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Pima Environmental Services, LLC 

1601 N. Turner Ste 500 
Hobbs, NM 88240 

575-964-7740 
 
September 9, 2020 

 
NMOCD District 2 
Mr. Mike Bratcher 
811 S. First Street 
Artesia, NM 88210 
 
Bureau of Land Management 
Mr. Jim Amos 
620 East Green Street 
Carlsbad, NM 88220 
 
Re: Site Remediation and Closure Report 

Rigel 20 Fed Com #3H 
API No. 30-015-39725 
GPS: Latitude 32.6431353   Longitude -103.898920 
UL “L”, Sec. 20, T19S, R31E 
Eddy County, NM 
NMOCD Ref. No. 2RP-2960; 2RP-4452; 2RP-5429 
 

Dear Mr. Bratcher and Mr. Amos, 
 
Pima Environmental Services, LLC (Pima) has been contracted by Devon Energy Production Company (Devon) to perform a spill 
assessment and to perform remediation activities for an oil release that occurred at the Rigel 20 Fed Com #3H (Rigel).  The initial C-
141’s were submitted on (Appendix C).  These incidents were assigned 2RP-2960, Incident ID NAB1511038592, 2RP-4452, Incident ID 
NAB1729752650, and 2RP-5429, incident ID NAB1914044657 by the New Mexico Oil Conservation Division (NMOCD). 
 
Site Characterization 

 
The Rigel is located approximately twenty-five (25) miles northeast of Carlsbad, NM.  This spill site is in Unit L, Section 20, Township 
19S, Range 31E, Latitude 32.6431353, Longitude -103.898920, Eddy County, NM.  Figure 1 references a location map. 
 
Per the New Mexico Bureau of Geology and Mineral Resources, the geology is in the Quaternary Formation- Eolian and piedmont 
deposits (Holocene to middle Pleistocene)-interlayed eolian sands and piedmont-slope deposits (QEP).  The soil in this area is made 
up of Berino loamy fine sand, 0 to 3 percent slopes according to the United States Department of Agriculture Natural Resources 
Conservation Service soil survey (Appendix B).  The drainage courses in this area are well-drained.  There is a low potential for karst 
geology to be present in the area of the Rigel (Figure 3). 

 
According to the New Mexico Office of the State Engineer, depth to the nearest groundwater in this area is 180 feet below grade 
surface (BGS).  According to the United States Geological Survey (USGS), the nearest groundwater is greater than 100 feet BGS.  The 
closest waterway and is the Hackberry Lake, located approximately 1.92 miles to the west of this location.  See Appendix A for 
referenced water surveys.  
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Table 1 NMAC and Closure Criteria 19.15.29 

Depth to 
Groundwater 
(Appendix B) 

Constituent & Limits 

Chlorides Total TPH GRO+DRO BTEX Benzene 

180' 20,000 mg/kg 2,500 mg/kg 1,000 mg/kg 50 mg/kg 10 mg/kg 
If the release occurred within any of the following areas, the responsible party would treat the release as if the 
groundwater was less than 50 feet per Rule 19.15.29 

Water Issues Yes No 
Within 300 feet of any continuously flowing watercourse or any other significant 
watercourse 

   x 

Within 200 feet of any lakebed, sinkhole, or playa lake (measures from the ordinary 
high-water mark 

   x 

Within 300 feet from an occupied permanent residence, school, hospital, institution, 
or church 

   x 

Within 500 feet of a spring or a private, domestic freshwater well used by less than 
five households for domestic or stock water purposes 

   x 

Within 1000 feet of any freshwater well or spring    x 
Within incorporated municipal boundaries or within a defined municipal freshwater 
well field  

   x 

Within 300 feet of a wetlands    x 
Within the area overlying a subsurface mine    x 
Within an unstable area (Karst)    x 
Within a 100-year floodplain    x 

 
Reference Figure 2 for a TOPO Map. 
 
Release Information 
 
2RP-2960: On April 14, 2015, the lease operator arrived on the location and discovered the vent tank was overflowing.  The DCP line 
pressure had been high overnight and this caused the 2-phase separator back pressure valve to hang open and equalize the 
separator and heater treater and prevented them from dumping and caused a release of 75 barrels (bbls) of oil and produced water 
into the lined containment and 0.5 bbls of mixed fluids into the pasture.  The pasture area affected was on the southwest of the 
location. 
 
2RP-4452: On October 7, 2017, the supply gas line was opened to start the flare, the line had fluid built up inside and expelled from 
the flare causing the flare and trailer to catch on fire.  The gas supply was immediately shut off and the fire was extinguished.  
Approximately 0.25 bbls of fluid were lost and no fluids were recovered, all fluids stayed on the location pad. 
 
2RP-5429: On May 6, 2019, equipment malfunction caused tanks to run over.  A calculated 103 bbls of produced water was released, 
all fluids stayed inside the engineered steel and poly lined containment.  A vac truck was dispatched and recovered the 103 bbls of 
fluids.  
 
Site Assessment and Soil Sampling Results  
 
On July 27, 2020, Pima Environmental conducted a site assessment and obtained composite soil samples to verify that the liner had 
not been breached, and the integrity was still intact.  Location and background samples were also obtained in the pasture to ensure 
that the fluids expelled into the pasture had not contaminated the soil.  The laboratory results of this sampling event can be found in 
the following data table. 
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7-27-20 Soil Sample Results 

 
ND- Analyte Not Detected 

 
Complete Laboratory Reports are attached in Appendix C. 

 
Remediation Activities 
 
The sample results were below NMOCD Closure Criteria 19.15.29 NMAC.  Based on these findings, no remediation activities were 
needed at this location. 

 
Closure Request 
 
After careful review, Pima requests that these incidents, NAB1511038592, NAB1729752650, and NAB1914044657, be closed.  Devon 
has complied with the applicable closure requirements. 
 
Should you have any questions or need additional information, please feel free to contact Chris Jones at 575-964-7740 or 
chris@pimaoil.com. 
 
Respectfully, 

 
Chris Jones 
Environmental Professional 
Pima Environmental Services, LLC 
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Attachments 
 
Figures: 
1- Location Map 
2- TOPO Map 
3- Karst Map 
4- Site Map 
 
Appendices: 
Appendix A- Referenced Water Surveys 
Appendix B- Soil Survey and Geological Data 
Appendix C- C-141’s 
Appendix D- Photographic Documentation 
Appendix E- Laboratory Reports 
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Appendix A 
Water Surveys: 

OSE 
USGS 

 
 



New Mexico Office of the State Engineer
Water Column/Average Depth to Water

(A CLW##### in the
POD suffix indicates the
POD has been replaced
& no longer serves a
water right file.)

(R=POD has been
replaced,
O=orphaned,

(quarters are 1=NW 2=NE 3=SW 4=SE)C=the file is
closed) (quarters are smallest to largest) (NAD83 UTM in meters) (In feet)

POD Number Code

POD

County Sec Tws Rng  X Y DistanceDepthWellDepthWater
Water

Column
Sub- Q Q Q
basin 64 16 4

CP 00873 POD1 CP LE 1 1 19 19S 31E 601772 3613147* 1486 340 180 160

CP 00357 POD1 CP ED 4 4 1 24 19S 30E 600667 3612631* 2661 630

 Average Depth to Water: 180 feet

Minimum Depth: 180 feet

Maximum Depth: 180 feet

Record Count: 2

UTMNAD83 Radius Search (in meters):

Easting (X): 603254.858 Northing (Y): 3613251.412 Radius: 3000

*UTM location was derived from PLSS - see Help

The data is furnished by the NMOSE/ISC and is accepted by the recipient with the expressed understanding that the OSE/ISC make no warranties, expressed or implied, concerning
the accuracy, completeness, reliability, usability, or suitability for any particular purpose of the data.

WATER COLUMN/ AVERAGE DEPTH TO
WATER

7/28/20 1:03 PM

 



New Mexico Office of the State Engineer
Point of Diversion Summary

(quarters are 1=NW 2=NE 3=SW 4=SE)
(quarters are smallest to largest) (NAD83 UTM in meters)

Well Tag POD Number Q64 Q16 Q4 Sec Tws Rng X Y
CP  00873 POD1      1 1 19 19S 31E 601772 3613147*

x

Driller License: 421 Driller Company: GLENN'S WATER WELL SERVICE                        

Driller Name: GLENN, CLARK A."CORKY"                            

Drill Start Date: 01/02/1998 Drill Finish Date: 01/05/1998 Plug Date:

Log File Date: 01/15/1998 PCW Rcv Date: Source: Shallow

Pump Type: Pipe Discharge Size: Estimated Yield: 50 GPM

Casing Size: 6.62 Depth Well: 340 feet Depth Water: 180 feet

x

Water Bearing Stratifications: Top Bottom Description

240 320 Shallow Alluvium/Basin Fill
x

Casing Perforations: Top Bottom

226 340
x

Meter Number: 805 Meter Make: MASTER

Meter Serial Number: 1748543 Meter Multiplier: 100.0000

Number of Dials: 6 Meter Type: Diversion

Unit of Measure: Gallons Return Flow Percent:

Usage Multiplier: Reading Frequency: Monthly
x

Meter Readings (in Acre-Feet)

Read Date Year Mtr Reading Flag Rdr Comment Mtr Amount Online

01/01/1999 1999 37400 A fm 0
01/15/1999 1999 43541 A fm 1.885

04/27/2000 2000 14849 R jw Meter Rollover 298.083
07/31/2000 2000 24399 A jw 2.931
x

**YTD Meter Amounts: Year Amount

1999 1.885
2000 301.014

x

*UTM location was derived from PLSS - see Help

The data is furnished by the NMOSE/ISC and is accepted by the recipient with the expressed understanding that the OSE/ISC make no warranties, expressed or
implied, concerning the accuracy, completeness, reliability, usability, or suitability for any particular purpose of the data.

7/28/20 1:03 PM POINT OF DIVERSION SUMMARY

 



USGS Home 
Contact USGS 
Search USGS

Help  InfoNational Water Information System: Mapper

Bureau of Land Management, Esri, HERE, Garmin, INCREMENT P, NGA, USGS
0 0.5 1mi

Location has 2 sites

Site: 323725103523702
Site Name: 19S.31E.28.334332A
Site Type: Well
Agency: USGS
Access Data

Site: 323725103523701
Site Name: 19S.31E.28.334332
Site Type: Well
Agency: USGS
Access Data

-103.827, 32.610-103.827, 32.610

      

Site Information

 Search

   Surface-Water Sites

   Groundwater Sites

   Springs

   Atmospheric Sites

   Other Sites

  Active Sites
Any data
Instantaneous data
Daily data
Water-quality data
Measurements
Annual Report

  Inactive Sites 
Any data
Instantaneous data
Daily data
Water-quality data
Measurements
Annual Report

  Sites   Map

https://www.usgs.gov/
https://www.usgs.gov/ask/
https://search.usgs.gov/


USGS Home 
Contact USGS 
Search USGS

USGS Water Resources   Data Category:

Groundwater  
Geographic Area:

United States  GO

Questions about sites/data?
Feedback on this web site
Automated retrievals 
Help

Data Tips
Explanation of terms
Subscribe for system changes 
News

Output formats
Table of data

Tab-separated data

Graph of data

Reselect period

National Water Information System: Web Interface

Introducing The Next Generation of USGS Water Data for the Nation
Full News 

Groundwater levels for the Nation
Search Results -- 1 sites found

site_no list =
323725103523702

Minimum number of levels = 1

Save file of selected sites to local disk for future upload

USGS 323725103523702 19S.31E.28.334332A
  Available data for this site   Groundwater:   Field measurements  GO

Breaks in the plot represent a gap of at least one year between field measurements.
Download a presentation-quality graph

Accessibility  Plug-Ins  FOIA  Privacy  Policies and Notices
U.S. Department of the Interior | U.S. Geological Survey
Title: Groundwater for USA: Water Levels 
URL: https://nwis.waterdata.usgs.gov/nwis/gwlevels?

Page Contact Information: USGS Water Data Support Team
Page Last Modified: 2020-07-28 15:16:47 EDT
0.67   0.48 nadww01

 Click to hide News Bulletins

Eddy County, New Mexico
Hydrologic Unit Code 13060011
Latitude  32°37'25", Longitude 103°52'37" NAD27
Land-surface elevation 3,450 feet above NAVD88
The depth of the well is 190 feet below land surface.
This well is completed in the Rustler Formation (312RSLR) local aquifer.

https://www.usgs.gov/
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https://www.usgs.gov/search/
https://nwis.waterdata.usgs.gov/nwis
https://www.usgs.gov/laws/accessibility.html
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https://www.usgs.gov/policies_notices.html
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Appendix B 
Soil Survey & Geological Data: 

USDA 
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DESCRIPTION OF MAP UNITS

QUATERNARY

Alluvium (Holocene to upper Pleistocene)

Landslide deposits and colluvium (Holocene to Pleistocene)—Landslide
deposits on western flanks of Socorro Mountains not shown for clarity

Lacustrine and playa deposits (Holocene)—Includes associated alluvial
and eolian deposits of major lake basins

Piedmont alluvial deposits (Holocene to lower Pleistocene)—Includes
deposits of higher gradient tributaries bordering major stream valleys,
alluvial veneers of the piedmont slope, and alluvial fans. May locally
include uppermost Pliocene deposits

Eolian deposits (Holocene to middle Pleistocene)

Gypsiferous eolian deposits (Holocene to middle Pleistocene)

Eolian and piedmont deposits (Holocene to middle Pleistocene)—
Interlayed eolian sands and piedmont-slope deposits along the eastern
flank of the Pecos River valley, primarily between Roswell and Carlsbad.
Typically capped by thin eolian deposits

Glacial deposits; till and outwash (upper to middle Pleistocene)

Older alluvial deposits of upland plains and piedmont areas, and
calcic soils and eolian cover sediments of High Plains region (middle
to lower Pleistocene)—Includes scattered lacustrine, playa, and alluvial
deposits of the Tahoka, Double Tanks, Tule, Blackwater Draw, and Gatuña
Formations, the latter of which may be Pliocene at base; outcrops, however,
are basically of Quaternary deposits

Basaltic to andesitic lava flows (Holocene to middle Pleistocene)—Flows
south of Grants and west of Carrizozo are Holocene. Includes minor vent
deposits

Basaltic tephra and lavas near vents (upper to middle Pleistocene)—Tuff
rings, maars, cinder cones, and minor proximal lavas. Includes maars at
Kilbourne Hole and Zuni Salt Lake

Basaltic to andesitic lava flows (middle to lower Pleistocene)—Includes
vent deposits

Ring-fracture rhyolite lava domes of the Valles caldera (uppermost to
lower Pleistocene)—Upper members of the Valles Rhyolite in Jemez
Mountains. Includes 60-ka Banco Bonito and El Cajete Members on
south margin of caldera

Older rhyolite lavas and early volcaniclastic sedimentary fill deposits
of the Valles caldera (lower Pleistocene)—Units are associated with
resurgent doming or predate doming of the caldera core. Includes minor
middle Pleistocene tuffs of the upper Valles Rhyolite on north side of
caldera

Bandelier Tuff (lower Pleistocene)—Includes large blocks of older andesite
in caldera-collapse breccia facies locally exposed on resurgent dome of
the Valles caldera

QUATERNARY and TERTIARY

Travertine (Holocene to Pliocene)—Includes some pedogenic
carbonate south of Sierra Ladrones

Older piedmont alluvial deposits and shallow basin fill (middle
Pleistocene to uppermost Pliocene)—Includes Quemado Formation and
in northeast, high-level pediment gravels

Upper Santa Fe Group (middle Pleistocene to uppermost Miocene)—
Includes Camp Rice, Fort Hancock, Palomas, Sierra Ladrones, Arroyo
Ojito, Ancha, Puye, and Alamosa Formations

Santa Fe Group, undivided (middle Pleistocene to uppermost
Oligocene)—Basin fill of the Rio Grande rift. Locally represents upper
Miocene formations of the middle Santa Fe Group in the northern
Albuquerque Basin

Gila Group, Formation, or Conglomerate (middle Pleistocene to
uppermost Oligocene?)—Includes Mimbres Formation and several informal
units in southwestern basins

Basaltic to andesitic lava flows (upper Pleistocene to lower Pliocene)—
Includes minor vent deposits

TERTIARY

Upper Tertiary sedimentary units (Pliocene to upper Oligocene)—
Includes Bidahochi Formation (Pliocene to upper Miocene), Picuris
Formation, (Miocene to Oligocene), Las Feveras Formation (Pliocene),
lower Gila Group units in the southwest, and unnamed Pliocene unit in
northwestern Socorro County

Ogallala Formation (lower Pliocene to middle Miocene)—Alluvial and
eolian deposits, and petrocalcic soils of the southern High Plains. Locally
includes Qoa

Fence Lake Formation (Miocene)—Conglomerate and conglomeratic
sandstone, coarse fluvial volcaniclastic sediments, minor eolian facies,
and pedogenic carbonates of the southern Colorado Plateau region

Lower Santa Fe Group (upper Miocene to uppermost Oligocene)—Includes
Hayner Ranch, Rincon Valley, Popotosa, Cochiti, Tesuque, Chamita,
Abiquiu, Zia, and other formations

Los Pinos Formation of lower Santa Fe Group (Miocene and upper
Oligocene)—Includes Carson Conglomerate (Dane and Bachman, 1965)
in Tusas Mountains–San Luis Basin area

Chuska Sandstone (middle to upper Oligocene)—Restricted to Chuska
Mountains

Basaltic to andesitic lava flows (Pliocene)—Includes minor vent deposits
and small shield volcanoes. Flows are commonly interbedded in the Santa
Fe and Gila Groups

Basaltic to andesitic lava flows (Miocene)—Includes minor vent deposits.
Flows are commonly interbedded in the Santa Fe and Gila Groups

Basaltic to andesitic lava flows (Neogene)--Includes minor vent deposits.
Flows are commonly interbedded in the Santa Fe and Gila Groups

Silicic to intermediate volcanic rocks (Neogene, mostly Miocene)—
Rhyolite and dacite flows with associated minor tuffs. Commonly interbedded
with Santa Fe or Gila Group sedimentary units. Dacitic lavas in northern
Jemez Mountains are Pliocene

Intermediate to silicic volcanic rocks (Neogene)—Mostly andesitic to
dacitic stratovolcanoes. Includes rhyolite lavas and tuffs in the Jemez
Mountains. Volcanoes in Jemez Mountains and eastern Colfax County
are upper Miocene. Mount Taylor and composite volcanoes in the Taos
Plateau volcanic field are Pliocene

Hinsdale Basalt (Miocene and upper Oligocene)—Northern Taos and
eastern Rio Arriba Counties; basalt flows interbedded with Los Pinos
Formation

PROTEROZOIC

Neoproterozoic mafic dikes—Exposed in Taos Range

Mesoproterozoic mafic dikes, diabase, metadiabase, metadiorite—
Mainly in Burro Mountains; age not well constrained

Mesoproterozoic sedimentary rocks—Exposed in Sacramento Mountains,
present in subsurface in southeastern New Mexico as De Baca Group

Mesoproterozoic granitic plutonic rocks—Mainly 1.45–1.35 Ga
megacrystic granites, generally weakly foliated except locally at their
margins

Mesoproterozoic and Paleoproterozoic plutonic rocks, undivided

Paleoproterozoic granitic plutonic rocks—Variably foliated granites and
granitic gneisses; 1.71–1.65 Ga in northern New Mexico; 1.66–1.65 Ga
in central and southern New Mexico

Paleoproterozoic pelitic schist—Includes Rinconada Formation in northern
New Mexico and Blue Springs Schist in Manzano Mountains

Paleoproterozoic quartzite—Includes ~1.70 Ga Ortega Quartzite and
equivalents in northern New Mexico and ~1.67 Ga quartzites in central
New Mexico

Paleoproterozoic metasedimentary rocks—Pelitic schist, quartz-muscovite
schist, immature quartzite, and subordinate amphibolite; includes parts of
Vadito Group in northern New Mexico, immature metasedimentary rocks
of central New Mexico, and Bullard Peak Series mixed supracrustal rocks
in Burro Mountains

Paleoproterozoic rhyolite and felsic volcanic schist—Includes 1.70 Ga
Vadito Group in northern New Mexico and ~1.68 Ga Sevilleta
Metarhyolite in central New Mexico

Paleoproterozoic calc-alkaline plutonic rocks—Granodiorite, diorite,
and gabbro complexes; 1.78–1.71 Ga; interpreted to be intrusive part
of juvenile volcanic arc basement

Paleoproterozoic mafic metavolcanic rocks with subordinate felsic
metavolcanic rocks —Includes the 1.78–1.72 Ga Moppin (Tusas
Mountains), Gold Hill (Taos Range), and Pecos (Sangre de Cristo
Mountains) complexes; interpreted to be supracrustal part of juvenile
volcanic arc basement

PALEOZOIC

Paleozoic rocks, undivided

Permian rocks, undivided

Quartermaster Formation (Upper Permian)—Red sandstone and siltstone

Quartermaster and Rustler Formations (Upper Permian)

Rustler Formation (Upper Permian)—Siltstone, gypsum, sandstone, and
dolomite

Salado Formation (Upper Permian) — Evaporite sequence, dominantly
halite

Castile Formation (Upper Permian) — Dominantly anhydrite sequence

Artesia Group (Guadalupian)—Shelf facies forming broad south-southeast
trending outcrop from Glorieta to Artesia area; includes Tansill, Yates,
Seven Rivers, Queen and Grayburg Formations (Guadalupian). May
locally include Moenkopi Formation (Triassic) at top

Tansill and Yates Formations (Guadalupian) — Sandstone, siltstone,
limestone, dolomite, and anhydrite

Seven Rivers Formation (Guadalupian) — Gypsum, anhydrite, salt,
dolomite, and siltstone

Queen and Grayburg Formations (Guadalupian)—Sandstone, gypsum,
anhydrite, dolomite, and red mudstone

Capitan Formation (Guadalupian)—Limestone (reef facies)

Bell Canyon Formation (Guadalupian) — Basin facies — sandstone,
limestone, and shale

Cherry Canyon Formation (Guadalupian) — Basin facies — sandstone,
limestone, and shale

San Andres Formation (Guadalupian in south, in part Leonardian to
north)—Limestone and dolomite with minor shale

Glorieta Sandstone (Leonardian)—Texturally and mineralogically mature,
high-silica quartz sandstone

San Andres Limestone and Glorieta Sandstone (Guadalupian and
Leonardian)

Cutoff Shale (Leonardian)— In Brokeoff Mountains only

Victorio Peak Limestone (Leonardian)— In Brokeoff Mountains only

Yeso Formation (Leonardian)—Sandstones, siltstones, anhydrite, gypsum,
halite, and dolomite

Abo Formation (Wolfcampian) — Red beds, arkosic at base, finer and
more mature above; may include limestone beds of Pennsylvanian age
(Virgilian) in Zuni Mountains; in Robledo Mountains the Abo may be
considered a member of the Hueco Formation

Upper part of Abo Formation (Wolfcampian)

Lower part of Abo Formation (locally Virgilian to Upper Pennsylvanian)

San Andres, Glorieta, and Yeso Formations, undivided

Yeso and Abo Formations, undivided (Lower Permian)

Cutler Formation (Wolfcampian to Upper Pennsylvanian) — Used in
northern areas and Chama embayment only

Hueco Formation or Group (Wolfcampian) — Limestone unit restricted
to south-central area. Pendejo Tongue of Hueco Formation divides Abo
Formation into upper and lower parts in Sacramento Mountains

Bursum Formation (lowermost Permian to uppermost Pennsylvanian) —
Shale, arkose, and limestone

Permian and Pennsylvanian rocks, undivided — Includes Concha,
Scherrer, Colina, Epitaph, and Earp Formations (Permian) and Horquilla
Limestone (Permian to Pennsylvanian)

Sangre de Cristo Formation (Wolfcampian to Desmoinesian)—In Sangre
de Cristo Mountains

Pennsylvanian rocks, undivided— In Sangre de Cristo Mountains may
include Sandia, Madera, La Pasada, Alamitos, and Flechado Formations;
elsewhere may include Bar-B, Nakaye, Red House, Oswaldo, and Syrena
Formations

Madera Group (Pennsylvanian)—In Manzano Mountains includes Wild
Cow Formation and Los Moyos Limestone; in Lucero Mesa includes Red
Tanks, Atrasado, Gray Mesa Formations; in Sacramento Mountains
includes the non-Madera Holder, Beeman, and Gobbler Formations.
May include strata lumped as Magdalena Group in a few areas

Sandia Formation (Atokan)—Predominantly clastic unit (commonly arkosic)
with minor black shales, and limestone in lower part; map unit locally
includes Morrowan Osha Canyon Formation in Sierra Nacimiento

Panther Seep Formation (Virgilian)—In Organ, Franklin, and San Andres
Mountains

Lead Camp Formation (Atokan to Missourian) — In San Andres and
Organ Mountains

Mississippian rocks, undivided—Arroyo Peñasco Group in Sangre de
Cristo Mountains, Sierra Nacimiento, San Pedro Mountains, and Sandia
Mountains; Lake Valley Limestone in south-central New Mexico

Mississippian and Devonian rocks, undivided—Includes Helms, Rancheria,
 Las Cruces, Lake Valley, and Caballero Formations and Escabrosa Group
(Mississippian); Percha Shale, Contadero, Sly Gap, and Oñate Formations
of south-central New Mexico, and Canutillo Formation of northern Franklin
Mountains and Bishops Cap area (Devonian)

Mississippian through Cambrian rocks, undivided—Includes Lake Valley
Limestone (Mississippian); Devonian rocks, undivided; El Paso Formation
and Montoya Group or Formation (Ordovician); and Bliss Sandstone
(Ordovician and Cambrian)

Devonian rocks undivided—Includes Percha Shale, Oñate, and Sly Gap
Formations

Silurian and Ordovician rocks, undivided

Silurian through Cambrian rocks, undivided

Ordovician and Cambrian rocks, undivided — Includes Montoya
Formation (or Group), El Paso Formation, and Bliss Sandstone

Ordovician and Cambrian plutonic rocks of Florida Mountains

TRIASSIC

Chinle Formation of previous workers (e.g., Stewart et al., 1972) is
used here as Chinle Group, following Lucas (1993)

Triassic rocks, undivided—Continental red beds

Rock Point Formation of Chinle Group (Upper Triassic)—May locally
include Wingate Sandstone (Triassic)

Chinle Group (Upper Triassic)—Map unit includes Moenkopi Formation
(Middle Triassic) at base in many areas; in eastern part of state the
following five formations are mapped:

Redonda Formation (Upper Triassic)

Bull Canyon Formation (Norian)

Trujillo Formation (Norian)

Garita Creek Formation (Carnian)

Santa Rosa Formation (Carnian)—Includes Moenkopi Formation (Middle
Triassic) at base in most areas

Upper Chinle Group, Garita Creek through Redonda Formations,
undivided

Moenkopi Formation (Middle Triassic)

JURASSIC

To compare this map nomenclature to the USGS nomenclature, see the
diagram included on this sheet (at right)

Upper and Middle Jurassic rocks, undivided. In southwest includes
the basalt-bearing Broken Jug Formation

Morrison Formation—Upper Jurassic nonmarine rocks

Morrison Formation and upper San Rafael Group (lowermost
Cretaceous?–upper Jurassic)

Zuni Sandstone (Callovian) — Consists of undivided equivalents of the
Summerville Formation and Bluff Sandstone; restricted to Zuni Basin area

Zuni and Entrada Sandstones, undivided

Entrada Sandstone (Middle Jurassic)

San Rafael Group (Middle Jurassic) — Consists of Entrada Sandstone,
Todilto and Summerville Formations, Bluff Sandstone, and locally Zuni
Sandstone (or only Acoma Tongue of Zuni)

CRETACEOUS
Cretaceous rocks, undivided

Upper Cretaceous rocks of southwestern New Mexico, undivided
(Maastrichtian to Cenomanian for most part, although Beartooth and
Sarten Formations are in part Albian) — Includes Virden Formation in
northern Hidalgo County, Ringbone Formation in Hidalgo, Luna, and
Grant Counties, Beartooth and Sarten Formations in Luna and Grant
Counties, Mancos Shale in Silver City area

McRae Formation (Maastrichtian)—Engle Basin–Cutter sag area

Vermejo Formation and Trinidad Sandstone (Maastrichtian to
Campanian)

Kirtland and Fruitland Formations (Campanian)—Coal-bearing, primarily
in the Fruitland

Pictured Cliffs Sandstone (Campanian)—Prominent, cliff-forming marine
sandstone

Lewis Shale (Campanian)—Marine shale and mudstone

Pierre Shale and Niobrara Formation (Campanian to Coniacian)

Fort Hays Limestone Member of Niobrara Formation (Coniacian to
Turonian)

Mesaverde Group (Campanian to Turonian) — Includes Cliff House
Sandstone, Menefee Formation and Point Lookout Sandstone.

Cliff House Sandstone (Campanian)—Transgressive marine sandstone

La Ventana Tongue of the Cliff House Sandstone (Turonian)

Menefee Formation (Campanian to Santonian)—Mudstone, shale, and
sandstone; coal-bearing

Point Lookout Sandstone (Campanian to Santonian)—Regressive marine
sandstone in McKinley and Sandoval Counties; the lower, Hosta Tongue,
of Point Lookout is transgressive  and is separated from main body by the
Satan Tongue of Mancos Shale

Satan Tongue of Mancos Shale (Santonian)

Hosta Tongue of Point Lookout Sandstone (Santonian)—Transgressive
marine sandstone

Mulatto Tongue of Mancos Shale (Santonian to Coniacian)

Crevasse Canyon Formation (Santonian to Coniacian)—Coal-bearing
units are Dilco and Gibson Coal Members; other members are Bartlett
Barren, Dalton Sandstone, and Borrego Pass Sandstone (or Lentil)

Gallup Sandstone (Turonian) — Generally regressive marine sandstone

Gallup Sandstone and underlying D-Cross Tongue of the Mancos
Shale (Turonian)

Rio Salado Tongue of the Mancos Shale (Turonian)—Overlies Twowells
Tongue of Dakota Sandstone; mapped only where Tres Hermanos
Formation or the Atarque Sandstone is present; mapped as Kdr in parts
of Socorro County

Pescado Tongue of the Mancos Shale and Gallup Sandstone
(Turonian)—In Zuni Basin only; Pescado is chronostratigraphic equivalent
of Juana Lopez Member of Mancos Shale

Tres Hermanos Formation (Turonian) — Formerly designated as lower
Gallup Sandstone in the Zuni Basin

Moreno Hill Formation and Atarque Sandstone (Turonian) — In Salt
Lake coal field and extreme southern Zuni Basin

Mancos Shale  (Cenomanian to Campanian)—Divided into upper and
lower parts by Gallup Sandstone

Mancos Shale, upper part (Campanian to Coniacian)

Mancos Shale, lower part (Turonian and Cenomanian)

Dakota Sandstone (Cenomanian) and Rio Salado Tongue of the
Mancos Shale—In northwest Socorro County locally includes overlying
Tres Hermanos Formation

Greenhorn Formation and Carlile Shale, undivided (Turonian to
Cenomanian)—Locally includes Graneros Shale

Carlile Shale (Turonian)—Limited to northeastern area

Greenhorn Formation and Graneros Shale (Turonian and Cenomanian)—
Limited to northeastern area

Greenhorn Formation (Turonian to Cenomanian)—Limited to northeastern
area; the upper member (Bridge Creek Limestone Member) can be traced
into western area where it is commonly shown as a bed-rank unit in
Mancos Shale on detailed maps

Graneros Shale (Cenomanian)—Limited to northeastern area

Intertongued Mancos Shale and Dakota Sandstone of west-central
New Mexico (Cenomanian)— Includes the Whitewater Arroyo Tongue
of Mancos Shale and the Twowells Tongue of the Dakota

Dakota Sandstone (Cenomanian)—Includes Oak Canyon, Cubero, and
Paguate Tongues; includes Clay Mesa Tongue of Mancos Shale

Upper and Lower Cretaceous rocks of east-central and northeast
New Mexico — Consists of Dakota Group, which includes Romeroville
Sandstone (Cenomanian), Pajarito Shale, and Mesa Rica Sandstone
(Albian); the underlying Tucumcari Shale (Albian) in Tucumcari area; and
Glencairn Formation (Albian) in Union County

Mancos Shale (Cenomanian) and Beartooth and Sarten Formations
(Albian)—Mancos includes what was formerly referred to as Colorado
Shale, which in turn may include equivalents of Tres Hermanos Formation

Lower Cretaceous, undivided—In northern Lea and Roosevelt Counties
includes equivalents of Tucumcari Shale; in Cornudas Mountains includes
Campagrande and Cox Formations and Washita Group; at Cerro de
Cristo Rey includes several formations of the Fredericksburg and Washita
Groups, and the Boquillas Formation (Cenomanian); in the southwest,
includes Mojado, U-Bar (Aptian), and Hell-to-Finish Formations, which are
equivalent to Bisbee Group of Arizona

Upper middle Tertiary basaltic andesites and andesites of the Mogollon
Group (lower Miocene and uppermost Oligocene, 22–26 Ma)—Includes
Bearwallow Mountain Andesite and basaltic andesite of Mangas
Mountain; also near vent basaltic lavas and shallow intrusions in the
Chuska Mountains

Lower-upper middle Tertiary basaltic andesites and andesites of the
Mogollon Group (upper Oligocene, 26–29 Ma)—Includes La Jara Peak
Basaltic Andesite, Uvas Basaltic Andesite, basaltic andesites of Poverty Creek
and Twin Peaks, Squirrel Springs Canyon Andesite, Razorback Basalt, Bear
Springs Basalt, flows of Gila Flat, Salt Creek Formation, Middle Mountain
Formation, and the Alum Mountain Group. Pre-Amalia-Tuff lavas in the Questa
caldera are dominantly silicic andesites and dacites; elsewhere silicic
lavas are a minor component of Tual

Middle Tertiary volcaniclastic sedimentary units (Oligocene to upper
Eocene)-- Mostly syneruptive volcaniclastic sedimentary aprons. Lower
units dominantly derived from volcanic highlands of andesitic to dacitic
composition. Locally includes minor lavas and tuffs. Younger units (above
and intertongued with Mogollon Group tuffs, Turp) include upper Bell
Top Formation, South Crosby Peak Formation, and upper Spears Group
units near Quemado. Older units (below and intertongued with Datil
Group tuffs, Tlrp) include Palm Park, lower Bell Top, Espinaso and Pueblo
Creek Formations and lower Spears Group formations such as Rincon
Windmill, Chavez Canyon, and Dog Springs

Upper middle Tertiary rhyolitic lavas and local tuffs (upper Oligocene,
24–29 Ma)—Includes Taylor Creek Rhyolite, Fanney Rhyolite, rhyolite of Rocky
Canyon, rhyolite of Hardy Ridge, and upper rhyolite members of the Luis Lopez
and Sawmill Canyon formations

Lower middle Tertiary rhyolitic lavas and local tuffs (lower Oligocene to
upper Eocene, 36–31 Ma)—Includes Mimbres Peak Formation, rhyolite of
Cedar Hills, and other units in the Bootheel region

Upper middle Tertiary rhyolitic pyroclastic rocks of the Mogollon Group,
ash-flow tuffs (upper Oligocene, 24–30 Ma)—Regional ash-flow tuffs include
the La Jencia, Vicks Peak, Lemitar, South Canyon, Bloodgood Canyon, Shelly
Peak, Davis Canyon, Park, Rhyolite Canyon, Apache Spring, and Amalia Tuffs;
the tuffs of Horseshoe Canyon, Diamond Creek, Garcia Camp, Caronita
Canyon, Turkey Springs, and Little Mineral Creek; and the Jordan Canyon
Formation. Includes some locally erupted lavas and tuffs within thick intracaldera
units; includes minor volcaniclastic sedimentary units between thin outflow sheets

Lower middle Tertiary rhyolitic to dacitic pyroclastic rocks of the Datil
Group, ash-flow tuffs (lower Oligocene to upper Eocene, 31–36 Ma)—
Regional ash-flow tuffs include Hells Mesa, Kneeling Nun, Caballo Blanco,
Datil Well, Lebya Well, Rock House Canyon, Blue Canyon, Sugarlump, Oak
Creek, Bluff Creek, Gillespie, Box Canyon, Cooney, and Chiquito Peak Tuffs;
the tuffs of Steins Mountain, Black Bill Canyon, Woodhaul Canyon, and Farr
Ranch; tuffs of the Organ cauldron; and lower tuffs in the Bell Top Formation.
Includes some locally erupted lavas and tuffs within thick intracaldera units;
includes minor volcaniclastic sedimentary units and lavas between thin outflow
sheets

Lower middle Tertiary andesitic to dacitic lavas and pyroclastic flow
breccias (upper to middle Eocene, 33–43 Ma)—Includes Rubio Peak Formation,
Orejon Andesite, andesite of Dry Leggett Canyon, andesite of Telephone
Canyon, and other units in southwestern, central, and northern New Mexico.
Locally includes minor mafic lavas. Ancient landslide blocks of Madera Limestone,
as much as one mile long, occur within Rubio Peak lavas in the central Black
Range, west of Winston

Upper middle Tertiary volcanic rocks (lower Miocene to upper
Oligocene, younger than 30 Ma)—Mostly a combination of basaltic
andesite lavas and rhyolitic ash-flow tuffs of the Mogollon Group (Tuau
+ Tual + Turp). Includes locally erupted lavas and tuffs in some calderas

Lower middle Tertiary volcanic rocks (lower Oligocene to upper Eocene,
older than 31 Ma)—Mostly intermediate lavas of the lower Datil Group
and intermediate volcaniclastic sediments of the lower Spears Group (Tla
+ Tvs). Locally includes ash-flow tuffs of the upper Datil Group (Tlrp).
Includes intermediate volcaniclastic sedimentary rocks of the Conejos
Formation in northern New Mexico

Middle Tertiary volcanic rocks, undifferentiated (lower Miocene to
upper Eocene)—Includes the predominantly andesitic to dacitic stratovolcano
complex at Sierra Blanca (Oligocene to upper Eocene) and many smaller
outliers

Tertiary intrusive rocks of intermediate to silicic composition (Pliocene to
Eocene)—Includes monzonitic to granitic plutons, stocks, laccoliths, and porphyritic
dikes in deeply eroded magmatic centers; and andesitic, dacitic, or rhyolitic
plugs and dikes near cauldrons or stratovolcanoes. In the Latir field, fine-grained
rhyolitic dikes commonly cut coarse-grained granitic plutons. Includes alkaline
laccoliths, plugs, and dikes in Colfax County. North-trending dikes near Capitan
include some mafic diabase dikes

Tertiary mafic intrusive rocks (Pliocene to upper Eocene)-- Includes many
long basaltic andesite dikes of Oligocene age near Pie Town, Acoma, Riley,
Chupadera, Truth or Consequences, Roswell, Raton, and Dulce; and several
elongate or shoestring-like sills of basalt or basaltic andesite. Also includes
basaltic necks of Pliocene age that dot the landscape northeast of Mount
Taylor. Where dikes extend into Quaternary alluvium the contact is an
unconformity

Paleogene sedimentary units—Includes Baca, Galisteo, El Rito, Blanco
Basin, Hart Mine, Love Ranch, Lobo, Sanders Canyon, Skunk Ranch,
Timberlake, and Cub Mountain Formations

San Jose Formation (Eocene)—San Juan Basin

Nacimiento Formation (Paleocene)—San Juan Basin

Ojo Alamo Formation (Paleocene)—San Juan Basin

TERTIARY and CRETACEOUS

Poison Canyon Formation (Paleocene and Upper Cretaceous)—Proximal
conglomerates and sandstones in western Raton Basin; generally lacking coal
beds. Cretaceous beds mostly restricted to subsurface

Raton Formation (Paleocene and Upper Cretaceous)—Distal sandstones,
mudstones, and coal beds in eastern Raton Basin. Middle barren zone laterally
equivalent to Poison Canyon Formation. K/T boundary discontinuously exposed
about 100 m above basal conglomerate in area southwest of Raton

Poison Canyon and Raton Formations (Paleocene and Upper Cretaceous)—
Broadly intertonguing conglomeratic sandstones, sandstones and mudstones;
minor coal beds

Animas Formation (Paleocene and Upper Cretaceous)—Volcaniclastic
sedimentary rocks of intermediate composition in northern San Juan Basin

Tertiary-Cretaceous andesitic to dacitic lavas and pyroclastic breccias
(Paleocene and Upper Cretaceous)—Includes many remnants of eruptive
centers in Grant and Hidalgo Counties and Upper Cretaceous andesitic lavas
in Sierra County

Tertiary-Cretaceous intrusive rocks (Paleocene and Upper Cretaceous)—
Includes granodiorite to quartz monzonite stocks and plutons at Hanover, Fierro,
Tyrone, Lordsburg, and the 73-Ma quartz monzonite porphyry stock at Copper
Flats in Sierra County. Also includes many northeast-trending monzonite porphyry
dikes in the Silver City region

Sedimentary Igneous

Contact

Nomenclature change

Gradational facies boundary

Fault—Dashed where approximately located,
dotted where concealed

Tertiary dikes

Proterozoic dikes

Proterozoic ductile shear zone

Playa

nc

MAP SYMBOLS

MESOPROTEROZOIC

NEOPROTEROZOIC

PALEOPROTEROZOIC

Supracrustal Intrusive

UPPER CRETACEOUS
LOWER CRETACEOUS

QUATERNARY
TERTIARY

TERTIARY
CRETACEOUS

QUATERNARY
TERTIARY

TERTIARY
CRETACEOUS

UPPER
JURASSIC
MIDDLE

JURASSIC UPPER
TRIASSIC
MIDDLE

TRIASSIC

This map represents the first substantial revision of the geologic map of New Mexico at this scale since the appearance
of the State Geologic Map of New Mexico by Carle H. Dane and George O. Bachman, published in two sheets by the U.S.
Geological Survey (in cooperation with the New Mexico Bureau of Mines and Mineral Resources) in 1965. The present
compilation was started in 1985 by G. Robert Osburn, under the directorship of Frank Kottlowski. The bulk of the
compilation was accomplished between 1987 and 1998 by Orin J. Anderson and Glen E. Jones. Since 1998 the map has
been reviewed and revised by many other workers (listed below). The present map reflects substantial revisions to
the Anderson and Jones compilation. Earlier versions of that compilation appeared in 1994 as Open-file Report # 408
of the New Mexico Bureau of Mines and Mineral Resources, and in 1997 as Open-file Report 97-52 of the U.S. Geological
Survey. Work on this project has spanned the administrations of three directors at the New Mexico Bureau of Geology
and Mineral Resources: Frank Kottlowski, Charles Chapin, and Peter Scholle. This map was created in Macromedia
Freehand from ArcInfo files created by Greg Green, U.S. Geological Survey.

Unless otherwise noted, all persons listed are present or former members of the staff of the
New Mexico Bureau of Geology and Mineral Resources

Digital Processing: Greg Green, U.S. Geological Survey

Digitizing: Glen E. Jones

Digital Cartography & Layout: Rebecca J.T. Taylor, Prisma Light Studio

Cartographic/GIS Support: Kathryn E. Glesener

Geologic Review:

Paul W. Bauer
Steven M. Cather
Richard M. Chamberlin
Sean D. Connell
John Hawley
Thomas W. Judkins, U.S. Geological Survey; geologic names review
Karl E. Karlstrom, University of New Mexico
Timothy Lawton, New Mexico State University
Peter W. Lipman, U.S. Geological Survey
David W. Love
Spencer G. Lucas, New Mexico Museum of Natural History and Science
William C. McIntosh
Charles Maxwell, U.S. Geological Survey
Virginia T. McLemore
Chuck Pillmore, U.S. Geological Survey
Jim Ratté, U.S. Geological Survey
Adam S. Read
William R. Seager, New Mexico State University
Lee A. Woodward, University of New Mexico

Editorial: Jane C. Love and L. Greer Price

Production: L. Greer Price

Geologic Map of
New Mexico

1:500,000

PUBLISHED IN COOPERATION WITH THE U.S. GEOLOGICAL SURVEY

For sale from:
New Mexico Bureau of Geology and Mineral Resources
NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY

801 Leroy Place Socorro, New Mexico 87801 (505) 835-5410
geoinfo.nmt.edu
ISBN 1–883905–16–8

A DIVISION OF NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY

2003

New Mexico Bureau of Geology and Mineral Resources

Peter A. Scholle, State Geologist

Celebrating 75 Years of Service

EXPLANATION FOR

CITATION – Please cite this work as follows:
New Mexico Bureau of Geology and Mineral Resources, 2003,
Geologic Map of New Mexico, 1:500,000:
New Mexico Bureau of Geology and Mineral Resources

Principal Sources of Data

Numbered 1¡ x 2¡ quadrangles shown on index map.
*References for Thaden, R. E., and Zech, R. S., map listed separately below.

1. Shiprock quadrangle

*Thaden, R. E., and Zech, R. S., Unpublished geologic map of the northwest quadrant
of New Mexico: U.S. Geological Survey, scale 1:500,000.

2. Aztec quadrangle

Crouse, D. L., Hultgren, M. C., and Woodward, L. A., 1992, Geology of French Mesa
quadrangle, Rio Arriba County, New Mexico: New Mexico Bureau of Mines and
Mineral Resources, Geologic Map GM–67, scale 1:24,000.

Manley, K., Scott, G. R., and Wobus, R. A., 1987, Geologic map of the Aztec 1° x 2°
quadrangle, northwestern New Mexico and southern Colorado: U.S. Geological
Survey, Miscellaneous Investigations  Series, Map I–1730, scale 1:250,000.

Smith, R. L., Bailey, R. A., and Ross, C. S., 1970, Geologic map of the Jemez Mountains,
New Mexico: U.S. Geological Survey, Miscellaneous Geologic Investigations, Map
I–571, scale 1:125,000.

*Thaden, R. E., and Zech, R. S., Unpublished geologic map of the northwest quadrant
of New Mexico: U.S. Geological Survey, scale 1:500,000.

Woodward, L. A., Gibson, G. G., and McLelland, D., 1976, Geology of Gallina quadrangle,
Rio Arriba County, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Geologic Map GM–39, scale 1:24,000.

Woodward, L. A., McLelland, D., and Kaufman, W. H., 1974, Geologic map and sections
of Nacimiento Peak quadrangle, New Mexico: New Mexico Bureau of Mines and
Mineral Resources, Geologic Map GM–32, scale 1:24,000.

Woodward, L. A., McLelland, D., Anderson, J. B., and Kaufman, W. H., 1972, Geologic
map and section of Cuba quadrangle, New Mexico: New Mexico Bureau of Mines
and Mineral  Resources ,  Geologic  Map GM–25 ,  sca le  1 :24 ,000 .

3. Raton quadrangle

Appelt, R. M., 1998, 40Ar/39Ar geochronology and volcanic evolution of the Taos Plateau
volcanic field, northern New Mexico and southern Colorado: Unpublished M.S.
thesis, New Mexico Institute of Mining and Technology, Socorro, 58 pp.

Bachman, G. O., 1953, Geology of a part of northwestern Mora County, New Mexico:
U.S. Geological Survey, Oil and Gas Investigations Map OM–137, scale 1:48,000.

Bauer, P. W., and Helper, M. A., 1994, Geology of Trampas quadrangle, Picuris Mountains,
Taos and Rio Arriba Counties, New Mexico: New Mexico Bureau of Mines and
Mineral Resources, Geologic Map GM–71, scale 1:24,000.

Bauer, P. W., and Kelson, K. I., Geology of the Peñasco 7.5-min quadrangle, Taos County,
New Mexico: New Mexico Bureau of Geology and Mineral Resources, Open-file
Geologic Map, scale 1:12,000 (in preparation).

Bauer, P. W., and Kelson, K. I., 1997, Geology of the Taos SW 7.5-min quadrangle, Taos
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-
file Geologic Map OF–GM–12, scale 1:24,000.

Chapin, T. S., 1981, Geology of Fort Burgwin Ridge, Taos County, New Mexico:
Unpublished M.A.  thesis ,  University  of  Texas,  Austin,  151 pp.

Clark, K. F., and Read, C. B., 1972, Geology and ore deposits of Eagle Nest area, New
Mexico: New Mexico Bureau of Mines and Mineral Resources, Bulletin 94, 152 pp.,
scale 1:48,000.

Colpitts, R. M., Jr., and Smith, C. T., 1990, Geology of the Moreno Valley, Colfax County,
New Mexico; in Bauer, P. W., Lucas, S. G., Mawer, C. K., and McIntosh, W. C. (eds.),
Tectonic development of the southern Sangre de Cristo Mountains, New Mexico:
New Mexico Geological Society, Guidebook 41, pp. 219–228.

Kelley, V. C., 1978, Geology of Española Basin, New Mexico: New Mexico Bureau of
Mines and Mineral  Resources ,  Geologic  Map GM–48,  scale  1:125,000.

Kelson, K. I., and Bauer, P. W., 1998, Geology of the Carson 7.5-min quadrangle, Taos
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-
file Geologic Map, OF–GM–22, scale 1:24,000.

Lipman, P. W., and Mehnert, H. H., 1979, The Taos Plateau volcanic field, northern Rio
Grande rift, New Mexico; in Riecker, R. (ed.), Rio Grande rift; tectonics and magmatism:
American Geophysical Union, pp. 289–311.

Lipman, P. W., and Reed, J. C., Jr., 1989, Geologic map of the Latir volcanic field and
adjacent areas, northern New Mexico: U.S. Geological Survey, Miscellaneous
Investigations Series, Map I–1907, scale 1:48,000.

Miller, J. P., Montgomery, A., and Sutherland, P. K., 1963, Geology of part of the southern
Sangre de Cristo Mountains, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Memoir 11, 106 pp., scale 1:93,750.

Olmsted, B. W., 2000, 40Ar/39Ar investigations of the Ocate volcanic field, north-central
New Mexico: Unpublished M.S. thesis, New Mexico Institute of Mining and Technology,
Socorro, 92 pp.

O’Neill, J. M., and Mehnert, H. H., 1988, Petrology and physiographic evolution of the
Ocate volcanic field, north-central New Mexico: U.S. Geological Survey, Professional
Paper 1478–A, 30 pp., scale 1:125,000.

Pillmore, C. L., Unpublished geologic maps of Vermejo Park, Van Bremmer, Ash Mountain,
The Wall, Baldy Mountain, Ute Park, and Abrue Canyon 7.5-min quadrangles, New
Mexico: U.S. Geological Survey.

Robinson, G. D., Wanek, A. A., Hays, W. H., and McCallum, M. E., 1964, Philmont
country, the rocks and landscape of a famous New Mexico ranch: U.S. Geological
Survey, Professional Paper 505, 152 pp.

Scott, G. R., 1986, Geologic and structure contour map of the Springer 30’ x 60’ quadrangle,
Colfax, Harding, Mora, and Union Counties, New Mexico: U.S. Geological Survey,
Miscellaneous Investigations Series, Map I–1705, scale 1:100,000.

Scott, G. R., and Pillmore, C. L., 1993, Geologic and structure contour map of the Raton
30’ x 60’ quadrangle, Colfax and Union Counties, New Mexico: U.S. Geological Survey,
Miscellaneous Investigations Series, Map I–2266, scale 1:100,000.

Stroud, J. R., 1997, The geochronology of the Raton–Clayton volcanic field, with
implications for volcanic history and landscape evolution: Unpublished M.S. thesis,
New Mexico Institute of Mining and Technology, Socorro, 51 pp.

4. Dalhart quadrangle

Eifler, G. K., Jr., Fay, R. O., Trauger, F. D., and Lappala, E. G., 1984, Geologic atlas of
Texas, Dalhart sheet: Texas Bureau of Economic Geology, scale 1:250,000.

Stroud, J. R., 1997, The geochronology of the Raton–Clayton volcanic field, with
implications for volcanic history and landscape evolution: Unpublished M.S. thesis,
New Mexico Institute of Mining and Technology, Socorro, 51 pp.

5. Gallup quadrangle

Anderson, O. J., 1989, Geology and mineral resources of Jones Ranch School quadrangle,
McKinley County, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Geologic Map GM–65, scale 1:24,000.

Anderson, O. J., 1990, Geology and coal resources of Vanderwagen quadrangle, McKinley
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Geologic
Map GM–64, scale 1:24,000.

Anderson, O. J., 1991, Geology and mineral resources of Manuelito quadrangle, McKinley
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Geologic
Map GM–66, scale 1:24,000.

Anderson, O. J., Unpublished reconnaissance geologic map of the Upper Nutria
quadrangle, McKinley County, New Mexico: New Mexico Bureau of Mines and Mineral
Resources.

Anderson, O. J., and Maxwell, C. H., 1991, Geology of El Morro quadrangle, Cibola
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Geologic
Map GM–72, scale 1:24,000.

Goddard, E. N., 1966, Geologic map and sections of the Zuni Mountains fluorspar
district, Valencia (now Cibola) County, New Mexico: U.S. Geological Survey,
Miscellaneous Geologic Investigations, Map I–454, scale 1:31,680.

Hackman, R. J., and Olson, A. B., 1977, Geology, structure, and uranium deposits of the
Gallup 1° x 2° quadrangle, New Mexico and Arizona: U.S. Geological Survey,
Miscellaneous Investigations Series,  Map I–981,  scale 1 :250,000.

Millgate, M. L., 1991, Geologic map of the Twin Buttes quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, Miscellaneous Investigations Series, Map I–2278,
scale 1:24,000.

Smith, C. T., 1958, Geologic map of Inscription Rock quadrangle, Valencia (now Cibola)
and McKinley Counties, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Geologic Map GM–4, scale 1:48,000.

*Thaden, R. E., and Zech, R. S., Unpublished geologic map of the northwest quadrant
of New Mexico: U.S. Geological Survey, scale 1:500,000.

6. Albuquerque  quadrangle

Hawley, J., Reconnaissance geologic mapping and oral communication regarding
Albuquerque Basin.

Maxwell, C. H., Oral communication regarding Grants, New Mexico, area.
Maxwell, C. H., 1986, Geologic map of El Malpais lava field and surrounding areas,

Cibola County, New Mexico: U.S. Geological Survey, Miscellaneous Investigations
Series, Map I–1595, scale 1:62,500.

Smith, R. L., Bailey, R. A., and Ross, C. S., 1970, Geologic map of the Jemez Mountains,
New Mexico: U.S. Geological Survey, Miscellaneous Geologic Investigations, Map
I–571, scale 1:125,000.

Spiegel, Z., and Baldwin, B., 1963, Geology and water resources of the Santa Fe area,
New Mexico: U.S. Geological Survey, Water-supply Paper W–1525, 258 pp., scale
1:24,000.

*Thaden, R. E., and Zech, R. S., Unpublished geologic map of the northwest quadrant
of New Mexico: U.S. Geological Survey, scale 1:500,000.

Woodward, L. A., and Martinez, R., 1974, Geologic map and sections of Holy Ghost
Spring quadrangle, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Geologic Map GM–33, scale 1:24,000.

Woodward, L. A., and Ruetschilling, R. L., 1976, Geology of San Ysidro quadrangle,
New Mexico: New Mexico Bureau of Mines and Mineral Resources, Geologic Map
GM–37, scale 1:24,000.

Woodward, L. A., and Schumacher, O. L., 1973, Geologic map and sections of La Ventana
quadrangle, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Geologic Map GM–28, scale 1:24,000.

Woodward, L. A., Anderson, J. B., Kaufman, W. H., and Reed, R. K., 1973, Geologic map
and sections of San Pablo quadrangle, New Mexico: New Mexico Bureau of Mines
and Mineral  Resources ,  Geologic  Map GM–26 ,  sca le  1 :24 ,000 .

Woodward, L. A., DuChene, H. R., and Martinez, R., 1977, Geology of Gilman quadrangle,
New Mexico: New Mexico Bureau of Mines and Mineral Resources, Geologic Map
GM–45, scale 1:24,000.

Woodward, L. A., DuChene, H. R., and Reed, R. K., 1974, Geologic map and sections of
San Miguel Mountain quadrangle, New Mexico: New Mexico Bureau of Mines and
Mineral Resources, Geologic Map GM–34, scale 1:24,000.

Woodward, L. A., Kaufman, W. H., and Reed, R. K., 1973, Geologic map and section of
Rancho del Chaparral quadrangle, New Mexico: New Mexico Bureau of Mines and
Mineral Resources, Geologic Map GM–27, scale 1:24,000.

7. Santa Fe quadrangle

Baltz, E. H., and O’Neill, J. M., 1984, Geologic map and cross sections of the Mora River
area, Sangre de Cristo Mountains, Mora County, New Mexico: U.S. Geological Survey,
Miscellaneous Investigations Series,  Map I–1456,  scale 1 :24,000.

Baltz, E. H., and O’Neill, J. M., 1986, Geologic map and cross sections of the Sapello
River area, Sangre de Cristo Mountains, Mora and San Miguel Counties, New Mexico:
U.S. Geological Survey, Miscellaneous Investigations Series, Map I–1575, scale 1:24,000.

Baltz, E. H., and Myers, D. A., 1999, Stratigraphic framework of upper Paleozoic rocks,
southeastern Sangre de Cristo Mountains, New Mexico, with a section on speculations
and implications for regional interpretation of Ancestral Rocky Mountains
paleotectonics: New Mexico Bureau of Mines and Mineral Resources, Memoir 48,
269 pp.

Booth, F. O., III, 1977, Geologic map of the Galisteo Creek area, Lamy to Cañoncito,
Santa Fe County, New Mexico: U.S. Geological Survey, Miscellaneous Field Studies
Map MF–823, scale 1:12,000.

Boyd, T. L., 1983, Geology and joint pattern study of the Turkey Mountains, Mora
County, New Mexico: Unpublished M.S. thesis, West Texas State University, Canyon,
120 pp.

Budding, A. J., 1972, Geology of the Glorieta quadrangle, New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Geologic Map GM–24, scale 1:24,000.

Johnson, R. B., 1974, Geologic map of the Fort Union quadrangle, Mora County, New
Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1164, scale 1:24,000.

Johnson, R. B., 1974, Geologic map of the Apache Springs quadrangle, San Miguel
County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1163,
scale 1:24,000.

Kelley, V. C., 1978, Geology of the Española Basin, New Mexico: New Mexico Bureau
of Mines and Mineral Resources, Geologic Map GM–48, scale 1:125,000.

Miller, J. P., Montgomery, A., and Sutherland, P. K., 1963, Geology of part of the southern
Sangre de Cristo Mountains, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Memoir 11, 106 pp., scale 1:93,750.

Olmsted, B. W., 2000, 40Ar/39Ar investigations of the Ocate volcanic field, north-central
New Mexico: Unpublished M.S. thesis, New Mexico Institute of Mining and Technology,
Socorro, 92 pp.

O’Neill, J. M., and Mehnert, H. H., 1988, Petrology and physiographic evolution of the
Ocate volcanic field, north-central New Mexico: U.S. Geological Survey, Professional
Paper 1478–A, 30 pp., scale 1:125,000.

Spiegel, Z., and Baldwin, B., 1963, Geology and water resources of the Santa Fe area,
New Mexico: U.S. Geological Survey, Water-supply Paper W–1525, 258 pp., scale
1:24,000.

U.S. Department of Energy, no date, Geology of the Santa Fe quadrangle: AAA Engineering
and Drafting, Inc., Salt Lake City, Utah, scale 1:250,000.

Wanek, A. A., 1962, Reconnaissance geologic map of parts of Harding, San Miguel, and
Mora Counties, New Mexico: U.S. Geological Survey, Oil and Gas Investigations Map
OM–208, scale 1:96,000.

8. Tucumcari quadrangle

Eifler, G. K., Jr., Trauger, F. D., Spiegel, Z., and Hawley, J. W., 1983, Geologic atlas of
Texas, Tucumcari sheet: Texas Bureau of Economic Geology, scale 1:250,000.

Lucas, S. G., and Hunt, A. P., 1989, Revised Triassic stratigraphy in the Tucumcari Basin,
east-central New Mexico; in Lucas, S. G., and Hunt, A. P. (eds.), Dawn of the age of
dinosaurs in the American Southwest: New Mexico Museum of Natural History and
Science, pp. 150–170.

9. Saint Johns quadrangle

Anderson, O. J. (compiler), 1986, Geologic map of Fence Lake 1:100,000 quadrangle,
New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Report
220.

Anderson, O. J., 1987, Geology and coal resources of Atarque Lake 1:50,000 quadrangle,
New Mexico (NW quadrant of Fence Lake 1:100,000 sheet): New Mexico Bureau of
Mines and Mineral Resources, Geologic Map GM–61.

Campbell, F., 1989, Geology and coal resources of Fence Lake 1:50,000 quadrangle, New
Mexico (SW quadrant of Fence Lake 1:100,000 sheet): New Mexico Bureau of Mines
and Mineral Resources, Geologic Map GM–62.

Chamberlin, R. M., Cather, S. M., Anderson, O. J., and Jones, G. E., 1994, Reconnaissance
geologic map of the Quemado 30 x 60-min quadrangle, Catron County, New Mexico:
New Mexico Bureau of Mines and Mineral Resources, Open-file Report 406, scale
1:100,000.

Guilinger, D. R., 1982, Geology and uranium potential of the Tejana Mesa–Hubbell Draw
area, Catron County, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Open-file Report 176, 137 pp., scale 1:24,000.

Maxwell, C. H., 1986, Geologic map of El Malpais lava field and surrounding areas,
Cibola County, New Mexico: U.S. Geological Survey, Miscellaneous Investigations
Series, Map I–1595, scale 1:62,500.

10. Socorro quadrangle

Anderson, O. J., Unpublished reconnaissance geologic mapping on South Garcia and
South Garcia SE 7.5-min quadrangle: New Mexico Bureau of Mines and Mineral
Resources.

Brouillard, L. A., 1984, Geology of the northeastern Gallinas Mountains, Socorro County,
New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Report
219, 172 pp., scale 1:24,000.

Chamberlin, R. M., Oral communication regarding the Socorro–Lemitar Mountains area:
New Mexico Bureau of Mines and Mineral Resources.

Chamberlin, R. M., 1974, Geology of the Council Rock district, Socorro County, New
Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Report 40,
134 pp.

Chamberlin, R. M., 1981, Uranium potential of the Datil Mountains–Pie Town area,
Catron County, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Open-file Report 138, 58 pp.

Chamberlin, R. M., and Anderson, O. J., Unpublished reconnaissance geologic mapping
on west-half of the Magdalena 1:100,000 quadrangle and southwest part of the Acoma
1:100,000 quadrangle: New Mexico Bureau of Mines and Mineral Resources.

Coffin, G. C., 1981, Geology of the northwestern Gallinas Mountains, Socorro County,
New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Report
159, 214 pp., scale 1:24,000.

Ferguson, C. A., 1990, Geologic map of Grassy Lookout 7.5-min quadrangle and cross
sections, Socorro County, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Open-file Report 366, 41 pp., scale 1:24,000.

Ferguson, C. A., and Osburn, G. R., 1994, Geologic map of the Mt. Withington 7.5-min
quadrangle, Socorro County, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Open-file Report 403, 2 pp., scale 1:24,000.

Givens, D. B., 1957, Geology of Dog Springs quadrangle, New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Bulletin 58, 40 pp., scale 1:48,000.

Harrison, R. W., 1980, Geology of the northeastern Datil Mountains, Socorro and Catron
Counties, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-
file Report 136, 146 pp., scale 1:24,000.

Hawley, J. W., 1995, Unpublished geologic map of Quaternary deposits in New Mexico:
New Mexico Bureau of Mines and Mineral Resources.

Kelley, V. C., 1977, Geology of Albuquerque Basin, New Mexico: New Mexico Bureau
of Mines and Mineral Resources, Memoir 33, 60 pp., scale 1:190,000.

Laroche, T. M., 1980, Geology of the Gallinas Peak area, Socorro County, New Mexico:
New Mexico Bureau of Mines and Mineral Resources, Open-file Report 128, 154 pp.
scale 1:24,000.

Lopez, D. A., and Bornhorst, T. J., 1979, Geologic map of the Datil area, Catron County,
New Mexico: U.S. Geological Survey, Miscellaneous Investigations Series, Map I–1098,
scale 1:50,000.

Maxwell, C. H., 1986, Geologic map of El Malpais lava field and surrounding areas,
Cibola County, New Mexico: U.S. Geological Survey, Miscellaneous Investigations
Series, Map I-1595, scale 1:62,500.

Maxwell, C. H., 1988, Geologic map of the Cerro del Oro quadrangle, Cibola County,
New Mexico: U.S. Geological Survey, Miscellaneous Field Studies Map MF–2033,
scale 1:24,000.

Maxwell, C. H., 1990, Geologic map of the Broom Mountain quadrangle, Cibola County,
New Mexico: U.S. Geological Survey, Geologic Quadrangle  Map GQ-1666, scale
1:24,000.

Myers, D. A., 1967, Geologic map of the Torreon quadrangle, Torrance County, New
Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–639, scale 1:24,000.

Myers, D. A., 1977, Geologic map of the Scholle quadrangle, Socorro, Valencia, and
Torrance Counties, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map
GQ–1412, scale 1:24,000.

Myers, D. A., and McKay, E. J., 1974, Geologic map of the southwest quarter of the
Torreon 15-min quadrangle, Torrance and Valencia Counties, New Mexico: U.S.
Geological Survey, Miscellaneous Investigations Series, Map I–820, scale 1:24,000.

Myers, D. A., McKay, E. J., and Sharps, J. A., 1981, Geologic map of the Becker quadrangle,
Valencia and Socorro Counties, New Mexico: U.S. Geological Survey, Geologic
Quadrangle Map GQ–1556, scale 1:24,000.

Osburn, G. R. (compiler), 1984, Socorro County geologic map, New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Open-file Report 238, 13 pp., scale 1:200,000.

Osburn, J. C., 1983, Geology and coal resources of Pasture Canyon quadrangle, Catron
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-
file Report 182, 27 pp., scale 1:24,000.

Osburn, J. C., 1984, Geology of Pueblo Viejo Mesa quadrangle, Socorro and Cibola
Counties, New Mexico (revised 1987): New Mexico Bureau of Mines and Mineral
Resources, Geologic Map GM–55, scale 1:24,000.

Osburn, J. C., 1985, Geology and coal resources of the Wild Horse Canyon quadrangle,
Catron and Cibola Counties, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Open-file Report 227, 29 pp., scale 1:24,000.

*Thaden, R. E., and Zech, R. S., Unpublished geologic map of the northwest quadrant
of New Mexico: U.S. Geological Survey, scale 1:500,000.

Wilkinson, W. H., Jr., 1976, Geology of the Tres Montosas–Cat Mountain area, Socorro
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-
file Report 39, 169 pp.

11. Fort Sumner quadrangle

Kelley, V. C., 1972, Geology of the Fort Sumner sheet, New Mexico: New Mexico Bureau
of Mines and Mineral Resources, Bulletin 98, 55 pp., scale 1:190,000.

Lucas, S. G., and Hunt, A. P., 1989, Revised Triassic stratigraphy in the Tucumcari Basin,
east-central New Mexico; in Lucas, S. G., and Hunt, A. P. (eds.), Dawn of the age of
dinosaurs in the American Southwest: New Mexico Museum of Natural History and
Science, pp. 150–170.

12. Clovis quadrangle

Eifler, G. K., Jr., and Reeves, C. C., Jr., 1977, Geologic atlas of Texas, Clovis sheet: Texas
Bureau of Economic Geology, scale 1:250,000.

13. Clifton quadrangle

Ratté, J. C., Unpublished geologic mapping on the Alpine and the Blue 15-min quadrangle,
Arizona and New Mexico.

Ratté, J. C., Unpublished geologic map of the Mogollon Mountain 1:100,000 quadrangle,
New Mexico: U.S. Geological Survey (in preparation).

Ratté, J. C., (compiler), 2001, Geologic map of the Tularosa Mountains 30’ x 60’ quadrangle,
Catron County, New Mexico: U.S. Geological Survey, Geologic Investigations Series,
Map I–2619, scale 1:100,000.

Ratté, J. C., Landis, E. R., Gaskill, D. L., and Raabe, R. G., 1969, Mineral resources of the
Blue Range Primitive area, Greenlee County, Arizona and Catron County, New
Mexico: U.S. Geological Survey, Bulletin 1261–E, 91 pp., scale 1:62,500.

14. Tularosa quadrangle

Amuedo and Ivey, Consulting Geologists, Geology of the Tularosa quadrangle: Prepared
for U.S. Department of Energy, scale 1:250,000.

Bachman, G. O., 1965, Geologic map of the Capitol Peak NW quadrangle, Socorro
County, New Mexico: U.S. Geological Survey, Miscellaneous Geologic Investigations,
Map I–441, scale 1:31,680.

Bachman, G. O., 1968, Geology of the Mockingbird Gap quadrangle, Lincoln and Socorro
Counties, New Mexico: U.S. Geological Survey, Professional Paper 594–J, 43 pp.

Bachman, G. O., and Harbour, R. L., 1970, Geologic map of the northern part of the San
Andres Mountains, central New Mexico: U.S. Geological Survey, Miscellaneous
Geologic Investigations, Map I–600, scale 1:62,500.

Ferguson, C. A., 1990, Geologic map of Grassy Lookout 7.5-min quadrangle and cross
sections, Socorro County, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Open-file Report 366, 41 pp., scale 1:24,000.

Ferguson, C. A., and Osburn, G. R., 1994, Geologic map of the Mt. Withington 7.5-min
quadrangle, Socorro County, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Open-file Report 403, 2 pp., scale 1:24,000.

Harrison, R. W., Lozinsky, R. P., Eggleston, T. L., and McIntosh, W. C., 1993, Geologic
map of the Truth or Consequences 30’ x 60’ quadrangle: New Mexico Bureau of Mines
and Mineral Resources, Open-file Report 390, 16 pp., scale 1:100,000.

Hawley,  J .  W. ,  Oral  communicat ion regarding Quaternary  uni ts .
Kelley, V. C., and Silver, C., 1952, Geology of the Caballo Mountains: University of New

Mexico, Publications in Geology Series, no. 4, 286 pp.
Lozinsky, R. P., 1985, Geology and late Cenozoic history of the Elephant Butte area,

Sierra County, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Circular 187, 40 pp., scale 1:25,000.

Mason, J. T., 1976, The geology of the Caballo Peak quadrangle, Sierra County, New
Mexico: Unpublished M.S. thesis, University of New Mexico, Albuquerque, 131 pp.

Maxwell, C. H., Unpublished reconnaissance and air photo interpretation in west half
of Tularosa 1:250,000 quadrangle, New Mexico: New Mexico Bureau of Mines and
Mineral Resources.

Maxwell, C. H., and Oakman, M. R., 1990, Geologic map of the Cuchillo quadrangle,
Sierra County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map
GQ–1686, scale 1:24,000.

Osburn, G. R. (compiler), 1984, Socorro County geologic map, New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Open-file Report 238, 13 pp., scale 1:200,000.

Osburn, G. R., Unpublished geologic map of Monica Saddle quadrangle, Socorro County,
New Mexico: New Mexico Bureau of Mines and Mineral Resources, scale 1:24,000.

15. Roswell quadrangle

Kelley, V. C., 1972, Geology of the Fort Sumner sheet, New Mexico: New Mexico Bureau
of Mines and Mineral Resources, Bulletin 98, 55 pp., scale 1:190,000.

Moore, S. L., Foord, E. E., Meyer, G. A., and Smith, G. W., 1988, Geologic map of the
northwestern part of the Mescalero Apache Indian Reservation, Otero County, New
Mexico: U.S. Geological Survey, Miscellaneous Investigations Series, Map I–1895,
scale 1:24,000.

Moore, S. L., Foord, E. E., Meyer, G. A., 1988, Geologic and aeromagnetic map of a part
of the Mescalero Apache Indian Reservation, Otero County, New Mexico: U.S.
Geological Survey, Miscellaneous Investigations Series, Map I–1775, scale 1:50,000.

Moore, S. L., Thompson, T. B., and Foord, E. E., 1991, Structure and igneous rocks of the
Ruidoso region, New Mexico; in Barker, J. M., Kues, B. S., Austin, G. S., and Lucas,
S. G. (eds.), Geology of the Sierra Blanca, Sacramento and Capitan Ranges, New
Mexico :  New Mexico  Geologica l  Soc iety,  Guidebook  42,  pp .  137–145.

Smith, C. T., and Budding, A. J., 1959, Reconnaissance geologic map of Little Black Peak
fifteen-minute quadrangle, east half: New Mexico Bureau of Mines and Mineral
Resources, Geologic Map GM–11, scale 1:62,500.

16. Brownfield quadrangle

Eifler, G. K., Jr., and Reeves, C. C., Jr., 1974, Geologic atlas of Texas, Brownfield sheet:
Texas Bureau of Economic Geology, scale 1:250,000.

Hawley, J. W., Oral communication, New Mexico Bureau of Mines and Mineral Resources.
Lucas, S. G., and Anderson, O. J., Unpublished reconnaissance geologic mapping on the

Tatum 1:100,000 quadrangle: New Mexico Bureau of Mines and Mineral Resources.

17. Silver City quadrangle

Drewes, H., Houser, B. B., Hedlund, D. C., Richter, D. H., Thorman, C. H., and Finnell,
T. L., 1985, Geologic map of the Silver City 1° x 2° quadrangle, New Mexico and
Arizona: U.S. Geological Survey, Miscellaneous Investigations Series, Map I–1310–C,
scale 1:250,000.

18. Las Cruces quadrangle

Hawley, J .  W.,  Personal communication regarding Quaternary units.
Seager, W. R., 1995, Geology of southwest quarter of Las Cruces and northwest El Paso

1° x 2° sheets, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Geologic Map GM–60, scale 1:125,000.

Seager, W. R., Clemons, R. E., Hawley, J. W., and Kelley, R. E., 1982, Geology of northwest
part of Las Cruces 1° x 2° sheet, New Mexico: New Mexico Bureau of Mines and
Mineral Resources, Geologic Map GM–53, scale 1:125,000.

Seager, W. R., Hawley, J. W., Kottlowski, F. E., and Kelley, S. A., 1987, Geology of east
half of Las Cruces and northeast El Paso 1° x 2° sheets, New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Geologic Map GM–57, scale 1:125,000.

19. Carlsbad quadrangle

Hayes, P. T., 1964, Geology of the Guadalupe Mountains, New Mexico: U.S. Geological
Survey, Professional Paper 446, 69 pp.

Kelley, V. C., 1971, Geology of the Pecos country, southeastern New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Memoir 24, 75 pp.

Pray, L. C., 1961, Geology of the Sacramento Mountains escarpment, Otero County, New
Mexico: New Mexico Bureau of Mines and Mineral Resources, Bulletin 35, 144 pp.

20. Hobbs quadrangle

Eifler, G. K., Jr., and Reeves, C. C., Jr., 1976, Geologic atlas of Texas, Hobbs sheet: Texas
Bureau of Economic Geology, scale 1:250,000.

Hawley, J. W., 1993, The Ogallala and Gatuña Formations in the southeastern New
Mexico region, a progress report; in Love, D. W., Hawley, J. W., Kues, B. S., Adams,
J. W., Austin, G. S., Barker, J. M. (eds.), Carlsbad region, New Mexico and west Texas:
New Mexico Geological Society, Guidebook 44, pp. 261–269.

Lucas, S. G., and Anderson, O. J., Unpublished reconnaissance mapping on the Jal and
Hobbs 1:100,000 quadrangle.

21. Douglas quadrangle

Bromfield, C. S., and Wrucke, C. T., 1961, Reconnaissance geologic map of the Cedar
Mountains, Grant and Luna Counties, New Mexico: U.S. Geological Survey, Mineral
Investigations Series, Map MF–159, scale 1:62,500.

Deal, E. G., 1979, Unpublished geologic map of the central Peloncillo Mountains:
University of New Mexico, Albuquerque, scale 1:62,500.

Drewes, H., 1986, Geologic map of the northern part of the Animas Mountains, Hidalgo
County, New Mexico: U.S. Geological Survey, Miscellaneous Investigations Series,
Map I–1686, scale 1:24,000.

Drewes, H., 1991, Description and development of the Cordilleran orogenic belt in the
southwestern United States and northern Mexico: U.S. Geological Survey, Professional
Paper 1512, pp. 28–29.

Drewes, H., 1991, Geologic map of the Big Hatchet Mountains, Hidalgo County, New
Mexico: U.S. Geological Survey, Miscellaneous Investigations Series, Map I–2144,
scale 1:24,000.

Erb, E. E., 1979, Geologic map of the southern Animas, northern San Luis, southern
Peloncillo, and northern Guadalupe Mountains, Hidalgo County, New Mexico:
Unpublished Ph.D. dissertation, University of New Mexico, Albuquerque, 300 pp.

Lawton, T. F., and Harrigan, P. J., 1998, Broken Jug Formation—redefinition of lower
part of Bisbee Group, Little Hatchet Mountains, Hidalgo County, New Mexico: New
Mexico Geology, v. 20, p. 69–77.

Lucas, S. G., and Lawton, T. F., 2000, Stratigraphy of the Bisbee Group
(Jurassic–Cretaceous), Little Hatchet Mountains, New Mexico; in Lawton, T. F.,
McMillan, N. J., and McLemore, V. T. (eds.), Southwest passage–a trip through the
Phanerozoic, New Mexico Geological Society, Guidebook 51, pp. 175–194.

Reiter, D. E., 1980, Geology of the Alamo Hueco and Dog Mountains, Hidalgo County,
New Mexico: Unpublished M.S. thesis, University of New Mexico, Albuquerque, 120
pp.

Sivils, D., Anderson, O. J., and Jones, G. E., Unpublished reconnaissance geologic
mapping in the Big Hatchet Mountains, New Mexico: New Mexico Bureau of Mines
and Mineral Resources.

Sivils, D., 1997, Stratigraphy, depositional systems, diagenesis, and stable isotope
geochemistry of the Paradise Formation (Late Mississippian), Big Hatchet Mountains,
Hidalgo County, New Mexico: Unpublished Ph.D. dissertation, New Mexico Institute
of Mining and Technology, Socorro, 209 pp.

Varnell, R. J., 1976, Geology of the Hat Top Mountain area, Grant and Luna Counties,
New Mexico: Unpublished M.S. thesis, University of Texas, El Paso, 61 pp., scale
1:24,000.

Zeller, R. A., Jr., 1970 (reprinted 1979), Geology of Little Hatchet Mountains, Hidalgo
and Grant Counties, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Bulletin 96, 23 pp., scale 1:31,680.

22. El Paso quadrangle

Seager, W. R., 1995, Geology of southwest quarter of Las Cruces and northwest El Paso
1° x 2° sheets, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Geologic Map GM–60, scale 1:125,000.

Statewide references

Dane, C. H., and Bachman, G. O., 1965, Geologic map of New Mexico: U.S. Geological
Survey, in cooperation with the New Mexico Bureau of Mines and Mineral Resources,
Special Geologic Map Series, scale 1:500,000.

Karlstrom, K. E., Amato, J. M., Williams, M. L., Heizler, M., Shaw, C., Read, A. S., and
Bauer, P. W., Proterozoic tectonic evolution of the New Mexico region—a synthesis;
in Giles, K. A., and Mack, G. H. (eds.), The geology of New Mexico, v. 1: New Mexico
Geological Society (in press).

Machette, M. N., Personius, S. F., Kelson, K. I., Haller, K. M., and Dart, R. L., 1998, Map
and data for Quaternary faults and folds in New Mexico: U.S. Geological Survey,
Open-file Report 98–521, 443 pp., scale 1:750,000.

* References for Thaden, R. E., and Zech, R. S., map listed separately below.

Akers, J. P., 1964, Geology and ground water in the central part of Apache County,
Arizona: U.S. Geological Survey Water-supply Paper W–1771, 107 pp., plate 1, scale
1:125,000.

Anderson, O. J., 1981, Geology and coal resources of the Cantaralo Spring quadrangle,
Cibola County, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Open-file Report 142, 16 pp., scale 1:24,000.

Anderson, O. J., 1982, Geology and coal resources of the Venadito Camp quadrangle,
Cibola County, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Open-file Report 163, 30 pp., scale 1:24,000.

Anderson, O. J., 1982, Geology and coal resources of the Atarque Lake quadrangle,
Cibola County, New Mexico: New Mexico Bureau of Mines and Mineral Resources,
Open-file Report 167, 28 pp., scale 1:24,000.

Anderson, O. J., 1982, Geology and coal resources of Mesita de Yeso quadrangle, Cibola
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-
file Report 171, 34 pp., scale 1:24,000.

Anderson, O. J., and Mapel, W. J., 1983, Geology and coal resources of Shoemaker
Canyon SE quadrangle, Cibola County, New Mexico: New Mexico Bureau of Mines
and Mineral Resources, Open-file Report 172, 34 pp., scale 1:24,000.

Bachman, G. O., and Dane, C. H., 1962, Preliminary geologic map of the northeastern
part of New Mexico: U.S. Geological Survey, Miscellaneous Geologic Investigations,
Map I–358, scale 1:380,160.

Brown, L., 1983, Geologic and isopach maps of the Bisti, De-Na-Zin, and Ah-She-Sle-
Pah wilderness study areas, San Juan County, New Mexico: U.S. Geological Survey,
Miscellaneous Field Studies Map MF–1508–A, scale 1:50,000.

Byers, V. P., 1979, Geologic map and sections of the Crystal quadrangle, San Juan and
McKinley Counties, New Mexico: U.S. Geological Survey, Open-file Report 79–599,
scale 1:24,000.

Byers, V. P., 1980, Geologic map and sections of the Sonsela Butte 4 SE quadrangle,
Apache County, Arizona, and San Juan and McKinley Counties, New Mexico: U.S.
Geological Survey, Open-file Report 80-788, scale 1:24,000.

Campbell, F. W., 1981, Geology and coal resources of Cerro Prieto and The Dyke
quadrangles, Cibola County, New Mexico: New Mexico Bureau of Mines and Mineral
Resources, Open-file Report 144, 68 pp., scale 1:24,000.

Condon, S. M., 1986, Geologic map of the Hunters Point quadrangle, Apache County,
Arizona, and McKinley County, New Mexico: U.S. Geological Survey, Geologic
Quadrangle Map GQ–1588, scale 1:24,000.

Hackman, R. J., and Olson, A. B., 1977, Geology, structure, and uranium deposits of the
Gallup 1° x 2° quadrangle, New Mexico and Arizona: U.S. Geological Survey,
Miscellaneous Investigations Series,  Map I–981,  scale 1 :250,000.

Haynes, D. D., Vogel, J. D., and Wyant, D. G. (compilers), 1972, Geology, structure, and
uranium deposits of the Cortez quadrangle, Colorado and Utah: U.S. Geological
Survey, Miscellaneous Investigations Series, Map I–629, scale 1:250,000.

Huffman, A. C., Jr., 1976, Preliminary geologic map of the Sand Spring quadrangle, San
Juan County, New Mexico: U.S. Geological Survey, Open-file Report 76-408, scale
1:24,000.

Huffman, A. C., Jr., and Jones, T. W., 1978 Preliminary geologic map of the Redrock
Valley SE quadrangle, Apache County, Arizona, and San Juan County, New Mexico:
U.S.  Geological  Survey,  Open-file Report  78–404,  scale 1:24,000.

Johnson, P. W., 1962, Water in the Coconino sandstone for the Snowflake–Hay Hollow
area, Navajo County, Arizona: U.S. Geological Survey, Water-supply Paper W–1539–S,
scale 1:125,000.

Johnson, R. B., 1969, Geologic map of the Trinidad quadrangle, south-central Colorado:
U.S. Geological Survey, Miscellaneous Geologic Investigations, Map I–558, scale
1:250,000.

Kelley, V. C., 1972, Geology of the Fort Sumner sheet, New Mexico: New Mexico Bureau
of Mines and Mineral Resources, Bulletin 98, 55 pp., scale 1:190,000.

Kelley, V. C., 1978, Geology of Española Basin, New Mexico: New Mexico Bureau of
Mines and Mineral Resources, Geologic Map GM–48, scale 1:125,000.

Kirk, A. R., and Sullivan, M. W., 1987, Geologic map of the Dalton Pass quadrangle,
McKinley County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map
GQ–1593, scale 1:24,000.

Kirk, A. R., and Zech, R. S., 1984, Geologic map of the Oak Spring quadrangle, McKinley
County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1583,
scale 1:24,000.

Kirk, A. R., and Zech, R. S., 1987, Geologic map of the Big Rock Hill quadrangle, McKinley
County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1594,
scale 1:24,000.

Kirk, A. R., and Zech, R. S., 1987, Geologic map of the Hard Ground Flats quadrangle,
McKinley County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map
GQ–1592, scale 1:24,000.

Lipman, P. W., 1975, Geologic map of the lower Conejos River Canyon area, southeastern
San Juan Mountains, Colorado: U.S. Geological Survey, Miscellaneous Investigations
Series, Map I–901, scale 1:48,000.

Lipman, P. W., and Pallister, J. S., Unpublished reconnaissance geologic map of the Taos
Plateau and vicinity,  Taos County,  New Mexico,  scale 1:125,000.

Lipman, P. W., Pallister, J. S., and Sargent, K. A., 1979, Geologic map of the Mount Taylor
quadrangle, Valencia (now Cibola) County, New Mexico: U.S. Geological Survey,
Geologic Quadrangle Map GQ–1523, scale 1:24,000.

Lucas, S. G., 1993, The Chinle Group: Revised stratigraphy and biochronology of Upper
Triassic nonmarine strata in the western United States: Museum of Northern Arizona,
Bulletin 59, pp. 27-50.

Machette, M. N. (compiler), 1978, Preliminary geologic map of the Socorro 1° x 2°
quadrangle, central New Mexico: U.S. Geological Survey, Open-file Report 78-607,
scale 1:250,000.

Manley, K., Scott, G. R., and Wobus, R. A. (compilers), 1987, Geologic map of the Aztec
1° x 2° quadrangle, northwestern New Mexico and southern Colorado: U.S. Geological
Survey, Miscellaneous Investigations Series, Map I–1730, scale 1:250,000.

Mapel, W. J., 1985, Geologic map of the Nicoll Lake quadrangle, Cibola and McKinley
Counties, New Mexico: U.S. Geological Survey, Miscellaneous Field Studies Map
MF–1757, scale 1:24,000.

Mapel, W. J., 1985, Geologic map of the Togeye Lake quadrangle, Cibola and McKinley
Counties, New Mexico: U.S. Geological Survey, Miscellaneous Field Studies Map
MF–1726, scale 1:24,000.

Mapel, W. J., and Yesberger, W. L., 1985, Geologic map of the Goat Hill quadrangle,
Cibola County, New Mexico: U.S. Geological Survey, Miscellaneous Field Studies
Map MF–1727, scale 1:24,000.

Mapel, W. J., and Yesberger, W. L., 1985, Geologic map of the Red Lake Mission quadrangle,
Cibola County, New Mexico: U.S. Geological Survey, Miscellaneous Field Studies
Map MF–1758, scale 1:24,000.

Maxwell, C. H., 1976, Geologic map of the Acoma Pueblo quadrangle, Valencia (now
Cibola) County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map
GQ–1298, scale 1:24,000.

Maxwell, C. H., 1976, Geologic map of the East Mesa quadrangle, Valencia (now Cibola)
County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1522,
scale 1:24,000.

Maxwell, C. H., 1981, Geologic map of the El Malpais Instant Study Area and adjacent
areas, Valencia (now Cibola) County, New Mexico: U.S. Geological Survey,
Miscellaneous Field Studies Map MF–1375–A, scale 1:62,500.

McLellan, M. W., Haschke, L. R., and Robinson, L. N., 1982, Geologic map of the Rincon
Hondo quadrangle, Cibola County, New Mexico: U.S. Geological Survey, Miscellaneous
Field Studies Map MF–1506, scale 1:24,000.

McLellan, M. W., Robinson, L. N., and Haschke, L. R., 1983, Geologic map of the Fence
Lake quadrangle, Cibola County, New Mexico: U.S. Geological Survey, Miscellaneous
Field Studies Map MF–1533, scale 1:24,000.

Moore, S. L., Unpublished geologic map of the Blue Mesa quadrangle, Cibola County,
New Mexico: U.S. Geological Survey, scale 1:24,000 (in preparation).

Moore, S. L., Unpublished geologic map of the Mescate Meadow quadrangle, Cibola
County, New Mexico: U.S. Geological Survey, scale 1:24,000 (in preparation).

Mytton, J. W., 1983, Geologic map of Chaco Canyon 30’ x 60’ quadrangle, showing coal
zones of Fruitland Formation, San Juan, Rio Arriba, and Sandoval Counties, New
Mexico: U.S. Geological Survey, Coal Investigations Map C–92A, scale 1:100,000.

O’Sullivan, R. B., and Beikman, H. M., 1963, Geology, structure, and uranium deposits
of the Shiprock quadrangle, New Mexico and Arizona: U.S. Geological Survey,
Miscellaneous Geologic Investigations Map I–345, scale 1:250,000.

O’Sullivan, R. B., Mytton, J. W., Strobell, J. D., Jr., Scott, G. R., and Erpenbeck, M. F.,
1986, Preliminary geologic map of the Tanner Lake quadrangle, San Juan County,
New Mexico: U.S. Geological Survey, Miscellaneous Field Studies Map MF–1864,
scale 1:24,000.

O’Sullivan, R. B., Scott, G. R., and Heller, J. S., 1979, Preliminary geologic map of the
Hogback South quadrangle, San Juan County, New Mexico: U.S. Geological Survey,
Miscellaneous Field Studies Map MF–1093, scale 1:24,000.

O’Sullivan, R. B., Scott, G. R., and Heller, J. S., 1979, Preliminary geologic map of the
Kirtland SW quadrangle, San Juan County, New Mexico: U.S. Geological Survey,
Miscellaneous Field Studies Map MF–1080, scale 1:24,000.

O’Sullivan, R. B., Scott, G. R., and Weide, D. L., 1979, Preliminary geologic map of the
Kin Klizhin Ruins quadrangle, San Juan and McKinley Counties, New Mexico: U.S.
Geological Survey, Miscellaneous Field Studies Map MF–1094, scale 1:24,000.

O’Sullivan, R. B., and Strobell, J. D., Jr., 1998, Preliminary geologic map of the Newcomb
quadrangle, San Juan County, New Mexico: U.S. Geological Survey, Miscellaneous
Field Studies Map MF–2040 scale 1:24,000.

Robertson, J. F., 1993, Geologic map of the Casamero Lake quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1716, scale
1:24,000.

Robertson, J. F., 1986, Geologic map of the Crownpoint quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1596, scale
1:24,000.

Robertson, J. F., 1990, Geologic map of the Hosta Butte quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1683, scale
1:24,000.

Santos, E. S., 1966, Geologic map of the San Lucas Dam quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–516, scale
1:24,000.

Santos, E. S., 1966, Geologic map of the San Mateo quadrangle, McKinley and Valencia
(now Cibola) Counties, New Mexico: U.S. Geological Survey, Geologic Quadrangle
Map GQ–517, scale 1:24,000.

Santos, E. S., and Thaden, R. E., 1966, Geologic map of the Ambrosia Lake quadrangle,
McKinley County, New Mexico: U.S. Geological Survey, Geologic Quadrangle Map
GQ–515, scale 1:24,000.

Scott, G. R., O’Sullivan, R. B., and Heller, J. S., 1979, Preliminary geologic map of the
Burnham Trading Post quadrangle, San Juan County, New Mexico: U.S. Geological
Survey, Miscellaneous Field Studies Map MF–1076, scale 1:24,000.

Scott, G. R., O’Sullivan, R. B., and Heller, J. S., 1979, Preliminary geologic map of the
Newcomb NE quadrangle, San Juan County, New Mexico: U.S. Geological Survey,
Miscellaneous Field Studies Map MF–1092, scale 1:24,000.

Scott, G. R., O’Sullivan, R. B., and Heller, J. S., 1979, Preliminary geologic map of the
Pillar NW quadrangle, San Juan County, New Mexico: U.S. Geological Survey,
Miscellaneous Field Studies Map MF–1077, scale 1:24,000.

Steven, T. A., Lipman, P. W., Hail, W. J., Jr., Barker, F., and Luedke, R. G. (compilers),
1974, Geologic map of the Durango quadrangle, southwestern Colorado: U.S.

Stewart, J. H., Poole, F. G., and Wilson, R. F., 1972, Stratigraphy and origin of the Chinle
Formation and related Upper Triassic strata in the Colorado Plateau region: U.S.
Geological Survey, Professional Paper 690, 336 pp. Geological Survey, Miscellaneous
Investigations Series, Map I–764, scale 1:250,000.

Stricker, G. D., Unpublished geologic map of the Burned Timber Canyon quadrangle,
McKinley County, New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Horsehead Canyon quadrangle,
McKinley County, New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Horsehead Canyon NW quadrangle,
McKinley County, New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Ojo Caliente Reservoir quadrangle,
McKinley and Cibola Counties, New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Pescado quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Plumasano Basin quadrangle, McKinley
and Cibola Counties, New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Tekapo quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Upper Galestina Canyon quadrangle,
McKinley and Cibola Counties, New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Upper Nutria quadrangle, McKinley
County, New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Vanderwagen Draw quadrangle,
McKinley County, New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Unpublished geologic map of the Zuni quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, scale 1:24,000.

Stricker, G. D., Mapel, W. J., and Anderson, O. J., Unpublished geologic map of the
Shoemaker Canyon quadrangle, McKinley and Cibola Counties, New Mexico: U.S.
Geological Survey, scale 1:24,000.

Strobell, J. D., Jr., Hayes, P. T., and O’Sullivan, R. B., 1980, Preliminary geologic map of
the Waterflow quadrangle, San Juan County, New Mexico: U.S. Geological Survey,
Miscellaneous Field Studies Map MF–1253, scale 1:24,000.

Strobell, J. D., Jr., O’Sullivan, R. B., Mytton, J. W., and Erpenbeck, M. F., 1985, Preliminary
geologic map of the Pretty Rock quadrangle, San Juan County, New Mexico: U.S.
Geological Survey, Miscellaneous Field Studies Map MF–1788, scale 1:24,000.

Tabet, D., 1981, Geology and coal resources, Pinehaven quadrangle, McKinley County,
New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Report
154, 71 pp., scale 1:24,000.

Thaden, R. E., 1990, Geologic map of the Buell Park quadrangle, Apache County, Arizona,
and McKinley County, New Mexico: U.S. Geological Survey, Geologic Quadrangle
Map GQ–1649, scale 1:24,000.

Thaden, R. E., 1989, Geologic map of the Fort Defiance quadrangle, Apache County,
Arizona, and McKinley County, New Mexico: U.S. Geological Survey, Geologic
Quadrangle Map GQ–1648, scale 1:24,000.

Thaden, R. E., 1990, Geologic map of the Todilto Park quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1646, scale
1:24,000.

Thaden, R. E., 1990, Geologic map of the Window Rock quadrangle, Apache County,
Arizona, and McKinley County, New Mexico: U.S. Geological Survey, Geologic
Quadrangle Map GQ–1647, scale 1:24,000.

Thaden, R. E., Santos, E. S., and Ostling, E. J., 1966, Geologic map of the Goat Mountain
quadrangle, McKinley County, New Mexico: U.S. Geological Survey, Geologic
Quadrangle Map GQ–518, scale 1:24,000.

Thaden, R. E., and Zech, R. S., Unpublished geologic and photogeologic mapping,
including small areas not shown on index, scale 1:500,000.

Weide, D. L., O’Sullivan, R. B., and Heller, J. S., 1979, Preliminary geologic map of the
Fruitland quadrangle, San Juan County, New Mexico: U.S. Geological Survey,
Miscellaneous Field Studies Map MF–1089, scale 1:24,000.

Weide, D. L., Schneider, G. B., Mytton, J. W., and Scott, G. R., 1979, Geologic map of the
Pueblo Bonito quadrangle, San Juan (and McKinley) Counties, New Mexico: U.S.
Geological Survey, Miscellaneous Field Studies Map MF–1119, scale 1:24,000.

Wilson, E. D., Moore, R. T., and Cooper, J. R. (compilers), 1969, Geologic map of Arizona:
Arizona Bureau of Mines and U.S. Geological Survey, scale 1:500,000.

Wyant, D. J. G., and Olson, A. (compilers), 1978, Geologic map of the Albuquerque 1°
x 2° quadrangle, northwestern New Mexico: U.S. Geological Survey, Open-file Report
78-467, scale 1:250,000.

Zech, R. S., 1989, Geologic map of the Tse Bonita School quadrangle, McKinley County,
New Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1661, scale
1:24,000.

Zech, R. S., 1989, Geologic map of the Twin Lakes quadrangle, McKinley County, New
Mexico: U.S. Geological Survey, Geologic Quadrangle Map GQ–1659, scale 1:24,000.

N
ew

M
ex

ic
o

Bu
reau of Geology and Mineral Resource

s

Earth Science for the 21st Century

N E W ME X I C O TE C H

Qa

Ql

Qpl

Qp

Qe

Qeg

Qep

Qd

Qoa

Qb

Qv

Qbo

Qvr

Qr

Qbt

QTt

QTp

QTs

QTsf

QTg

QTb

Tus

To

Tfl

Tsf

Tlp

Tc

Tpb

Tmb

Tnb

Tnr

Tnv

Thb

Tuau

Tual

Tvs

Turf

Tlrf

Turp

Tlrp

Tla

Tuv

Tlv

Tv

Ti

Tim

Tps

Tsj

Tn

Toa

TKpc

TKr

TKpr

TKa

TKav

TKi

K

Ku

Kmc

Kvt

Kkf

Kpc

Kls

Kpn

Knf

Kmv

Kch

Klv

Kmf

Kpl

Kms

Kph

Kmm

Kcc

Kg

Kgm

Kmr

J

Jm

Jmsu

Jz

Jze

Je

Jsr

Zi

Yi

Ys

Yg

YXp

Xg

Xps

Xq

Xs

Xvf

Xpc

Xvm

ˇ

ˇrp

ˇc

ˇr

ˇb

ˇt

ˇg

ˇs

ˇcu

ˇm

Pz

P

Pqm

Pqr

Pr

Psl

Pc

Pat

Pty

Psr

Pqg

Pcp

Pbc

Pcc

Psa

Pg

Psg

Pco

Pvp

Py

Pa

Pau

Pal

Psy

Pya

Pct

Ph

Pb

P˛

P˛sc

˛

˛m

˛s

˛ps

˛lc

M

MD

MÇ

D

SO

SOÇ

OÇ

OÇp

Kpg

Kth

Kma

Km

Kmu

Kml

Kdr

Kgc

Kc

Kgg

Kgh

Kgr

Kmd

Kd

Kdg

Kmb

Kl

Pz P˛

P Psg

Pct Pya

˛

MÇ
MD

M
D

SO
OÇ OÇp

˛m

˛s

Pb

Pa

Psy
Py

Ph
Pau

Pal

SOÇ

˛ps

˛lc

Pg Psa

Pat

Pc

Psl

Pr

Pqm
Pqr

Pty
Psr
Pqg

P˛sc

Pcp Pbc

Pcc

Pco

Pvp

Xvf

Xvm

Xps

Xq

Xs

Xpc

Xg

Yg

Yi

Zi

Ys

YXp

K

Ku

Kmc

Kmb

Kma

Kmr

Kmd

Kmf

Kpl Kms
Kph

KmmKcc

Kpg Kgm
Kg

Kmu

Kth Kml

Kdr

Kd

Km

Klv

Kch

Kmv

Kls

Kpc

Kkf Kvt

Kpn

Knf

Kc
Kgc

Kgh

Kgr
Kgg

Kdg

Kl

TKi

Ti Tim

Qb Qv

Qbo

Tpb

Tmb

Thb

Tnb

Tuau
Tual

Tla

TKa TKav

QTb

Tvs

Qvr

Qr

Tnr

Turf

Tlrf

Qbt

Turp

Tlrp

Tnv

Tuv

Tlv

Tv

Qa

Qoa

Tfl

Tc

Tps

Ql

Tus

Qpl Qp
Qe Qeg

QTt

To

QTg QTsf

QTs

Tsf Tlp

QTp

Tsj

Tn

Toa
TKpc

TKr

TKpr

QdQep

J

Jm

Jsr

Jmsu

Je

Jze

Jz

ˇ ˇc

ˇrp

ˇm

ˇs

ˇg
ˇt

ˇb

ˇr

ˇcu

Cenozoic Tectonic Features of New Mexico
The shortening, stretching, translation, uplift, subsidence, fusion, crystallization, eruption, and erosion of New Mexico’s crust, in response to global plate motions, have produced a complex collage of enchanting landforms during the

last 1.8 billion years. The modern landscape formed mostly in Cenozoic time, in the last 65 million years.
The riverine axis of New Mexico is dominated by tilted fault block ranges and extensional basins of the Rio Grande rift.  Closely spaced faulting and domino-style block tilting along the rift axis represent brittle stretching of the upper

crust in response to plastic flow of hotter rocks in the middle and lower crust.  The rift is a northward narrowing arm of the strongly extended Basin and Range province. It separates the Colorado Plateau microplate from the Great Plains
province and the rest of cratonic North America. Westward flow of the underlying mantle, initially associated with roll back (retreat) of the subducted Farallon plate and later differential motion between the Pacific and North American
plates, has caused the relatively rigid Colorado Plateau to slowly drift away from the Great Plains in the last 30 million years. Westward stretching, focused along the hotter rift zone, has accommodated this differential separation of microplates
at an average rate of roughly 0.5-1.0 millimeters per year. Compared to California, New Mexico is now in a plate tectonic “backwater.”

Broad zones of moderate-to-slight crustal extension generally parallel the evolving (warming) margins of the Colorado Plateau and Great Plains. These transition zones are marked by shallow depressions and a few north-trending upper
Cenozoic normal faults that occur south of Grants and along the east shoulder of the rift from Eagle Nest to Estancia and to the Brokeoff Mountains west of Carlsbad. Synclinal blocks of the Mogollon Plateau and Jornada del Muerto,
which occur within the rifted terrane, appear to represent moderately wide rafted blocks similar to the Colorado Plateau microplate. Fusion and dehydration of the batholithic crust under the Mogollon Plateau may have given it additional
strength. The Colorado Plateau initially drifted away from the Mogollon Plateau to form the Plains of San Agustin, an incipient transverse arm of the Rio Grande rift. Quaternary fault patterns suggest that the Mogollon Plateau is now
largely coupled to the Colorado Plateau.

In late Mesozoic to early Cenozoic time, crustal welts of the southern Rocky Mountains were squeezed and jostled upward along the east margin of the Colorado Plateau as it was pushed northeastward against the less resistant margin
of the craton. This Laramide zone of crustal shortening has apparently guided later development of the Rio Grande rift and peripheral zones of extension. For example, in northern New Mexico younger rift basins have partially inverted
(collapsed) the core area of the older Laramide Rocky Mountains.

–Richard M. Chamberlin



Eddy Area, New Mexico

BA—Berino loamy fine sand, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 1w42
Elevation: 2,000 to 5,700 feet
Mean annual precipitation: 6 to 14 inches
Mean annual air temperature: 57 to 70 degrees F
Frost-free period: 180 to 260 days
Farmland classification: Not prime farmland

Map Unit Composition
Berino and similar soils: 99 percent
Minor components: 1 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Berino

Setting
Landform: Fan piedmonts, plains
Landform position (three-dimensional): Riser
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Mixed alluvium and/or eolian sands

Typical profile
H1 - 0 to 12 inches: loamy fine sand
H2 - 12 to 58 inches: sandy clay loam
H3 - 58 to 60 inches: clay loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): 

Moderately high to high (0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 40 percent
Salinity, maximum in profile: Very slightly saline to slightly saline 

(2.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum in profile: 1.0
Available water storage in profile: Moderate (about 8.4 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: B

Map Unit Description: Berino loamy fine sand, 0 to 3 percent slopes---Eddy Area, New Mexico

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

7/28/2020
Page 1 of 2



Ecological site: Loamy (R042XC007NM)
Hydric soil rating: No

Minor Components

Pajarito
Percent of map unit: 1 percent
Ecological site: Loamy Sand (R042XC003NM)
Hydric soil rating: No

Data Source Information

Soil Survey Area: Eddy Area, New Mexico
Survey Area Data: Version 16, Jun 8, 2020

Map Unit Description: Berino loamy fine sand, 0 to 3 percent slopes---Eddy Area, New Mexico

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

7/28/2020
Page 2 of 2



USGS The National Map: Orthoimagery. Data refreshed April 2020
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Appendix C 
C-141’s: 
Initial 
Final 

 
 



District I 
1625 N. French Dr., Hobbs, NM 88240 
District 11 
811 S. First St., Artesia, NM 88210 
District 111 
1000 Rio Brazos Road, Aztec, NM 87410 
District IV 
1220 S. St. Francis Dr., Santa Fe, NM 87505 

State of New Mexico 
Energy Minerals and Natural Resources 

Oil Conservation Division 
1220 South St. Francis Dr. 

Santa Fe, NM 87505 

NM OIL CONSERVATION 
ARTESIA DISTRICT 

Form C-141 
Revised August 8, 2011 APR 1 7 2015 

bmit 1 Copy to a| 
RECElVcE©Uance with 19.15.29 NMAC. 

Release Notification and Corrective Action 

Name of Company Devon Energy Production Lfi/S ' / Contact Rudy Zuniga, Production Foreman 
Address 6488 Seven Rivers Hwy Artesia, N M 88220 Telephone No. 575-390-5435 
Facility Name Rigel 20 Fed 3H Facility Type Oil 

Surface Owner Federal Mineral Owner Federal API No. 30-015-39725 

LOCATION OF RELEASE 
Unit Letter Section Township Range Feet from the North/South Line Feet from the East/West Line County 

L 20 19S 31E 1800 FSL 330 FWL Eddy 

Latitude: 32.6435781'N Longitude: 103.8989164'W 

NATURE OF RELEASE 
Type of Release Spill of Oil/Produced Water Volume of Release 75.5bbls Volume Recovered 75bbls 
Source of Release 2-Phase Separator Date and Hour of Occurrence 

April 14,2015 9:00AM 
Date and Hour of Discovery 
April 14,2015 9:00 AM 

Was Immediate Notice Given? 
123 Yes • No • Not Required 

If YES, To Whom? 
Jeff Robertson, BLM 
Mike Bratcher, OCD 

By Whom? Ray Carter, Asst. Production Foreman Date and Hour 
Jeff Robertson, BLM April 14, 2015 10:30 AM 
Mike Bratcher, OCD April 14, 2015 11:00 AM 

Was a Watercourse Reached? 
• Yes M No 

If YES, Volume Impacting the Watercourse 
N/A 

If a Watercourse was Impacted, Describe Fully.* N/A 

Describe Cause of Problem and Remedial Action Taken.* 
On April 14, 2105 9:00 AM the Lease Operator arrived at the Rigel 20 Fed 3H and discovered the vent tank was over flowing. The DCP line psi had been 
high overnight and this caused the 2-Phase Production Separator back psi valve to hang open and equalize the 2-Phase Separator and Heater Treator this 
would not allow the 2-Phase to dump into the Heater Treator and caused a release of 75bbls of oil and produced water mixture into the lined containment 
and a l/2bbl oil and produced water mist into the pasture. 

Describe Area Affected and Cleanup Action Taken.* 
The 75bbls was in a lined containment and all 75bbls were recovered by vac truck. The pasture area was a 20x150 area to the Southwest of the location 
with l/2bbl mist from the back psi valve on the 2-phase separator this will be raked up and pressure washed with Dawn soap. The liner was checked for 
holes and no holes were found. 

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to NMOCD rules and 
regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which may endanger 
public health or the environment. The acceptance of a C-141 report by the NMOCD marked as "Final Report" does not relieve the operator of liability 
should their operations have failed to adequately investigate and remediate contamination that pose a threat to ground water, surface water, human health 
or the environment. In addition, NMOCD acceptance of a C-141 report does not relieve the operator of responsibility for compliance with any other 
federal, state, or local laws and/or regulations. 

Signature: Sh&dcv Ti$W 
OIL CONSERVATION DIVISION 

Signed By <$/vA' ^&&zt/£0»__. 
Approved by Environmental Specialist: Printed Name: Sheila Fisher 

OIL CONSERVATION DIVISION 

Signed By <$/vA' ^&&zt/£0»__. 
Approved by Environmental Specialist: 

Title: Field Admin Support Approval Date: A *2b 1 6> Expiration Date: M 

E-mail Address: Sheila.Fisher@dvn.com Conditions of Approval: 
mediation per O.C.D. Rules & Guideline; 
BMIT REMEDIATION PROPOSAL NO 

. Attached • 
Re 

Date: 4/17/15 Phone: 575.748.1829 S I 

Conditions of Approval: 
mediation per O.C.D. Rules & Guideline; 
BMIT REMEDIATION PROPOSAL NO 

. Attached • 

MS. * Attach Additional Sheets If Necessary LATER THAN: 



Bratcher, Mike, EMNRD 

From: Fisher, Sheila <Sheila.Fisher@dvn.com> 
Sent: Friday, April 17, 2015 2:50 PM 
To: Bratcher, Mike, EMNRD; Patterson, Heather, EMNRD 
Cc: Harris, Jacqui 
Subject: Rigel 20 Fed Com 3H_75.5bbl Oil PW mix release_4.14.15 
Attachments: C-141_Rigel 20 Fed Com 3H_75.5bbl Oil PW mix release_4.14.15.doc; Rigel 20 Fed 3H. 

75.5bbl Oil PW mix release_GIS Image_4.14.15.Word.docx; Rigel 20 Fed 3H_75.5bbl Oil 
PW mix release_pic 1 of 5_4.14.15.JPG; Rigel 20 Fed 3H_75.5bbl Oil PW mix release_pic 2 
of 5_4.14.15.JPG; Rigel 20 Fed 3H_75.5bbl Oil PW mix release_pic 3 of 5_4.14.15.JPG; 
Rigel 20 Fed 3H_75.5bbl Oil PW mix release_pic 4 of 5_4.14.15.JPG; Rigel 20 Fed 3H_ 
75.5bbl Oil PW mix release_pic 5 of 5_4.14.15.JPG 

Good Afternoon, 

Attached please find the Initial C-141, GIS Image and photos for the 75bbl release in to containment and l/2bbl 
mist in to pasture at the Rigel 20 Fed Com 3H. 

If you have any questions please feel free to contact me. 

Thank you, 

Field Admin Support 
Production 
A-Schedule 

Devon Energy Corporation 
PO Box 250 
Artesia, NM 88211 
575 748 1829 Direct 

devon 
Confidentiality Warning: This message and any attachments are intended only for the use of the intended 
recipient(s), are confidential, and may be privileged. If you are not the intended recipient, you are hereby 
notified that any review, retransmission, conversion to hard copy, copying, circulation or other use of all or any 
portion of this message and any attachments is strictly prohibited. If you are not the intended recipient, please 
notify the sender immediately by return e-mail, and delete this message and any attachments from your system. 

l 













District I 
1625 N. French Dr., Hobbs, NM 88240 
District II 
811 S. First St., Artesia, NM 88210 
District III 
1000 Rio Brazos Road, Aztec, NM 87410 
District IV 
1220 S. St. Francis Dr., Santa Fe, NM 87505 

State of New Mexico 
Energy Minerals and Natural 

Resources Department 

Oil Conservation Division 
1220 South St. Francis Dr. 

Santa Fe, NM 87505 

 

Form C-141 
Revised August 24, 2018 

Submit to appropriate OCD District office 

Incident ID 
District RP 
Facility ID 
Application ID 

Release Notification 
Responsible Party 

Responsible Party OGRID 

Contact Name Contact Telephone 

Contact email Incident # (assigned by OCD) 

Contact mailing address 

Location of Release Source 
Latitude Longitude  

(NAD 83 in decimal degrees to 5 decimal places) 

Site Name Site Type 

Date Release Discovered API# (if applicable) 

Unit Letter Section Township Range County 

Surface Owner:   State   Federal   Tribal   Private (Name:  ) 

Nature and Volume of Release  
Material(s) Released (Select all that apply and attach calculations or specific justification for the volumes provided below) 

 Crude Oil Volume Released (bbls) Volume Recovered (bbls) 

 Produced Water Volume Released (bbls) Volume Recovered (bbls) 

Is the concentration of total dissolved solids (TDS) 
in the produced water >10,000 mg/l? 

 Yes   No 

 Condensate Volume Released (bbls) Volume Recovered (bbls) 

 Natural Gas Volume Released (Mcf) Volume Recovered (Mcf) 

 Other (describe) Volume/Weight Released (provide units) Volume/Weight Recovered (provide units) 

Cause of Release 



Form C-141 State of New Mexico 
Page 2 Oil Conservation Division 

Incident ID 
District RP 
Facility ID 
Application ID 

Was this a major 
release as defined by 
19.15.29.7(A) NMAC? 

 Yes   No 

If YES, for what reason(s) does the responsible party consider this a major release? 

If YES, was immediate notice given to the OCD?  By whom?  To whom?  When and by what means (phone, email, etc)? 

Initial Response 
The responsible party must undertake the following actions immediately unless they could create a safety hazard that would result in injury 

  The source of the release has been stopped. 

  The impacted area has been secured to protect human health and the environment. 

  Released materials have been contained via the use of berms or dikes, absorbent pads, or other containment devices. 

  All free liquids and recoverable materials have been removed and managed appropriately. 

If all the actions described above have not been undertaken, explain why: 

Per 19.15.29.8 B. (4) NMAC the responsible party may commence remediation immediately after discovery of a release.  If remediation 
has begun, please attach a narrative of actions to date.  If remedial efforts have been successfully completed or if the release occurred 
within a lined containment area (see 19.15.29.11(A)(5)(a) NMAC), please attach all information needed for closure evaluation. 

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD rules and 
regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which may endanger 
public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of liability should their operations have 
failed to adequately investigate and remediate contamination that pose a threat to groundwater, surface water, human health or the environment.  In 
addition, OCD acceptance of a C-141 report does not relieve the operator of responsibility for compliance with any other federal, state, or local laws 
and/or regulations. 

Printed Name: ___________________________________________     Title: ______________________________________________ 

Signature: ______________________________________________      Date: _____________ 

email: ________________________________________                       Telephone: ______________________________ 

OCD Only 

Received by: ___________________________________________     Date: _______________ 

Kendra DeHoyos



 

 

Site Assessment/Characterization 
This information must be provided to the appropriate district office no later than 90 days after the release discovery date. 

 

 

Attach a comprehensive report (electronic submittals in .pdf format are preferred) demonstrating the lateral and vertical extents of soil 

contamination associated with the release have been determined.  Refer to 19.15.29.11 NMAC for specifics. 

 

 

If the site characterization report does not include completed efforts at remediation of the release, the report must include a proposed remediation 

plan.  That plan must include the estimated volume of material to be remediated, the proposed remediation technique, proposed sampling plan 

and methods, anticipated timelines for beginning and completing the remediation.  The closure criteria for a release are contained in Table 1 of 

19.15.29.12 NMAC, however, use of the table is modified by site- and release-specific parameters. 

 

 

What is the shallowest depth to groundwater beneath the area affected by the release? 

 

Did this release impact groundwater or surface water? 

 

Are the lateral extents of the release within 300 feet of a continuously flowing watercourse or any other significant 

watercourse? 

 

Are the lateral extents of the release within 200 feet of any lakebed, sinkhole, or playa lake (measured from the 

ordinary high-water mark)? 

 

Are the lateral extents of the release within 300 feet of an occupied permanent residence, school, hospital, institution, 

or church? 

 

Are the lateral extents of the release within 500 horizontal feet of a spring or a private domestic fresh water well used 

by less than five households for domestic or stock watering purposes? 

 

Are the lateral extents of the release within 1000 feet of any other fresh water well or spring? 

 

Are the lateral extents of the release within incorporated municipal boundaries or within a defined municipal fresh 

water well field? 

 

Are the lateral extents of the release within 300 feet of a wetland? 

 

Are the lateral extents of the release overlying a subsurface mine? 

 

Are the lateral extents of the release overlying an unstable area such as karst geology? 

 

Are the lateral extents of the release within a 100-year floodplain? 

 

Did the release impact areas not on an exploration, development, production, or storage site? 

 

         180   (ft bgs) 

 

  Yes   No 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

  Yes   No 

 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

Characterization Report Checklist:  Each of the following items must be included in the report. 

 

  Scaled site map showing impacted area, surface features, subsurface features, delineation points, and monitoring wells. 

  Field data 

  Data table of soil contaminant concentration data 

  Depth to water determination 

  Determination of water sources and significant watercourses within ½-mile of the lateral extents of the release 

  Boring or excavation logs 

  Photographs including date and GIS information 

  Topographic/Aerial maps 

  Laboratory data including chain of custody 



Form C-141 State of New Mexico 

Page 2 Oil Conservation Division 

  

 
 

Incident ID NAB1511038592 

District RP 2RP-2960 

Facility ID  

Application ID  

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD rules and 

regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which may endanger 

public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of liability should their operations have 

failed to adequately investigate and remediate contamination that pose a threat to groundwater, surface water, human health or the environment.  In 

addition, OCD acceptance of a C-141 report does not relieve the operator of responsibility for compliance with any other federal, state, or local laws 

and/or regulations. 
 

Printed Name:                                                                                          Title:______________________________________________ 

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:__________________________________________  

 

OCD Only 

 

Received by: ___________________________________________                Date: _________________ 
 

 

 

  

Tom Bynum EHS Consultant

9/18/2020

575-748-2663tom.bynum@dvn.com
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Incident ID NAB1511038592 

District RP 2RP-2960 

Facility ID  

Application ID  

Remediation Plan 
 

 

 

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD 

rules and regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases 

which may endanger public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of 

liability should their operations have failed to adequately investigate and remediate contamination that pose a threat to groundwater, 

surface water, human health or the environment.  In addition, OCD acceptance of a C-141 report does not relieve the operator of 

responsibility for compliance with any other federal, state, or local laws and/or regulations. 

 

Printed Name:                                                                                          Title:______________________________________________ 

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:__________________________________________  

OCD Only 

 

Received by: ___________________________________________    Date: _________________ 

 

  Approved                  Approved with Attached Conditions of Approval             Denied                  Deferral Approved 

 

 

Signature:  ________________________________________           Date: _______________________ 

 

 

Remediation Plan Checklist:  Each of the following items must be included in the plan. 

 

  Detailed description of proposed remediation technique 

  Scaled sitemap with GPS coordinates showing delineation points 

  Estimated volume of material to be remediated 

  Closure criteria is to Table 1 specifications subject to 19.15.29.12(C)(4) NMAC 

  Proposed schedule for remediation (note if remediation plan timeline is more than 90 days OCD approval is required) 

 

Deferral Requests Only:  Each of the following items must be confirmed as part of any request for deferral of remediation. 

 

  Contamination must be in areas immediately under or around production equipment where remediation could cause a major facility 

deconstruction. 

 

  Extents of contamination must be fully delineated. 

 

  Contamination does not cause an imminent risk to human health, the environment, or groundwater. 

Tom Bynum EHS Consultant

9/9/2020

575-748-2663tom.bynum@dvn.com



Form C-141 State of New Mexico 
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Incident ID NAB1511038592 

District RP 2RP-2960 

Facility ID  

Application ID  

Closure 
 

The responsible party must attach information demonstrating they have complied with all applicable closure requirements and any conditions 

or directives of the OCD.  This demonstration should be in the form of a comprehensive report (electronic submittals in .pdf format are preferred) 

including a scaled site map, sampling diagrams, relevant field notes, photographs of any excavation prior to backfilling, laboratory data including 

chain of custody documents of final sampling, and a narrative of the remedial activities.  Refer to 19.15.29.12 NMAC. 

 

Closure Report Attachment Checklist:  Each of the following items must be included in the closure report. 

 

  A scaled site and sampling diagram as described in 19.15.29.11 NMAC 

 

  Photographs of the remediated site prior to backfill or photos of the liner integrity if applicable (Note: appropriate OCD District office 

must be notified 2 days prior to liner inspection) 

 

  Laboratory analyses of final sampling (Note: appropriate ODC District office must be notified 2 days prior to final sampling) 

 

  Description of remediation activities 

 

 
I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD rules 

and regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which 

may endanger public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of liability 

should their operations have failed to adequately investigate and remediate contamination that pose a threat to groundwater, surface water, 

human health or the environment.  In addition, OCD acceptance of a C-141 report does not relieve the operator of responsibility for 

compliance with any other federal, state, or local laws and/or regulations.  The responsible party acknowledges they must substantially 

restore, reclaim, and re-vegetate the impacted surface area to the conditions that existed prior to the release or their final land use in 

accordance with 19.15.29.13 NMAC including notification to the OCD when reclamation and re-vegetation are complete. 

 

Printed Name:                                                                                          Title:______________________________________________ 

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:__________________________________________  

OCD Only 

 

Received by: ___________________________________________              Date: _________________ 

 

Closure approval by the OCD does not relieve the responsible party of liability should their operations have failed to adequately investigate and 

remediate contamination that poses a threat to groundwater, surface water, human health, or the environment nor does not relieve the responsible 

party of compliance with any other federal, state, or local laws and/or regulations. 

 

Closure Approved by: ___________________________________________   Date: _________________ 

 

Printed Name: ___________________________________________                Title: ___________________________________________ 

__ 

 

Tom Bynum EHS Consultant

9/9/2020

575-748-2663tom.bynum@dvn.com



 

 

Site Assessment/Characterization 
This information must be provided to the appropriate district office no later than 90 days after the release discovery date. 

 

 

Attach a comprehensive report (electronic submittals in .pdf format are preferred) demonstrating the lateral and vertical extents of soil 

contamination associated with the release have been determined.  Refer to 19.15.29.11 NMAC for specifics. 

 

 

If the site characterization report does not include completed efforts at remediation of the release, the report must include a proposed remediation 

plan.  That plan must include the estimated volume of material to be remediated, the proposed remediation technique, proposed sampling plan 

and methods, anticipated timelines for beginning and completing the remediation.  The closure criteria for a release are contained in Table 1 of 

19.15.29.12 NMAC, however, use of the table is modified by site- and release-specific parameters. 

 

 

What is the shallowest depth to groundwater beneath the area affected by the release? 

 

Did this release impact groundwater or surface water? 

 

Are the lateral extents of the release within 300 feet of a continuously flowing watercourse or any other significant 

watercourse? 

 

Are the lateral extents of the release within 200 feet of any lakebed, sinkhole, or playa lake (measured from the 

ordinary high-water mark)? 

 

Are the lateral extents of the release within 300 feet of an occupied permanent residence, school, hospital, institution, 

or church? 

 

Are the lateral extents of the release within 500 horizontal feet of a spring or a private domestic fresh water well used 

by less than five households for domestic or stock watering purposes? 

 

Are the lateral extents of the release within 1000 feet of any other fresh water well or spring? 

 

Are the lateral extents of the release within incorporated municipal boundaries or within a defined municipal fresh 

water well field? 

 

Are the lateral extents of the release within 300 feet of a wetland? 

 

Are the lateral extents of the release overlying a subsurface mine? 

 

Are the lateral extents of the release overlying an unstable area such as karst geology? 

 

Are the lateral extents of the release within a 100-year floodplain? 

 

Did the release impact areas not on an exploration, development, production, or storage site? 

 

         180   (ft bgs) 

 

  Yes   No 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

  Yes   No 

 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

Characterization Report Checklist:  Each of the following items must be included in the report. 

 

  Scaled site map showing impacted area, surface features, subsurface features, delineation points, and monitoring wells. 

  Field data 

  Data table of soil contaminant concentration data 

  Depth to water determination 

  Determination of water sources and significant watercourses within ½-mile of the lateral extents of the release 

  Boring or excavation logs 

  Photographs including date and GIS information 

  Topographic/Aerial maps 

  Laboratory data including chain of custody 
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Incident ID NAB1729752650 

District RP 2RP-4452 

Facility ID  

Application ID  

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD rules and 

regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which may endanger 

public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of liability should their operations have 

failed to adequately investigate and remediate contamination that pose a threat to groundwater, surface water, human health or the environment.  In 

addition, OCD acceptance of a C-141 report does not relieve the operator of responsibility for compliance with any other federal, state, or local laws 

and/or regulations. 
 

Printed Name:                                                                                          Title:______________________________________________  

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:_________________________________________  

 

OCD Only 

 

Received by: ___________________________________________                Date: _________________ 
 

 

 

  

Tom Bynum EHS Consultant

9/9/2020

575-748-2663tom.bynum@dvn.com
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Incident ID NAB1729752650 

District RP 2RP-4452 

Facility ID  

Application ID  

Remediation Plan 
 

 

 

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD 

rules and regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases 

which may endanger public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of 

liability should their operations have failed to adequately investigate and remediate contamination that pose a threat to groundwater, 

surface water, human health or the environment.  In addition, OCD acceptance of a C-141 report does not relieve the operator of 

responsibility for compliance with any other federal, state, or local laws and/or regulations. 

 

Printed Name:                                                                                          Title:______________________________________________  

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:_________________________________________  

OCD Only 

 

Received by: ___________________________________________    Date: _________________ 

 

  Approved                  Approved with Attached Conditions of Approval             Denied                  Deferral Approved 

 

 

Signature:  ________________________________________           Date: _______________________ 

 

 

Remediation Plan Checklist:  Each of the following items must be included in the plan. 

 

  Detailed description of proposed remediation technique 

  Scaled sitemap with GPS coordinates showing delineation points 

  Estimated volume of material to be remediated 

  Closure criteria is to Table 1 specifications subject to 19.15.29.12(C)(4) NMAC 

  Proposed schedule for remediation (note if remediation plan timeline is more than 90 days OCD approval is required) 

 

Deferral Requests Only:  Each of the following items must be confirmed as part of any request for deferral of remediation. 

 

  Contamination must be in areas immediately under or around production equipment where remediation could cause a major facility 

deconstruction. 

 

  Extents of contamination must be fully delineated. 

 

  Contamination does not cause an imminent risk to human health, the environment, or groundwater. 

Tom Bynum EHS Consultant

9/9/2020

575-748-2663tom.bynum@dvn.com



Form C-141 State of New Mexico 

Page 4 Oil Conservation Division 

  

 
 

Incident ID NAB1729752650 

District RP 2RP-4452 

Facility ID  

Application ID  

Closure 
 

The responsible party must attach information demonstrating they have complied with all applicable closure requirements and any conditions 

or directives of the OCD.  This demonstration should be in the form of a comprehensive report (electronic submittals in .pdf format are preferred) 

including a scaled site map, sampling diagrams, relevant field notes, photographs of any excavation prior to backfilling, laboratory data including 

chain of custody documents of final sampling, and a narrative of the remedial activities.  Refer to 19.15.29.12 NMAC. 

 

Closure Report Attachment Checklist:  Each of the following items must be included in the closure report. 

 

  A scaled site and sampling diagram as described in 19.15.29.11 NMAC 

 

  Photographs of the remediated site prior to backfill or photos of the liner integrity if applicable (Note: appropriate OCD District office 

must be notified 2 days prior to liner inspection) 

 

  Laboratory analyses of final sampling (Note: appropriate ODC District office must be notified 2 days prior to final sampling) 

 

  Description of remediation activities 

 

 
I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD rules 

and regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which 

may endanger public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of liability 

should their operations have failed to adequately investigate and remediate contamination that pose a threat to groundwater, surface water, 

human health or the environment.  In addition, OCD acceptance of a C-141 report does not relieve the operator of responsibility for 

compliance with any other federal, state, or local laws and/or regulations.  The responsible party acknowledges they must substantially 

restore, reclaim, and re-vegetate the impacted surface area to the conditions that existed prior to the release or their final land use in 

accordance with 19.15.29.13 NMAC including notification to the OCD when reclamation and re-vegetation are complete. 

 

Printed Name:                                                                                          Title:______________________________________________  

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:_________________________________________  

OCD Only 

 

Received by: ___________________________________________              Date: _________________ 

 

Closure approval by the OCD does not relieve the responsible party of liability should their operations have failed to adequately investigate and 

remediate contamination that poses a threat to groundwater, surface water, human health, or the environment nor does not relieve the responsible 

party of compliance with any other federal, state, or local laws and/or regulations. 

 

Closure Approved by: ___________________________________________   Date: _________________ 

 

Printed Name: ___________________________________________                Title: ___________________________________________ 

__ 

 

Tom Bynum

tom.bynum@dvn.com

EHS Consultant

9/9/2020

575-748-2663



 

 

Site Assessment/Characterization 
This information must be provided to the appropriate district office no later than 90 days after the release discovery date. 

 

 

Attach a comprehensive report (electronic submittals in .pdf format are preferred) demonstrating the lateral and vertical extents of soil 

contamination associated with the release have been determined.  Refer to 19.15.29.11 NMAC for specifics. 

 

 

If the site characterization report does not include completed efforts at remediation of the release, the report must include a proposed remediation 

plan.  That plan must include the estimated volume of material to be remediated, the proposed remediation technique, proposed sampling plan 

and methods, anticipated timelines for beginning and completing the remediation.  The closure criteria for a release are contained in Table 1 of 

19.15.29.12 NMAC, however, use of the table is modified by site- and release-specific parameters. 

 

 

What is the shallowest depth to groundwater beneath the area affected by the release? 

 

Did this release impact groundwater or surface water? 

 

Are the lateral extents of the release within 300 feet of a continuously flowing watercourse or any other significant 

watercourse? 

 

Are the lateral extents of the release within 200 feet of any lakebed, sinkhole, or playa lake (measured from the 

ordinary high-water mark)? 

 

Are the lateral extents of the release within 300 feet of an occupied permanent residence, school, hospital, institution, 

or church? 

 

Are the lateral extents of the release within 500 horizontal feet of a spring or a private domestic fresh water well used 

by less than five households for domestic or stock watering purposes? 

 

Are the lateral extents of the release within 1000 feet of any other fresh water well or spring? 

 

Are the lateral extents of the release within incorporated municipal boundaries or within a defined municipal fresh 

water well field? 

 

Are the lateral extents of the release within 300 feet of a wetland? 

 

Are the lateral extents of the release overlying a subsurface mine? 

 

Are the lateral extents of the release overlying an unstable area such as karst geology? 

 

Are the lateral extents of the release within a 100-year floodplain? 

 

Did the release impact areas not on an exploration, development, production, or storage site? 

 

         180   (ft bgs) 

 

  Yes   No 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

 

  Yes   No 

 

  Yes   No 

 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

 

  Yes   No 

Characterization Report Checklist:  Each of the following items must be included in the report. 

 

  Scaled site map showing impacted area, surface features, subsurface features, delineation points, and monitoring wells. 

  Field data 

  Data table of soil contaminant concentration data 

  Depth to water determination 

  Determination of water sources and significant watercourses within ½-mile of the lateral extents of the release 

  Boring or excavation logs 

  Photographs including date and GIS information 

  Topographic/Aerial maps 

  Laboratory data including chain of custody 



Form C-141 State of New Mexico 

Page 2 Oil Conservation Division 

  

 
 

Incident ID NAB1914044657 

District RP 2RP-5429 

Facility ID  

Application ID  

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD rules and 

regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which may endanger 

public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of liability should their operations have 

failed to adequately investigate and remediate contamination that pose a threat to groundwater, surface water, human health or the environment.  In 

addition, OCD acceptance of a C-141 report does not relieve the operator of responsibility for compliance with any other federal, state, or local laws 

and/or regulations. 
 

Printed Name:                                                                                          Title:______________________________________________  

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:_________________________________________  

OCD Only 

 

Received by: ___________________________________________                Date: _________________ 
 

 

 

  

Tom Bynum

tom.bynum@dvn.com

EHS Consultant

9/9/2020

575-748-2663
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Incident ID NAB1914044657 

District RP 2RP-5429 

Facility ID  

Application ID  

Remediation Plan 
 

 

 

I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD 

rules and regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases 

which may endanger public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of 

liability should their operations have failed to adequately investigate and remediate contamination that pose a threat to groundwater, 

surface water, human health or the environment.  In addition, OCD acceptance of a C-141 report does not relieve the operator of 

responsibility for compliance with any other federal, state, or local laws and/or regulations. 

 

Printed Name:                                                                                          Title:______________________________________________  

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:_________________________________________  

OCD Only 

 

Received by: ___________________________________________    Date: _________________ 

 

  Approved                  Approved with Attached Conditions of Approval             Denied                  Deferral Approved 

 

 

Signature:  ________________________________________           Date: _______________________ 

 

 

Remediation Plan Checklist:  Each of the following items must be included in the plan. 

 

  Detailed description of proposed remediation technique 

  Scaled sitemap with GPS coordinates showing delineation points 

  Estimated volume of material to be remediated 

  Closure criteria is to Table 1 specifications subject to 19.15.29.12(C)(4) NMAC 

  Proposed schedule for remediation (note if remediation plan timeline is more than 90 days OCD approval is required) 

 

Deferral Requests Only:  Each of the following items must be confirmed as part of any request for deferral of remediation. 

 

  Contamination must be in areas immediately under or around production equipment where remediation could cause a major facility 

deconstruction. 

 

  Extents of contamination must be fully delineated. 

 

  Contamination does not cause an imminent risk to human health, the environment, or groundwater. 

Tom Bynum EHS Consultant

9/9/2020

575-748-2663tom.bynum@dvn.com



Form C-141 State of New Mexico 
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Incident ID NAB1914044657 

District RP 2RP-5429 

Facility ID  

Application ID  

Closure 
 

The responsible party must attach information demonstrating they have complied with all applicable closure requirements and any conditions 

or directives of the OCD.  This demonstration should be in the form of a comprehensive report (electronic submittals in .pdf format are preferred) 

including a scaled site map, sampling diagrams, relevant field notes, photographs of any excavation prior to backfilling, laboratory data including 

chain of custody documents of final sampling, and a narrative of the remedial activities.  Refer to 19.15.29.12 NMAC. 

 

Closure Report Attachment Checklist:  Each of the following items must be included in the closure report. 

 

  A scaled site and sampling diagram as described in 19.15.29.11 NMAC 

 

  Photographs of the remediated site prior to backfill or photos of the liner integrity if applicable (Note: appropriate OCD District office 

must be notified 2 days prior to liner inspection) 

 

  Laboratory analyses of final sampling (Note: appropriate ODC District office must be notified 2 days prior to final sampling) 

 

  Description of remediation activities 

 

 
I hereby certify that the information given above is true and complete to the best of my knowledge and understand that pursuant to OCD rules 

and regulations all operators are required to report and/or file certain release notifications and perform corrective actions for releases which 

may endanger public health or the environment.  The acceptance of a C-141 report by the OCD does not relieve the operator of liability 

should their operations have failed to adequately investigate and remediate contamination that pose a threat to groundwater, surface water, 

human health or the environment.  In addition, OCD acceptance of a C-141 report does not relieve the operator of responsibility for 

compliance with any other federal, state, or local laws and/or regulations.  The responsible party acknowledges they must substantially 

restore, reclaim, and re-vegetate the impacted surface area to the conditions that existed prior to the release or their final land use in 

accordance with 19.15.29.13 NMAC including notification to the OCD when reclamation and re-vegetation are complete. 

 

Printed Name:                                                                                          Title:______________________________________________  

Signature:                                                                                                 Date:______________________________________________  

email:                                                                                                       Telephone:_________________________________________  

OCD Only 

 

Received by: ___________________________________________              Date: _________________ 

 

Closure approval by the OCD does not relieve the responsible party of liability should their operations have failed to adequately investigate and 

remediate contamination that poses a threat to groundwater, surface water, human health, or the environment nor does not relieve the responsible 

party of compliance with any other federal, state, or local laws and/or regulations. 

 

Closure Approved by: ___________________________________________   Date: _________________ 

 

Printed Name: ___________________________________________                Title: ___________________________________________ 

__ 

 

Tom Bynum EHS Consultant

9/9/2020

575-748-2663tom.bynum@dvn.com
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

RE: RIGEL 20 FED COM 3H

HOBBS, NM 88240

1601 N TURNER   STE. 500

CHRIS JONES

Enclosed are the results of analyses for samples received by the laboratory on 07/28/20  12:30.

Cardinal Laboratories is accredited through Texas NELAP under certificate number T104704398-20-13.  Accreditation 

applies to drinking water, non-potable water and solid and chemical materials.  All accredited analytes are denoted by 

an asterisk (*).  For a complete list of accredited analytes and matrices visit the TCEQ website at

www.tceq.texas.gov/field/qa/lab_accred_certif.html.

Cardinal Laboratories is accreditated through the State of Colorado Department of Public Health and Environment for:

Method EPA 552.2            Haloacetic Acids (HAA-5)

Method EPA 524.2            Total Trihalomethanes (TTHM)

Method EPA 524.4            Regulated VOCs (V1, V2, V3)

Accreditation applies to public drinking water matrices.

This report meets NELAP requirements and is made up of a cover page, analytical results, and a copy of the original 

chain-of-custody.  If you have any questions concerning this report, please feel free to contact me.

Sincerely, 

July 30, 2020

Celey D. Keene

Lab Director/Quality Manager

Page 1 of 28



PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: N - COMP (H001951-01)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.2 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 1150 16.0 07/29/2020 ND 432 108 3.77400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 90.5 % 44.3-144

Surrogate: 1-Chlorooctadecane 102 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager

Page 2 of 28



PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S - COMP (H001951-02)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 96.2 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 1700 16.0 07/29/2020 ND 432 108 3.77400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 99.0 % 44.3-144

Surrogate: 1-Chlorooctadecane 111 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager

Page 3 of 28



PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: E - COMP (H001951-03)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.3 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 96.0 16.0 07/29/2020 ND 432 108 3.77400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 104 % 44.3-144

Surrogate: 1-Chlorooctadecane 116 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager

Page 4 of 28



PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: W - COMP (H001951-04)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.6 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 8930 16.0 07/29/2020 ND 432 108 3.77400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* 646 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 164 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 103 % 44.3-144

Surrogate: 1-Chlorooctadecane 144 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager

Page 5 of 28



PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: BG 1 (H001951-05)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.5 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 320 16.0 07/29/2020 ND 432 108 3.77400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 99.3 % 44.3-144

Surrogate: 1-Chlorooctadecane 110 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager

Page 6 of 28



PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: BG 3 (H001951-06)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.8 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride <16.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 101 % 44.3-144

Surrogate: 1-Chlorooctadecane 113 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager

Page 7 of 28



PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: BG 4 (H001951-07)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.3 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride <16.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 106 % 44.3-144

Surrogate: 1-Chlorooctadecane 117 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: BG 5 (H001951-08)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.6 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride <16.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 102 % 44.3-144

Surrogate: 1-Chlorooctadecane 112 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: BG 6 (H001951-09)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.5 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 32.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 106 % 44.3-144

Surrogate: 1-Chlorooctadecane 120 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: BG 7 (H001951-10)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.5 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride <16.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 102 % 44.3-144

Surrogate: 1-Chlorooctadecane 114 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: BG 8 (H001951-11)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.83 91.5 4.162.00

Toluene* <0.050 0.050 07/28/2020 ND 1.85 92.5 3.952.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.86 93.0 3.902.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.33 88.9 3.976.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.8 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 64.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 97.1 % 44.3-144

Surrogate: 1-Chlorooctadecane 107 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S5 -   0-6'' (H001951-12)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/28/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.2 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 4480 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 99.3 % 44.3-144

Surrogate: 1-Chlorooctadecane 111 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S5 -   1' (H001951-13)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/28/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.8 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 1480 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 104 % 44.3-144

Surrogate: 1-Chlorooctadecane 116 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S5 -   2' (H001951-14)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/28/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.9 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 976 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/29/2020 ND 208 104 0.0970200

DRO >C10-C28* <10.0 10.0 07/29/2020 ND 218 109 12.3200

EXT DRO >C28-C36 <10.0 10.0 07/29/2020 ND

Surrogate: 1-Chlorooctane 104 % 44.3-144

Surrogate: 1-Chlorooctadecane 115 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S5 -   3' (H001951-15)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/28/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.7 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 864 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 114 % 44.3-144

Surrogate: 1-Chlorooctadecane 126 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S6 -   0-6'' (H001951-16)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/28/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.2 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 224 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 113 % 44.3-144

Surrogate: 1-Chlorooctadecane 125 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S6 -   1' (H001951-17)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/28/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.0 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 96.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 110 % 44.3-144

Surrogate: 1-Chlorooctadecane 123 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S6 -   2' (H001951-18)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/28/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/28/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/28/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/28/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/28/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.6 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 128 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 115 % 44.3-144

Surrogate: 1-Chlorooctadecane 129 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager

Page 19 of 28



PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S6 -   3' (H001951-19)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/29/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/29/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/29/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/29/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/29/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 95.3 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 128 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 112 % 44.3-144

Surrogate: 1-Chlorooctadecane 124 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S7 -   0-6'' (H001951-20)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/29/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/29/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/29/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/29/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/29/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 93.7 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 48.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 110 % 44.3-144

Surrogate: 1-Chlorooctadecane 120 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S7 -   1' (H001951-21)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/29/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/29/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/29/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/29/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/29/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.8 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 32.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 112 % 44.3-144

Surrogate: 1-Chlorooctadecane 122 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S7 -   2' (H001951-22)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/29/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/29/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/29/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/29/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/29/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.7 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 32.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 111 % 44.3-144

Surrogate: 1-Chlorooctadecane 121 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

PIMA ENVIROMENTAL

1601 N TURNER   STE. 500

CHRIS JONES

HOBBS NM, 88240

Analytical Results For:

Fax To:

Received:

Reported:

Project Name:

Project Number:

Project Location:

Sampling Date:

Sampling Type:

Sampling Condition:

Sample Received By:

07/30/2020

07/28/2020 07/27/2020

RIGEL 20 FED COM 3H

31

DEVON - EDDY COUNTY

Soil

Cool & Intact

Tamara Oldaker

Sample ID: S7 -   3' (H001951-23)

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSBTEX 8021B

Benzene* <0.050 0.050 07/29/2020 ND 1.93 96.3 2.912.00

Toluene* <0.050 0.050 07/29/2020 ND 1.95 97.4 3.152.00

Ethylbenzene* <0.050 0.050 07/29/2020 ND 1.96 98.0 2.972.00

Total Xylenes* <0.150 0.150 07/29/2020 ND 5.65 94.1 2.886.00

Total BTEX <0.300 0.300 07/29/2020 ND

Surrogate: 4-Bromofluorobenzene (PID) 94.7 % 73.3-129

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: GMChloride, SM4500Cl-B

Chloride 16.0 16.0 07/29/2020 ND 400 100 3.92400

Analyte Result Reporting Limit Analyzed Method Blank BS % Recovery True Value QC RPD Qualifier

mg/kg Analyzed By: MSTPH 8015M

GRO C6-C10* <10.0 10.0 07/28/2020 ND 200 99.9 5.97200

DRO >C10-C28* <10.0 10.0 07/28/2020 ND 213 107 4.65200

EXT DRO >C28-C36 <10.0 10.0 07/28/2020 ND

Surrogate: 1-Chlorooctane 110 % 44.3-144

Surrogate: 1-Chlorooctadecane 123 % 42.2-156

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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PHONE (575) 393-2326 ° 101 E. MARLAND ° HOBBS, NM 88240

Notes and Definitions 

S-04 The surrogate recovery for this sample is outside of established control limits due to a sample matrix effect.

QR-03 The RPD value for the sample duplicate or MS/MSD was outside of QC acceptance limits due to matrix interference. QC batch 

accepted based on LCS and/or LCSD recovery and/or RPD values.

QM-07 The spike recovery was outside acceptance limits for the MS and/or MSD.  The batch was accepted based on acceptable LCS 

recovery.

Relative Percent DifferenceRPD

Analyte NOT DETECTED at or above the reporting limitND

** Samples not received at proper temperature of 6°C or below.

Insufficient time to reach temperature.***

Chloride by SM4500Cl-B does not require samples be received at or below 6°C-

Samples reported on an as received basis (wet) unless otherwise noted on report

Cardinal Laboratories

PLEASE NOTE:  Liability and Damages.  Cardinal�s liability and client�s exclusive remedy for any claim arising, whether based in contract or tort, shall be limited to the amount paid by client for analyses.  All claims, including those for negligence and 

any other cause whatsoever shall be deemed waived unless made in writing and received by Cardinal within thirty (30) days after completion of the applicable service.  In no event shall Cardinal be liable for incidental or consequential damages, 

including, without limitation, business interruptions, loss of use, or loss of profits incurred by client, its subsidiaries, affiliates or successors arising out of or related to the performance of the services hereunder by Cardinal, regardless of whether such 

claim is based upon any of the above stated reasons or otherwise.  Results relate only to the samples identified above.  This report shall not be reproduced except in full with written approval of Cardinal Laboratories.

 *=Accredited Analyte

Celey D. Keene, Lab Director/Quality Manager
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