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Description of Map Units

CENOZOIC ERATHEM
Quaternary System
Anthropogenic

Disturbed areas (Modern)—Disturbed areas 
(paved roads).

Eolian, alluvial, and colluvial deposits
Alluvium in active drainages (Holocene)—
Alluvial sand, mud, and gravel associated 
with active drainages, including deposits 
underlying low terraces adjacent to incised 
channels. Sediment is generally pale-tan, 
brown, or reddish-brown silt and sand. 
Includes significant amounts of pale-colored 
gypsite in some areas. Deposits are generally 
less than 2 meters thick.

Accumulations of eolian and alluvial silt, 
sand, clay, and gravel in closed or nearly 
closed depressions (Holocene)—Map unit 
generally consists of pale-tan to brown silt and 
sand with minor amounts of locally derived 
coarser alluvium. Many depressions likely 
represent areas that have undergone 
subsidence caused by the dissolution of 
underlying Permian evaporites. Depressions 
are aligned in some areas to form subtle, linear 
drainages, making the distinction between 
fills in active drainages (unit Qay) and 
depressions (unit Qaed) somewhat arbitrary. 
Depression fills range from decimeters to 
perhaps a few meters or more in thickness.

Windblown silt and fine sand, fine- to 
coarse-grained slope-wash alluvium, and 
minor amounts of rocky colluvium and 
regolith, generally forming a thin mantle 
over weathered Castile-Salado and Rustler 
bedrock units (Holocene)—Siliciclastic 
deposits range in texture from silty-sandy 
mud to gravelly sand, and are generally 
pale-tan, brown, or pale-red in color. This 
lithologically heterogeneous unit includes 
areas surfaced by pale-gray gypsite, which 
may represent accumulations of gypsum dust 
and/or weathering of near-surface Permian 
gypsum bedrock. Rocky colluvial deposits 
bordering remnants of Rustler carbonate strata 
are locally present, and weathered residuum 
on top of lower Rustler Formation, red mud 
and calcium sulfate, are apparent on aerial 
photographs in the vicinity of Cottonwood 
Draw in the northeastern part of the map area. 
Although a significant proportion of the 
surficial cover is likely composed of eolian 
sediment, extensive deposits of eolian sand 
(dunes) are not present in the map area. 
Deposits generally range from less than one 
meter to a few meters in thickness.

Valley-floor sand, mud, gravel, and gypsite 
underlying flood plains and  low terraces of 
larger drainages (Upper Pleistocene to 
Holocene)—In general, deposits are relatively 
fine-grained and likely contain significant 
amounts of wind-blown dust trapped by 
grasses and shrubs, together with pale-colored 
gypsiferous sediment, reddish-brown mud 
derived from the lower part of the Rustler 
Formation in the eastern part of the map area, 
and coarser-grained gravelly deposits along 
the Black River. Small unmapped exposures of 
weathered Castile-Salado gypsum are locally 
exposed along cutbanks and channel floors in 
gullied and scoured reaches; some of these 
exposures rarely include blocks of Rustler 
strata let down by solution subsidence. 
Ephemeral seeps and areas subject to flooding 
are apparent in local reaches of the larger 
drainages. Qvae deposits along the Black 
River are generally light-brown sand and mud 
underlying narrow, vegetated flood plains a 
few meters above the present channel. 
Coarser-grained and commonly cemented 
gravel deposits carried in during floods are 
also present. Valley-floor fills are generally on 
the order of a few meters thick or less.

Valley-floor gypsite along major drainages 
(Upper Pleistocene to Holocene)—
A relatively porous aggregate of gypsum silt, 
sand, and gravel in a fine-grained gypsiferous 
matrix, derived from weathering and 
transport of Permian bedrock gypsum. Unit is 
white to light-gray, is generally thinly mantled 
by brown eolian dust, and may exhibit a 
durable surficial crust. Cutbank exposures 
commonly reveal a basal, one or two meters, 
containing rounded pebbles of white gypsum, 
commonly cross-stratified and intercalated 
with pale-brown siliciclastic sediment, 
overlain by a meter or more of massive, 
fine-grained gypsite that may represent eolian 
deposition. Qvg deposits are present in the 
map area along Hay Hollow, but are present in 
other major drainages and tributaries to the 
east and west of the Jumping Spring 
quadrangle. Surface accumulations of gypsite 
that occupy higher positions on the landscape 
are included in map unit Qae.

Black River valley-border alluvium (Upper 
Pleistocene to Holocene)—Composite map 
unit consisting of alluvium and colluvium 
along the Black River; may locally overlie 
somewhat older alluvial-plain deposits, and is 
inset against bedrock gypsum along the 
southern side of the drainage. Surface deposits 
largely consist of tan and brown mud, sand, 
and gravel. Coarse deposits are sub-angular to 
rounded pebbles and cobbles of Permian 
carbonate, and minor sandstone derived from 
the Guadalupe Mountains to the west. 
Exposures of cemented gravel (sparse in the 
map area but increasingly common along 
incised reaches of the Black River 
downstream) contain rounded, siliceous 
pebbles likely recycled from Cretaceous 
conglomeratic strata that once covered the 
region. Qbr deposits underlie terraces up to 10 
meters above the Black River flood plain in the 
map area. Gypsum bedrock is locally exposed 
along a short reach of the Black River in the 
map area, where it is overlain by several 
meters of unit Qbr mud, sand, pebbly sand, 
and lenticular beds of gravel.

MESOZOIC ERATHEM
Cretaceous System
Lower Cretaceous

Cretaceous karstic debris (Lower 
Cretaceous)—Sandstone, conglomerate, and 
carbonate present as broken blocks and debris 
on the Gypsum Plain. Cretaceous deposits 
apparently once covered the Delaware Basin 
and adjoining Guadalupe Mountains. As the 
regional landscape was denuded during the 
late Cenozoic, beds of siliceous gravel and 
coarse-grained sandstone were reworked into 
fissure fills in the Guadalupe Mountains, and 
incorporated in late Cenozoic alluvial fills 
along the Black River. For the most part, 
Cretaceous strata have been stripped from the 
area, leaving scattered remnants of siliceous 
gravel on the land surface and, locally, broken 
masses of rock likely displaced downward by 
solution-subsidence. Limestone fragments are 
gray wackestone to packstone, some of which 
are fossiliferous, containing Cretaceous 
bivalve and echinoid macro-invertebrate 
fossils (Lang, 1947). On the adjacent 
Rattlesnake Springs quadrangle to the west of 
the map area, tan to brown quartzose 
sandstone beds range in texture from 
coarse-grained channel fills with little internal 
stratification, to thin beds of medium-grained 
planar- to cross-laminated quartz sand, some 
of which also contain casts of marine bivalves. 
Conglomerate is present in decimeter- to 
meter-scale, clast-supported beds and channel 
fills; white to dark-gray clasts are dominantly 
rounded siliceous pebbles up to a few 
centimeters in diameter, set in a granular 
matrix and cemented by calcium carbonate. 
One very weathered exposure of displaced 
Cretaceous rock debris is depicted on the map. 
The margins of this exposure also contain 
broken blocks of red siltstone and carbonate 
that are likely derived from the Rustler 
Formation. Examination of fossils from Lang's 
(1947) outcrop led Kues and Lucas (1993) to 
conclude that the strata are probably 
correlative to the middle part of the Washita 
Group of Texas, indicating a Lower Cretaceous 
(Albian) age for the deposits.

PALEOZOIC ERATHEM
Permian System
Lopingian Series

Rustler Formation (Lopingian)— 
Lithologically heterogeneous strata consisting 
of siltstone, fine-grained sandstone, 
mudstone/shale, gypsum, and carbonate. 
Carbonate strata pertaining to the Culebra 
Dolomite Member, the next-to-lowest member 
of the Rustler Formation and the youngest 
Rustler strata recognized in the map area, is 
pale-gray carbonate mudstone forming thin, 
tabular beds, commonly exhibiting abundant, 
millimeter-scale voids or vesicles. An additional 
interval of gray, yellowish-weathering, vaguely 
bedded to structureless carbonate mudstone is 
commonly present several meters below the 
Culebra Member. Carbonate strata in the 
Rustler Formation are comparatively resistant to 
erosion, and form most of the exposures of 
Rustler strata in the map area. The Virginia 
Draw Member at the base of the Rustler 
Formation is largely composed of intervals of 
red, fine-grained siliciclastic sediment, and beds 
of gypsum. Virginia Draw strata are underlain 
by the Salado Formation and are generally 
poorly exposed, but are locally evident near the 
surface along the eastern side of the map area. 
Exposed remnants of Culebra carbonate in the 
map area are up to a few meters thick; 
underlying Virginia Draw strata are probably 
on the order of 50 to 70 meters thick.

Castile and Salado Formations, undivided 
(Lopingian)—The Salado Formation 
underlying the map area consists mostly of 
gypsum (hydrated anhydrite). To the east of the 
Pecos River, in contrast, the Salado Formation 
consists dominantly of salt (halite) with 
economically important potash zones, a 
number of named anhydrite beds, and minor 
amounts of intercalated siliciclastic mud and 
fine sand. The lateral change from chloride 
(east) to sulfate (west) evaporite mineralogy 
may reflect post-depositional dissolution and 
removal of salt toward the west, and/or a 
westward facies zonation from halite to 
anhydrite precipitation in the basin as the 
Salado was being deposited. The Salado 
Formation is overlain by siliciclastic sediment 
and anhydrite of the lower part of the Rustler 
Formation. The boundary between the Salado 
and Rustler formations is generally captured on 
wire-line logs to the east of the map area. The 
Salado is underlain by the Castile Formation, 
which also consists largely of anhydrite. It is 
generally difficult to differentiate the Salado 
from the Castile in the map area based on 
available logs, so the units are combined here. 
The Castile Formation overlies the Bell Canyon 
Formation and is lithologically distinctive, 
consisting mainly of laminae of white to 
pale-gray gypsum (anhydrite) and thinner, 
dark-colored laminae of calcite, which alternate 
repetitively through hundreds of meters of 
section. The Castile also contains thick intervals 
of salt. Halite intervals in the Castile have been 
variably removed by dissolution across the 
Delaware basin. In the eastern part of the map 
area, the lower two halite intervals are largely 
intact, with a combined thickness of about 145 
meters and the overall Castile-Salado thickness 
is about 555 meters. The combined 
Castile-Salado is about 420 meters thick near 
the western end of the cross section. This 
westward thinning probably reflects increasing 
amounts of dissolution and removal of Castile 
halite in that direction.

Guadalupian Series
Formations of the Delaware Mountain Group

Bell Canyon Formation (Guadalupian)— 
Cross section only. Predominately buff to 
brown, fine-grained sandstone to siltstone, with 
5 named carbonate intervals (from oldest to 
youngest the Hegler, Pinery, Rader, McCombs 
and Lamar members), which thin eastward 
from the Guadalupe Mountains. Siliciclastic 
sediment consists mainly of fine-grained quartz 
and lesser feldspar (arkose to subarkose), coarse 
siltstone (many intervals enriched in organic 
matter), and shaly intervals. Siltstone and fine 
sand are commonly finely laminated. Carbonate 
intervals are dark- to light-gray, fossiliferous, 
thin- to medium-bedded limestone, which 
thicken and grade into the shelf-margin 
carbonate facies of the Capitan Formation along 
the margin of the Delaware Basin. The 
uppermost named limestone, the Lamar, 
extends farther basinward than the underlying 
carbonate intervals, and is readily apparent on 
gamma-ray logs. The top of the Bell Canyon 
Formation beneath the Castile Formation is 
picked at the top of a siliciclastic interval (Reef 
Trail Member) that overlies the Lamar limestone 
beds. The Bell Canyon Formation is 
approximately 280 meters thick in the map area.

Cherry Canyon Formation (Guadalupian)— 
Cross section only. Predominantly buff to 
brown, fine-grained sandstone to siltstone, with 
three named carbonate intervals (the Getaway, 
overlying South Wells, and Manzanita 
members) that thin eastward from the 
Guadalupe Mountains. Siliciclastic deposits are 
predominantly composed of quartz and lesser 
feldspar (generally altered), and are typically 
finely laminated. Carbonates are tan to 
dark-gray, fossiliferous and dolomitic. The 
contact between the Cherry Canyon and 
underlying Brushy Canyon formations was 
historically chosen in outcrop, to the southwest 
of the map area, at a lithologic change from 
comparatively coarse-grained sand of the 
Brushy Canyon to finer-grained sand in the 
Cherry Canyon Formation. Neutron 
density-porosity logs show a distinct, laterally 
traceable log response that is compatible with 
such a change. The top of the Cherry Canyon 
Formation is placed at the base of the lowest 
carbonate interval (Hegler) in the Bell Canyon 
Formation. The Cherry Canyon is 
approximately 340 meters thick in the map area.

Brushy Canyon Formation (Guadalupian)— 
Cross section only. Fine- to coarse-grained, tan 
and brown, siliciclastic sandstone and siltstone, 
with shaly intervals in the lower part. May 
contain thin beds of gray-brown carbonate and 
conglomerate near the base of the unit. The unit 
is thinly to thickly bedded; coarser-grained 
sandstones are reportedly present in lenticular 
channels. Sandstone and siltstone is commonly 
finely laminated. The contact between 
siliciclastic sediment at the base of the Brushy 

Canyon Formation and uppermost Bone Spring 
carbonate is readily apparent on gamma-ray 
and resistivity logs. Unlike the overlying 
formations of the Delaware Mountain group, 
the Brushy Canyon does not grade shelfward 
into transitional carbonate-shelf deposits; 
instead, it thins westward and overlaps the 
Bone Spring/Victorio Peak formations, with a 
relatively thin, intervening interval of deposits 
(Cutoff Formation) that are discontinuously 
present in outcrops near the southern end of the 
Guadalupe Mountains. The Brushy Canyon is 
approximately 460 meters thick in the map area.

Cisuralian Series
Bone Spring Formation (Cisuralian)—Cross 
section only. Dark-gray to brown, thinly bedded, 
carbonate mudstone, with varying amounts of 
dark-gray calcareous shale. Contains three 
regionally recognized sandy intervals (first, 
second, and third Bone Spring sands) consisting 
of light-gray to tan, fine-grained sand with 
micaceous, shaly, or calcareous intervals (the 
stratigraphic position of the first and third Bone 
Spring sands are indicated on the cross section). 
Thickness of the Bone Spring Formation 
increases from 835 to 950 meters from west to 
east along the cross section.

Wolfcamp formation (Cisuralian; unit may 
contain Upper Pennsylvanian strata in its 
lower part)—Cross section only. Greenish-gray, 
brown, and black calcareous and carbonaceous 
shale, with beds of carbonate and siliciclastic 
sand. The top of the Wolfcamp Formation lies 
directly beneath the third Bone Spring sand; 
the base of the unit is identified on 
wireline-logs at the top of a sequence of 
interbedded shale and carbonate assigned to 
the Upper Pennsylvanian Canyon–Cisco 
interval. The Wolfcamp Formation ranges in 
thickness from approximately 260 to 570 meters 
along the cross section.

Pennsylvanian Subsystem
Upper Pennsylvanian Series

Cisco and Canyon formations, undivided 
(Upper Pennsylvanian)—Cross section only. 
Interbedded carbonate and shale, with lesser 
amounts of coarser siliciclastic sediment likely 
present. Gamma-ray logs suggest carbonate 
and siliciclastic beds alternate on a scale of 
meters to several meters in the upper part of 
the unit, and that thicker carbonate intervals 
are present in the lower part. The base of the 
unit is placed at the top of a prominent 
carbonate interval assigned here to the top of 
the Strawn Formation. The Cisco-Canyon 
interval ranges from 105 to 145 meters thick 
along the cross section.

Middle Pennsylvanian Series
Strawn and Atoka formations , undivided 
(Middle Pennsylvanian)—Cross section only. 
Interbedded carbonate, sandstone, and shale. 
Strawn carbonates are reportedly tan to 
brown and fossiliferous; sandstones are 
generally medium grained, with pink 
feldspar grains reported from cuttings. Black 
shale is also reported. The underlying Atoka 
Formation contains gray to brown carbonate 
and shaly carbonate in its upper part, some of 
which is cherty, and the unit becomes sandy 
in its lower part. The base of the 
Strawn–Atoka interval is chosen at the top of 
the upper-Morrow carbonate interval, as 
indicated by gamma-ray and resistivity logs. 
Unit is approximately 200 meters thick.

Lower Pennsylvanian Series
Morrow formation (Lower Pennsylvanian)— 
Cross section only. The upper part of the 
Morrow Formation consists of brown and gray 
fossiliferous carbonate, some of which is 
oolitic or cherty, together with beds of brown 
and gray, fine- to medium-grained sandstone 
and shale. Strata underlying this upper 
interval contain an abundance of fine- to 
coarse-grained quartz sandstone, with shale 
and carbonate interbeds. The Morrow 
Formation overlies Mississippian shaly strata 
of the Barnett Formation. Unit is 
approximately 235 meters thick.

Mississippian Subsystem
Upper Mississippian Series

Barnett Formation (Upper Mississippian)— 
Cross section only. Dark-brown to black shale 
and silty shale with minor amounts of 
fine-grained sandstone, siltstone and 
carbonate. The Barnett Formation overlies 
Mississippian limestone, and may be up to 100 
meters thick in the map area.

Phanerozoic sedimentary rocks, undivided 
(Cambrian (?) through Mississippian)— 
Cross section only.
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Contact—The identity and existence are 
certain and questionable where queried. The 
location is accurate where solid and 
approximate where dashed.

Drill hole for hydrocarbon exploration or 
exploitation —Showing API number.

Cross section line and label.

Area of sand in Bone Spring Formation. Cross 
section only.

Well location (in cross section)—The location 
of a well used to establish stratigraphy and 
geologic unit depth.
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A geologic map displays information on the distribution, nature, orientation, and age 
relationships of rock and deposits and the occurrence of structural features. Geologic and fault 
contacts are irregular surfaces that form boundaries between different types or ages of units. 
Data depicted on this geologic quadrangle map may be based on any of the following: 
reconnaissance field geologic mapping, a compilation of published and unpublished work, and 
photogeologic interpretation. Locations of contacts are not surveyed but are plotted by 
interpretation of the position of a given contact onto a topographic base map; therefore, the 
accuracy of contact locations depends on the scale of mapping and the interpretation of the 
geologist(s). Any enlargement of this map could cause misunderstanding in the detail of 
mapping and may result in erroneous interpretations. Site-specific conditions should be verified 
by detailed surface mapping or subsurface exploration. Topographic and cultural changes may 
not be shown due to recent development. 

Cross sections are constructed based upon the interpretations of the author made from geologic 
mapping and available geophysical and subsurface (drill hole) data. Cross sections should be 
used as an aid to understanding the general geologic framework of the map area and not be the 
sole source of information for use in locating or designing wells, buildings, roads, or other 
human-made structures. 

The New Mexico Bureau of Geology and Mineral Resources created the Open-File Geologic 
Map Series to expedite the dissemination of these geologic maps and map data to the public as 
rapidly as possible while allowing for map revision as geologists continued to work in map 
areas. Each map sheet carries the original date of publication below the map and the latest 
revision date in the upper right corner. In most cases, the original publication date coincides 
with the date of delivery of the map product to the National Cooperative Geologic Mapping 
Program (NCGMP) as part of New Mexico’s STATEMAP agreement. While maps are produced, 
maintained, and updated in an ArcGIS geodatabase, at the time of the STATEMAP deliverable, 
each map goes through cartographic production and internal review before uploading to the 
Internet. Even if additional updates are carried out on the ArcGIS map data files, citations to 
these maps should reflect this original publication date and the original authors listed. The 
views and conclusions contained in these map documents are those of the authors and should 
not be interpreted as necessarily representing the official policies, either expressed or implied, of 
the State of New Mexico or the U.S. Government.
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