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A geologic m ap displays inform ation on th e distribution, nature, orientation, and age relationsh ips of rock and deposits
and th e occurrence of structural features. Geologic and fault contacts are irregular surfaces th at form  boundaries
betw een different types or ages of units. Data depicted on th is geologic quadrangle m ap m ay be based on any of th e
follow ing: reconnaissance field geologic m apping, com pilation of publish ed and unpublish ed w ork, and ph otogeologic
interpretation. Locations of contacts are not surveyed, but are plotted by interpretation of th e position of a given
contact onto a topograph ic base m ap; th erefore, th e accuracy of contact locations depends on th e scale of m apping and
th e interpretation of th e geologist(s). Any enlargem ent of th is m ap could cause m isunderstanding in th e detail of
m apping and m ay result in erroneous interpretations. Site-specific conditions sh ould be verified by detailed surface
m apping or subsurface ex ploration. Topograph ic and cultural ch anges m ay not be sh ow n due to recent developm ent.

Cross-sections are constructed based upon th e interpretations of th e auth or m ade from  geologic m apping and available
geoph ysical and subsurface (drillh ole) data. Cross-sections sh ould be used as an aid to understanding th e general
geologic fram ew ork of th e m ap area, and not be th e sole source of inform ation for use in locating or designing w ells,
build ings, roads, or oth er m an-m ade structures.

Th e New  Mex ico Bureau of Geology and Mineral R esources created th e Open-file Geologic Map Series to ex ped ite
dissem ination of th ese geologic m aps and m ap data to th e public as rapidly as possible w h ile allow ing for m ap revision
as geologists continued to w ork in m ap areas. Each  m ap sh eet carries th e original date of publication below  th e m ap as
w ell as th e latest revision date in th e upper righ t corner. In m ost cases, th e original date of publication coincides w ith
th e date of th e m ap product delivered to th e National Cooperative Geologic Mapping P rogram  (NCGMP ) as part of
New  Mex ico’s STATEMAP  agreem ent. W h ile m aps are produced, m aintained, and updated in an ArcGIS geodatabase,
at th e tim e of th e STATEMAP  deliverable, each  m ap goes th rough  cartograph ic production and internal review  prior to
upload ing to th e Internet. Even if add itional updates are carried out on th e ArcGIS m ap data files, citations to th ese
m aps sh ould reflect th is original publication date and th e original auth ors listed. Th e view s and conclusions contained
in th ese m ap docum ents are th ose of th e auth ors and sh ould not be interpreted as necessarily representing th e official
policies, eith er ex pressed or im plied, of th e State of New  Mex ico, or th e U .S. Governm ent.

M apping of this q uad rangle  was fund e d  by a m atc hing-funds grant from  the  STATEM AP  program  of the
National Coope rative  Ge ologic M apping Act (Fund Num be r: G19AC00226), ad m iniste re d  by the  U. S.
Ge ologic al Surve y and by the  Ne w M e xic o Bure au of Ge ology and M ine ral Re sourc e s (Dr. Ne lia W .
Dunbar,Director and State Geologist; Dr. J. M ic hae l Tim m ons,Assoc. Director for Mapping Programs).
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Corre lation of Map Units De scription of Map Units
01-00-00-00-00— h ead ing01—CenoEra—Cenozoic Erath em —

01-01-00-00-00— h ead ing02—Anth ro—Anth ropogenic units—

01-01-01-00-00—unit01— af—Artificial fill—Com pacted gravels, sands,
and m uds underlying dam s, roads, and oth er artificial constructions. Only
m apped w h ere ex tensive. Deposits are 0 to about 3 m  th ick.
01-02-00-00-00— h ead ing02—Misc—Miscellaneous deposits—

01-02-01-00-00—unit01— Q ae—Eolian and alluvial sed im ents—Slope-
blanketing w indblow n and slope w ash -transported very pale-brow n silts
and fine sands variably m ix ed w ith  colluvial and residual sed im ent.
Deposits are loose and poorly ex posed, and no evidence of notable surface
soil developm ent w as observed. Colluvial and residual sed im ent m ay
include gravels and clays derived from  underlying deposits or nearby
h illsides. Deposits are 0 to perh aps 2 m  th ick.
01-02-02-00-00—unit01— Q ed—Dune deposits— W indblow n fine sands
underlying dune fields and w ind-sculpted h um m ocky terrain. Deposits
are loose and poorly ex posed. No evidence of notable soil developm ent
w as observed. Deposits are 0–6 m  th ick.
01-02-03-00-00—unit01— Q df—Depression fill—Silts, sands, and clays
accum ulating in closed or nearly closed depressions. Dom inantly slope
w ash - and eolian-transported m uds and very fine sands, w ith  trace
coarser m aterial, accum ulating under eph em eral lacustrine (playa)
conditions along th e floors of th e depressions. Surface soils w ere not
observed in outcrop, but no evidence of significant soil developm ent w as
found. Deposits are 0 to perh aps 2 m  th ick or m ore.
01-03-00-00-00— h ead ing02—Alluvial—Alluvial deposits—

01-03-01-00-00—unit01— Q a— P ost-Gatuña Form ation alluvial deposits,
undivided—Cross-sections only. Consists of sands, m uds, and gravels
underlying terraces, fans, and active floodplains and river ch annels.
Deposits are 0 to perh aps 8 m  th ick.
01-03-02-00-00— h ead ing03— U nconAll— U nconfined alluvial deposits—

01-03-02-01-00—unit01— Q fy—Fan alluvium —Sands, m uds, and gravels
underlying coalescing alluvial fans em anating from  sm all-scale, low -order
drainages. Deposit ch aracteristics vary w ith  th e nature of th e m aterials
ex posed upgrad ient. Deposits are unconsolidated and poorly ex posed. No
evidence of significant soil developm ent w as observed. Deposits are 0 to
perh aps 4 m  th ick.
01-03-02-02-00—unit01— Q sw —Slope w ash  alluvium —Sands, m uds, and
trace gravels transported by slope w ash  and eolian processes and
blanketing low -grad ient slopes and sw ales. Deposit ch aracteristics vary
w ith  th e nature of th e m aterials ex posed upgrad ient and underlying th e
deposit. Deposits are unconsolidated and poorly ex posed. No evidence of
significant soil developm ent w as observed. Deposits are 0 to perh aps 4 m
th ick.
01-03-03-00-00— h ead ing03—ConfAll—Confined alluvial deposits—

01-03-03-01-00—unit01— Q ah — Historic alluvium — U nvegetated or poorly
vegetated sands, m uds, and gravels along active drainage ch annels.
Includes areas subm erged beneath  w ater on 2009-vintage aerial im agery.
Deposits are unconsolidated and no soil developm ent is apparent.
Deposits are 0 to perh aps 2 m  th ick.
01-03-03-02-00—unit01— Q ay— Y ounger alluvium —Sands, m uds, and
gravels underlying low  terraces and floodplains along active drainage
ch annels. Includes h istoric alluvium  th at cannot be m apped separately at
th is scale. Deposits are unconsolidated, and no evidence of significant soil
developm ent w as observed. Deposits are 0 to perh aps 4 m  th ick.
01-03-03-03-00—unit01— Q ayh — Y ounger and h istoric alluvium ,
undivided— U nvegetated or poorly vegetated active drainage ch annels,
adjacent floodplain sed im ents, and younger alluvial sed im ent, undivided.
U sed w h ere m ap units Q ah  and Q ay cannot be m apped separately at th e
m ap scale along th e Delaw are R iver and R ed Bluff Draw  drainages.
Locally includes areas subm erged beneath  w ater on 2009-vintage aerial
im agery. Deposits are 0 to perh aps 4 m  th ick.
01-03-04-00-00— h ead ing03—TerAll—Terrace and floodplain alluvium —

01-03-04-01-00—unit01— Q tf— U nd ivided youngest terrace and floodplain
deposits—Brow n th inly lam inated silts and very fine sands underlying
low  terrace treads and m odern floodplains ex h ibiting no surface soil
developm ent. Sands are dom inantly siliceous. Terrace treads are up to
about 6 m  above th e P ecos R iver ch annel, and w h ere th ese treads are
low er th ey are likely overtopped in large flood events. Deposits are up to
perh aps 8 m  th ick.
01-03-04-02-00—unit01— Q t— U ndivided pre-h istoric terrace
deposits—Brow n to ligh t-brow n th inly bedded silts, silty sands, and lesser
pebbly ch annel fills underlying terrace treads along th e P ecos and
Delaw are R ivers. Th is m ap unit is laterally equivalent to both  Q t2 and
Q t1, and individual deposits of Q t m ay ex h ibit features of eith er of th ese
subunits. Th e m ap unit Q t is used w h ere th e m ap scale and/or a lack of
diagnostic features precludes assigning a deposit to eith er subunit.
Deposits m ay be up to 8 m  th ick.
01-03-04-02-01— subunit01— Q t2— Y ounger terrace deposits—Brow n
th inly lam inated silts and very fine sands underlying low  terrace treads
ex h ibiting very w eak surface soil developm ent. Sands are dom inantly
siliceous. Surface soils are ch aracterized by a th in (circa 5 cm  th ick)
darkened A h orizon and trace very fine nodules and stringers of carbonate
and/or gypsum  in underlying sed im ents. Terrace tread h eigh ts are
typically 7–12 m  above th e P ecos R iver ch annel. A fresh  sand color of
7.5Y R  5/4 and an A h orizon color of 10Y R  5/3 w ere m easured. Deposits are
0 to perh aps 4 m  th ick.
01-03-04-02-02— subunit01— Q t1—Older terrace deposits—Brow n to ligh t-
brow n th inly bedded silts, silty sands, and lesser pebbly ch annel fills
underlying h igh er terrace treads ex h ibiting w eak surface soil
developm ent. Sands are dom inantly siliceous, and beds are typically
m assive. P aleoch annel fills are lenticular, very th in- to m ed ium -th ickness,
internally m assive to cross-bedded, and consist of rounded pebbles w ith
absent to m inor cobbles of lith ologies including quartzites, ch erts,
lim estones/dolom ites, and sandstones. W h ere lying upon bedrock,
paleoch annel fills are com m only cem ented by ph reatic carbonates. Surface
soils are ch aracterized by a darkened A h orizon up to about 25 cm  th ick
overlying a th in Stage I to w eak II carbonate h orizon ch aracterized by fine
nodules and filam ents of carbonate and/or gypsum  and preferential
accum ulation of carbonate on th e undersides of gravels. Terrace tread
h eigh ts are typically 8–15 m  above th e P ecos R iver ch annel. Colors of
7.5Y R  5/3–6/4 w ere m easured for th e silts and sands. Deposits are 0 to
perh aps 8 m  th ick.
01-04-00-00-00— h ead ing02—GatFm —Gatuña Form ation—

01-04-01-00-00—unit01— Q Tg— U ndifferentiated Gatuña
Form ation— P oorly ex posed, ligh t-redd ish -brow n to pink, w h ite, yellow ,
or pale-brow n, locally gypsiferous siltstones, sandstones, claystones, and
conglom erates. Th is m ap unit is used w h ere poor ex posure, poor
stratigraph ic control, and uncertain deposit ch aracteristics preclude
assigning a deposit to a m ore specific Gatuña Form ation subunit; th ese
deposits, th erefore, m ay bear ch aracteristics com parable to any of th e
Gatuña Form ation subunits. Surface ch aracteristics suggest th at finer-
grained facies deposits (Q Tgf, Q gf, Tgf) dom inate, h ow ever. Gatuña
Form ation deposits m ay be as m uch  as about 20 m  th ick.
01-04-01-01-00— subunit01— Q Tgc— U ndifferentiated coarser-grained
deposits of Gatuña Form ation age— P oorly ex posed pebble conglom erates
and lesser sandstones. Th is m ap unit is used w h ere poor ex posure and a
lack of diagnostic features precludes assigning a deposit of coarse-grained
Gatuña Form ation sedim ents to one of Q gc or Tgc, and individual deposit
ch aracteristics m ay resem ble th ose of eith er subunit. Deposits are
ch aracteristically poorly ex posed, and th icknesses are poorly constrained;
deposits are likely 0 to perh aps 10 m  th ick or m ore.

01-04-01-02-00— subunit01— Q Tgf— U ndifferentiated finer-grained
deposits of th e Gatuña Form ation—Ligh t-redd ish -brow n to pink, to less
com m only w h ite, yellow , or pale-brow n, locally gypsiferous siltstones to
very fine-grained sandstones w ith  rare claystones, fine- to m ed ium -
grained sandstones, and pebble conglom erates. Dom inantly very th inly to
th inly planar-tabular-bedded siltstones and very fine-grained internally
m assive or planar- or cross-lam inated sandstones; locally th ese strata are
lenticularly bedded and/or bear ripple m arks. Coarser-grained sandstones
and pebble conglom erates are m ore com m on in undulatory-tabular or
lenticular beds, but sim ilarly very th inly to th inly bedded. Typically th inly
planar-lam inated claystones. Moderately sorted and rounded to w ell-
rounded pebbles w ith  lith ologies including quartzites, ch erts, sandstones,
felsic to interm ed iate volcanic rocks, and lim estones. Colors circa 5Y R  6/4
dom inate; overall, color m easurem ents include 2.5Y R  to 7.5Y R  6/3–6/4
(m udstones, sandstones); 5Y R  to 7.5Y R  7/3 (sandstones); 2.5Y R  to 5Y R  5/4
(claystones); 5Y R  8/2–8/3 (m udstones, sandstones); rarely 2.5Y  7/3–8/3
(m udstones); and trace stronger colors up to 10Y R  6/8–7/8.
U ndifferentiated m ap unit Q Tgf is used w h ere th e assignm ent of a deposit
to th e upper or low er Gatuña Form ation is unclear. Deposit th icknesses
are difficult to assess due to com m on subsidence-related deform ation;
furth er north  on th e Malaga quadrangle, cross-section interpretations
suggest deposits m ay be as m uch  as 45 m  th ick (Cikoski, 2019).

01-04-01-03-00— subunit01— Q Tguc— U ndifferentiated calich e of Gatuña
Form ation age— P etrocalcic soil h orizon typically ex h ibiting Stage V
carbonate h orizon m orph ology developed in pre-Gatuña Form ation
sed im ents and sed im entary rocks, or w ith  an unex posed or unclear parent
m aterial. Calich e-im pacted zones are ch aracteristically th in (<1 m  th ick,
typically ≈0.5 m  th ick) and capped by an undulatory-tabular-banded
interval th at is 20–40 cm  th ick of nearly pure carbonate cem ent, w ith
bands typically 1–8 cm  th ick. Brecciation, recem entation, and pisolitic or
nodular structures vary in abundance from  absent to abundant. Fine-
grained parent m aterials (m uds to fine-grained sands) are typically
unidentifiable due to sm all size and ubiquitous engulfing carbonate
cem ent; typically w ell-rounded, fine pebble-sized entrained gravels are
present but sparse and are of siliceous or locally derived lith ologies. Th e
calich e-im pacted zone typically ends abruptly dow n-profile, lacking th e
gradational base th at is com m on w ith  th e Mescalero and P ierce Canyon
calich es. Th is m ap unit is only used w h ere pure or nearly pure calich e is
found; carbonate-cem ented breccias th at are dom inated by breccia blocks
of identifiable bedrock are m apped as th e bedrock unit. Th is calich e is
interpreted to m ostly be developed in an erosion surface th at is age
correlative to th e top of th e upper Gatuña Form ation, but th is erosion
surface m ay be diach ronous. Th ese calich es are up to 1 m  th ick.
01-04-02-00-00—unit01— Q g— U pper Gatuña Form ation—Dom inantly
pink to w h ite very fine-grained sands/sandstones and silt/siltstones, w ith
lesser coarser-grained sandstones to conglom erates and gravels, th at
overlie or are inset against th e P ierce Canyon calich e and underlie th e
Mescalero calich e. As com pared to low er Gatuña sandstones and
m udstones, th e upper Gatuña sandstones and m udstones tend to be 1)
ligh ter colored, 2) less w ell-cem ented, 3) less deform ed (com m only
subh orizontal), and 4) overall th inner. W h ere th e assignm ent of a Gatuña
deposit to th e upper or low er subunit is not clear, undifferentiated Q Tg
units are used in lieu of a specific assignm ent.
01-04-02-01-00— subunit01— Q gm c—Mescalero calich e of th e upper
Gatuña Form ation— P etrocalcic soil h orizon ex h ibiting Stage V  carbonate
h orizon m orph ology. Th is h orizon is ch aracterized by a 15–30 cm  th ick
undulatory-tabular-structured zone at th e top th at is com posed
predom inantly of carbonate cem ent often w ith  only trace incorporated
parent m aterial. Tabular bands are 0.5 to 7 cm  th ick each . Below  th e
tabular zone is 60–100 cm  of m assive cem ented carbonate, w ith
cem entation decreasing and th e abundance of incorporated parent
m aterial increasing gradationally dow n-profile. Brecciation, recem ented
fractures, and degradation features are found locally but are overall rare.
Th e calich e is m ost com m only cem enting sand or gravel deposits
com parable to th ose described for m ap units Q gf and Q gc; w h ere th e
calich e appears to be developed in fine-grained pre-Gatuña bedrock, m ap
unit Q Tguc is used. Th e calich e zone is typically 0.5–1.25 m  th ick.
01-04-02-02-00— subunit01— Q gf—Finer-grained facies of th e upper
Gatuña Form ation— P ink to w h ite to locally redd ish -brow n
sands/sandstones and m uds/m udstones and trace pebble
gravels/conglom erates overlying or inset against th e P ierce Canyon
calich e; interfingering w ith  or overlying upper Gatuña
gravels/conglom erates; or oth erw ise ex h ibiting upper Gatuña Form ation
ch aracteristics. Generally w eakly cem ented and poorly ex posed.
Sands/sandstones generally dom inate, and are very fine- to m ed ium -
grained (locally coarser-grained w h ere adjacent to conglom erates),
com m only silty/m uddy and poorly sorted but locally clean and
m oderately sorted, and dom inantly of siliceous m aterial w ith  subordinate
lim estone/dolom ite lith ics. Muds/m udstones are poorly sorted, com m only
clayey and sandy, less com m only gypsiferous, and occur in poorly
ex pressed planar-tabular m ostly m ed ium -th ickness beds. Fine rounded
pebbles of ch ert, quartzite, and felsic to interm ed iate volcanic m aterial are
a trace com ponent of both  m ud/m udstone and sand/sandstone beds. Trace
gravel/conglom erate beds are com parable to th ose of unit Q gc. Colors of
5Y R  7/4 and 8/2–8/3, 7.5Y R  7/4, 10Y R  8.5/1, and less com m only 7.5Y R  6/3
and 2.5Y R –5Y R  4/4 w ere m easured, w ith  w h ite (carbonate) m ottling
locally occurring adjacent to Q gm c or Q gc conglom erates. Deposits are 0
to perh aps 6 m  th ick.
01-04-02-03-00— subunit01— Q gc—Coarser-grained facies of th e upper
Gatuña Form ation— P ink to w h ite pebble conglom erates and lesser
sandstones and cobbly pebble conglom erates inset against low er Gatuña
Form ation deposits and/or underlying th e Mescalero calich e. Gravels
consist of poorly to very poorly sorted, rounded to w ell-rounded pebbles
w ith  absent to m inor cobbles and absent to trace boulders, of m ainly
carbonate lith ologies w ith  absent to m inor sandstone and quartzite, absent
to rare ch ert, and absent to trace fine-grained felsic to m afic volcanic rocks,
coarse-grained felsic plutonic (?) rocks, and rew orked pebble
conglom erates. Cobbles and boulders are typically from  locally ex posed
strata (e.g., Culebra and Magenta dolom ites), w h ile conglom erate clasts
are interpreted to be rew orked from  upstream  low er Gatuña outcrops.
Clast-supported gravels are in cross-stratified lenticular m ed ium -
th ickness beds th at are com m only m oderately w ell-indurated by pink to
w h ite carbonate cem ent th at com m only w eath ers sm ooth , as opposed to
th e m ore angular 'tear-pants' w eath ering tex ture of Tgc conglom erates.
Sandstones are m ost often in th in cross-stratified lenticular beds. Both
conglom erate and sandstone intervals w edge out laterally along broad
continuous outcrops. Sandstone and conglom erate m atrix colors of 5Y R
7/3–7/4 and 8/2, 2.5Y R  8/2–8/3, and 7.5Y R  7/3–8/3 and 9/1–9/2 w ere
m easured. Deposits are th ickest along th e P ecos R iver, w h ere th ey are as
m uch  as 10 m  th ick or greater; deposits th in to 0 m  aw ay from  m ajor
drainages.
01-04-03-00-00—unit01—Tg—Low er Gatuña Form ation— V ertically
ex aggerated cross-section only. Dom inantly ligh t-redd ish -brow n
m udstones and sandstones, w ith  lesser conglom erates, th at underlie th e
P ierce Canyon calich e. As com pared to upper Gatuña m udstones and
sandstones, th e low er Gatuña m udstones and sandstones tend to be 1)
darker/stronger colored, 2) better cem ented, 3) m oderately to strongly
deform ed or tilted, and 4) overall th icker. W h ere th e assignm ent of a
Gatuña deposit to th e upper or low er subunit is not clear, undifferentiated
Q Tg units are used in lieu of a specific assignm ent.
01-04-03-01-00— subunit01—Tgpc— P ierce Canyon calich e of th e low er
Gatuña Form ation— P etrocalcic soil h orizon ex h ibiting Stage V I carbonate
h orizon m orph ology. Th is h orizon is ch aracterized by a diverse array of
cem entation, degradation, brecciation, and recem entation features th at
ex tend 3.5–5 m  below  th e top of th e h orizon, grading dow n-profile into
typical low er Gatuña deposits. A typical com plete profile bears a
conspicuously undulatory-tabular-structured upperm ost zone up to 0.5 m
th ick w ith  tabular bands 3–30 cm  th ick of nearly pure carbonate cem ent.
Fracturing and recem entation of th ese bands is com m on, and th in lam inae
of pure cem ent com m only occurs in th e sw ales or low  areas in
undulations. Concentrically lam inated structures are locally apparent in
w eath ered faces, eith er as pisolites or as lam inae around carbonate-
engulfed gravels. Below  th e tabular zone lay a
cem ented/fractured/recem ented zone 3–5 m  th ick, w ith  carbonate
abundance generally decreasing dow n-profile. Most often, th e calich e is
cem enting poorly sorted, w ell-rounded pebble gravels of lith ologies
including quartzite, ch ert, lim estone, sandstone, and volcanic rocks, and
w ell-cem ented pebble conglom erates directly underlying th e calich e zone
are included in th e Tgpc m ap unit. In som e locations, w h ere gravel clasts
are rare or unapparent, th e calich e m ay be form ing in Tgf sandstones and
m udstones. Calich e zone is typically 3.5–5 m  th ick.

01-04-03-02-00— subunit01—Tgc—Coarser-grained facies of th e low er
Gatuña Form ation—Ligh t-brow n to ligh t-gray, m oderately w ell- to w ell-
cem ented pebble conglom erates and lesser sandstones inset upon by
upper Gatuña Form ation deposits and/or underlying or grad ing into th e
P ierce Canyon calich e. Gravels consist of poorly to m oderately sorted,
rounded to w ell-rounded pebbles w ith  absent to rare cobbles of varying
lith ologies th at are in clast-supported, lenticular, com m only cross-
stratified th in- to m ed ium -th ickness beds th at are m oderately w ell-
indurated by carbonate cem ent. Most com m only, gravel are dom inated by
siliceous m aterial (quartzite, ch ert) w ith  subordinate to subequal
carbonate lith ologies (lim estone, dolom ite) and absent to rare sandstone
clasts; h ow ever, som e outcrops are dom inated by carbonate lith ologies
and subord inate sandstone clasts w ith  trace to subordinate siliceous clasts.
Both  clast suites bear accessary absent to trace felsic to interm ed iate
volcanic rocks and granitic clasts. Th e carbonate cem ent is not
uncom m only m ottled in color, and w eath ers to a jagged lim estone-like
'tear-pants' surface tex ture, unlike th e typically sm ooth -w eath ering
surface tex tures of Q gc conglom erates. Cem ent/m atrix colors of 2.5Y R  7/3
and 7.5Y R  9/2–9/1 w ith  m ottles of 7.5Y R  6/4–6/1 w ere m easured.
Sandstones are th in, lenticular, and com parable to th ose of unit Tgf.
Deposits are typically less th an 2.5 m  th ick but m ay be as m uch  as 10 m
th ick w h ere filling paleovalleys.
01-04-03-03-00— subunit01—Tgf—Finer-grained facies of th e low er
Gatuña Form ation—Ligh t-redd ish -brow n, and less com m only pink,
yellow , or pale-brow n, locally gypsiferous siltstones to fine-grained
sandstones, m udstones, claystones, and rare m ed ium -grained sandstones
and trace pebble conglom erates underlying th e P ierce Canyon calich e.
Deposits are sim ilar to th ose described for m ap unit Q Tgf, but w ith  age
constrained to upper Tertiary by th e level of soil developm ent in th e
overlying calich e zone. P reserved, ex posed deposit th icknesses are up to
02-00-00-00-00— h ead ing01— P erm Sys— P erm ian System —

02-01-00-00-00— h ead ing02—Och Ser—Och oan Series—

02-01-01-00-00— h ead ing03— R ustler— R ustler Form ation—

02-01-01-01-00—unit01— P r— R ustler Form ation,
undivided— U nex aggerated cross-section only. Consists of interbedded
fine-grained clastic sed im entary rocks, gypsum /anh ydrite, and
carbonates. W h ere used on cross-section A–A', th e unit m ostly consists of
th e Los Medaños and Culebra Dolom ite Mem bers; Tam arisk and Magenta
Dolom ite Mem bers are present in m ore strongly subsided karst
depression fills. Th e m ax im um  preserved th ickness of undivid ed R ustler
Form ation deposits m ay be as m uch  as about 80 m .
02-01-01-02-00—unit01— P rf—Forty-niner Mem ber of th e R ustler
Form ation— W h ite to dark-gray gypsum . Gypsum  h as com m only planar-
lam inated to very th inly planar-tabular beds; m ottled w h ite, ligh t-gray,
and dark-gray; variably nodular; and com m only w eath ered and not
uncom m only ex h ibiting karstic dissolution features. Holt and P ow ers
(1988) report th at regionally th e unit consists of tw o gypsum /anh ydrite
intervals to eith er side of a m ed ial claystone and/or h alite interval; w ith in
th e quadrangle, it is likely th at only th e low er of th ese gypsum  intervals is
preserved. P reserved on-quadrangle th ickness is no m ore th an about 5 m ;
Holt and P ow ers (1988) report a regional m ax im um  of about 32 m  th ick.
02-01-01-03-00—unit01— P rm —Magenta Dolom ite Mem ber of th e R ustler
Form ation—Lam inated pale-gray to pale-redd ish -brow n arenaceous
dolom ite and lesser siltstones. In com plete sections, th e unit consists of
tw o pale-redd ish -brow n dolom ite intervals w ith  a m ed ial pale-gray
siltstone. Th e low er dolom ite is distinctly undulatory- or w avy-lam inated
crystalline dolom ite w ith  com m on very fine to fine sand grains. Th e upper
dolom ite is interlayered dolom icrite, arenaceous dolom ite, and crystalline
dolom ite in variously internally m assive or planar- or cross-lam inated
th ick lam inae to very th in planar-tabular beds.  Fresh  colors of 5Y R  6/3,
2.5Y R  6/4, and 7.5Y R  7/3 w ere m easured for th ese rocks. P lanar-lam inated
to very th inly planar-tabular bedded m ed ial siltstone h as a fresh  color of
circa 2.5Y  8.5/1–8/1. Lam inations and beds are not uncom m only contorted.
Th e preserved m ax im um  ex posed th ickness is about 6 m ; Holt and P ow ers
(1988) state th at regionally th e unit th ickness is not great but th at th e
variability is significant.
02-01-01-03-01— subunit01— P rm b—Brecciated Magenta Dolom ite
Mem ber of th e R ustler Form ation—Brecciated Magenta Mem ber
dolom ites and siltstones. Com m only found m ix ed w ith  oth er brecciated
R ustler Form ation lith ologies, breccia blocks are as m uch  as 1 m  across
and are com m only internally deform ed and/or brecciated. Breccia
intervals are as m uch  as 6 m  th ick vertically.
02-01-01-04-00—unit01— P rt—Tam arisk Mem ber of th e R ustler
Form ation—Ligh t-gray nodular gypsum  and lesser redd ish -brow n
gypsiferous claystones. P oorly ex posed, and often identified by th e
presence of gypsum  and gypsiferous m uds in colluvial/residuum  slopes
overlying th e Culebra Dolom ite. W h ere ex posed, th e gypsum  is
com m only w eath ered, m ottled w h ite, ligh t-gray, and dark-gray, and
com m only m assive but locally bearing a w eak w avy tabular bedd ing.
Claystones are m assive in outcrop; a color of 2.5Y R  5/4 w as m easured for
th ese rocks. Holt and P ow ers (1988) report a th ickness of about 30–50 m  in
'norm al sections', w ith  a m ax im um  regional th ickness of about 82 m ; on-
quadrangle ex posures indicate th e th ickness h ere m ay be as little as 1 m ,
w ith  preserved th icknesses up to about 40 m  in th e subsurface along
cross-section A–A'.
02-01-01-05-00—unit01— P rc—Culebra Dolom ite Mem ber of th e R ustler
Form ation—Cream -colored to w h ite to locally pale-brow n, ledge-form ing,
com m only conspicuously vuggy dolom ite. Dolom ite beds h ave th in- to
m ed ium -th ick planar-tabular and com m only internally m assive beds, are
near-w h ite in color, and aph anitic under a h and lends (dolom icrite).
Locally, th ese dolom ites grade laterally into internally planar- or trough -
cross-stratified, pale-brow n (circa 2.5Y  7/3), very fine- to fine-grained
dolom ite grainstone. Abundant to rare vugs are fine in size (1–10 m m  in
diam eter) and distinctive to th e unit, but com m only absent from
grainstone beds. Not uncom m only th is unit is h igh ly fractured, w ith
fractures variously filled w ith  calich e/carbonate cem ent, particularly
adjacent to Gatuña Form ation calich es; in som e places, outcrops consist of
carbonate-engulfed dolom ite breccia. P reserved unit is about 8–14 m  th ick.

02-01-01-06-00—unit01— P rl—Los Medaños Mem ber of th e R ustler
Form ation— Interlayered m udstones, gypsum , and lesser sandstones. In
w ell-ex posed undeform ed sections, a typical outcrop consists of a basal
interval of redd ish -yellow  to pale-red, lam inated to th inly bedded, poorly
indurated siltstones, silty m udstones, and rare silty very fine-grained
sandstones overlain by a subequal to sligh tly th inner interval of m ottled
w h ite to gray, variably finely crystalline, variably nodular, variously th inly
tabular bedded to lam inated to brecciated gypsum , capped by a th inner
interval (com m only about h alf as th ick as th e low er intervals) of
m udstones th at are sim ilar to th ose of th e basal interval. Less com m on
lith ologies include th in lenticular pale-brow n to pinkish -w h ite very fine-
to fine-grained cross-lam inated siliceous sandstones th at are m oderately
w ell-indurated by carbonate cem ent, and irregular m asses of brecciated
gypsum . Trace th in lam inae of w ax y claystones are also present. Colors of
5Y R  6/6–7/6 (m udstones, claystones), 2.5Y R  7/2–7/1 and 7.5Y R  8/2
(siltstones/very fine-grained sandstones), and 2.5Y  7/4–7/6 and 10Y R  6/4
(lenticular sandstones) w ere m easured. Th is unit is generally poorly
ex posed and often identified by abundant redd ish  m uds w ith  trace
irregular gypsum  m asses in colluvial/residuum  slopes underlying Culebra
Dolom ite ledges. W h ere present and ex posed, P rl h as an interbedded
basal contact w ith  P rl2, and appears unconform ably inset against P rb. At
R ed Bluff, th e unit is about 10 m  th ick, and m ap patterns ind icate th e unit
th ins south w ard to perh aps as little as 2 m  th ick. North w ard, th e base of
th e unit is not ex posed, and th e unit m ay th icken.

02-01-01-06-01— subunit01— P rl2—Low er Los Medaños Mem ber of th e
R ustler Form ation—Ligh t-gray to ligh t-grayish -brow n, locally pebbly
siltstones to very fine sandstones, m udstones, and sh ales. Siltstones to
sandstones are dom inant, and consist of m oderately sorted grains in
poorly indurated, com m only cross-stratified, th in- to m ed ium -th ick
lenticular beds th at bear absent to m inor w ell-rounded outsized granules
to pebbles of gypsum  and clayey gypsum  th at are sim ilar to th e m aterials
observed in outcrops of m ap unit P cs. Mudstones and sh ales are m ore
com m on tow ard th e base of ex posures, and are th inly planar-bedded to
lam inated and com m only lim ey, w ith  local m ottling apparent on som e
bedd ing planes. Colors w ere m easured to be 2.5Y  5/2 fresh , w eath ering to
10Y R  6/2–7/2 for th e siltstones/sandstones, and 7/N for th e basal
m udstones. Deposits grade upsection into redd ish -brow n siltstones of
unit P rl across an interbedded contact. Th is unit is only locally preserved,
and only observed at ex posures at R ed Bluff. P reserved, ex posed deposits
are 0 to about 5 m  th ick.
02-01-01-07-00—unit01— P rb—Basal beds of th e R ustler Form ation— P ale-
brow n to ligh t-gray to locally pinkish -w h ite th inly bedded carbonates and
lesser siltstones and sandstones, w ith  variable abundance of gypsum .
Th inly to very th inly bedded, planar- to undulatory-tabular carbonate
m udstones to w ackestones dom inate, w h ich  com m only bear absent to
m inor very fine sand-sized carbonate grains and poorly ex pressed internal
planar lam inations. Clastic beds are silty very fine sandstones to sandy
siltstones th at are sim ilarly bedded and internally lam inated. Gypsum
occurs as very th in beds and lam inae betw een carbonate beds, as w ell as
irregular spar w ith in carbonate beds. Gypsum  content is h igh ly variable,
transitioning from  m inor to absent w ith in a single outcrop laterally;
overall, gypsum  appears sparse. Colors of 2.5Y  7/1 to 10Y R  8/1 and Gley 1
7/5GY  (lim estones) and 10Y R  7/4–7/6 (clastics) w ere m easured. Th e unit is
only locally preserved; one outcrop suggests th e unit w as incised into
prior to deposition of later R ustler Form ation deposits, w h ile anoth er
outcrop suggests th e unit is principally preserved in subsidence features
inset into underlying Salado Form ation strata. U nit th icknesses are h igh ly
variable, potentially as a consequence of both  erosion and variable
gypsum  content; preserved deposits vary from  0 to as m uch  as about 10 m
th ick.
02-01-01-08-00—unit01— P rg—Gypsiferous m em bers of th e R ustler
Form ation, undivided— U ndivided P rl, P rt, and P rf. V ariably w eath ered
gypsum , com m only nodular and m assive in outcrop but generally poorly
ex posed. Th is m ap unit is used w h ere unclear stratigraph ic relationsh ips
and a lack of diagnostic features precludes assigning a deposit to a specific
gypsiferous R ustler Form ation m ap unit, and an outcrop m ay belong to
any of th e th ree gypsiferous m em bers.
02-01-02-00-00— h ead ing03—CastSal—Castile and Salado Form ations—

02-01-02-01-00—unit01— P cs—Castile and Salado Form ations,
undivided—Gypsum , gypsiferous residuum  and breccia, and trace
claystones and clayey gypsum . W h ere w ell-preserved and w ell-ex posed,
deposits consist dom inantly of irregularly deform ed gypsum  and gypsum
breccia blocks w ith  ligh t-red to red clays occurring as trace constituents
betw een angular gypsum  crystals in breccia blocks and in th e gypsiferous
m atrix cem enting breccia blocks. Gypsum  varies from  crystalline, w ith
w ell-developed lam inations and angular crystal sh apes, to
m icrocrystalline, nodular, and m ottled w h ite to m ed ium -gray. Deposits
are com m only h igh ly w eath ered, and often crop out as stiff, punky
gypsiferous m uds and fine sands. Both  preserved and w eath ered outcrops
are typically m assive. Individual gypsum  breccia blocks m ay ex h ibit
internally subparallel lam inations, but lam ination attitudes betw een
blocks rarely parallel each  oth er. Fresh  gypsum  is w h ite to m ed ium -gray;
w eath ered gypsiferous residuum  colors w ere m easured to be 7.5Y R
8/2–9/2 (pinkish -w h ite), w h ile clayey gypsum  colors w ere m easured to be
10R  4/6 to 7/6–7/8. Th e base of th e unit is not ex posed on th e quadrangle;
w ell data along cross-section A–A' suggest an overall th ickness, including
each  of subsurface units P s, P cu, P cm , and P cl, of about 590–850 m  for th is
interval, th ickening eastw ard.
02-01-02-02-00—unit01— P s—Salado Form ation, undivided—Cross-
sections only. Consists of variably brecciated and/or karst-im pacted
h alite/rock salt, anh ydrite/gypsum , potassium  salts, and lesser fine-
grained clastic rocks and carbonates. R egionally, Jones et al. (1973)
describe a dissolution front im pacting th e Salado from  above and up-dip
(to th e w est) and th inning th e form ation from  east to w est. Above th e
d issolution front, rock salt is preferentially rem oved, and th e unit consists
m ainly of clay, sh attered gypsum , and fine-grained sandstone breccia
(Jones et al., 1973). Geoph ysical log interpretations suggest th is breccia
dom inates th e w estern ex tent of cross-section A–A', w h ile m ore intact
Salado m ay be present in th e eastern ex tent at depth . Carbonates
(m agnesite?) and red siltstone occurs in som e sam ple logs near th e base of
th e unit th at m ay belong to th e Fletch er Anh ydrite and La Huerta Silt
Mem bers of Lang (1942; see also Adam s, 1944). Surface structures in th e
R ustler Form ation are interpreted to be th e result of localized
karstification of th e Salado, as depicted illustratively in cross-section A–A'.
W ell data along A–A' ind icate an eastw ard th ickening of th e Salado from
about 115–310 m ; h ow ever, th e location of th e basal contact in th e
available w ell data is im precise.
02-01-02-03-00—unit01— P c—Castile Form ation—Consists of com m only
lam inated, variably calcareous anh ydrite/gypsum  w ith  subordinate
h alite/rock salt and m inor carbonates and clastic rocks. Generally
separable into inform al upper, m iddle, and low er m em bers based on th e
presence of a m ed ial h alite-enrich ed zone (cf., Jones et al., 1973). Isopach
m aps by Bach m an (1980) suggest an overall th ickness beneath  th e
quadrangle of about 445–585 m , generally th ickening south -
south eastw ard.
02-01-02-03-01— subunit01— P cu— U pper anh ydrite-dom inated subunit of
th e Castile Form ation—Cross-sections only. U pper anh ydrite- and/or
gypsum -dom inated interval, consisting of anh ydrite interlam inated w ith
calcareous anh ydrite and calcitic lim estone, w ith  lesser m assive anh ydrite,
rock salt, and carbonates (Jones et al., 1973). Gypsum  replaces anh ydrite
w h ere th e unit is closer to th e surface (w ith in about 150 m  [500 ft] depth :
Adam s, 1944). W ell data along cross-section A–A' suggest unit is about
285 to as m uch  as 360 m  th ick.
02-01-02-03-02— subunit01— P cm —Middle h alite-rich  subunit of th e
Castile Form ation— U nex aggerated cross-section only. Middle h alite-
enrich ed interval, consisting of h alite/rock salt w ith  interbedded and
interlam inated anh ydrite and lim estone (Jones et al., 1973). Jones et al.
(1973) report th at rock salt dom inates th is interval, alth ough  sam ple logs
from  w ells along cross-section A–A' are equivocal, and in som e places,
anh ydrite m ay dom inate. W ell data along cross-section A–A' suggests th e
unit is about 110–180 m  th ick.
02-01-02-03-03— subunit01— P cl—Low er anh ydrite-dom inated subunit of
th e Castile Form ation— U nex aggerated cross-section only. Low er
anh ydrite-dom inated interval, consisting of generally w ell-lam inated
anh ydrite, calcareous anh ydrite, and lesser carbonate beds (Jones et al.,
1973). W ell data along cross-section A–A' suggests unit is about 50–70 m
th ick.
02-02-00-00-00— h ead ing02—GuadSer—Guadalupian Series—

02-02-01-00-00—unit01— P dm —Delaw are Mountain Group,
undivided— U nex aggerated cross-section only. Dom inantly arkosic to
subarkosic, very fine- to fine-grained sandstones and siltstones, w ith
lesser detrital carbonates. For cross-section A–A', th e top of th e unit is
identified as th e top of th e Lam ar Lim estone Mem ber in geoph ysical and
sam ple logs, and includes each  of th e Brush y Canyon, Ch erry Canyon,
and Bell Canyon Form ations and th eir constituent m em bers. Th ickness
m easurem ents for th e individual form ations by King (1948) suggest an
overall th ickness of about 980–1,200 m  in th e vicinity of th e Guadalupe
Mountains. W ell data acquired from  driller's reports suggest th e unit
beneath  th e quadrangle is about 1,060–1,240 m  th ick.
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31.02.25 W ell location—Sh ow ing in cross section th e location and depth  of
a w ell used to establish  stratigraph y and geologic unit depth .

J

J
31.02.26 W ell location—Sh ow ing in cross section th e projected location
and depth  of a w ell used to establish  stratigraph y and geologic unit depth .

Explanation of Map Sym bols
<all oth er values>

18.70 Karst breccia m ound

19.03.01 P rospect (pit or sm all open cut)

19.05.012 Drill h ole for h ydrocarbon ex ploration or ex ploitation—Sh ow ing
nam e and num ber.

23.9 Collapse structure or sinkh ole (too sm all to draw  to scale)

08.01.01 Horizontal soil foliation

08.01.02 Inclined soil foliation

1.4.1 Inclined contact, d ike, key bed, clay bed, coal bed, or bed of
econom ically im portant com m odity (1st option)—Sh ow ing dip value and
direction

12.5 Fluvial transport direction

12.6 Sedim ent transport d irection determ ined from  im brication

12.7 Sedim ent transport d irection determ ined from  crossbeds

5.10.7 P lunging syncline

5.11.2 Sm all, m inor dom e

5.11.3 Sm all, m inor basin

6.1 Horizontal bedd ing

6.2 Inclined bedd ing

6.25 Inclined crenulated, w arped, undulatory, or contorted bedd ing -
sh ow ing approx im ate strike and dip

30.02.01 Canyon

J

J 31.10 Cross section line

23.10 Collapse structure or sinkh ole (draw n to scale)

5.1.1 Anticline (1st option)— Identity and ex istence certain, location
accurate
5.5.1 Syncline (1st option)— Identity and ex istence certain, location
accurate
5.5.4 Syncline (1st option)— Identity or ex istence questionable, location
approx im ate
5.5.7 Syncline (1st option)— Identity and ex istence certain, location
concealed
5.9.17 Monocline, anticlinal bend (1st option)— Identity and ex istence
certain, location accurate
5.9.19 Monocline, anticlinal bend (1st option)— Identity and ex istence
certain, location approx im ate
5.9.20 Monocline, anticlinal bend (1st option)— Identity or ex istence
questionable, location approx im ate

1.1.1 Contact— Identity and ex istence certain, location accurate

1.1.2 Contact— Identity or ex istence questionable, location accurate

1.1.3 Contact— Identity and ex istence certain, location approx im ate

1.1.4 Contact— Identity or ex istence questionable, location approx im ate

1.1.7 Contact— Identity and ex istence certain, location concealed

31.8 Map neatline


