and 1928 between depths of 956 -and 2, 293 ft (291-699;m).;
'(f1g,.14),‘ C1rcu1at1on was: 1ost in (1) sand and. red~beds in the Dewey’take
efFormation‘(well 8)‘ (2) salt in the Salado Format1on (we11 121;1ho1e>no.»1 and

1IWe11;135);7andT(3) do]om1te in: the Tans1]1 Format1on (well 121‘Ah01e no;'2),_

' *:rThese Iost c1rcu1atlon zones are h1gh1y permeab]e pathways for the movement of

":f1u1ds w1th1n, above and be]ow the Sa]ado Formatlon. :

Accord1ng to Anderson and K1rk1and (1980), br1ne dens1ty f]ow presently is : L

o act1ve in the De]aware Bas1n and has produced a "dissolution wedge" a]ong ‘the

" f1nner-reef marg1n on the eastern s1de of the ‘basin (f1g-»11) Most of th1s

*wedge lies west of the W1nk Slnk wh1ch 1s d1rect1y above the reef (f1g. 13).
":vOn the other hand, because the‘hydrauT]c headen,the Tr1a551c Santa Rosa‘For-'~ :

:mation7isnhighervthan the head ‘in ahy;ofbthe deeper'aqutfers (fig.Y12),ﬂwaterl



would flow from the Santa Rosa downward into any of the Permian aquifers if con-
nected by a permeable zone. Potential for downward movement of reTativeTy fresh
water may be enhanced by the presence of abandoned 0il and gas wells which can
serve as vertical pathways. Development of the Wink Sink may have been enhanced
by an abandoned 52-year-o0ld oil well, the Hendrick No. 10-A, which was drilled
at a point within the circumference of the sinkhole. The history of the well is

discussed on page 25.

Local Geologic Setting

Stratigraphy and Structural Geology

In the vicinity of the Wink Sink, maximum thickness of Salado salt is about
700 ft (213 m) less than reported by Johnson and Gonzales for the Delaware Basin
(1978) (table 2). As illustrated by figure 7, locally salt beds thin from east
to west as a result of salt dissolution. Salt thickness decreases from 945 ft
(288 m) 1.2 mi (1.9 km) east of the sinkhole in well 67 to 42 ft (13 m) 2.5 mi
(4 km) west of the sinkhole in well 140 (table 2). The eastern flank of a
north-northwest to south-southeast trending solution trough (fig. 6) extends
about 20 mi (32 km) north and 40 mi (64 km) south of cross section B-B'

(fig. 7). ‘

Dissolution of salt by ground water has occurred at several Tlevels in the
Salado Formation. This is readily documented by tracing anhydrite beds later-
ally and noting the progressive decrease in thickness of intercalated salt beds
(figs. 7, 15). For example, three anhydrite beds in the upper 350 ft (107 m) of
the Salado can be traced between wells 66 and 139 (fig. 7), a distance of about
3.5 mi (5.6 km). Salt between the three anhydrite beds thins westward from
180 ft (55 m) to 90 ft (27 m). Between wells 87 and 81, thinning is very
abrupt: 105 ft (32 m) of salt in well 87 thins to 70 ft (21 m) in well 81, a

distance of 2,050 ft (625 m). Two salt 19yers between wells 87 and 81 thin



':eastward oppos1te of westward th1nn1ng assoc1ated w1th the d1sso]ut1on trough
,(f1g. 6), 1]1ustrat1ng that d1ssolut1on can be very 1oca11zed

_ Such abrupt var1at1ons 1n sa]t th1ckness most 11ke1y resu]t from sa]t dis-
so1ut1on rather than from fac1es changes 1mposed durlng depos1t1on of the sa]t.
pAnderson and others (1972) reported that hor1zonta1 1am1nae in the Castlle and
dsSa]ado Format1ons can be correlated for 70 mi (113 km). 7 |
L In the’ v1c1n1ty of the s1nk cross sect1on D D' (f]g. 16)-13 approxinately
‘,para11e1 to the axis of the d1sso]ut1on trough The same three anhydrite'beds o
kobserved on cross sectlons B-B' and C-C' (f1gs 74 15) occur 1n the upper 380 o

‘(116 m). of the Salado Format1on, and d1sso1ut1on zZones -are assoc1ated with al]

dthree beds Net sa]t decreases southward from 600 ft (183 m) in wel] 10 to
: 415 ft (126 m) 1n we11 109 and- to 710 ft- (216 m) in’ well 269 (tabTe 2). No pro—’
,fgress1ve change 1n salt thlckness is recogn1zed para]]e] to the d1ssolut1on
‘trough but Cross sect1on D- D"reveals}that dissolution zones extend beneath the‘-'
.IW1nk Sink. | | j‘ |

Ana]ys1s of geophys1ca1 1ogs near the s1nkho]e 1nd1cates that dissolution
of Sa]ado sa]ts has occurred. These 1ogs and maps der1ved from 1og data, how-
ever prov1de no ev1dence that perm1ts pred1ct1on of where a s1nkho1e may form.~

Evolution from so]ut1on cav1ty to collapse’ ch1mney to sinkhole may take a’
‘ cons1derab1e amount” of - t1me. The development probab1y11nvolves (1) roof col-
'1apsegfollowed.by (2) gradua]'disso1ution of the soluble part of‘the breccia :
.Fo]lowed-by~(3) roof- co]]apse unt11 a cav1ty becomes large enough to m1grate to
‘the»surface On the other hand, rap1d development of a ch1mney cou]d occur by
coalescence of severa] so]ut1on cav1t1es at d1fferent levels in the evapor1te
format1on. F1gures 7 and 15 111ustrate superposed d1sso1ut1on zones -in ‘the
V'Sa1ado Format1on beneath the Wink S1nk These may have been precursors to the

ks1nkho]e and thus may have contr011ed the genera] 1ocat1on where ground—

co]1apse occurred :
18



Gravity Survey

In an attempt to défine the collapse zone below the sinkhole, a gravity
survey was conducted at the site of the sink on July 9-10, 1980 (fig. 17). Pur-
pose of the survey was to detect density differences between the zone of col-
lapse below the sinkhole and undisturbed strata surrounding it. A La Coste-
Romberg gravity meter accurate to 0.01 mgal was used. All gravity stations were
surveyed and located horizontally and vertically to within 0.001 ft (0.3 mm) and
except for stations 42-47 all are marked by a concrete monument in which a nail
is imbedded.

A complefe Bouguer anomaly was calculated for each station using a Bouguer
density (P) of 2.0 g/cm3. Data for three profiles are shown in figure 17;
two profiles cross directly over the sinkhole (A, B) and one lies approximately
500 ft (152 m) south of the sink (C). All three profiles show a smooth gradient
without significant perturbation in the vicinity of the sinkhole. The gradient
is probably related to the major positive gravity anomaly associated with the
Central Basin Platform east of the sinkhole (fig. 5B). The two southwest-
northeast profiles increase eastward displaying similar slopes, whereas the
southeast-northwest profile decreases northward, cutting the regional gravity
gradient at a slight angle. Absence of a gravity anomaly near fhe Wink Sink
concurs with Weart's (1980) observation that collapse features in southeastern
New Mexico failed to exhibit significant density contrast.

Absence of é detectable gravity anomaly related to the sinkhole is not in-
consistent with expected subsurface geology. Two phenomena might yield hori-
zontal density contrasts which could be detected with the gravity technique:

(1) brecciation above a zone of collapse yielding a negative density contrast
and (2) collapse of overlying sedimentary rocks (@ = 2.55 gm/c3) into a void

in the Salado Formation (p = 2.40 gm/c3) yielding a positive density con-
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_ﬁtast,b'A zonevof coTTapSerin_the SaTadozFormation eiactTy the size of:the'sinkfv
'vho1e.wou1d*give‘rise'to a'positive gravity anoma1y of only O;O4nga]“(ca]cu1a; |
',~t1on made us1ng vertical cy11nder mode] Dobr1n 1960) A zone ofhcollapse and
',‘brecc1at1on above the Salado wou]d be expected to y1e1d a negat1ve anoma]y of
s1m11ar magn1tude Thus the two phenomena cou]d produce dens1ty contrasts that_f
cance1 resu1t1ng in no anoma]y Infadd1t1on,.no1se 1ntroduced by'1naccurac1es»
i determ1n1ng Bouguer.dens]ty,‘e1evation'and 1at1tude'of gravityistations could’
v.apprOXimate 0.0446,mga1 (Speed, 1970), making,detection of a 0.04 mga1‘anoma1y L
,impossible Grav1ty data 1nd1cate that no s1gn1f1cant void space ‘remains below
* the s1nkho]e a conclus1on corroborated by first- order 1eve111ng surveys show1ng
 that subs1dence around ‘the s1nkho]e is decreas1ng with ttme.i
First-Order'LevellingFSurveyb}" |
| Profess1ona] surveyors‘conducted flrst order 1eve111ng surveys at ‘the W1nk
sinkhole to monwtor movement of the ground surface An AGA brand Geod1meter wash’d
‘used to measure to O 001,ft (0. 3 mm); survey monuments were na11s set in con- _ 5
Crete; Each survey documented changes 1n ‘elevation re]at1ve to a concrete monu-
vment outside the area affected by s1nkho1e development (figs. 18 19). Hor1zon—
ta] d1stances between monuments were estab11shed re]at1ve to two stab]e po1nts
.‘450 and 600-ft (137 and 183 'm) beyond the boundary of the subsided area. Lat1—,
,tude and long1tude of the: two horlzontal control. po1nts were taken from the W1nk
North quadrangle map (V. S. Geo]og1ca1 Survey, 1970), and the bear1ngs of the"
survey monuments estab11shed by the surveyors are based on this contro]
Resu]ts of surveys of Ju]y 19, August 24 0ctober 7, and December 12, 1980

'show that the south side of the 51nkh01e sett]ed more than other areas border1ng
‘the‘s1nkh01e~(f1gsa 18, 19). ,Max1mum totalvsubs1dence between July 19 and. - .
3 December 12 was ,'1_.456',_ft (44.4 cn) (fig.‘ 198) (Appendix C). o
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f~_ETRESu1t§tofythe DéCémbéF'12isurvé&,(fig. 19A)'dfffér,from thdsé]bf,the_eaf;
”'Tiék sQrvéys,(f1g. 18A, B) in three waysﬁ;.(l)véreaj‘eXtent of ground moyement‘v:
FWaS»ébbut 75‘pércent'1ess; (2) nofupwérd mo?ement waé 6b$ervéd§‘and (3)’&1],sﬁb-.‘  
_'Sfdence was neatiy éoncehtric'tb'the sihkhd1é. ‘GrdundJSUrfate hore thaﬁj200 ft_:’:
- f61vm)'away»from the edge of the sinkhd1e wasvstab1e between October and
~ December. e _ | | ’ | | .
:l°fvBetWeen‘Ju]y'andiDécémber thé‘Horizbntal distanée betweEh monﬁmentévchanged
: v‘ohly for'the.six neafest‘the;sinkholef: 1;12; 8,9, 15,~23‘(seefhumbérs;:fig;‘.
- 18A),‘ Mbnuments'on the north and eést éides of the sinkho]e moved‘toward the
“hofe és;hdch as 0.428 ft'(13,0'bm)ﬂ(monuhéntFIG);b Those on the south and'weét‘
sides moved away from the ho1e a$ much'aS~0.503 ftf(15,3vcm) (mohUmentlS).
S Results‘suggeét that‘eafth movement3on the soUth éhd.west:sidesvof the
sjnkhb]efwés‘nOt caused direct1y byfthe:sinkhole, but that it resulted from
"(1).subsidencé'fnto,minor:fésiduai vOid’space~bé]oQ the sinking area and/or -
(Z)VCmeactiOn of‘the ffacthred, subéided area‘énd c]osing'of grouhd cracks that
opened prior to the July 19 sufvey.v“M0vemeﬁt was domihated.by.rotatioha1 S]ip;
"page‘élong curved surfaces 1nciined t6ward the sinkhole; pressure ridges Up‘to
1,31 ft_(40.cm) high south of the sink“indiéate that horizontal compressioh is
'=occufking. | . |
xBy;confrast,'earth ﬁovemént'on‘thélhdrfh and,éast sides.of the sihkho]e.was‘
’dominated‘by planar:movement. This tybe”of slope failﬁre‘haé been deséribed by
Emb}éton and.Thdrnes (1979)‘as s]ab‘féilufe. Stéep1y inc1ined tehsion fractureé
' séparate bTocks from the surréunding undistukbed material. ’The'bTQCkS are thin
: re]ati?ekto héightaﬁg,tﬁ]t ﬁoWarthhe hole.. Féilure,dccurs-by toppling as‘
:  b1ocks §]idejbr breékvalong a-p]ane inc]ined t0ward the hole. e
. Subsidéhée wasbaccompanied’by.cracking of thevgrounq surfaceb(fig.IS) as
§Ubsiding'areas c1o§ér to the hole;separated from periphéra] areas. Cracks are
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most abundant south of the sinkhole, but occur on all sides of the sink and cov-
er an area 740 ft (225 m) in diameter. Separation along the cracks measures as

much as 6 in (15 cm), although soil slumping from edges of the cracks increases

the apparent width to as much as 24 in (61 cm) (fig. 3B).

Tension fractures concentric with the sinkhole have widened more than ten-
sion fractures tangent to the sinkhole, such as shown in figure 3A, southeast of
the sink. This crack did not widen between June 27 and November 18, 1980, while
one monitored concentric crack increased from a width of 3.5 in (9 cm) to 5.6 in
(14 cm) during the same period.

The Tlevelling surveys revealed an unexpected phenomenon: upward movement
outside the subsiding area surrounding the sinkhole (fig. 18B). Maximum upward
movement of 0.223 ft (6.80 cm) occurred at monument 21 between August 24 and
October 7 (Appendix C). During the same period 17 of the 39 monuments moved
upward on all sides of the sinkhole (fig. 18B). One might suspect that the
benchmark from which the other elevations are established had moved downward,
giving the false impression that other monuments had moved upward. However,
several monuments displayed no movement relative to the benchmark, making that

explanation implausible.

Hydrology of the Wink Sink

Water Level Changes

When the sinkhole began to form on June 3, 1980, the top of the water sur-
face was about 33 ft (10 m) below the ground surface on the northwest side of
the sinkhole. By June 6 the water surface was 3 ft (0.9 m) lower. Three weeks
later on June 27 the water level had stabilized at about 66 ft (20.1 m) below
the ground surface. On July 10 and November 18 the water level was still about

66 ft (20.1 m) lower than the ground surface on the northwest side of the sink-
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:éhole. Reference is made to the northwest s1de of the s1nkho1e because it 1s the
tdmost stab]e._ | k -

Ground water was elevated above the water tab]e as the roof of the so]ut1on
'cav1ty co]]apsed and d1sp1aced the water.' The rap1d drop of the water 1eve1 1n_
a,the s1nkh01e was probably caused by 1atera1 movement of water out “of ‘the cavity
'1nto the pore spaces in the surround1ng unsaturated zone. above the water table.
.Th1s ]atera] movement of water may have - been the 1ast step in the format1on of
tthe s1nkhole. Wh11e the cav1ty m1grated upward through saturated or 1mpermeab1e>
hstrata ‘the we1ght of the roof was part]a]]y supported by water in the cav1ty
hBut when the ceiling of the cav1ty emerged above the water tabhle, th1s support
Gwas 1ost and the roof col]apsed 1nto the: cav1ty, breach1ng the Surface and d1s-

plac1ng water upward above the Tocal water tab]e.

Water Chemistry _ ’ v

A water sample taken from the W1nk Slnk on June 7, 1980 was ana]yzed for
major chem1ca1 const1tuents by Mart1n Water Laborator1es Inc., of Monahans, ‘
'Texas., These resu]ts, along w1th results of chem1ca1 analyses of water from
three: nearby wells are shown 1n tabYe 4 Because water samp1es were not col--
_1ected from wells during th1s study (June 3- December 1980), review of water
chem1stry is 11m1ted to the comp051t1on of the Jast samp]es co11ected by the
Texas Department of Water Resources before ‘the 'sink formed. Resu]ts of.analyses
'rof water from'three we11s~north of the‘s1nkhoTe (f1g 20) are shown because the :
_water tab]e‘1n the al]uv1um tapped by the wells slopes: southward in the v1c1n1ty
of the s1nkho]e from a potentwometr1c mound west of Kermit (Couch 1969) Thus
water in the Quaternary a]]uv1um aqu1fer moves from north to: south, and: prev1ous»
vwater samp?es taken from wel]s north of the s1nkho]e should resemb]e water taken -
from the s1nkho1e un]ess it was contam1nated by waters contrTbuted to the sink-

hole from deeper aquwfers. S :f



water from the sinkhole is higher in sodium, chTortde bicarbonate7pand
_tota} d1ssolved so11ds (TDS) than the three ‘water samp1es from the . nearby water_
- we1ls (table 4). But the.d1fference in-TDS among these samples from or near

the s1nkho1e is much less than the d1fference in TDS between these samp]es and

) most other nearby we]]s (f1g.'20) The three wells 1mmed1ate1y north of the:
s1nkho]e (tab]e 4) are near the center of an area of h1gh DS values, probab]y
resu1tingffrom ground-water.contam1natlon‘by 011 field brines from un11ned sur-»'
'faceipite (Garza and Wesselman, 1959)“ | | | d ‘

Water 1n the sinkhole is probab]y a mixture of 1oca1 sha]]ow ground water,
as well as water from deeperfaqu1fers. It is poss1b1e that some brine was
transported upward  from the solution cav1ty'1n,the Salado;Format1on. Inlorder fv
to identify the-sodrce(s) of water in the sinkhole, more detailed ehemiea1_anat;k
ys1s 1nc1ud1ng trace e]ement analys1s, w111 be requ1red. water samples from:-
'aqu1fers be]ow and above the Sa]ado Format1on from~the Sa]ado'Formation; and* - -

kfrom:o11 wells producing brines should be-ana]yzed.

HISTORY OF HENDRICK WELL NO. 10-A

Located within the circunferente-of the Winkler County sinkhole is a
plugged and_abahdoned 0il well, Hendriok Well No. 10-A (inset -fig 21)-(Texas
‘Railroad Commission 1928). The s1nk d1d not form around th1s borehole, but
'f1rst appeared to one side of it. As the s1nkho]e expanded Tlaterally by
~slumping and oavjng'Of the sides, the surface casing was apparent1ly 1ncorporatedi
‘fn the sTumdxnateria] No eyew1tnesses reported see1ng the surface cas1ng of »
the we]] as. the s1nkho1e expanded. |

Repub11c Product1on Company began drilling Hendr1ck Well No. 10-A on
e’June 29,1928, and_comp]eted it October 25 of the same year. “The dr111er s logs

document driiling-procedoresr(Texas Railroad Commission, 1928) (table 5). It
e : o4 ' : R



was drilled with rotary tools to the top of the "brown lime of the Tansill For-
mation" at a depth of 2,193 ft (668 m) and cable tools were employed thereafter.
Surface casing‘of_15 1/2-inch (39 ch) diameter was set at a depth'of 400 ft

(122 m) and cemented with 300 sacks of cement (fig. 21). Ten-inch (25.4 cm)
casing was set at a depth of 2,196 ft (669 m) and. cemented with 800 sacks of
cement. Finally, casing of a diameter of 8 1/4-inch (él cm) was set at a depth
of 2,440 ft (744 m) but was not cemented. The well was completed in the Yates
Formation at a depth of 2,552 ft (778 m). No casing was set below 2, 880:5t .

At a depth of 2,300 ft (700 m) the hole was straightened by exploding 160
quarts (151 liters) of nitroglycerine in the borehole, a common practice during
that era of oil well drilling. When the borehole deviated too much from the
vertical, explosives were used to fracture the rock to allow the hole to be re-
aligned. Explosions could have fractured the cement lining the borehole, creat-
ing avenues for water movement.

Republic Production Company deepened the well to 2,570 ft (783 m) in
January, 1930, and filed an application to deepen to 3,100 ft (945 m) in
December, 1931 (Texas Railroad Commission, 1930, 1931). However, no drilling
Tog on file at the Texas Railroad Commission indicates that the well was drilled
deeper than 2,570 ft depth (table 5). . ;

When Bradberry and Sasser Company plugged the well in 1951, the well was
sealed with cement from 2,570 to 2,150 ft (783 to 655 m). The wellbore was
filled with mud and plugged again from 400 to 370 ft (122 to 113 m) with 25
sacks of cement; however, this p]ué was later removed. Fifteen sacks of cement
were used to plug the well at the surface (Texas Railroad Commission, 1930).

The well was then abandoned for 13 years.
In 1964, Mallard Petroleum Company attempted to deepen the well. Records

show that the drillers were unable to reenter the hole "because of junk" in the
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fj:borehole (Tekas Railroad CommiSSioni 1964); The. well was p]ugged March 2, 1964,
‘dwith_SOFsacks of cement at 1,100 ft (335‘m), with 40 sacks. at 1 060 ft (323;m)‘
'(wtthin,the‘Rustler anhydrite)*and W1th'10‘sacks at the surface (fig. 21) Over;.”
600 ft'(183ﬂm) of 10-1nch d1ameter p1pe were removed 1eav1ng an un11ned bore—
‘-hole presumab]y f11led w1th mud between 1 ,062 and 400 ft depth (324 to 122 m)
“or from below the top of the Rust1er Format1on to below the bottom of the Santa

~ Rosa Format1on.‘ L | k; | ‘w d

~No geophys1ca1 log 1s‘ava1]ab1e for-this well, but a dr111er s 1og filed by

Repub]1c Product1on Company descr1bes the strata encountered 1n the well (Texas

r'.Ra11road Comm1ss1on 1928 1930) Th1s descr1pt1on (tab]e 5) is very- genera1

'and shou]d be compared with the stratlgraphy shown in f1gure 21 which is based
;On gamma ray 1ogs from we]ls 113 and 163 (f1g. 16 Append1x B).
' The dr111er recorded depths to two distinct. ‘1ithologic boundar1es that are
's1m11ar to depths recorded by gamma ray 1ogs The”f1rstvanhydr1te was»encoun;
tered in We11 No. 10 A at a depth of 1, 050 ft (320cm),’and’the_top of”a.“11me"
vformat1on wasarecorded at‘2.193 ft (668 m) depth.(tab1ev5), On figure 21, depth
to the first anhydrite (Rustler Format1on) is 1 050 ft (320 m) .and depthbto thetb
.f1rst dolomite in the Tans11] Format1on is. 2,200 ft (670 m) Because these ~: |
~depths recorded by both methods are’ very s1m11ar we are conf1dent that the
dr111er correct]y noted where the 10 inch (25 4 cm) cas1ng was set and that the.
: boreho]e was 11ned w1th cas1ng through the ent1re Salado Format1on ‘
The dr11ler d1d not record a loss of dr1111ng f]u1ds but four d1ssolut1on
'fzones are present in the Sa]ado below the W1nk Sink (f1gs 16, 21) These: zones,
| acould have formed before or after Well No 10~ A was dr111ed as a result of
'ground water movement unrelated to the presence of the boreho]e.
| On the other hand the abandoned we]] may have been an 1mportant factor in

the deve]opment of the d1ssolut1on zones ‘and the s1nkho]e Initial production
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from the well was estimated to be 5,000 barrels per day of which 80 percent was
water (Texas Rai]road Commission, 1928). Pumping large amounts of saline water
from this well may have enhanced corrosion of ﬁhe pipe which Tined the borehole.

Water from the Yates Formation in fhe vicinity of the well has chloride-ion
concentrations ranging from 4,300 to 21,000 mg/1 (Hiss, 1975).

Leaks are present in the casing of é nearby well of similar age. Casing in
Hendrick Well No. 3-A, 660 ft (200 m) south of Hendrick Well No. 10-A, was in-
stalled in 1928. ‘Initial production from that well was about 5,000 bafre]s per
day, of which 90 percent was water (Texas Railroad Commission, 1928). An at-
tempt to circulate cement behind the casing in Well No. 3-A failed in ear]yv
June, 1980 (prior to the formation of the Wink Sink) because of leaks in the
casing (Mike Handren, Petro-Lewis Co., per;onal communication, August 14, 1980).
Presumab1y, these leaks were caused by corrosion. The similar production his-
tories and ages of both wells suggest that the casing in Well No. 10-A also may
have been perforated by corrosion.

Perforations in the casing and fractures in the cement lining the borehole
may have been pathways for movement of water either up or down the borehole. In
the vicinity of the sinkhole the base of the Santa Rosa Formation, a fresh-water
aquifer, is at a depth of about 400 ft (122 m) (fig. 16). A poor cement job at
the base of the surfaée casing at 400 ft (122 m) depth (fig. 21) could have
allowed fresh water to leak down the borehole outside the casing. In addition,
the absence of cement plugs or a cement lining below a depth of 2,196 ft (669 m)
in Well No; 10-A during the 23-year period from 1928 to 1951 may have allowed
water under artesian pressure to move upward to near the base of the Salado
Formation. Use of nitroglycerine to fracture‘the Tansill dolomite at a depth of
2,300 ft (701 m) could have iﬁcreased permeability locally, thereby enhancing
water movement along the borehole from the Capitan, Tansill or Yates into the

base of the Salado.
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| Because the hydrau11c head of the Santa Rosa is h]gher than that of the

‘ :Capltan Yates or Tansill Format1ons (f1g 12), water would f]ow from the Santa
-;Rosa into. any of the other three format1ons, if they were connected by a.suit-
’ably permeab1e~pathway. A boreho]e act1ng as such a pathway cou]d contr1bute to

o salt d1ssolut1on 1f the cas1ng were perforated in the salt sect1on

v BRINE. PRODUCTION AND. INJECTION

The f1rst 011 we]] in the Hendr1ck F1e1d was dr111ed in February, 1926
fSect1on 42 B]ock B-5 of the Pub11c School Land Survey- (Ackers and others
71930) Production from the field was 1ntense and resulted 1n rap1d dep1et1on of
the 011 reservo1r (Myres 1977) From the beg1nn1ng, some 01l wells pumped as
lmuch as. 90 percent water and- th1s amount 1ncreased as time passed (Texas Ra11-
‘road Comm1ss1on 1928) | | » 7
. Beg1nn1ng in 1952, oil’ producers 1n W1nk1er County began to 1nJect produced - -
.water into the product1on hor1zons in. waterf]ood progects (f1g 22) Pr1or to
1952 waterf]ood projects 1n Winkler County used fresh water obta1ned from Ceno-
vzo1c and Santa Rosa aquifers, and ‘the- sa11ne produced waters were pumped into
surface p1ts or natura] dra1nage courses (Texas Water Comm1ss1on 1963) Water-
:f1ood1ng began in the Hendrick. F1e]d 1n 1963 and is in operat1on today (Texas
eRa11road Commission;. 1968 1980) : The br1ne p1pe11ne that was -ruptured by col-
,1apse on ‘the east s1de of. the s1nkhole carrled water to a pump1ng stat1on south ,
_of the s1nkh01e (John Fogle, Gu]f Productlon Co., persona] commun1cat1on
' September 12,-1980). From there the brine was pumped to the Keystone F1e1d
’northeast of Kerm1t Texas for use in-a waterflood pPOJeCt.‘A '
“ Naterflood1ng should not be confused with salt water d1sposa] by injection.
’Waterf]ood1ng is a means of secondary recovery 1n which: water is 1nJected into

the produc1ng horizon to improve recovery from the hydrocarbon reservoir. = Salt
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water disposal involves injection of water into any suitable permeable subsur-
face zone, normally one which already contains saline water. Disposal involves
environmental protection and is not intended to enhance hydrocarbon production.

In 1961, the Texas Railroad tommission conducted a state-wide survey of
brine production and injection (Texas Water Commission, 1963). Waterflooding
and salt water disposal were considered together as injection. According to
that study over 12 million barrels of salt water were injected in the Hendrick
Field in 1961. Over half of that amount was injected as a waterflood project
into a single well about 1.7 mi (2.7.km) north of the site of the Wink Sink.
That well (T..G. Hendrick Well No. 22-W, Block 26, Section 45, PSL Survey) was
continuously listed as an injection well from 1967 to 1979 (Texas Railroad
Commission, 1967-1979).

Applications on file with the Texas Department of Water Resources record
the intervals to be used for proposed salt water disposal wells. Until 1963,
disposal into the Rustler Formation was allowed. Since then, no application has
been approved that proposed to dispose of salt water in the Rustler Formation.
Disposal into the Yates and Seven Rivers Formations is by gravity flow, but dis-
posal into the Capitan Reef below a depth of 2,565 ft (782 m) required pressure
of 100 psi (7.03 kg/cm?) in 1964 (Texas Department of Water Resouces, 1964).

No records are kept of the amount of water disposed by injection wells.
Consequent]y, there is no way to determine how much water has been injected near
the sinkhole. Nb permit was ever filed for Hendrick Well No. 10-A to be used as

an injection well.
SUBSIDENCE FEATURES IN WESTERN WINKLER COUNTY
Two vintages of aerial photographs of western Winkler County were examined

to detect subsidence features that formed between 1954 and 1968. None were
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'»'found However two closed depress1ons were mapped that appear to be o]der de-.
'fgraded s1nkho]es on 1954 and 1968 v1ntage aer1a1 photographs (f1g 14) Both

‘ffeatures appear as rough]y c1rcu1ar depress1ons about 15 ft- (4»6 m) deep on U. S )

o Geo]og1ca] Survey topograph1c maps of the area. One depress1on is 5 6 m1

ﬁ(9.0 km) north of the W1nk S1nk the other is 3. 0 mi (4.8 km) southeast of the
‘ The d1ameter of both depress1ons as measured on the aer1a1 photographs 'isf_
'eabout 930~ft (283 m) or about 2-1/2 t1mes 1arger than the W1nk S1nk. However
'the d1stance between the per1phera1 tens1on fractures surround1ng the w1nk S1nk ;‘
s about 740 ftf(225 m) Larger depress1ons up to 3 500 ft (1 070 m) in d1ame- :
ter are a]so common features of the 1andscape in western Winkler County in the
fv1c1n1ty of the W1nk S1nk and west of Monument Draw where numerous playa depos-‘
i1ts prev1ous]y have: been mapped (f1g 4) "' |
The two smal] depress1ons on f1gure 14 and the W1nk Slnk lie: above the ‘f” R
fisubsurface trend of the Perm1an Cap1tan Reef, as’ do a number of wet weather
ponds and depress1ons Some  of these 1nterna11y dra1ned depress1ons such as o
- one Just south of H1ghway 302 (f1g;Al4)vwere former]y used for_dlsposal of of)
df1e1d br1nes It 15»11ke1y that these features '1ike the Wink:51nh;fare the
‘resu]t of surface subs1dence.. The1r or1entat1on and 1ocat1on re)at1ve to the
fxCap1tan Reef suggest that the reef may have 1nf1uenced the1r format10n in the
“-Same manner that it apparent]y affected the d1ssolut1on preced1ng the appearance“
of the W1nk S1nk. | | 7 | , E
‘The two sma]] depress1ons shown 1n f1gure 14 are probab]y re]xct s1nks and . _f
vpthe w1nk S1nk may resemble the1r appearance 1n several thousand years. The ‘
-depress1ons exh1b1t f1at or s)1ght1y concave bottoms and gent]y s]op1ng s1des
Ca11che zones somet1mes crop out on the upper s]opes where runoff has eroded the;

s0il. Ca11che pebbles up to 1 O 1n (2 5. cm) 1n d1ameter are found on the
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sloping sides of the depressions, but not on the bottoms. No vertical scarps
exist at the margin of the depressions; rather, the slope of the sides of the
depressions diminishes gradually over a few tens of feet until it is the same as
the surrounding terrain. Bottoms of depressions have a thick grass cover, un-

like the surrounding area where grass is sparse or absent.

SINKHOLES IN OTHER AREAS

Sinkholes resulting from salt dissolution have been reported in a number of
places in North America including Indiana (Hall, 1976), Kansas (Walters, 1978),
Michigan (Landes, 1959), Montana, North Dakota, Wyoming (Parker, 1967), South
Dakota (Bowles and Braddock, 1963; Laury, 1980), Texas (Fogg and Kreitler,
(1980), and Saskatchewan (De Mille and others, 1964). Sinkholes very similar to
the Wink Sink have been described in Saskatchewan by Gendziwill and Hajnal
(1971) and in Utah by Huntoon and Richter (1979).

In Saskatchewan, a seismic reflection survey defined the shape of a col-
lapse chimney below an 800-ft-wide (244 m) circular depression known as Crater
Lake (Gendziwill and Hajnal, 1971). The geophysical data showed that the chim-
ney originated in the Prairie Evaporite (salt) Formation at a depth of 33000: £t
(915 'm). Precursor to the chimney was a solution cavity 125 ft (38 m) deep and
800 ft (244 m) in diameter. The collapse chimney is about 350 ft (107 m) in di-
ameter. When it formed, the ground surface dropped about 240 ft (73 m). The
Wink Sink may héve originated in the same fashion but at a shallower depth.

Huntoon and Richter (1979) described collapse chimneys in Utah that proba-
bly originated as cavities as a result of salt dissolution in the Paradox and
Honaker Trail Formations. The cavities propagated upward by roof collapse, and
their continued growth was maintained by dissolution of carbonate breccia from

overlying formations. These combined processes produced chimneys that extend
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upward 2, 000 ft. (610 m) 1nto format1ons “above the sa]t. 'DiSpTacement of dis-
~tinctive rock fragments from the or1g1na1 strat1graph1c pos1t1on 1nd1cates that
vm1n1mum downward movement within the ch1mneys was about 100 ft (30)m).’:Th1s

A,compares c]ose]y w1th the 110 ft (33 m) depthvof'the w1nk Sink.

" CONCLUSIONS

g Evapor1tes have been d1sso]v1ng in the Delaware Basin for m1111ons of
tbyears. Format1on of the W1nk Sink in June 1980, is the'most_recent example of
‘surface collapse -and subsidence caused by sa]t d1ssolut1on.‘ Coincidence of sev-
eral surface subs1dence features with the trend of the Perm1an Capitan Reef sug-
gests that the reef has enhanced d1sso1ut10n of the adJacent and over]y1ng salt}

-The Cap1tan Reef may - have affected d1ssolut1on in two ways. First, differ-"
ential compaction of sediments over1y1ng‘the reef or fau]ts,para]1e1‘to the:reef'
‘may have fractured the eVaporite sectfon ‘providing.avenues’for downwardvground-
waterfmovement.‘ Second water under artesian pressure in the reef may have
'moved upward 1nto salt beds. :

‘_Although the Wink Sink may be'thekresu]t‘of natural'orocesses, 0il field
»Operatipnsfinjthe area may be re]ated to its formatjon.. An abandoned 01l well
~at the site.of the sinkho]e may have provided a conduit‘for water to come into
contact with the Salado salt. Water may have moved downward: from the Triassic
-fSanta Rosa Format1on or Perm1an Rustler Formation or up from the Cap1tan Reef
into the Salado Format1on. Corros1on of cas1ng in the boreho1e or fa11ure of
'cement p]ugsfand 1ining could have fac111tated vertical movement of ground-
water. Use ofvexplosives to fracture rock in the Tansi11 Formation'also may .
have enhanced permeab111ty 1oca11y or fractured the cement 11n1ng farther up the

borehole.
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:ZviBetween'JuWy 19 and December 12,l1980;4the_ground:surface surroundingvthe
winkaink'subsidedras‘muoh as 1.456 ft (44.4,cm); The area affected,by‘subsi-
~ dence decreased marked1y petween July and December~as areas farther from the
A s1nkhole became stab]e Future subs1dence appears 11ke1y on]y within about :

5 : ZOO.ft‘(Gl'm) of the edge of the sinkhole as it appeared in November 1980.

| ‘ - Effects of_br1ner1n3ect1on and waterf1ood1ng.on the format1on of.the sink-
:hole:have,not been?firmly:estab1ishediu Hendrick.WellvNo. 10-A, located:within »
v.theasinkhoTe, was never used as‘anvinjection We11 'although nearby We11s»were} :
used for 1n3ect1on Ingect1ng produced waters into the format1ons above and .

be]ow the Sa]ado may have a]tered hydrolog1c cond1t1ons and caused comp]ex move-c

. -ment ‘of ground water into the Sa]ado'evaportte'sect1on

S1ze of the s1nkhole and the depth to the salt beds in the Sa]ado Formatton

.are 51m11ar to other s1nkho]es in North America.
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FIGURE CAPTIONS
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