
A g eolog ic map displays information on th e distribution, nature, orientation, and ag e relationsh ips of rock and deposits and
th e occurrence of structural features. Geolog ic and fault contacts are irreg ular surfaces th at form boundaries betw een
different types or ag es of units. Data depicted on th is g eolog ic quadrang le map may be based on any of th e follow ing :
reconnaissance field g eolog ic mapping , compilation of publish ed and unpublish ed w ork, and ph otog eolog ic interpretation.
Locations of contacts are not surv eyed, but are plotted by interpretation of th e position of a g iv en contact onto a
topog raph ic base map; th erefore, th e accuracy of contact locations depends on th e scale of mapping  and th e interpretation
of th e g eolog ist(s). Any enlarg ement of th is map could cause misunderstanding  in th e detail of mapping  and may result in
erroneous interpretations. Site-specific conditions sh ould be v erified by detailed surface mapping  or subsurface
exploration. T opog raph ic and cultural ch ang es may not be sh ow n due to recent dev elopment.

Cross sections are constructed based upon th e interpretations of th e auth or made from g eolog ic mapping  and av ailable
g eoph ysical and subsurface (drillh ole) data. Cross sections sh ould be used as an aid to understanding  th e g eneral g eolog ic
framew ork of th e map area, and not be th e sole source of information for use in locating  or desig ning  w ells, building s,
roads, or oth er man-made structures.

T h e New  Mexico Bureau of Geolog y and Mineral Resources created th e Open-file Geolog ic Map Series to expedite
dissemination of th ese g eolog ic maps and map data to th e public as rapidly as possible w h ile allow ing  for map rev ision as
g eolog ists continued to w ork in map areas. Each  map sh eet carries th e orig inal date of publication below  th e map as w ell as
th e latest rev ision date in th e upper rig h t corner. In most cases, th e orig inal date of publication coincides w ith  th e date of
th e map product deliv ered to th e National Cooperativ e Geolog ic Mapping  P rog ram (NCGMP ) as part of New  Mexico’s
ST AT EMAP  ag reement. W h ile maps are produced, maintained, and updated in an ArcGIS g eodatabase, at th e time of th e
ST AT EMAP  deliv erable, each  map g oes th roug h  cartog raph ic production and internal rev iew  prior to uploading  to th e
Internet. Ev en if additional updates are carried out on th e ArcGIS map data files, citations to th ese maps sh ould reflect th is
orig inal publication date and th e orig inal auth ors listed. T h e v iew s and conclusions contained in th ese map documents are
th ose of th e auth ors and sh ould not be interpreted as necessarily representing  th e official policies, eith er expressed or
implied, of th e State of New  Mexico, or th e U .S. Gov ernment.
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Description of Map
01-00-00-00-00— h eading 01— Q uaternary— Q uaternary
(Q uaternary)— Q uaternary
01-01-00-00-00— h eading 02— Anth ropog enic U nits— Anth ropog enic U nits
(H istoric)— Anth ropog enic U nits
01-01-01-00-00— unit— af— Artificial Fill and Disturbed Ground
(H istoric)— Accumulations of clay, silt, and sand from construction of dams in
south ern map area. Deposits of clay, silt, sand, and pebbles on upstream sides
of dams. Disturbed g round and spoils piles from surface lig nite mine in th e
Fruitland Formation in th e south ern map area. 1-8 m th ick.
01-02-00-00-00— h eading 02— V alley-floor units— V alley-floor units
(Q uaternary)— V alley-floor units
01-02-01-00-00— unit— Q ar— Modern to h istoric alluv ium (ca. 0.2 ka to present-
day)— Stream-deposited clay, silt, sand, and g rav el in v alley floors. Mineral
composition and g rain rounding  is influenced by and larg ely inh erited from
th e bedrock composition of th e drainag e basin in w h ich  th e deposit is found;
deposits typically h av e th e composition of feldspath ic arenite or feldspath ic
w acke. A typical deposit consists of lig h t yellow ish  brow n, lig h t brow n, or
lig h t g ray poorly consolidated to unconsolidated sand and silty sand w ith
subordinate pebbly silty sand, sandy silt, and silty clay. Bedforms include
crossbedding , ripple crossbedding , ripple laminations, g raded bedding , scour-
and-fill structures, and plane bedding . Bed th ickness v aries from laminated (<1
cm) to th ick (>30 cm). Reddish  brow n to lig h t reddish  brow n paleosols up to
1.3 m th ick w ith  columnar peds and root traces are common. Loosely to
moderately consolidated; forms v ertical faces up to 2 m tall. Distinct contact
w ith  underlying  units. Gradational contact w ith  surrounding  fans and
colluv ial deposits. W h ere present in same v alley as older alluv ium (unit Q ay
on th is map), th is unit is inset by 3 - 6 m in a low er g eomorph ic position.
Radiocarbon dates from th is unit in Arroyo Ch ijuilla and Canyon Larg o are 2-8
ka. P otsh erds from th e P ueblo II P eriod (P ecos Classification; ca. 1 ka) h av e
been found as deep as 3 m below  g round lev el in th ese deposits. Surface of th is
unit typically contains g rama g rass (Bouteloua sp.),  g alleta g rass (H ilaria
jamesii), saltbrush  (Artiplex canescens), and saltcedar (T amarix ramosissima),
w ith  subordinate big  sag ebrush  (Artemisia tridentata). U nit includes debris
fans, canyon-mouth  fans, colluv ium, and minor sh eetw ash  alluv ium.  Since th e
19th  Century, th is deposit h as been incised up to 7 m. <8 m th ick.

01-02-02-00-00— unit— Q ea— Modern to h istoric eolian deposits deriv ed from
sand-bed arroyos and w ith in v alley floors (0.2 ka to present-day)— W ell-sorted
coarse silt to medium sand, lig h t yellow ish  brow n to w h ite, unconsolidated.
Laminated to th in crossbeds w ith  subordinate h orizontal plane beds. Ripples
and sand av alanch es seen on activ e deposits. Grains are subrounded to
subang ular and comprise quartz, feldspars, and lith ic frag ments. Little to no
frosting  observ ed. Deposits h av e th e composition of feldspath ic arenite.
Includes coppice dunes up to 3 m tall. Frequently rew orked by lateral
mig ration of activ e stream ch annels in Betonnie T sosie W ash , Kimbeto W ash ,
and Escav ada W ash .  Includes minor amounts of alluv ium and sh eetw ash
around activ e and stabilized dunes. In Kimbeto W ash , Betonnie T sosie W ash ,
and Escav ada W ash , th ese deposits are substantial enoug h  to disrupt surface
drainag e and cause th e formation of yazoo ch annels parallel to th e main activ e
ch annel in th ose v alleys. Includes deflation blow outs up to 300 m in leng th .
W h ere dunes block surface drainag es and in deflation blow outs, includes
subordinate palustrine deposits consisting  of h orizontal plane bedded clay
and silt. Dune forms are parabolic and long itudinal, w ith  an av erag e sediment
transport azimuth  of 069° as determined by dune morph olog ies in aerial
imag ery. Activ e dunes are 1.5 - 7 m tall. Stabilized dunes typically contain
sacaton g rass (Sporobolus sp.), g rama g rass (Bouteloua sp.), and saltbrush
(Artiplex canescens). Differentiated from map unit Q es (Eolian sand sh eets) by
its low er g eomorph ic position, activ e dunes, less mature lith olog ic
composition, lig h ter color, and less-dev eloped soil. <8 m th ick.
01-02-03-00-00— unit— Q ao— Older alluv ium (P leistocene(?) to early
H olocene)— Clay, silt, sand, and g rav el underlying  terraces >3 m abov e activ e
and h istoric alluv ial deposits. Sediment is in laminated to th ick tabular to
lenticular beds w ith  crossbeds, ripple crossbeds, g raded bedding , scour-and-
fill structures, and h orizontal plane beds. Mineral composition and g rain
rounding  is influenced by and larg ely inh erited from th e bedrock composition
of th e drainag e basin in w h ich  th e deposit is found; deposits typically h av e th e
composition of feldspath ic w acke w ith  subordinate feldspath ic arenite. A
typical deposit consists of brow n, lig h t brow n, or yellow ish  brow n, loosely to
moderately consolidated silty sand w ith  subordinate silty clay, pebbly silty
sand, and sandy silt, w ith  trace sandy g rav el. Reddish  brow n to lig h t reddish
brow n paleosols w ith  columnar peds and root traces are common; stag e I
calcic h orizons are present in some of th ese paleosols. Forms v ertical faces up
to 4 m tall. Distinct contact w ith  underlying  units. Gradational contact w ith
surrounding  fans and colluv ial deposits. Surface of th is unit typically contains
th e same plant species as map unit Q ar, w ith  additional juniper (Juniperus
sp.), piñon (P inus edulis), big  sag ebrush  (Artemisia tridentata), cane ch olla
(Cylindropuntia imbricata), and prickly pear (Opuntia sp.). U nit includes
debris fans, canyon-mouth  fans, colluv ium, and minor sh eetw ash  alluv ium. 
Since th e 19th  Century, th is deposit h as been incised up to 13 m. Differentiated
from map unit Q ar (modern to h istoric alluv ium) by h ig h er g eomorph ic
position, slig h tly finer-g rained texture, slig h tly darker color in outcrop, and
different plant community. <14 m th ick.

01-03-00-00-00— h eading 02— Surficial— Surficial units not confined to v alley
floors (Q uaternary)— Surficial units not confined to v alley floors
01-03-01-00-00— unit— Q sw — Sh eetw ash  alluv ium (P leistocene to
H olocene)— Loose to w eakly consolidated clay, silt, sand, and g rav el. Includes
colluv ium on slopes. At foot of slopes, may include mudflow s, poorly sorted
debris flow  deposits, and associated debris flow  lev ees. At th e base of slopes,
th is unit includes locally-deriv ed clay, silt, sand, and mud w h ose composition
and texture is controlled by composition of upslope bedrock outcrops. In th ese
setting s, th e unit often includes coalesced alluv ial sediment aprons th at g rade
upslope into colluv ial aprons. Locally contains lag  g rav el; w h ere th is unit is
found immediately dow nslope of outcrops of th e Fruitland Formation,
Kirtland Formation, Ojo Alamo Sandstone, Nacimiento Formation, or San Jose
Formation, th e lag  g rav el frequently contains rounded clasts of crystalline rock
and/or petrified w ood th at are inh erited from th ose Cretaceous and P aleog ene
units. W h ere th is unit is found on broad upland flats, it consists of alluv ial
rew orked eolian sands. In th ese setting s, it comprises w eakly consolidated
lig h t brow n to lig h t yellow ish  brow n poorly to moderately sorted clay, silt, and
sand in poorly expressed v ery th in to medium h orizontal plane beds w ith
trace crossbeds. Grades laterally into adjacent eolian sh eet sands (map unit
Q es). On surface, dune forms are absent but intermittent drainag es often flow
parallel to th e presumed formed alig nment of long itudinal dunes (azimuth  of
060°∓ 10° or 240°∓ 10°). Areas of recent deposition h ost g rasses at th e surface.
Less recently activ e areas h ost roug h ly equal proportions of saltbrush
(Artiplex canescens) and big  sag ebrush  (Artemisia tridentata), w ith
subordinate g rasses, Mormon tea (Eph edra sp.), broom snakew eed
(Gutierrezia saroth rae), prickly pear (Opuntia sp.), and cane ch olla
(Cylindropuntia imbricata). In upland areas, th e contact w ith  underlying  unit
often is g radational and may be obscured by pedog enic or paleopedog enic
alteration. W h ere found at th e base of slope, th e low er contact often is distinct
and marked by a scour surface. Contacts w ith  adjacent units are g radational.
Interfing ers w ith  alluv ium. Rarely sh arply incised; subdued topog raph y is
prev alent. 1-6 m th ick.
01-03-02-00-00— unit— Q es— Eolian sh eet sands (P leistocene to early
H olocene)— Loose to w eakly consolidated sand in broad sh eets and stabilized
dunes. Young er deposits contain w h ite to pink, w ell-sorted crossbedded
quartz arenitic to feldspath ic arenitic (80-95% quartz in th e sand size class)
v ery fine to fine sand in linear or parabolic dunes. Older deposits are more
common and consist of lig h t brow n, pale brow n, and v ery pale brow n loosely
consolidated moderately sorted to w ell-sorted subrounded coarse silt to
medium sand in stabilized long itudinal dunes and sand sh eets on upland
areas. Bedding  is disturbed to th e point of obscurity in low er portions of th e
unit. T h e upper 30 cm of th is unit is nonefferv escent in h ydroch loric acid;
low er paleosols w ith in th e unit are efferv escent. At least 6 paleosols are
present in older deposits; th ese comprise pale brow n to strong  brow n poorly
sorted to moderately sorted clay to medium sand, silty sand, sandy silt, and
and clayey silt massiv e h orizons w ith  block ped structures and up to stag e II
pedog enic carbonate h orizons w ith  few  carbonate nodules and filamental
coating s. In g eneral, low er paleosols are darker  (low er Munsell color v alue),
finer-g rained, and more likely to contain blocky peds, pedog enic carbonate,
and th in clay cutans on ped faces. Distinct contact w ith  underlying  units,
th oug h  th is contact sometimes is ov erprinted by a paleosol w h ere Q es ov erlies
Q g s. Stabilized dunes are typified by big  sag ebrush  (Artemisia tridentata)-
dominated plant communities, w ith  subordinate riceg rass (Ach nath erum
h ymenoides), g rama g rass (Bouteloua sp.), saltbrush  (Artiplex canescens),
ch amisa (Ericameria nauseosa), broom snakew eed (Gutierrezia saroth rae), and
Mormon tea (Eph edra sp.). P ine (P inus sp.) and juniper (Juniperus sp.) are
nearly entirely absent on th is deposit. Generally poorly exposed; w ell exposed
only in activ e h eadcuts and construction trench es for pipelines and roads.
Av erag e sediment eolian transport azimuth  is 061° as determined by dune
morph olog ies in aerial imag ery. Stabilized long itudinal dunes are up to 10 m
tall. <12 m th ick.
01-03-03-00-00— unit— Q g s— Grav elly sand sh eets (P leistocene)— W eakly to
moderately consolidated g rav elly sand in broad sh eets capping  former
pediment surfaces in th e drainag es of Blanco W ash  and Ch aco W ash . P rimarily
lig h t yellow ish  brow n to lig h t brow n fine to coarse sand w ith  2-10% pebbles
and trace silt and cobbles. Sand is moderately sorted subrounded to
subang ular, 50-70% quartz, 25-50% feldspar, and trace to 5% lith ics. Grav el is
subrounded to v ery rounded quartzite, ch ert, dark g rey to black petrified
w ood, yellow ish  brow n to reddish  brow n petrified w ood, crystalline g ranitic
rocks, crystalline g neissic rocks, micrite, and fossiliferous limestone. P ebbles
are more abundant low er in th e unit. Distinct contact w ith  underlying  units is
often marked by a g rav el bed 5-30 cm th ick. W h ere v isible, th e upper contact
often is marked by a w eakly dev eloped paleosol, discontinuous g rav el lenses,
and lens-sh aped deposits of fine sands interpreted as coppice dunes. Sands in
th is unit efferv esce in h ydroch loric acid. T h e surface of th is unit exh ibits
subdued topog raph y w ith  little steep-sided incision but a relativ ely mature
and interconnected system of small tributary drainag es. May include th in
surficial deposits of recent eolian sands up to 30 cm th ick and coppice dunes
up to 2 m h ig h . Surface supports plant community including  big  sag ebrush
(Artemisia tridentata), g rama g rass (Bouteloua sp.), saltbrush  (Artiplex
canescens), ch amisa (Ericameria nauseosa), broom snakew eed (Gutierrezia
saroth rae), and Mormon tea (Eph edra sp.). P ine (P inus sp.) and juniper
(Juniperus sp.) are nearly entirely absent on th is deposit. 3-7 m th ick
02-00-00-00-00— h eading 01— P aleog ene— P aleog ene (P aleog ene)— P aleog ene

02-01-00-00-00— h eading 02— Ig neous rocks— Ig neous rocks
(Olig ocene)— Ig neous rocks
02-01-01-00-00— unit— P Ei— Intrusiv e dikes of th e Dulce Dike Sw arm of
Lipman & Zimmerer (2019) (ca. 25.0 Ma)— Lig h t g ray to g ray trach ybasalt and
basaltic trach yandesite dikes intruding  Eocene-ag ed San Jose Formation
mudstones and sandstones. Dike orientation is subv ertical. Dikes on th is
quadrang le are up to 2.4 km long . Dike th ickness is 1-8 m. Contains
ph enocrysts of oliv ine and clinopyroxene. Mica and amph ibole present in
g roundmass.
02-02-00-00-00— h eading 02— Siliciclastic rocks— Siliciclastic rocks
(P aleog ene)— Siliciclastic rocks
02-02-01-00-00— unit— P Esj— San Jose Formation (Eocene)— San Jose
Formation

02-02-01-01-00— subunit— P Esjt— T apicitos Member of th e San Jose Formation
(Eocene)— Reddish  brow n, lig h t reddish  brow n, lig h t reddish  g ray, and lig h t
brow n mudstone w ith  subordinate reddish  yellow  to lig h t red sandstone. Both
mudstones and sandstones are slope-formers. Mudstones are moderately to
w ell consolidated non-fissile silty claystones, sandy silty claystones, and
siltstones. Bedding  is g enerally obscured by w eath ering  and by th e crumbly
nates of th e units. Sandstones are poorly consolidated medium- to coarse-
g rained subang ular to ang ular th in- to medium-bedded cross-bedded
feldspath ic arenites and feldspath ic w ackes w ith  trace cong lomerate lenses.
Cong lomerates contain subang ular to subrounded pebbles of crystalline
ig neous and metamorph ic rocks w ith  subordinate ch ert, quartzite, and
limestone. Sand bodies are 2-30 m th ick. Mudstones and sandstones g rade
laterally and v ertically w ith  each  oth er and w ith  th e subjacent and adjacent
Llav es Member of th e San Jose Formation. No know n fossils. U pper contact
not present in map area. Maximum th ickness in map area is approximately 135
m
02-02-01-02-00— subunit— P Esjl— Llav es Member of th e San Jose Formation
(Eocene)— Reddish  yellow , v ery pale brow n, yellow , and brow nish  yellow
crossbedded medium- to v ery coarse-g rained moderately sorted subang ular
sandstone and cong lomerate w ith  lesser reddish  brow n, yellow ish  brow n, pale
oliv e, and g ray mudstone. Mudstone interbeds are laterally discontinuous and
1-5 m th ick; rare to 10 m th ick. Sand composition is 40-60% quartz, 40-50%
feldspar, and trace-15% lith ics. P ebbles and rare cobbles include quartzite,
ph aneritic ig neous rocks, felsic- to intermediate-composition g neissic rocks,
ch ert, and trace limestone. Bed th ickness rang es from th in to th ick.  Bottom
and top of th e Llav es Member in much  of th e map area are marked by
persistent cliff-forming  v ery pale brow n to yellow  sh eet sandstones. Betw een
th ese tw o sh eet sandstones, th ere are interbedded sandstones, mudstones, and
siltstones forming  slopes and small led g es. Intertong ues w ith  th e underlying
Reg ina Member of th e San Jose Formation in upper reach es of Cañada Larg a.
Intertong ues w ith  th e T apicitos Member of th e San Jose Formation in far
north eastern map area along  th e Continental Div ide in th e h eadw aters of
Cañon de los Ojitos and Bear Canyon. Gradational contact w ith  ov erlying
T apicitos Member of th e San Jose Formation. T h ickness approximately 95-135
m.
02-02-01-03-00— subunit— P Esjr— Reg ina Member of th e San Jose Formation
(Eocene)— Lig h t g ray, v ery pale brow n, lig h t oliv e g ray, reddish  g ray, and lig h t
yellow ish  brow n mudstone, siltstone, sandy mudstone, and silty mudstone
w ith  subordinate w h ite, yellow , and lig h t yellow ish  brow n clayey sandstone,
silty sandstone, and sandstone. Lesser amounts of pale brow n to yellow
feldspath ic pebbly sandstone forming  prominent cliffs. Mudstones are slope
formers and broad, v eg etated flats and low  h ills across w ide areas, especially
near U .S. H ig h w ay 550 and th e upper reach es of Cañon Larg o. Sandstones are
fine- to v ery coarse-g rained moderately sorted ang ular to subang ular
feldspath ic arenites w ith  subordinate feldspath ic w ackes. Sand composition is
40-60% quartz, 40-50% feldspar, and 8-15% lith ics. T h e Reg ina Member
g enerally fines north w ard in th e map area. P ebbles include felsic to
intermediate ph aneritic rocks, quartzite, felsic- to intermediate-composition
g neissic rocks, and ch ert. Sandstone bedforms include tabular and troug h
crossbeds, h orizontal plane beds, scour-and-fill structures, and massiv e beds.
Contorted beds interpreted as paleoseismites are present in th e easternmost
map area. T h e Reg ina Member contains v ertebrate fossils from th e W asatch ian
North  American Stag e (ca. 55.4 - 50.3 Ma). Conformable contact w ith  th e
underlying  Cuba Mesa Member of th e San Jose Formation. Intertong uing
contact w ith  th e ov erlying  Llav es Member of th e San Jose Formation. In an
arcuate north w est-trending  path  from roug h ly Deer Mesa in th e south ern map
area th roug h  Sisnath yel Mesa,  Lybrook, Crow  Mesa, to Blanco Mesa in th e
north ern map area, a major reg ional- to continental-scale drainag e div ide
roug h ly follow s th e base of th e Reg ina Member, th e streams on th e
dow nsection side of th e Reg ina Member flow ing  south  and w est into th e Rio
P uerco, Blanco W ash , and Ch aco W ash , and streams on th e upsection side
flow ing  north  and east into Cañon Larg o. T h ickness 200-490 m.
02-02-01-04-00— subunit— P Esjc— Cuba Mesa Member of th e San Jose
Formation (Eocene)— W h ite to yellow , rusty-w eath ering  sandstone, pebbly
sandstone, and trace cong lomerate w ith  lenses of lig h t g ray to reddish  g ray
mudstone and silty mudstone. Sandstones are medium- to v ery coarse-g rained
moderately sorted ang ular to v ery ang ular feldspath ic arenites. Sand
composition is 40-55% quartz, 45-55% feldspar, and 5-15% lith ics. P ebbles
include ph aneritic ig neous rocks, quartzite, g neissic rocks, ch ert, and trace
limestone. Sandstone bedforms include tabular crossbeds, h orizontal plane
beds, scour-and-fill structures, contorted beds, and massiv e beds. Contorted
beds in th e eastern map area near Mesa de Cuba are interpreted as
paleoseismites. Silicified trees are common in th e low er portions. Molds of
trees are common th roug h out, especially in bases of sandstone beds ov erlying
mudstones. Sandstones form prominent and continuous cliffs. Mudstones are
lens-sh aped, slope-formers, discontinuous ov er kilometers, and may g rade
into sandstones ov er meters. Contains v ertebrate fossils from th e W asatch ian
North  American Stag e ( 55.4 - 50.3 Ma). T h e Cuba Mesa Member g enerally
th ins and fines w estw ard in th e map area. Disconformable to slig h tly ang ular
unconformable w ith  th e underlying  Nacimiento Formation. Conformable
contact w ith  th e ov erlying  Reg ina Member of th e San Jose Formation w ith
minor intertong uing  w ith  th e Reg ina Member in th e south eastern map area
from roug h ly Arroyo Ch ijuilla to T orreon W ash . T h ickness 50 m in w estern
map area to 235 m in east.
02-02-02-00-00— unit— P En— Nacimiento Formation, undiv ided
(P aleocene)— Only sh ow n in cross section. Includes all members of th e
Nacimiento Formation described abov e.
02-02-02-01-00— subunit— P Ene— Escav ada Member of th e San Jose Formation
(P aleocene)— W h ite to g ray sandstone and mudstone. Sandstones are v ery
fine- to medium-g rained poorly to moderately sorted ang ular to subrounded
(primarily subang ular) feldspath ic arenites and feldspath ic w ackes. Sandstone
beds are rarely v isible; th ose observ ed are th in to medium h orizontal plane
beds and tabular crossbeds. Mudstones include silty claystone, clayey
siltstone, and clayey sand siltstone. Bedding  is difficult to observ e in Escav ada
Member mudstones. Laterally extensiv e h ig h ly resistant 5-30 cm-th ick
silicified v olcanic ash es are common. T h ese beds include v ertical burrow s of 8-
20 mm diameter, rare root traces, unev en bases, and sh arp tops. T ypically
forms slopes and steep badlands beneath  th e ov erlying  cliffs of th e Cuba Mesa
Member of th e San Jose Formation. T h e Escav ada Member lacks ag e-
diag nostic fossils. Mag netostratig raph y sug g ests a T iffanian North  American
Stag e (60.2 - 56.8 Ma) ag e. Conformably ov erlies older members of th e
Nacimiento Formation Disconformable w ith  ov erlying  San Jose Formation; a
slig h t (2-5°) ang ular unconformity exists atop th e Escav ada Member in th e
south eastern map area. T h ickness 50-90 m in north -central map area, th inning
to 20-30 m in south east
02-02-02-02-00— subunit— P Enoe— Ojo Encino Member of th e Nacimiento
Formation (P aleocene)— Gray, pale red, lig h t reddish  brow n, pale oliv e, and
v ery dark g ray mudstones w ith  w h ite to yellow  sandstones. Can be
subdiv ided into th ree lith olog ic categ ories:  mudstones, isolated  sandstones,
and a basal pebbly sandstone (P enistaja Bed).Mudstones:  Mudstones
predominate and are v arieg ated h ues of red, g reen, almost black, and g ray.
Mudstone lith olog y includes non-fissile clay, silty clay, and minor sandy silty
clay. Bedding  in mudstones is obscured by modern w eath ering  and by
pseudoslickenlines from expanding  clays. Mudstones contain smectite,
montmorillonite, and trace kaolinite. Mudstone outcrops are frequently
unv eg etated to sparsely v eg etated slope-formers and exh ibit popcorn
w eath ering  at th e surface. Carbonized root traces are present but not common.
Isolated sandstones:  Isolated sandstones make up approximately 30% of th e
Ojo Encino Member and contain v ery fine- to medium-g rained poorly to
moderately sorted ang ular to subrounded sands w ith  abundant silt. Sand
composition is 45-60% quartz, 20-40% feldspar, and trace-25% lith ics. Bedding
is laminated to medium, w ith  tabular and troug h  crossbeds, g raded beds,
crev asse-splay deposits, and h orizontal plane beds. Carbonized w ood and
plant debris are present in isolated sandstones. Forms slopes and small
discontinuous cliffs.  Isolated sandstones are 2-10 m th ick. Basal sandstone
(P enistaja Bed of W illiamson & Lucas (1992)):  T h e P enistaja Bed is a
continuous cliff-forming  v ery pale brow n to lig h t g ray pebbly sandstone. Sand
composition is fine- to coarse-g rained moderately to w ell-sorted ang ular to
subrounded (predominantly subang ular) calcareous feldspath ic arenite.
Brow n cannonball concretions up to 50 cm in diameter are common. Bedforms
include troug h  crossbeds, epsilon crossbeds w ith  clay drapes, and h orizontal
plane beds. Disconformable low er contact is marked by a scoured g rav el layer.
T h e P enistaja Bed is present from th e south eastern map area w estw ard to
approximately th e Continental Div ide at Encino W ash . T h ickness 15-60 m. T h e
ag e of th e Ojo Encino Member is w ell constrained by biostratig raph y and
dated ash es to th e T orrejonian North  American Stag e (63.3 - 60.2 Ma). It
intertong ues to th e north w est w ith  th e T sosie Member of th e Nacimiento
Formation. It disconformably ov erlies th e older Arroyo Ch ijuillita Member of
th e Nacimiento Formation. It is conformably ov erlain by th e young er Escav ada
Member of th e Nacimiento Formation. T h ickness 90-122 m.
02-02-02-03-00— subunit— P Ent— T sosie Member of th e Nacimiento Formation
(P aleocene)— (Formerly w ith in th e Ojo Encino Member of th e Nacimiento
Sandstone of W illiamson (1996); proposed as “T sosie Member” by Cath er et al.
(2019)). W h ite to lig h t yellow ish  brow n sandstones and lig h t g ray, g ray, and
g rayish  brow n mudstones. Sandstones are in 10-35 m-th ick ch annel complex
bodies w ith  crossbeds, laterally accreted beds, preserv ed ch annel marg ins, and
point-bar deposits. Sand composition is fine- to coarse-g rained, moderately
sorted, subang ular to subrounded. Cong lomerate present only as
intraformational mudstone rip-up clasts. Mudstones are drab-colored and
separate th e more prev alent sandstone complexes. Sandstones h ost sparse
sh rub and small tree plant communities. Mudstones are larg ely unv eg etated
and form badlands topog raph y w ith  popcorn w eath ering . T h e T sosie Member
is entirely or larg ely T orrejonian in ag e, th oug h  its base may extend into th e
late P uercan North  American Stag e (66.0 - 63.3 Ma) (Cath er et al., 2019).
Intertong ues w ith  th e adjacent Kutz and Ojo Encino Members of th e
Nacimiento Formation. Intertong ues w ith  and conformably ov erlies th e
Arroyo Ch ijuillita Member of th e Nacimiento Formation. Conformably
ov erlain by th e Escav ada Member of th e Nacimiento Formation. T h ickness 65-
130 m.
02-02-02-04-00— subunit— P Enk— Kutz Member of th e Nacimiento Formation
(P aleocene)— (Formerly th e “main body” of th e Nacimiento Formation of
W illiamson (1996); proposed as “Kutz Member” by Cath er et al. (2019)).
W h ite, g ray, lig h t brow n, g ray, g rayish  g reen, and lig h t reddish  brow n
sandstone and mudstone. Reddens upw ard. Sandstone bodies are 2-35 m th ick
w ith  laminated to v ery th ick beds, crossbeds, crev asse splay deposits,
laminations, and h orizontal plane beds. Sandstones are fine- to coarse-g rained
poorly to moderately sorted ang ular to subrounded w ith  trace pebbles of ch ert
and crystalline rocks. Sandstone composition is 45-60% quartz, 20-40%
feldspar, and trace-25% lith ics. Brow n cannonball concretions up to 2 m
diameter present. Sandstone induration v aries; forms both  slopes and cliffs.
Mudstones include non-fissile claystone, silty claystone, sandy silty claystone,
siltstone, and sandy siltstone. Many mudstone layers can be traced laterally for
kilometers. P seudoslickenlines, root traces, and paleosols are present in
mudstones. Mudstone induration v aries; g enerally forms steep badlands
topog raph y w ith  popcorn w eath ering  at surface. T h e Kutz Member outside
th e map area contains an ash  dated at 65.49 ∓ 0.06 Ma (Cath er et al., 2019). T h e
low er 30-40 m of th e Kutz Member contains P uercan (66.0 - 63.3 Ma) fossils.
T h e middle and upper Kutz Member contains T orrejonian (63.3 - 60.2 Ma)
fossils (W illiamson, 1996). Conformably ov erlies th e Ojo Alamo Sandstone.
Intertong ues w ith  th e adjacent T sosie Member of th e Nacimiento Formation.
Conformably ov erlain by th e Escav ada Member of th e Nacimiento Formation.
Relationsh ip w ith  th e Arroyo Ch ijuillita Member of th e Nacimiento Formation
is poorly understood. T h ickness 300-370 m.

02-02-02-05-00— subunit— P Enac— Arroyo Ch ijuillita Member of th e
Nacimiento Formation (P aleocene)— W h ite to lig h t g ray and pinkish  g ray
sandstone and yellow ish  g ray to dark reddish  brow n mudstone. Sandstones
are v ery fine- to medium-g rained moderately to w ell-sorted subang ular to
subrounded clay-cemented feldspath ic arenites and feldspath ic w ackes.
Sandstone bodies are 1-5 m th ick and contained laminated to medium
h orizontal plane beds and crossbeds. May contain cannonball concretions up
to 1 m diameter. Sandstones are w eakly to moderately indurated and form
steep slopes and small discontinuous cliffs. Mudstones are slig h tly calcareous
to noncalcareous slope formers. V ery dark g ray to black discontinuous lig nites
up to 20 cm th ick are common. T h e base of th e Arroyo Ch ijuillita Member
contains P uercan fossils (66.0 - 63.3 Ma). At Mesa de Cuba in th e
south easternmost map area, th e upper h alf of th e Arroyo Ch ijuillita Member
contains T orrejonian fossils (63.3 - 60.2 Ma) (W illiamson, 1996). Base is
conformable w ith  th e underlying  Ojo Alamo Sandstone. T op is disconformable
w ith  th e ov erlying  Ojo Encino Member of th e Nacimiento Formation.
Intertong ues to th e north w est w ith  th e adjacent T sosie Member of th e
Nacimiento Formation and possible th e Kutz Member of th e Nacimiento
Formation. T h ickness 30-130 m
02-02-03-00-00— unit— P Eoa— Ojo Alamo Sandstone (P aleocene)— Note:  w e
use th e term Ojo Alamo Sandstone sensu Baltz (1967); since th is definition
includes only one proposed member (th e Kimbeto Member sensu P ow ell
(1973)), w e do not name members w ith in th e Ojo Alamo Sandstone h ere.  V ery
pale brow n to yellow ish  brow n sandstone and cong lomerate w ith  subordinate
pale brow n to brow n and dark g ray mudstones. Sandstones are fine- to coarse-
g rained moderately sorted ang ular to subrounded micaceous feldspath ic
arenites. Sandstone composition is 32-60% quartz, 26-45% feldspar, and 8-36%
lith ics. P ebbles are subang ular to w ell-rounded ch ert, purplish  quartzite,
intermediate composition ph aneritic ig neous rocks, petrified w ood, and
limestone. Intraformational mud clasts up to 60 cm diameter are present at th e
base of some sand bodies w ith in th e Ojo Alamo Sandstone. Sandstone
bedforms include h orizontal plane beds, tabular and epsilon crossbeds, g raded
beds, and scour-and-fill structures. Bed th ickness rang es from  medium to v ery
th ick. Moderately to strong ly cemented w ith  clay and silica. T ypically forms
prominent outcrops. Mudstones w ith in th e Ojo Alamo Sandstone in th e map
area are discontinuous lenses up to 100s of m in w idth . T h ey include sandy
claystone, silty claystone, and org anic sh ale lenses w ith  preserv ed plant
material. T h e unit g enerally fines upw ard. Contains petrified log s up to 2 m
diameter at 30 m leng th . In outcrop, th e Ojo Alamo Sandstone in th e map area
often is marked by juniper (Juniperus sp.) and piñon (P inus edulis) trees,
riceg rass (Ach nath erum h ymenoides), g rama g rass ((Bouteloua sp.), and a
decrease in abundance of oth er g rasses and sh rubs relativ e to surrounding
units. Disconformably ov erlies th e Kirtland Formation. Conformably ov erlain
by th e Nacimiento Formation. T h ickness 5 - 120 m.

03-00-00-00-00— h eading 01— Cretaceous— Cretaceous
(Cretaceous)— Cretaceous
03-01-00-00-00— h eading 02— Siliciclastic rocks— Siliciclastic rocks
(Cretaceous)— Siliciclastic rocks
03-01-01-00-00— unit— Kk— Kirtland Formation (Campanian-Maastrich tian?
(Late Cretaceous))— W h ite and v ery pale brow n to dark g ray and pale oliv e
mudstone and siltstone w ith  minor dark g rayish  brow n to black coal beds and
lenses of lig h t g ray sandstone. Sandstones are v ery fine to medium g rained
moderately to w ell-sorted subang ular to subrounded feldspath ic arenites to
feldspath ic lith arenites. Sandstones contain 21-65% quartz, 17-48% feldspar,
and 4-53% lith ics. W eakly to moderately indurated. Forms slopes, v eg etated
flats, and steep badlands topog raph y. Abundant Campanian (83.6 - 72.1 Ma)
v ertebrate fossils constrain th e ag e of th e Kirtland Formation, and th e base of
th e Formation is dated at 75.02 ± 0.13 Ma (Fow ler, 2017). T h e upper Kirtland
Formation north w est of th e quadrang le is know n to h ost Maatrich tian (72.1 -
66.0 Ma) v ertebrate fossils and palynomoprh s; it is unknow n w h eth er th ese
Maastrich tian strata continue onto th e quadrang le. Conformable low er contact
w ith  underlying  Fruitland Formation. Disconformable upper contact w ith  th e
ov erlying  Ojo Alamo Sandstone. T h ickness 150-170 m.
03-01-01-01-00— subunit— Kkf— Farming ton Sandstone Member of th e
Kirtland Formation (Campanian (Late Cretaceous))— Lig h t yellow ish  brow n to
yellow ish  brow n sandstone w ith  interbedded lig h t g ray to v ery pale brow n
mudstones. Sandstone is fine- to medium-g rained poorly to w ell sorted,
subang ular to subrounded clay-cemented feldspath ic w acke. W ell indurated
and forms resistant but discontinuous cliffs. Mudstone is silty claystone and
sandy claystone, less resistant, and forms rounded low -relief outcrops betw een
sand bodies. Constrained by dated ash es to betw een 74.11 ± 0.62 Ma and 73.37
± 0.28 Ma (Sulliv an and Lucas, 2003). Member pinch es out to th e south east
near T sun-je-zh in approximately 7 km east of th e w estern map boundary.
T h ickness in th e quadrang le is 9-30 m.
03-01-02-00-00— unit— Kf— Fruitland Formation (Campanian (Late
Cretaceous))— V arieg ated g ray, yellow ish  g ray, and yellow ish  brow n
sandstone, siltstone, and mudstone, w ith  dark brow n to black carbonaceous
sh ale and coal. Coal beds are often marked by reddish  yellow  oxidized zones
in th e ov erlying  and underlying  strata. Sandstones are lens-sh aped and 0.5-14
m th ick, v ery fine- to medium-g rained moderately to w ell-sorted subang ular
to subrounded quartz arenites, subfeldspath ic arenites, quartz w ackes, and
subfeldspath ic w ackes. Sandstone composition is 86-97% quartz, 1-10%
feldspar, and 1-5% lith ics. Bedforms include h orizontal plane beds, crossbeds,
and ripple laminations. Ironstone concretions are common in Fruitland
Formation sandstones. Multistoried sand bodies are better indurated and form
bench es. Isolated sandstones are w eakly indurated and form slopes.
Mudstones include silty claystone, sandy claystone, and clayey siltstone.
Mudstones are carbonaceous and h av e carbonized plant material and roots.
Mudstones are g enerally poorly indurated and form slopes. Indurated reddish
yellow  mudstones associated w ith  coals form steeper outcrops.  P alynomorph s
sug g est a late Campanian ag e (Lucas et al., 2006). Conformable and
intertong uing  upper and low er contacts. T h ickness w ith in th e quadrang le
v aries from 20-80 m.
03-01-03-00-00— unit— Kpc— P ictured Cliffs Formation (Campanian (Late
Cretaceous))— V ery pale brow n, pale brow n, and yellow  sandstone w ith  th in
interbeds of lig h t g ray to lig h t yellow ish  brow n siltstone and subordinate g ray
sh ale. Sandstones are discontinuous ov er 100s to 1000s of m in bodies th at are
4-12 m th ick. Sandstones are v ery fine- to fine-g rained w ell-sorted subrounded
quartz arenites, subfeldspath ic arenites, quartz w ackes, and subfeldspath ic
w ackes; arenites predominate. Sandstones are often org anic-rich , interbedded
w ith  siltstones, and h eav ily burrow ed by Oph iomorph a. Bedforms include
w av y beds, flaser beds, ripple crossbeds, h erring bone crossbeds, and
h orizontal plane beds. In most of th e map area, th e P ictured Cliffs Formation
contains th e stratig raph ically h ig h est occurrence of Oph iomorph a. Sandstones
are moderately to w ell-indurated and form 3-10 m-tall cliffs in th e eastern
outcrop area, and steep slopes  and broad outcrops in th e area betw een
Escav ada W ash  and Ch aco W ash  and w est of Kimbeto W ash . Represents th e
final reg ression of th e Cretaceous Interior Seaw ay from north w estern New
Mexico. Conformable and intertong uing  upper and low er contacts. T h ickness
12-24 m.
03-01-04-00-00— unit— Kl— Lew is Sh ale (Campanian (Late
Cretaceous))— U pper part lig h t oliv e g ray, oliv e g ray, and dark g ray calcareous
sandy sh ale and silty sh ale w ith  pale brow n to lig h t brow n sandstone
interbeds up to 1.5 m th ick. Becomes sandier upsection and g rades into th e
ov erlying  P ictured Cliffs Formation. Middle part lig h t g ray to dark oliv e g ray
claystone, sh ale, and silty claystone w ith  th in to medium lig h t brow n
sandstone beds and trace concretionary limestone and marls. Low er part v ery
pale brow n to lig h t yellow ish  brow n sandstone, silty sandstone, and clayey
sandstone w ith  abundant lig h t g ray to g ray mudstone and sh ale interbeds;
becomes clayier upsection. Forms slopes. Generally outcrops poorly, best
exposed beneath  cliffs of ov erlying  P ictured Cliffs Formation and in steep
arroyo w alls. In most of its outcrop area, th e Lew is Sh ale forms broad flats and
low -relief h ills supporting  g rasses and small sh rubs. Contains Campanian
marine inv ertebrate fossils, particularly in th in limestone interbeds of th e
middle part. May contain Oph iomorph a burrow s in sandy interv als,
particularly near th e base and top.  Gradational upper and low er contacts.
Outcrop th ickness 30-35 m. T h ickens north eastw ard in subsurface to >450 m.

03-01-05-00-00— unit— Kch — Cliff H ouse Sandstone (Campanian (Late
Cretaceous))— U pper part w h ite to brow nish  yellow  sandstone w ith  sh ark
teeth , g astropods, biv alv es, and rare ammonites. U pper unit often includes a
capping  brow n to dark brow n w ell-cemented sandstone w ith  death
assemblag e of broken marine inv ertebrates. Middle part sandstones similar to
upper part but w ith  abundant lig h t g ray to g rayish  brow n sh ale interbeds. T h e
fossil biv alv e Inoceramus is more common in th e middle part; Oph iomorph a,
sh ark teeth , and ammonites also are present.  Low er part v ery pale brow n to
brow nish  yellow  sandstone w ith  crossbeds, ripple laminations, abundant
Oph iomorph a nodosa burrow s and rare sh ark teeth , biv alv e, and ammonite
fossils. Sandstones are fine- to coarse-g rained moderately to w ell-sorted
subrounded w ith  lenticular beds, h orizontal plane beds, crossbeds, and
massiv e beds. U pper and low er parts are w ell indurated and form v ertical
cliffs. Low er and upper sandstone is h ig h ly fractured by joints parallel to cliff
faces. Middle part forms slopes. Conformable and intertong uing  contacts.
T h ickness in outcrop 100-112 m. T h ins north eastw ard in subsurface to 30 m.
03-01-06-00-00— unit— Kmf— Menefee Formation, undiv ided (Campanian
(Late Cretaceous))— P ale brow n to lig h t yellow ish  brow n sandstone w ith
interbeds of lig h t oliv e g ray to g rayish  g reen and brow n carbonaceous
mudstone and siltstone. Sandstones are moderately indurated, 0.5-3 m th ick,
fine- to coarse-g rained moderately sorted subrounded to subang ular w ith
crossbeds, laminations, and w av y and flaser bedding . Mudstones and
siltstones are carbonaceous and contain th in discontinuous lig nite layers.
Silicified trees present. Rare turtle, fish , crocodile, dinosaur, palm, and conifer
fossils. Sandstones form small cliffs; mudstones form slopes and recessiv e
outcrops beneath  sandstone caps. Generally fines upw ard. Conformable and
intertong uing  upper contact. Low er contact does not outcrop on th e
quadrang le.  Outcrop th ickness on th e quadrang le about 150 m. T h ickness in
subsurface in th e quadrang le about 500 m in south , th inning  north eastw ard to
about 150 m near north ern map boundary.
03-01-06-01-00— subunit— Kmfm— Mudstone tong ue of th e Menefee
Formation (Campanian (Late Cretaceous))— Gray to dark g ray mudstone and
siltstone, dark g ray to black carbonaceous sh ale, and minor th in beds of
oxidized and iron-stained lig nite w ith  dark g rayish  brow n to yellow ish  brow n
sandstone lenses. Sandstone composition similar to main body of Menefee
Formation. Exists as a th in tong ue extending  and pinch ing  out to th e north east
from a th icker tong ue to th e south w est off th e quadrang le. Outcrops only on
W est Mesa and South  Mesa in th e far south w est of th e quadrang le. Forms
steep slope betw een th e sandstone cliffs of th e low er Cliff H ouse Sandstone.
T h ickness 0-25 m.
03-01-07-00-00— unit— Kpl— P oint Lookout Sandstone (Late
Cretaceous)— Only sh ow n in cross section. Does not outcrop on quadrang le.
T h ickness in subsurface about 120 m.
03-01-08-00-00— unit— Km— Mancos Sh ale (Late Cretaceous)— Only sh ow n in
cross section. Does not outcrop on quadrang le. Includes Graneros Sh ale
Member, Greenh orn Limestone Member, and Carlisle Sh ale Member.
T h ickness in subsurface about 1600 m.
03-01-09-00-00— unit— Kd— Dakota Sandstone (Early Cretaceous to Late
Cretaceous)— Only sh ow n in cross section. Does not outcrop on quadrang le.
T h ickness in subsurface about 150 m.
04-00-00-00-00— h eading 01— Jurassic— Jurassic (Jurassic)— Jurassic

04-01-00-00-00— h eading 02— Siliciclastic rocks— Siliciclastic rocks
(Jurassic)— Siliciclastic rocks
04-01-01-00-00— unit— Jm— Morrison Formation (Late Jurassic)— Only sh ow n
in cross section. Does not outcrop on quadrang le.

Explanation of Map Sym bols
01.01.01 Contact— Identity and existence are certain. Location is accurate.

01.01.02 Contact— Identity or existence are questionable. Location is accurate.

01.01.03 Contact— Identity and existence are certain. Location is approximate.

01.01.17 Gradational contact— Identity and existence are certain. Location is
accurate.
01.01.19 Gradational contact— Identity and existence are certain. Location is
approximate.
01.03.01 Dike (1st option)— Identity and existence are certain. Location is
accurate.
02.01.01 Fault (g eneric; v ertical, subv ertical, or h ig h -ang le; or unknow n or
unspecified orientation or sense of slip)— Identity and existence are certain.
Location is accurate.
02.01.03 Fault (g eneric; v ertical, subv ertical, or h ig h -ang le; or unknow n or
unspecified orientation or sense of slip)— Identity and existence are certain.
Location is approximate.
02.02.01 Normal fault— Identity and existence are certain. Location is accurate.
Ball and bar on dow nth row n block.
02.02.03 Normal fault— Identity and existence are certain. Location is
approximate. Ball and bar on dow nth row n block.
02.02.07 Normal fault— Identity and existence are certain. Location is
concealed. Ball and bar on dow nth row n block.
31.08 Map neatline

02.11.09 Inclined fault (2nd option)— Sh ow ing  dip v alue and direction.

09.017 Inclined slickenline, g roov e, or striation on fault surface (1st
option)— Sh ow ing  bearing  and plung e.
16.07 Sediment transport direction determined from dune forms

19.05.010

31.11 Leader line

J

J 31.10 Cross section line and label

Correlation of Map U nits
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