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March 09, 2011 

To: Ed Hansen-OCD 

From: Wayne Price-Price LLC. 

Subject: Devon Avalon Hills 7 Fed Com#3 Blowout June 2006 

Reference: OCD Case # 2R0056 

Dear Ed: 

During our last meeting, around the holidays, I had an opportunity to discuss this site with you and Glenn. 
At that time, your initial indication was that we probably could close MW-5 and MW-7 because of the 
distance from the site and the fact the chemical analysis have not changed over the past 5 years. 

MW-7 is actually located in the Avalon lakebed, high reservoir storage area. While the lake hasn't seen 
those levels in many years, it is possible for that to happen and the well could go under water. This well is 
located in the lake-bed alluvium and it is directly affected by the lake chemical parameters. Upstream is 
Brantely lake, which releases water directly to Lake Avalon. 

Please find attached a copy of a recent data set taken by New Mexico State University (Ag dept) of various 
storage waters in the area. I have highlighted a couple of parameters for Chlorides and Sulfates. You can 
see the lake water ranges from about 500-2200 mg/l chlorides. MW-7 has most likely been at very static 
levels and the chloride has a tendency to rise in stagnant areas. Over the past 3 year monitoring period, 
Chlorides in MW-7 has ranged from 2250-2500 mg/l. 

MW-5 lies between MW-7 and the Devon well, and is over 700 feet from the blow-out site. Over the past 
3 year monitoring period, MW-5 has ranged from 608-1260 mg/l. The installation of these wells was 
hastily requested under somewhat emergency conditions by the agency at the time. The idea was to 
provide protection for the lake, thinking there was one local aquifer. 

MW-5 and MW-7 do not have well logs, and therefore it is difficult to evaluate these wells. 
What is disturbing, is that the wells may be completed across different water zones. We do know this 
area is highly disturbed, with the four different hydro-geologic zones that focal in this area. The Pecos 
Valley Alluvium, the Chalk Bluff, The Rustler, and most important, The Carlsbad Limestone. Please find 
enclosed an excerpt from the Groundwater Report #3 Plate 1, showing the geology in this area. Also, 
included are site photos showing the out-cropping of the limestone near the lake and east of there, 
toward the site. 

MW-5 could actually be completed across the Chalk Bluff, Rustler and Carlsbad limestone at this point. 
Even if these wells were logged, if may be impossible to make any formable conclusion on the underlying 
hydro-geology due the extreme cavernous zones found, which are not confined to certain beds and 
appear to be extremely irregular and erratic. It must be pointed out that monitor well construction was 
very difficult due to the cavernous zones encountered. 

There may actually be four different water zones, five if perched water is included, to contend with. One 
thing that we do know, is the Carlsbad limestone, as reported by the State Engineer's office, is usually 
under confined conditions and has very good quality water. 



The MW-4 log shows that water was encountered and was measured at the same elevation that is 
encountered at the Carlsbad Spring. During the drilling of this well, a large cavern was encountered. It 
appears that we may be mixing Rustler or Chalk Bluff water with the Carlsbad Limestone water. Or even 
worse, if MW-4 was impacted by the blowout, then we are mixing contaminated water with very good 
water of the Carlsbad Limestone. Over the past five year monitoring period, the chlorides in MW-4 has 
ranged from 950-1270 mg/l. 

The current hydraulic head at the site is most likely higher than the Carlsbad Limestone, thus even though 
the limestone is under pressure, it may not be enough to overcome the water found locally. 

MW-6 appears to be up gradient, referencing local historic groundwater maps. It is either completed in 
the Chalk Bluff or Rustler. Since there is no well log, this is a logical assumption. It also statically match's 
the chemical of the water found in the Chalk Bluff or Rustler. 

Located just over the hill, northeast of the site, is a large salt playa, which is most likely a collapsed 
feature. It is unknown if this feature influences the groundwater quality in the area. See aerial photo 
attached. 

MW-2 appears to be on the very edge of the Carlsbad Limestone, and has fairly good water, with 
Chlorides ranging from 300-420 mg/l. The borehole logs of MW-1 (near the Devon Well) and MW-2 
located approximately 180 feet to the southeast, show a clear demarcation that this is a transitional zone. 
MW-1 encountered salt, no limestone, while MW-2 was completed in Limestone. 

It is very possible this local area is a transitional zone between Carbonate and Evaporite features in the 
area. It should also be pointed out this site is located on top of the Capitan Reef. The Reef water is over a 
1000 ft deep in this area. 

MW-1 was located as close as possible to the well site, and drilling fluids were encountered in the well 
and were pumped out routinely. The soils and water were contaminated. From all of the investigation 
data, it does appear that the contamination is very localized just around the well. 

Please refer to the aerial photo, where I attempted to provide a visual delineation and transitional zones. 
I feel very confident that the transitional lines approximately locate the focal point in this area. I drew a 
red line where I know there is confirmed limestone features. Below the red line, I feel is the Carbonate 
facies. Please see my field photos showing the limestone. 

West of the yellow line approximates the river valley alluvium and probably some chalk Bluff. East of the 
Yellow line is definitely Chalk Bluff and Rustler. If you look to the NE you will see a salt playa lake, which 
demonstrates the Evaporite features. 

What we do know from information obtained from the State Engineers Office, is that the Carlsbad 
Limestone feeds the Carlsbad Spring, which for the most part is the major source of water for Lake 
Carlsbad and the Pecos River in Carlsbad. See photos attached. 

At this point and time, Devon feels that it would be extremely wise to plug and abandon MW 4, 5 and 7 
immediately. Especially since MW 5 and 7 apparently have no essential value to the project. MW-4 may 
be completed across two zones and may be cross-contaminating the Carlsbad limestone. 



We will continue to remove any contamination from the MW-1 and monitor very closely MW-2. 
None of the wells could be correlated and we may actually be doing more harm than good by leaving 
these conduits open. 

Devon hereby request that it be immediately allowed to plug and abandon the three monitor wells MW-4, 
5 & 7 at this time. 

If you have any questions please do not hesitate to call or write. 

Sincerely, 

Wayne Price-Agent for Devon Energy 



Devon Project Notes: 

Carlsbad limestone interfingers with and in parts overlaps the Capitan limestone. Plunges beneath 
the surface a short distance north of Carlsbad. The formation thins to the northwest as it grades into 
redbeds and evaporates of the Chalk Bluff formation. Principal aquifer in the Carlsbad area. 
Carlsbad Limestone Water Levels- Generally confined but when released rises to 3105-3110 ft 
amsl. 

Chalk Bluff formation: Back reef sedimentary rocks, which includes evaporates, dolomites, 
redbeds, and sandstones. Chalk Bluff basal Limestone contains recharge water from the west and 
is the principal source of water north of the site area. Water of good quality and a very good 
predicitability of water levels can be made. 

Rustler Formation: Anhydrite, gypsum, interbedded red and green sandy clay, and some beds of 
dolomite, (some salt ?) Outcrops east ofthe Pecos river as a belt of gypsum and redbeds. Overlies 
Chalk Bluff and is hard to distinguished from it. Yields water to many wells, usually high in chloride 
and sulfates. Salt Playa NE of site. 

Older Alluvium: Quartzose conglomerate, mainly west ofthe River going north of Seven Rivers. 
Thickness in the valley from Zero to more than 300 feet. Thickest a few miles west ofthe river and 
thinning going east. Consist of clay, silt, sand, gravel, and conglomerate. It is slumped and 
deformed in the river valley. Chief source of water in Roswell and Carlsbad irrigated basins. 

Younger Alluvium: Undisturbed silt, sand, gravel, and cobbles. About 40 feet thick. Not a major 
source of water. Most of the wells that do produce are in the Older Alluvium conglomerate. 

River Valley: Dip ofthe beds under the river is generally east and southeast. Locally in the valley 
the beds are much disrupted by slumping. Valley was developed largely by solution ofthe gypsum, 
anhydrite and salt ofthe underlying Chalk Bluff formation and subsequent collapse. 

All wells in this area: The depth to water and yield from wells in this area which chiefly take water 
from cavities (in the limestone which are irregularly distributed) over very short distances. 

Groundwater Movement: West of the Pecos water generally move east into the river. East of the 
river, water generally moves south and southwest. The amount of water that enters the river from the 
east is relative small. 

Salt Flow: At 60 cfs River is transporting 320,000 Ibs of salt/day. @1000 ppm. 

Water is declining: NO Surprise, as it declines it becomes more saltly. 

Soil located in the Avalon Lake bed acts as a playa lake conditions, where repeated flooded ofthe 
area and resultant drying and evaporation have caused a large build up of salts over time. This via 
"Density Flow" has caused increased salt content at the bottom ofthe alluvium aquifer. 
Compounding this problem is the invasive Salt Cedars which concentrate salts. Chloride ions are 
more soluble than sulfates and has a tendency to flow to the bottom ofthe aquifer. 

If the alluvium is near the Carlsbad limestone or Chalk Bluff we could cross-contaminate the area 
with pumping of monitor wells. 

Excavating in this area may be hazardous and cause cross-contamination, especially if we break 
into some ofthe good quality limestone solution channels. There would be no way to seal them 
back. Drilling more MW's same scenario. 
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Devon Energy Company 
Avalon Hills Fed 7 2R-0056 
Water Analytical Summary 

MW-1 
Dale Lab Name Lab. No Benzene Toluene Ethylbenzene Xylene Chlorides 

10/29/06 Cardinal HI 1728 

11/19/06 Hall 0611272 
11/26/06 Hall 0611337 

01/10/07 Env. Labs of TX 7A15009 

05/14/07 Xenco 282577 6 (.05 0480 4 859 

11/02/07 Cardinal H13647 2520 0.493 4.820 

03/02/08 Cardinal H14366 

03/08/08 Xenco 299235 
03/22/08 Xenco 300277 

04/04/08 Xenco 300279 

05/16/08 Cardinal H14830 

09/29/08 Cardinal H I 6000 1.300 7.120 

08/28/09 Cardinal HI8138 
08/05/10 Source volume too small to measure 

MW-2 
Date Lab Name Lab. Nn Benzene Toluene Ethylbenzene Xylene Chlorides 

11/19/06 Hall 0611272 ND 4 40 ND 3.00 

11/26/06 Hall 0611337 

01/10/07 Env Labs of TX 7A15009 ND NI) NO ND 

02/28/07 Env. Labs of TX 7B23004 

05/14/07 Xenco 282577 ND ND ND ND 

11/02/07 Cardinal H I 3647 ND ND ND ND 

05/16/08 Cardinal HI 48.30 

09/29/08 Cardinal H I 6000 

08/28/09 Cardinal HI8138 ND ND ND ND 

08/05/10 Cardinal H20584 0.003 ND ND 0.003 

MW-4 
Date 1 .ah Name Lab. No Benzene Toluene Ethylbenzene Xylene Chlorides 

1 1/19/06 Hall 0611272 
11.'26/06 Hall 0611337 
01/10/07 Env. Labs of TX 7 A15009 ND ND ND ND 

02/28/07 Env l.abs o f T X 7B23004 
(15/14/07 Xenco 282577 NI) ND ND ND 
1 1 /02/07 Cardinal H13647 NI) NI) ND ND 
03/02/08 Cardinal H I 4366 
03 08/08 Xenco 299235 
03/22/08 Xenco 300279 

05/16/08 Cardinal H14830 
09/29/08 Cardinal H I 6000 
08/28/09 Cardinal I I I8 I38 ND ND ND ND 
08/05/10 Cardinal H20584 0.001 ND ND 0.003 

M W - 5 

Date Lab Name Lab. No Benzene Toluene Ethvlbenzene Xylene Chlorides 
02/28/07 Env. l.abs of TX 7B23004 ND 0 00 ND 0.007 
05/14/07 Xenco 282577 ND ND ND ND 
11/02/07 Cardinal HI3647 ND ND ND ND 
05/16/08 Cardinal 11148)0 

09/29/08 Cardinal H16000 
08/28/09 Cardinal HI8I38 ND ND ND ND 
08/05/10 Cardinal H205S4 NI) NI) ND ND 

MW-6 
Date Lab. No Benzene Toluene Ethylbenzene Xylene Chlorides 

02/28/07 1 nv l.abs of TX 7C01005 ND ND ND ND 
05/14/07 Xenco 282577 ND ND ND ND 
11/02/07 ('ardinal HI3647 ND ND NI) ND 
03/22/08 Xenco 300279 

05/16/08 Cardinal 111 4830 

09/29/08 Cardinal H I 6000 

08/28/09 Cardinal H18I38 ND ND ND ND 
08/05/10 Cardinal H20584 0.01 ND 0.002 0.00 

MW-7 
Date Lab Name Lab. No Benzene Toluene Ethylbenzene Xylene Chlorides 

05/14/07 Xenco 282577 ND ND ND N D 
1 1/02/07 Cardinal H13647 ND ND ND ND 
05/16/08 Cardinal HI4830 



0°/2<)/O8 Cardinal H I 6000 

08/28/09 Cardinal H18138 ND ND ND ND 

08/05/10 Cardinal H20584 ND ND ND ND 
2,368 AVG 121 STDEV 5.10% 



3/8/// 

Notes: 

Devon Energy Site 
Avalon Hills 

Whole Earth Environmental 
2103 Arbor Cove 

Katy, Texas 77494 

Boring number Latitude Longitude Mean Sea Level 
Elevation 

BH-1 32° 29.4066656' 104° 13.361357' 3215.23' 

BH-2 32° 29.3891898' 104° 13.332315' 3215.49' - f j t 

BH-3 32° 29.3639943' 104° 13.533745' 3195.37' 

BH-4 32° 29.3823505' 104° 23.384612' 3 2 M * & -%S - : 

o 

2//Z 
r 

/ 

LS ^ 

1 .Horizontal Data referenced to United States Coast and Geodetic Survey Tri-Station named 
"Carlsbad" set in 1922. The Coordinates are given in Latitude and Longitude. 
2. Vertical Data referenced to National Geodetic Survey Benchmark designated "D-345". 
Vertical Data is NAVD 88 Datum. All elevations taken at land surface at bore hole locations. 
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Prnjessiimui Engineering I.ami Surveying 
Vi'nier Resmn\ ex Envn-oiuneniai Seienec 

Log of Boring Devon Energy Borehole 1 

Whole Earth Environmental 
2103 Arbor Cove 
Katy, TX 77494 

Contact: Mike Griffin 
Job#: CRDEVON.DRL.06 

Drill Start 
Drill End 
Boring Location 
Site Location 
Auger Type 

07-17-06(0800) Logged By : Mort Bates 
07-18-06 (1000) 
N32°29.370', W104°13.526' 
T21S, R27E, Sec. 07 
4% Hollow 

a 

o 
i 
0-

< 
o 

OT 

o 
3 

DESCRIPTION 

0 

5 

10 

15 

20 

25 

30 

35 

40-

45 

50-

55-

60-

65-

70-

75-

80-

85-

90-

95-

100-

1 0 5 -

110 

.53 

CL 

CL 

CL 

Fill, imported caliche 

Clay, loose, red, dry 

Clay w/ caliche, firm, tan & white, dry 

Clay, loose, red, dry 

SS 

SS 

CL 

CL 

CL 

CL 

SM 

Sandstone, firm, tan, dry 

Sandstone, hard, tan, dry 

Sandy clay w/ cemented gravel, firm 

Sandy clay w/ cemented gravel, firm 

Clay, loose, greyish green, moist 

Clay, stiff, red, moist 

Silty sand, loose, reddish tan 

Total Depth 100' 
Water Level 64' 

BH-1 

— 8"x12" well cover w/ 2'x2'x4" concrete pad 

-Grout 

-2" Sch. 40 PVC casing 

-Bentonite seal 

-Silica sand pack 
-2" Sch. 40 PVC 0.020 slot screen 

-Bentonite grout 
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I'mfessiunai h'ngsneenny, Lum! Survey;ag 
ri'ulcr Returnees Envirunincnicri Science 

Log of Boring Devon Energy Borehole 2 

Whole Earth Environmental 
2103 Arbor Cove 
Katy.TX 77494 

Drill Start 
Drill End 
Boring Location 
Site Location 
Auger Type 

07-19-06 (1100) Logged By : Mort Bates 
07-26-06 (1300) 
Southeast of drilling pad 
T21S, R27E, Sec. 07 
4% Hollow 

Contact: Mike Griffin 

Drill Start 
Drill End 
Boring Location 
Site Location 
Auger Type 

07-19-06 (1100) Logged By : Mort Bates 
07-26-06 (1300) 
Southeast of drilling pad 
T21S, R27E, Sec. 07 
4% Hollow Job#: CRDEVON.DRL.06 

Drill Start 
Drill End 
Boring Location 
Site Location 
Auger Type 

07-19-06 (1100) Logged By : Mort Bates 
07-26-06 (1300) 
Southeast of drilling pad 
T21S, R27E, Sec. 07 
4% Hollow 
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DESCRIPTION 

CL 

SS 

LS 

SC 

SC 

Fill caliche pad 

Clay, loose to firm, red, dry 

Sandstone, firm, reddish tan, dry 

Limestone, hard, grey, dry 

Clayey sand, loose, red, dry 

Clayey sand, loose, reddish, tan, damp 

1 0 0 -

105 

110 

Total Depth 97' 
Water Level 75.16' 

Note: 0' to 67' Atkins auger drill, 67' to 97' drilled with 
M&M drill rig. 

BH-2 

8"x12" well cover w/ 3'x3'x6" concrete pad 

-Grout 
-2 " Sch. 40 PVC casing 

2 — Bentonite seal 

—Silica sand pack 

2" Sch. 40 PVC 0.020 slot screen 

-Fill (hole caved) 



ATXIXS Ex<.n\uERixti Assovrmx /.ve 
I'mfcssiona! FSnyineenng Limit Savveying 
u Hicr Resources Envimnuicnia' Science 

Log of Boring Devon Energy Borehole 3 

Whole Earth Environmental 
2103 Arbor Cove 
Katy.TX 77494 

Drill Start 

Drill End 

Boring Location 

Site Location 

Auger Type 

07-26-06(1300) Logged By : Mort Bates 

07-27-06 (1600) 

2 0 0 ^ of MAW #2 

T21S, R27E, Sec. 07 

Air drilled w/M&M 

Contact: Mike Griffin 

Job#: CRDEVON.DRL.06 

Drill Start 

Drill End 

Boring Location 

Site Location 

Auger Type 

07-26-06(1300) Logged By : Mort Bates 

07-27-06 (1600) 

2 0 0 ^ of MAW #2 

T21S, R27E, Sec. 07 

Air drilled w/M&M 
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1 2 0 -

-1 

DESCRIPTION 

11 

5 
33 

EH 

SM 

LS 

SM 

LS 

SM 

SS 

LS 

LS 

SS 

^Caliche fill 
Limestone, hard, gray, dry 

Broken limestone w/ layer of clayey sand, firm, grey, 
dry 

Silty sand, loose, reddish tan, dry 

Broken limestone, firm, grey, dry 

Silty sand, loose, reddish tan, dry 

Broken limestone, firm, grey, dry 

Silty sand, loose, yellowish tan, dry 

Sandstone, hard, light tan, dry 

Limestone, hard, grey, dry 

Limestone w/ silty sand, firm, grey & tan, dry 

Sandstone w/ silty sand, firm, reddish brown, dry 

Lost all drilling returns, may be in a cavern. Taken 
drill stem to 110' and pulled out of the hole. 

Total Depth 110' 

Note: Soil bore was drilled 110' with air by M&M 
Excavating. After pulling drill stem from the hole, the 
hole caved in from 68' to 110'. 

BH-3 

- —Cement grout (borehole plugged) 

—Hole caved 



".'477T7.v;\- Exa/\i-r:Hi\c; ASSOCIATE: lxc. 
f'rrs/'cxxinnai i\i)f;:}icciu>g ;..•;.';.'/ Surveying 

iVmer Resources Eimnmmcnitil Science 

Log of Boring Devon Energy Borehole Bft 

Whole Earth Environmental 
2103 Arbor Cove 
Katy, TX 77494 

Contact: Mike Griffin 
Job#: CRDEVON.DRL.06 

Drill Start 

Drill End 

Boring Location 

Site Location 

Auger Type 

07- 28-06(1050) Logged By : Mort Bates 

08- 02-06 

75'W of Borehole #3 

T21S, R27E, Sec. 07 

Air & auger 

o 
I 

< DESCRIPTION 

o-

5-

10-

15-

2 0 -

2 5 -

30 -

3 5 -

4 0 -

4 5 -

5 0 -

5 5 -

6 0 -

6 5 -

7 0 -

7 5 -

80 -

8 5 -

9 0 -

95-^ 

100-

105-; 

110^ 

115-i 

120-^ 

125-: 

130-i 

135-^ 

1 4 0 -

S i LS 

SS 

SS 

ss 

ss 

CL 

CL 

SS 

CL 

CL 

CL 

CL 

CL 

Caliche w/silty sand, firm, white & tan, dry 

Broken limestone, hard, grey, dry 

Sandstone, hard, yellowish tan, dry 

Sandstone, hard, tan, dry 

Sandstone w/silty clay, hard, reddish tan, dry 

Sandstone, hard, red & tan, dry 

Clay, loose, greenish gray, damp 

Clay, loose, red, damp 

Cavernous sandstone, firm, tan, dry 

May be cavern? Lost drill returns. 

Clay, stiff, red, damp 

Sandy clay, loose, greyish tan, damp 

Sandy clay, firm, greyish green, damp 

Silty clay, soft, greyish green, damp 

Silty clay, hard, greyish green, dry 

Total Depth 130' 
Borehole dry 
Note: M&M air drill from 0' to 65', Atkins auger drill 
from 65' to 130'. 

BH-5 

.*.' —Cement grout (borehole plugged) 



I'rriie.vsirniui Engineering Lcnui N/rnviv;?:; 
li'mcr Res: >in-ccs i-'nvirnnnienie,: Science 

Log of Boring Devon Energy Borehole 4 

Whole Earth Environmental 
2103 Arbor Cove 
Katy, TX 77494 

Contact. Mike Griffin 
Job#: CRDEVON.DRL.06 

Drill Start 

Drill End 

Boring Location 

Site Location 

Auger Type 

07-28-06 (0750) Logged By : Mort Bates 

07-29-06 (1500) 

700'W of Borehole #3 

T21S, R27E, Sec. 07 

Air & auger 

o 
X 

< 
or o 

o 
co 
3 

DESCRIPTION 
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85-

9 0 -

9 5 -

100-

105-

110-

Sfvl 

SS 

LS 

Si LS 

SS 

SS 

CL 

7*-

SC 

SM 

Silty sand w/caliche, loose, brown & white, dry 

Caliche, firm, light tan, dry 

Sandstone w/caliche, hard, pink, dry 

Limestone, hard, grey, dry 

Limestone w/ silty sand, hard, pink & grey, dry 

Sandstone, hard, tan, dry 

Sandstone, caverns, firm, tan, dry 

Clay, stiff, red, damp 

Sandy clay, firm to soft, greyish tan, damp 

Silty sand, soft, grey, wet 

Total Depth 100' 
Water Level 84.78' 

Note: M&M drilled w/air from 0' to 48', Atkins drilled 
w/auger from 48' to 100' 

BH-4 

{ — 4"x4"x5' well cover w/ 2'x2'x4" concrete pad 

_z 

—Cement grout 

2" Sch. 40 PVC casing 

-Bentonite seal 

—Silica sand pack 

-2" Sch. 40 PVC 0.020 slot screen 

-Fill (hole caved 98' to 100') 
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Eddy Co. 

Car lsbad; 

Guadalupe 

New 
Mexico 

Texas 

kilometers 

confined sellings, while I'roe convection is generated where 
sleep density gradients establish as fresh-balers are 
contmuouslv supplied to the dissolution fronts (the upper 
ie\els) through the simultaneous sinking of saturated fluids 
bv denstiv differences (Anderson and Kirkland. 1980). 
Therefore epigenie and hypogenic karstic features likely 
both exist in the study area, often superimposed on each 
other. 

The work we report here focuses on delineating the 
extent and distribution of kit rsi development within the 
outcrop region of the Castile Komiation. in order to 
predici regions of intense versus minimal karst dcvelop-
meni. which can be used for karsi resource management as 
well as a first approximation for understanding regional 
speleogenesis. A dual approach involving field and Geo
graphic Information System iGIS) analyses were utilized in 
order to define karst variability within the study area, 
including field mapping of 50. 1-knr regions and CIS 
analyses, using FSRI ArcGIS 9.2 software, of public dala 
(i.e.. Digital Elevation Model |DEM|: Digital Raster 
Graphic |DRG|: and Digital Orthophoto Quad |DOO"i> 
for ihe entire region. The combined results were used 10 
develop a karst potential map of the Castile Formation 
outcrop region, while simultaneous!) evaluating dilferem 
GIS-based techniques lor karst analyses. 

G>:< H I H ;tc SFT I I M -

Figure 1. Location map showing location of Gypsum Plain 
including outcrop areas of the Castile Formation (solid 
white) and the Rustler Formation (solid black) within the 
Delaware Basin (dark gray). Eddy County. N.M and 
Culberson County. Texas. Locution of the Delaware Basin 
in relation to Texas and New Mexico is illustrated in bottom 
left corner, with the enlarged region outlined by the small 
black rectangle (adapted from Keller, 1971. Dietrich et al.. 
1995 and Hill. 1906). 

documented 201 ot'(he total reported karM features (Jim 
Kennedy. 200(>. pers. com.I. 

The rapid solution kinetics and high solubility of 
gypsum promotes extensile karst development. Gypsum 
solubility t2.53g L " ' l is approximately three orders of 
magnitude greater than limestone ( i . r m g L ') in pure 
water and two orders of magnitude less than halite iJhO g 
L ') (Klinichouk. 19%). The high solubility and near-
linear solution kinetics of evaporiles encourage intense 
surface dissolution (hat ofien forms large sinkholes, incised 
arroyos and ca\es thai are laterally limited with rapid 
decreases in passage aperture away from inflows through 
epigenie speleogenesis | Klinichouk. 20iW>a). Additionally. 
the high soiubiliiics of cv a pontes favor the development of 
hi oogenic transverse speleogenesis driven bv mixed con
vection (forced and free I (Klinichouk. 2<.KXJb). forced 
convection is established by regional hydraulic gradients in 

}h*J,,ur>M> .»/'(.'mv uini Kar.n 5w,fo. April 2i«!S 

The Castile Formation was deposited during ihe late 
Permian (early Ochoanl. subsequent to deposition of the 
Guadalupian Capitan Reef, which is well-known for the 
caves it hosts in the Guadalupe Mountains (e.g.. Hose and 
I'isarowicz. 2U00). Castile evaporiles represent deep-water 
deposits within a stratified, brine-filled basin (i.e.. Dela
ware Basin) (Kendall and Harwood. l l)S9i. hounded below 
bv elastics ofthe Bell Canyon Formation, on ihe margins 
by Capitan Reel" carbonaies. and above by additional 
evaporitic rocks of (he Salado and Rustier Formations 
(l-'ig. 2) (Kelley. F>71i. Castile evaporiles crop out along 
1 heir western dissolution front in (he Gypsum Plain 
(Fig. I I . dip io ihe easi where they reach a maximum 
thickness of 480 m in Ihe subsurface (Hill. I99M. and are 
characterised as massive io iaminaied sulfates |gypsum/ 
anhydrite I intcrbedded with halite (Dietrich et al.. Il>95l. 
Increased thickness in the east has been attributed to 
dissolution of imrastraiai halite to the wesi and increased 
deposition to the east in ihe Ochoa 'Trough during the 
Permian (Anderson et al.. 1972). 

The Castile Formation, including outcrops in the 
Gypsum Plain, has experienced minimal tectonic deforma
tion although located on the eastern edge of major tectonic 
events. Triassic and Laramide tcctonism produced regional 
liking to the nonheasi. broad llcxures and fracturing with 
minimal offset within southeastern New Mexico and west 
Texas. The far western edge of the Delaware Basin has 
been down-dropped along (he far eastern margin of Basin 


