NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCES A D1VISION OF NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY

107°15'0"W

Qawo2 182

0000

107°12'30"W

Qp‘;lv§30000

1840000

Qafy Qahm

QTpa

33°22'30"N
Qah

860000 |-

T QawoB
" ﬂ | Qpwe

0
]
=
S
)

o
]
S

Qal

Qawo

A

Qayh

Qpwf

_ Qpw
Qay Sp
2\ 1
S\
\
\Qawo.

A\ Qo

(o

S @
= . \
¥ 4 Y zQa\v\v/o a
anfy\ Qawy = Qpwf

~Jadyh )

Qayh

Qayh

Qpwc

Qawo
~ Qawo

QPW02 %

§ _Qawo
Qpwe)

HY
850000 A

ayh

33°20'0"N = 1

awy Qawo

Qawot

Qawo

Qaw

=

Qawol |
D ah

28

Qawy =~ Qaw X g \
MONTICELLO-POIN
</

lander Reservoir
Number One
= At

oPe0?
ALY

Qawy Vv

=R
A v
=
e . e
S\..,.QPWGA,,

N 3

-
N e DR
o ' Qawol | Y
' S ANGap

\

Qafh
Qafy.

Qafy-
Qafh

840000

Qac5b 7ﬁ
O
<

Qayh

Qawo3—

Qacfy.
33°17'30"N

\

830000

1

!

Qawo .

Qayh—
af—]

Qafy

Qafy

Qawo
~ =N

Qah

- N\Qafos

2'of

"\ Qacy

Qacy

awy

e at o

15

Qac6

Qafh
GRS Y2

Tpwa /i - o af: ~Ghavez Windmill

o + e
" ALAMOSA] VILLAGE==CRAP
e AN

Qawo3

ac
awo3

Qacb

Y

[/
®/Qact

Gewy

Qawo:

Qac3)

N

- |

QahQ

Qaw

S

Qafy
\ P

awy

K

N
- Qmph \

o

Qacy

Qah

awo3

\

2

W\

SN

4 I — - %

-

<él
aor © R

RN o
SN g

N 7N

-

S W i e 0SSP N YT RS

it X =
- f P
RS S-S ) | Sl

- =) Y

Wl

A (uno\sa/e‘r— =
Qah

apwf

N, e
N —

(\Qafy Qa

4
Qa = =
Qp@ N
N \QawoZ¥es
g

Qawft [~

= Mitchell O =
~Qawft gayp

= ) Qs P QP loo  Qawy. QTpa
e > Qpu
‘/.( £y 3

QTpa "-Qaf,y;\
{77395 Qahm
Qawa2’ 3

X 3
m_»_"‘/\_/—i -

NG \-

05 v

Qawo2 Qawoz

— ©

N /‘\ Qafy

h\

g
~/(;afy/,

~
\

W
W

)\
Y /__’QTpa .

A
\ (
A

107°10'0"W

QTpai Qbrg

Qahm
apal

f} 2 ;}_ ~ g :7‘::—%;% ( 4500 QTpa
NG ;;‘/ Rgcs14 ) \C—\/‘)

L Qawy l
254 'PiRosa
Qawf2

Canyoh,
L \\@ VQah/
e

'y \, \
j D) e 27\}
N\ =

L ~ ! ‘\; 2
QTpa L8

w1 \

stQawﬁ\'”:‘ k;% g

Qafy

Qago2 \ | 7=
T TTHTT 7T

=
< i
ac ‘QTpal L Qaecrﬂl

{11 f N

Gy

~5Q1p

=)

Rgcsoséz}

31 /
Rau14\

)
/

|
|

Monticello

Rgdc14

N K\mg'oéew1 ;
= Tag Qayh

107°7'30"W

Qpeu 1850000 Qayh Qah Qpeu
; 33°22'30"N

Psa

Taey —am =

an\J 47

: T'F%'Na\ ¥y e
AlQae0d |
) A5 2 s
g
— Y
ferred) 7' gpeu | 10 |

ax
A&

~
Ri

(1
A
u X

A >
< )J.‘éLQ.\- >~ Qgeo3 aeo
. Y

¥ aeol. Qaeo2

860000

L

=

Qah
Sl N -

I Oac s, 1 .
Qaeo3 bch Qaeo N pu

&,

~ - Qbgl

Tpem

Qaeot \ Qage!

Qaey- Qaeo3
-~ <\

0 X /4 )
Qpeu Qaey
em

=

Q2°
Qbch Qmpu_——

Qpe}l/o : —_p.

peu

Qaeo
Qaeo2
Qpeu

/] Qaeo3
| Qaeo2

Qayh

: 7 ; = Qaeo3

i : z Qpeu

— 850000

21900 Qbwe

Qpeu
L 33°20'0"N

6\ \ Qpeu

840000

\

o o e o " ) s .

e QTpwa’
ach )
awo3™

‘Qayh S \

Qawo2
~~ Qawo

RO o BRTsRanch
P SR\

= 5

G B SR
'-

T2
Qac4 v
QTpa

1";«}

S Canyon- b oo e L

ez

Qac3

WONTICELLE- ac3b

820000

+

33°15'0"N :

Canyon

Qawo

Qawy\ Qayh ’d’a*
afy ™=\

af

0 mph—""1_ °

i

&
- % \\; “\\\:\‘
AL
o, \\5
Qawy=_ . A v
. ;;oa(,,,oé Qah \
/ Q
Sy Qawo2 ) | A=
Q’;afy -\ Qaw

_
Y/ "fQTp

Qawpg?
Qawo3

Nas wo3. Qawo2

Qafy Qawy

° Qawo2

\ Qawo1

o
afy Qawot . Qawy
oF 3 i \

!

Qmp
Qq h
pa

“ )
D S gt 00 7 |

X \

! O . ~
ﬂ-&f{‘wlﬁy\\ﬂj\‘\;( ). =
= \\,":\‘ \ O AN N

V) T %

‘ Sl r,
awol  p
I\
Qawo2 /| !\N

Qpes
Qaeo
Qpes

SR = . “\Tpal
x al

T1

2S R3W

(| Qayh Qawft Qawfi—

(P )

s ) : pu = Qawf1
afo. - - " & Qaf"y.'g\
. “Slgo i = ayh = Tt

Elephant Butte
Reservoir

830000

17

Kmrj

S—Kmrh

y Qawy =
X ’VTO | =

y \ @
< Qawo"'tJK ah/O’

B

(’—K ‘5)‘; ‘, S~
NN\ /VG
§ . w
&
<9 21
2\
O) UNDE]

gt

Qawo3 > \
[3
&

Qawot 0R a

B

w 3

edar anyo

J_
ey
%

Rlls14

| .

1820000

107°15'0"W

Base map from U.S. Geological Survey 2013.
North American Datum of 1983 (NAD83) World Geodetic System of 1984 (WGS84).
Projection and 1000-meter grid: Universal Transverse Mercator, Zone 13S shown in blue.
10,000-foot ticks: New Mexico Coordinate System of 1983(west zone), shown in red.

Hydrography....

CONTOUTS.....coiiiticice e

©2006-2010 Tele Atlas

....................................... GNIS, 2008

Sierra

Fijardo Romero Canyon

Lava

Black

Huerfano Hill
4 Bluffs

Crocker

Elephant

Cuchillo Butte

Engle

..National Hydrography Dataset, 2005
National Elevation Dataset, 2000

1830000

Qawo?2 Q\pa Qawo3 Rlls14 1840000

107°12'30"W

New Mexico

L

Quadrangle Location

Magnetic Declination
July, 2016
8° 44' East
At Map Center

New Mexico Bureau of Geology and Mineral Resources
New Mexico Tech
801 Leroy Place
Socorro, New Mexico
87801-4796

[575] 835-5490

This and other STATEMAP quadrangles are available
for free download in both PDF and ArcGIS formats at:

eolo
PRy oG qufb

, O
Seience for the 215¢ ce

o,
[
[©)

<
o
Q
o

http://geoinfo.nmt.edu

Digital layout and cartography by the NMBGMR Map Production Group:

Phil Miller
David J. McCraw

Elizabeth H. Roybal

New Mexico Bureau of Geology and Mineral Resources
Open-File Geologic Map 262

I
107°10'0"W

820000

33°15'0"N
Kmrd

Kmrj
1850000 107°7'30"W

1:24,000
0

Mapping of this quadrangle was funded by a matching-funds grant from the STATEMAP program of the
National Cooperative Geologic Mapping Act (Fund Number: G16AC00287), administered by the U. S.
Geological Survey, and by the New Mexico Bureau of Geology and Mineral Resources, (Dr. Nelia W.
Dunbar, Director and State Geologist, Dr. J. Michael Timmons, Associate Director for Mapping Programs).
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2K-Ar age from Bachman and Mehnert (1978; see also Wilks and Chapin, 1997)
SK-Ar age from Aldrich et al. (1986; see also Wilks and Chapin, 1997)

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, 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 (drillhole) 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 man-made structures.

The New Mexico Bureau of Geology and Mineral Resources created the Open-file Geologic Map Series to expedite
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 as well as
the latest revision date in the upper right corner. In most cases, the original date of publication coincides with the date of
the map product delivered 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 prior to 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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Explanation of Map Symbols

Contact—Identity and existence are certain; questionable where
— —— --------?querried. Location is accurate were solid, approximate where
dashed, and concealed where dotted.

Interfingering lateral contact—Identity and existence are certain;
i e - location is accurate where hatchures are solid and approximate
where discontinuous.

Fault (generic; vertical, subvertical, or high-angle; or unknown or
unspecified orientation or sense of slip) —Identity and existence are
certain; location is accurate where solid, approximate where dashed,
and concealed where dotted.

Normal fault—Identity and existence are certain; questionable where
———— T —-------“?querried. Location is accurate were solid, approximate where dashed,
and concealed where dotted.

Scarp on normal fault—Identity and existence are certain; location is
ITTTTTTTT accurate where solid and approximate where dashed.

—r— Reverse fault—Identity and existence are certain, location is accurate.

Strike-slip fault, right-lateral offset—Identity and existence are
certain; location is accurate where solid, approximate where dashed,
and concealed where dotted.

R

~——

Strike-slip fault, left-lateral offset—Identity and existence are certain;
location is accurate where solid and concealed where dotted.

Oblique-slip fault, right-lateral offset—Identity and existence are
certain; location is approximate.

—

—_—

Rim of maar-Hachures point into crater —Identity and existence are
T T T T 7T Certain; questionable where querried. Location is accurate were solid,

———4-

—*— Syncline—Identity and existence are certain; location is accurate.

approximate where dashed, and concealed where dotted.

Anticline—Identity and existence are certain; location is accurate
where solid and approximate where dashed.

+ Monocline —Identity and existence are certain; location is accurate.

S

Monocline, anticlinal bend —Identity and existence are certain;
location is accurate where solid, approximate where dashed, and
conclealed where dotted.

Monocline, synclinal bend —Identity and existence are certain,
location is approximate where dashed and concealed where dotted.

Cross section line

Location of measured inclination of contact, dike, key bed, clay bed,
coal bed, or bed of economically important commodity —Showing
dip value and direction.

Fluvial transport direction from channel trend, parting lineations,
or ripple marks.

Sediment transport direction determined from imbrication.

*—> o—> —>

Sediment transport direction determined from crossbeds.

Location of measured lineation on fault surface

Location of measured inclination of fault.

—© —3>N

Minor inclined fault

Minor vertical or near-vertical fault
Horizontal bedding

Inclined bedding

Horizontal flow banding, lamination, layering, or foliation in
igneous rock.

Inclined flow banding, lamination, layering, or foliation in
igneous rock.

16

Large cone, vent, cinder cone, or spatter cone.

7.9 Mg Location of sampled rock used for dating- Showing rock age.

bend

inferred Cedar Canyon maar (approximate
location, projected into line of section)
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Recent Features
Deposits of the inner Rio Grande valley

Rwl4

Water—Areas of standing or flowing water in 2014 aerial imagery.

Rgsbl4

Scroll bars and sand bars—Loose sands, gravelly sands, and lesser muds. Map unit locates
areas of the Rio Grande floodplain exhibiting arcuate banding in vegetation that are apparent
in 2014 aerial imagery, suggesting lateral migration of the channel.

Rgesl4

Crevasse splay fans—Loose sands, gravelly sands, and lesser muds. Map unit locates areas of
the Rio Grande floodplain exhibiting branching distributary networks extending from the

channel that are apparentin 2014 aerial imagery.

Rgdcl4

Axial deltaic fans—Loose sands, gravelly sands, and muds. Map unit locates deltaic distributary
networks of the Rio Grande extending into Elephant Butte Lake that are active in 2014 aerial imagery.

Raul4

Qam

Undivided floodplain alluvium—Loose sands, gravelly sands, and lesser muds. Map unit
locates undifferentiated deposits of the Rio Grande flood plain apparent in 2014 aerial imagery.

Qahm

Rtd14

Tributary deltaic fans—Loose sands, pebbly sands, and pebble gravels. Map unit locates
distributary networks of tributary drainages extending into Elephant Butte Lake that are active

Qah

in 2014 aerial imagery.

Qayh

Rges05

Older crevasse splay fans—Loose sands, pebbly sands, and lesser muds. Map unit locates
areas of the Rio Grande floodplain exhibiting branching distributary networks extending from

the channel that are apparent in 2005 aerial imagery.

Rgdc05

Older axial deltaic fans—Loose sands, pebbly sands, and muds. Map unit locates distributary
networks of the Rio Grande extending into Elephant Butte Lake that are active in 2005 aerial imagery.

Rgdco

Relict axial deltaic fans—Loose sands, pebbly sands, and muds. Map unit locates relict
distributary networks extending from the Rio Grande channel interpreted to have previously

extended into Elephant Butte Lake during higher lake levels.

Rtdo

Relict tributary deltaic fans—Loose sands, pebbly sands, and pebble gravels. Map unit locates
distributary networks near the downstream extent of tributary drainages interpreted to have

previously extended into Elephant Butte Lake during higher lake levels.

Rlls14

Lakeshore-draping sediments—Loose sands and gravelly sands along the margin of Elephant
Butte Lake. Sediments are principally reworked from underlying deposits and tributary

alluvium. Map unit locates areas where these sediments blanket and mask older units.
Thickness is likely no more than 2 m.

Anthropogenic units

af

Artificial fill—Compacted muds, sands, and gravels underlying roads and dams. Up to 10 m thick.

Post-Santa Fe Group Deposits

Eolian,

slopewash, and colluvial units

{Eolian sands—Isolated sheets of loose eolian sand. Only mapped where extensive or concealing

underlying geologic relationships. No significant soil development. Thickness is likely no more than 1 m.

Colluvium and associated alluvium—Sandy gravels, gravelly sands, and sands transported
by mass wasting and unconfined alluvial processes. Composition reflects upgradient source

materials. Only mapped where extensive, particularly thick, or where concealing underlying
geologic relationships. Thickness is likely as much as 2 m.

Qcbo

Older basaltic colluvium—Sandy bouldery gravels transported by mass wasting processes.
Gravels are dominantly basalts derived from upgradient basalt-capped mesas, but are

distinctly disconnected from the slopes flanking these mesas. Surface soils exhibit carbonate
horizons with up to Stage III morphology. Thickness is as much as 3 m.

Alluvial deposits along modern confined drainage systems

Qam

Modern alluvium—Unvegetated sandy cobbly pebble gravels underlying active channels of
drainages. Deposits are poorly sorted sands to boulders with compositions reflecting upstream

source areas in cross-stratified lenticular beds. Bar and swale topography is common at the
surface, and no evidence of soil development is apparent. Thickness is perhaps as much as 2 m.

Qahm

Modern and Historic alluvium, undivided—Used where units Qah and Qam cannot be
mapped separately at this scale.

Qah

Historic alluvium—Poorly vegetated, sandy cobbly pebble gravels underlying low interfluves
along drainages. Deposits are poorly sorted sands to boulders with compositions reflecting

upstream source areas in cross-stratified lenticular beds. Bar and swale topography is common
at the surface, and no evidence of soil development is apparent. Map unit polygons may
include small or narrow areas of unit Qam. Thickness is as much as 1 m.

Qayh

Historic and younger alluvium, undivided—Used where units Qay and Qah cannot be
mapped separately at this scale.

Deposits of modern alluvial fans

Qafh

Historic tributary fan alluvium—Unvegetated gravels and sands along active transport paths in
tributary-derived alluvial fans. Deposits are poorly sorted sands to boulders with compositions

reflecting upstream source areas in massive tabular or cross-stratified lenticular beds. Bar and swale
topography is common, and no evidence of soil development is apparent. Thickness is as much as 1 m.

| Qaty

Young tributary fan alluvium—Gravels and sands underlying coalesced alluvial fans derived
from tributary drainages. Deposits are poorly sorted sands to boulders with compositions

—reflecting upgradient source areas in massive tabular or cross-stratified lenticular beds. Soil

development is commonly weak to absent, with carbonate horizons absent to exhibiting as
much as Stage II morphology. Thickness is perhaps as much as 2 m.

Alluvial deposits of the Rio Grande

Qrgy

Younger alluvium, undivided—Cross-section only. Loose sands, gravelly sands, and lesser
muds underlying the Rio Grande floodplain. Unexposed. Up to 30 m thick.

Qrgte

Eastern older terrace deposits—Isolated Rio Grande-derived variably sandy pebble s north of
Black Bluffs. Gravels are clast-supported, moderately to poorly sorted, and rounded to

well-rounded, and consist mainly of quartzites, granites, cherts, and felsic volcanic rocks.
Conglomerate beds are cross-bedded, thin, and lenticular. Deposit thickness is up to 2 m.

Qrgtl

Western older terrace deposits—Loose, light-brown to light-gray interbedded Rio Grande-derived

variably pebbly sands and western piedmont-derived cobbly pebble gravels along the west side of

The Narrows. Axial sands consist of moderately sorted, very fine- to coarse-grains of dominantly
quartz and lesser siliceous lithics, minor volcanic lithics, and rare black ferromagnesian lithics and
potassium feldspars in trough cross-stratified, medium-thickness, lenticular beds. Pebbles consist
of rounded quartzite, chert, granite, and felsic- through mafic-volcanic rocks. Piedmont gravels
consist of pebbles and minor cobbles of dominantly phenocryst-poor rhyolites with rare
plagioclase+pyroxene porphyries and trace rounded quartzites, granites, and cherts in medium- to
thick-lenticular beds. Matrix sands consist of poorly sorted fine- to very coarse-grains of
dominantly quartz with lesser siliceous and volcanic lithics and rare potassium feldspar. Colors of
75YR 6/3 and 7/2 measured. Age poorly constrained and may be a unit of the Palomas Formation;
overlies QTpa and underlies Qawf1. Thickness is as much as about 8 m.

Western terrace and fan deposits

Younger terrace deposits, undivided—Light-brown to brown, sandy-cobbly-pebble gravels,

Qawy

underlying terrace treads <2 m above nearby active channels. Gravels consist of subrounded to

rounded, poorly sorted pebbles and minor cobbles of mainly phenocryst-poor rhyolites with rare
plagioclase+pyroxene porphyries and trace rounded cherts and quartzites in clast-supported
massive or weakly cross-stratified thin- to medium-lenticular beds. Matrix sands consist of
poorly sorted, very fine- to very coarse-grains of dominantly volcanic lithics with lesser quartz
and rare potassium and plagioclase feldspars. Colors of 10YR 4/3-5/3 and 7.5YR 6/3 measured.
Surface soils exhibit carbonate horizons with up to Stage II morphology. Thickness is up to 1.5 m.

Qawo

Older terrace deposits, undivided—Cobbly pebble gravels to sands underlying terrace treads
generally >2 m above nearby active channels with moderately to well-developed surface soils.

Individual deposits may be equivalent to any combination of Qawo subunits. This map unit is
used where criteria for assigning a deposit to a subunit are absent or unclear, or where units
cannot be mapped separately at this map scale.

Qawo3

Description of Map Units

with lesser quartz and feldspar crystals in massive beds. Clay films occur as rare very
fine-bridges between grains. Matrix color of 7.5YR 6/3 measured. Map unitis used
where the Qac5 terrace tread broadens into an alluvial fan at the margin of the inner
Rio Grande valley. Deposit thicknesses is up to 5 m.

Qac4

Older alluvial deposits, younger intermediate terrace subunit—Pale- to light-brown,
pebble and cobbly, pebble gravels underlying intermediate-level terrace treads with

well-developed surface soils. Gravels consist of subrounded to rounded, poorly sorted
pebbles with minor cobbles and trace boulders of phenocryst-poor rhyolites, minor
plagioclase+pyroxene porphyries, and trace phenocryst-rich quartz-potassium feldspar
porphyry rhyolites in indistinct lenticular cross-stratified beds. Matrices consist of very fine-
to very coarse-sand grains consisting mainly of volcanic lithics. Clay films occur as rare fine
to medium coats on gravels. Matrix color of 10YR 6/3 measured. Surface soils exhibit
carbonate horizons with up to Stage III morphology. Deposit thicknesses is up to 2 m.

Qac3

Older alluvial deposits, older intermediate terrace subunit—Light-brown to

reddish-brown, cobbly pebble gravels underlying intermediate-level terrace treads with

well-developed but commonly degraded surface soils. Gravels consist of subrounded to
rounded, poorly sorted pebbles, minor cobbles, and trace boulders of mainly phenocryst-poor
rhyolites, minor plagioclasetpyroxene porphyries, and trace phenocrystrich
quartz-potassium feldspar porphyry rhyolites in indistinct lenticular cross-stratified beds.
Minor matrix sediment consists mainly of very fine-sand grains consisting of volcanic lithics
and lesser quartz and feldspar crystals. Clay films occur as moderately common fine to
coarse films bridging sands, lining pores, and coating gravels. Matrix colors of Z.5YR 6/4 and
5YR 5/4 to 6/4 measured. Surface soils are variably eroded, but remnant carbonate horizons
with at least Stage IIl morphology are present. Deposit thicknesses up to 2.5 m.

Qac3b

Older alluvial deposits, older intermediate terrace subunit, local higher-level
deposits—Light-brown to light-reddish-brown, cobbly pebble gravels underlying

local terrace treads slightly higher than Qac3. Deposit comparable to Qac3. Map unit
only used locally where insetting relationships separate lower-level (Qac3) and
upper-level (Qac3b) subunits; where insetting relationships are not apparent, these
units are indistinguishable. Deposit thicknesses is up to 2.5 m.

Qac2

Older alluvial deposits, second oldest terrace subunit—Yellowish-red to

reddish-yellow cobbly pebble gravels underlying high-level terrace treads with

commonly eroded surface soils. Gravels consist of subrounded to rounded, poorly
sorted pebbles, minor cobbles, and trace boulders of mainly phenocryst-poor rhyolites,
minor plagioclase+pyroxene porphyries, and trace phenocryst-rich quartz-potassium
feldspar porphy rhyolites in indistinct lenticular cross-stratified beds. Matrices consist
of clayey very fine- to very coarse-sand grains consisting mainly of volcanic lithics.
Clay films occur as common medium to coarse gravel coats and bridges between
grains. Matrix colors of 5YR 5/6 to 6/6 measured. Surface soils are heavily eroded, but
carbonate is common to deposits as thick partial coats on gravels, as local cement, and
as a local whitening of the matrix. Deposit thicknesses is up to 6 m.

Qacfy

Younger tributary fan alluvium burying older terraces—Light-brown to strong-brown
sands to pebbly sands underlying coalescing alluvial fan surfaces graded to Alamosa

Creek terraces, with weakly-developed surface soils. Gravels consist of subrounded to
rounded, poorly sorted pebbles and rare cobbles of mainly phenocryst-poor rhyolites,
minor plagioclasetpyroxene porphyries, and rare phenocryst-rich quartz-potassium
feldspar porphyry rhyolites. Sands are muddy and mainly very fine-grained with rare
fine- to coarse-grains, of mainly volcanic lithics with lesser quartz and feldspar crystals.
Clay films occur as rare fine films on clasts, grains, and ped faces. Matrix color of Z.5YR
4/6 measured. Surface soils exhibit carbonate horizons with up to Stage I morphology.
Deposits overlie terrace deposits as young as Qac5. Deposit thicknesses is up to 1 m.

Qacfo

Older tributary fan alluvium burying older terraces—Light-reddish-brown pebbles
and sandy pebbles underlying local alluvial fan surfaces at higher levels than Qacfy.

Gravels consist of subrounded to rounded, poorly sorted pebbles and trace cobbles of
mainly phenocryst-poor rhyolites, minor plagioclase+pyroxene porphyries, and trace
phenocryst-rich quartz-potassium feldspar porphyry rhyolites in indistinct lenticular
cross-stratified beds. Matrices consist of mainly very fine-sand grains consisting of
mainly volcanic lithics. Clay films occur as rare fine- to medium-grain coats and
bridges between grains. Matrix color of 5YR 6/4 measured. Surface soils are eroded,
but thick partial coats of carbonate are common on gravels at and just below the
eroded fan surface. Deposit thicknesses up to 6 m.

Eastern terrace and fan alluvium

Qaey

Younger terrace deposits, undivided—Light-brown to reddsh-brown gravels and sandy
gravels underlying terrace levels <2 m above nearby active channels. Composition varies

with bedrock exposed upgradient in the Fra Cristobal Mountains. Sediments are
commonly poorly sorted variably cobbly pebbles with trace boulders of variable
proportions of limestone, red siltstone/fine sandstone, granite, Cretaceous sandstones,
and basalt. Sand compositions parallel gravel compositions, with the addition of common
quartz. Preserved soils were not observed in outcrop. Thickness is as much as 1.5 m.

Qaeo

Older terrace deposits, undivided—Gravels to pebbly sands underlying terrace treads
generally >2 m above nearby active channels with moderately to well-developed

surface soils. Individual deposits may be equivalent to any combination of Qaeo
subunits. This map unit used where criteria for assigning a deposit to a subunit are
absent or unclear, or where units cannot be mapped separately at this map scale.

Qaeo3

Younger subunit—Reddish-brown to pink gravels, sandy gravels, and local-pebbly sands

underlying low-intermediate-level terrace treads. Composition varies with bedrock exposed

upgradient in the Fra Cristobal Mountains. Sediments are commonly poorly sorted, variably
cobbly pebbles with trace boulders of variable proportions of limestone, red siltstone/fine
sandstone, granite, Cretaceous sandstones, and trace basalt. Sand compositions parallel
gravel compositions, with the addition of common quartz. Matrix color of 7Z5YR 7/3
measured. Preserved surface soils were not observed in outcrop. Thickness is as much as 3 m.

Qaeo2

Intermediate subunit—Reddish-brown to pink gravels, sandy gravels, and local-pebbly
sands underlying intermediate-level terrace treads with well-developed surface soils.

Composition varies with bedrock exposed upgradient in the Fra Cristobal Mountains.
Sediments are commonly poorly sorted, variably cobbly pebbles with trace boulders of
variable proportions of limestone, red siltstone/fine sandstone, granite, Cretaceous
sandstones, and trace basalt. Sand compositions parallel gravel compositions, with the
addition of common quartz. Matrix colors of 5YR 5/3 and 7.5YR 7/3 measured. Surface soils
exhibit carbonate horizons with up to Stage III morphology. Thickness is as much as 4 m.

Qaeol

Older subunit—Reddish-brown to pink gravels, sandy gravels, and local-pebbly

sands underlying high-level terrace treads with well-developed surface soils.

Composition varies with bedrock exposed upgradient in the Fra Cristobal Mountains.
Sediments are commonly poorly sorted, variably cobbly pebbles with trace boulders of
variable proportions of limestone, red siltstone/fine sandstone, granite, Cretaceous
sandstones, and trace basalt. Sand compositions parallel gravel compositions, with the
addition of common quartz. Matrix colors of 2.5YR 5/4 measured. Surface soils exhibit
carbonate horizons with up to Stage III+ morphology. Thickness is as much as 4 m.

Red Cliffs alluvium and travertine

Qtrc

Travertine by Red Cliffs—Isolated light-gray to white, variably sandy-lime mudstones to
fine-grained packstones and lime-mud-rich sandstones inset against Palomas Formation

strata south of Red Cliffs. Sands are angular to rounded, very fine- to medium-grained
quartz with minor andesitic lithics and plagioclase, trace potassium feldspar, and variable
amounts of siliceous lithics. Sand abundance overall decreases upsection, grading from
dominantly muddy clast-supported sands to dominantly lime-mud with rare sands. Beds
are thin, dominantly planar to undulatory tabular, locally lenticular, locally contorted,
locally internally laminated or cross-laminated. Tubular porosity (from root casts?) is
common to some beds. Grades downsection into Qaerc. Deposit thicknesses is up to 3 m.

Qaerc

Piedmont deposits by Red Cliffs—Isolated very pale-brown to pale-yellow to white,
variably cobbly pebble gravels and variably muddy sands inset against Palomas

Formation strata south of Red Cliffs. Gravels are poorly sorted pebbles, minor to
absent cobbles, and trace to absent boulders of mainly Cretaceous sandstones with
minor plagioclase-phyric andesitic porphyries and trace basalts and siliceous lithics.
Matrix consists of poorly sorted, very fine- to medium-sand grains of mainly quartz
with minor andesitic lithics and plagioclase and trace potassium feldspar and siliceous
lithics. Gravel beds are thin, lenticular, and cross-stratified. Muddy sand beds increase
in abundance upsection, and consist of poorly sorted very fine- to fine-grains of
similar composition to gravel bed matrices. Deposit thicknesses is up to 8 m.

Younger subunit—Light-brown to brown, pebble gravels, sandy gravels, and sands underlying Santa Fe Group Deposits

low-intermediate-level terrace treads with moderately developed soils. Gravels consist of subrounded to A yi41 de posits

rounded, poorly sorted pebbles and rare cobbles of mainly phenocryst-poor rhyolites with rare
plagioclase+pyroxene porphyries and trace basalt in medium to thick, massive to weakly cross-stratified
lenticular beds. Matrices consist of sands, poorly sorted very fine- to medium-grained, of dominantly
rhyolitic lithics with minor quartz and potassium feldspar and rare plagioclase. Clay films are rare or
absent, occurring as very fine- to fine-gravel coats. Colors of 75YR 4/3-4/4, 5/4, and 6/3 measured. Surface
soils exhibit carbonate horizons with up to Stage Il morphology. Thickness is up to 4 m.

Qawo2

Intermediate subunit—Light-brown to light-reddish-brown variably cobbly coarse pebble gravels

and sandy gravels underlying intermediate-level terrace treads with well-developed soils. Gravels

consist of subrounded to rounded, poorly sorted pebbles to trace boulders of mainly
phenocryst-poor rhyolites with minor to rare plagioclasexpyroxene porphyries and trace basalt in
medium to thick, typically massive tabular beds. Matrices are dominantly sands, poorly sorted and
very fine- to coarse-grained, of mainly volcanic lithics with minor quartz, potassium feldspar, and
plagioclase. Clay films occur as rare to moderately common gravel coats and bridges between
grains. Matrix colors of 7Z.5YR 4/3-4/4, 6/4, and 7/2 and 5YR 6/4-6/6 measured. Surface soils exhibit
carbonate horizons with up to Stage III morphology, locally cemented. Thickness is generally 1-2 m.

Qawol

Older subunit—Light-brown to reddish-brown variably cobbly coarse pebble gravels and sandy
gravels underlying high-level terrace treads with well-developed soils. Gravels consist of

Qawf3

Qawf2

Qawfl

Qafo

Qacy

Qac6

Qach

subrounded to rounded, poorly sorted pebbles to trace boulders of mainly phenocryst-poor
rhyolites with minor to rare plagioclase+pyroxene porphyries and trace basalt in medium to thick,
massive or cross-stratified, lenticular to tabular beds. Matrices consist of clayey sands; sands consist
of poorly sorted very fine- to coarse-grains of volcanic lithics with minor quartz and rare potassium
feldspars. Clay films occur as common fine to locally coarse coats on gravels and sands and as
bridges between grains. Matrix colors of 5YR 5/4 and 6/3, 7Z.5YR 6/4, and 10YR 7/2 measured. Surface
soils exhibit cemented carbonate horizons with up to Stage IIl+ morphology. Thickness is up to 6 m.

Older alluvial fan deposits, younger subunit—Light-brown to brown pebble gravels, sandy
gravels, and sands underlying low-intermediate-level alluvial fan surfaces along the western
inner Rio Grande valley flank correlative to Qawo3 terrace treads. Sedimentologically similar to
Qawo3 with similar surface soils. However, gravel suite includes trace rounded quartzite, chert,
and granite and sands are richer in quartz and include minor siliceous lithics. Thickness is 0-3 m.

Older alluvial fan deposits, intermediate subunit—Light-brown to light-reddish-brown
variably cobbly coarse pebble gravels and sandy gravels underlying intermediate-level alluvial
fan surfaces along the western inner Rio Grande valley flank correlative to Qawo2 terrace
treads. Sedimentologically similar to Qawo2 with similar surface soils. However, gravel suite
includes trace rounded quartzites, cherts, and granites, and sands are richer in quartz and
include minor siliceous lithics. Beds are commonly cross-stratified and lenticular. Thickness is
highly variable; 0 to as much as 17 m.

Older alluvial fan deposits, older subunit—Light-brown to reddish-brown variably cobbly
coarse pebble gravels and sandy gravels underlying high-level alluvial fan surfaces along the
western inner Rio Grande valley flank correlative to Qawol terrace treads. Sedimentologically
similar to Qawol with similar surface soils. However, gravel suite includes trace rounded fine
pebbles of quartzite and chert, and sands are richer in quartz and include minor siliceous
lithics. Thickness is highly variable; 0 to as much as 34 m.

Older tributary fan alluvium—Pebbles to pebbly sands underlying local alluvial fan surfaces
grading to Qawo terrace surfaces. Deposits consist of poorly sorted aggregates of materials
exposed upstream of the fan. Deposit thicknesses is up to about 3 m.

Alluvial deposits of Alamosa Creek

Low terrace deposits, undivided—Light-brown to brown sands to sandy-cobbly pebble gravels
underlying low terrace treads with weakly-developed surface soils. Gravels consist of subrounded
to rounded, poorly sorted pebbles and minor cobbles of mainly phenocryst-poor rhyolites with
minor plagioclase+pyroxene porphyries in clast-supported massive or weakly cross-stratified
thin- to medium-lenticular beds. Sands consist of poorly sorted very fine- to very coarse-grains of
dominantly volcanic lithics with lesser quartz, potassium feldspar, and plagioclase crystals.
Surface soils exhibit carbonate horizons with up to Stage I morphology. Thickness up to 2 m.

Older alluvial deposits, youngest terrace subunit—Gravels and sands underlying
low-intermediate-level terrace treads. No exposures were encountered in the field; surface
sediments suggest deposits are comparable to Qac5. Deposit thicknesses likely no more than 2 m.

Older alluvial deposits, second youngest terrace subunit—Light-brown cobbly pebble gravels
underlying low-intermediate-level terrace treads with moderately developed surface soils.

Qacbb

Qachf

Gravels consist of subrounded to rounded, poorly sorted pebbles, minor cobbles, and trace
boulders of mainly phenocryst-poor rhyolites, minor plagioclase+pyroxene andesitic porphyries,
and trace phenocryst-rich quartz-potassium feldspar porphyry rhyolites in indistinct lenticular
cross-stratified beds. Matrices consist of very fine- to very coarse-sand grains consisting mainly
of volcanic lithics. Clay films occur as rare medium to coarse films on gravel faces. Surface soils
exhibit carbonate horizons with up to Stage II morphology. Deposit thicknesses is up to 2 m.

Older alluvial deposits, second youngest terrace subunit, local higher-level deposits—
Light-brown, cobbly, pebble-gravels underlying local terrace treads slightly higher than Qac5.
Deposit comparable to Qac5. Map unit only used locally where in setting relationships separate
lower-level (Qac5) and upper-level (Qac5b) subunits; where insetting relationships are not
apparent, these units are indistinguishable. Deposit thicknesses is up to 2 m.

Older alluvial deposits, second youngest fan subunit—Light-brown, cobbly, pebble-gravels to
muddy sands underlying alluvial fan surfaces correlative to Qac5 terrace treads. Gravels

comparable to those of Qac5. Sands consist of muddy very fine grains of mainly volcanic lithics
be‘nd be‘nd

Monticello Point maar

Monticello Canyon

4,5007]
ft above MSL]

QTpa ° L1

Alamosa Creek — Qmef

Qpai

Interbedded axial-fluvial and piedmont deposits—Light-gray, Rio Grande-derived, variably
pebbly sands interbedded with eastern piedmont sands and gravels overlying Quaternary

volcanic units. Deposits are comparable to QTpai; map unit Qpai is used where deposits
overlie Qbrg or Qwcf, constraining age to Quaternary. Thickness is as much as about 20 m.

QTpai

Interbedded axial-fluvial and piedmont deposits—Light-gray, variably pebbly axial
sands interbedded with eastern piedmont sands and gravels overlying Tbm. Axial sands

consist of moderately to poorly sorted, subrounded to rounded fine- to coarse-sands of
dominantly quartz with minor feldspars and rare chert and volcanic lithics. Axial
pebbles, generally sparse, are of quartzite, chert, rhyolitic and intermediate volcanics and
gravel reworked from the eastern piedmont. Beds are thin to medium, lenticular, trough
cross-stratified, and uncemented. Color of 2.5Y 7/2 measured. Eastern piedmont
sediments are like those described for unit Qpeu. Unit interfingers with Qpeu to the
east, overlies Tbm, and intercalates with Qbrg in outcrop. Unit is inferred to interfinger
with Tpes and intercalate with Qmpu as well. Thickness is as much as about 45 m.

Qpa

Axial-fluvial facies above pyroclastics along Lakeshore Road—White to very
pale-brown to pink, trough cross-stratified pebbly quartz sands/sandstones and lesser

QTpa

sandy pebbles overlying Quaternary volcanic units along the western piedmont.
Deposit is comparable to QTpa. Map unit is used where deposits overlie Qmps,
constraining age to Quaternary. Unit is overlain by Qpwf. Thickness is 0 to about 3 m.

Axial-fluvial facies along west flank of Rio Grande valley—White to very pale-brown
to pink, trough cross-stratified pebbly quartz sands/sandstones and lesser sandy

Tpa

pebbles intercalated with Plio-Pleistocene volcanic units along the western piedmont.
Sands are dominantly moderately to well-sorted, very fine- to very coarse-grains of
dominantly quartz, minor varicolored siliceous lithics and volcanic lithics, minor to
rare potassium feldspars, and rare black ferromagnesian lithics. Colors of 10YR 7/2-7/3
and 8/2, 7Z.5YR 7/4 and 8/1-8/2, and 2.5Y 7/3 measured. Pebbles are dominantly poorly to
moderately sorted, subrounded to well-rounded, and consist of common rhyolitic and
intermediate volcanics, variable quartzites and granites, rare cherts and basalts, and
trace reworked clastic sedimentary rocks and red, fine sandstones. Both pebbly sand
and sandy pebble beds are thin to medium, lenticular, and trough cross-stratified.
Cementation is weak, highly localized or concretionary, and calcitic. Intercalates with
Tbm and Qmps, and underlies Qpwf. Base unexposed; thickness is at least 50 m.

Axial-fluvial facies beneath basalts at The Narrows—White to very pale-brown to
pink trough cross-stratified, pebbly quartz sands/sandstones and lesser sandy pebbles
underlying Pliocene volcanic units along the western piedmont. Deposit is
comparable to QTpa. Map unit is used where deposits underlie Tbm, constraining age
to Pliocene. Base unexposed. Thickness is as least 15 m.

Axial-fluvial beds interfingering with the eastern piedmont—Thin intervals of white
to pale-yellow, trough cross-stratified locally pebbly-quartz sands, intercalated with
Tpes. Sands are dominantly moderately to poorly sorted, very fine- to medium-grains
of dominantly quartz and siliceous lithics with minor feldspars, rare dark-gray to black
ferromagnesian or volcanic lithics, and trace limestone lithics in thin- to
medium-lenticular cross-stratified beds. Colors of 5Y 7/3 and 2.5Y 8.5/2 measured. Trace
gravel are concentrated in narrow lenticular beds and consist of pebbles and cobbles of
rounded quartzite, granite, pink to red aphanitic volcanics, limestone, and chert.
Localized (concretionary) calcite cement. Individual Tpae intervals are up to 4.5 m thick.

Tpal

Lower axial-fluvial sandstones—Pinkish-white to very pale-brown, trough
cross-stratified quartz sandstones underlying Pliocene volcanic units along the eastern

piedmont. Sands are dominantly moderately to well-sorted, rounded, fine- to
medium-grains of quartz and siliceous lithics with rare feldspars and trace black
ferromagnesian lithics in thin- to medium-lenticular beds. Colors of 7Z.5YR 8/2-8.5/2
measured. Trace pebbles and cobbles, localized in thin lenses, consist mainly of
carbonates with lesser red, fine sandstones. Trace discontinuous planar laminae of
mudstone throughout. Overlies Tpel; underlies Tpem and Tpes; and is inset upon by
Tbbd and Tmpm. Locally absent in the footwall of the Hackberry fault. Erosional basal
contact in the footwall of the Hackberry fault, local soil preservation at the top of Tpel
in the hanging wall suggests a conformable contact here. Thickness is 0 to at least 30 m.

Western piedmont deposits

Qpwc

Qpwf

Qawf1

Dominantly coarse-grained deposits—Light-brown to reddish-brown cobbly coarse
pebble gravel, sandy gravel, and rare sand beds. Gravels are subrounded to rounded,
poorly sorted pebbles to trace boulders, and consist dominantly of phenocryst-poor
rhyolites with minor plagioclase+pyroxene porphyries in clast-supported, medium to
thick, massive-planar-tabular to cross-stratified lenticular beds. Matrices are clayey
sands, with sands consisting of poorly sorted, fine- to very coarse-grains of dominantly
rhyolitic lithics, minor quartz and potassium feldspar, and rare plagioclase. Clay films
occur as common pink to reddish-brown, fine- to coarse-grain coats and bridges between
grains. Matrix colors of 5YR 5/4-7/4 and 6/3 and 7.5YR 6/3-6/4-7/4 measured. Sand beds are
similar to matrix materials but with rarer clay films, and locally sand beds bear weak,
buried soils marked by cambic or argillic horizons. Unit is capped at its highest
elevations by surface soils characterized by cemented carbonate horizons with Stage III+
or IV morphology. Unit overlies Qpwf and underlies the Cuchillo surface, which is the
local top of the Santa Fe Group (cf., McCraw and Love, 2012). Thickness is about 14 m.

Dominantly fine-grained deposits—Pinkish-gray to light-brownish-gray, muddy

sands and sandy muds with local gravel channel-fills. Sands are moderately to poorly
sorted, dominantly very fine- to fine-grained with rare fine- to coarse-grained

inner Rio Grande valley

channel-fills, and consist of rounded volcanic lithics and quartz with rare potassium
feldspar and plagioclase, in medium to thick, massive-planar-tabular to locally
cross-stratified lenticular beds. Trace fine pebbles and granules of rhyolite occur
throughout. Sandy-mud beds are similarly medium to thick and planar tabular. Colors
of 7Z.5YR 6/2-7/2 and 10YR6/2 measured. Near to the top contact, buried soils with
clay-enriched horizons as red as 5YR 5/4-6/4 are locally found. Unit overlies QTpa/Qpa
and underlies Qpwc; Qmpp and Qmph intercalate with the lowermost portions of this
unit. Unit thins where Qmph is particularly thick. Overall thickness is about 10-50 m.

Gravel-dominated  deposits along Alamosa  Creek—Light-brown to
light-reddish-brown to pink pebble gravels and sandy pebble gravels occurring along
Alamosa Creek. Gravels are subrounded to rounded, poorly sorted pebbles with rare
cobbles and trace boulders of phenocryst-poor rhyolites, minor plagioclase+pyroxene
porphyries, and trace phenocryst-rich, quartz and potassium-feldspar porphyry
rhyolites in well-defined, commonly cross-stratified, thin lenticular beds. Matrices are
clayey very fine-sand, with sand grains consisting mainly of volcanic lithics. Clay films
occur as common medium to coarse bridges between grains and gravel coats. Rarely,
beds are cemented by carbonates. Unit overlies QTpa in outcrop, and is inferred to
interfinger with QTpa and Qpwf in the subsurface. Unit thickness is 0 to at least 60 m.

QTpwa

Eastern piedmont deposits

Upper sand-dominated deposits—Pink, muddy sands overlying and locally inset
upon unit Tpem. Sands are very fine-grained, with identifiable grains consisting of
mainly quartz with lesser limestone lithics and trace black ferromagnesian or volcanic
lithics. Trace granules and pebbles consist of limestones and lesser red siltstones/fine
sandstones. Beds are poorly exposed, massive, and weakly consolidated. Unit is
locally capped at its highest elevations by eroded surface soils that exhibit Stage III+ or
greater morphology. Base of unit is lenticular overall, inset variable amounts into
underlying Tpem, Tpal, and Cretaceous rocks. Thickness is 0 to at least 25 m.

Qpes

Upper gravel-dominated deposits—Pink to white and locally light-reddish-brown
gravels/conglomerates and sands/sandstones overlying Qbwc, Qmpu, and Qwecf.
Composition varies with bedrocks exposed in upgradient source areas. Generally, gravels
consist of poorly sorted, subangular to rounded, pebbles to boulders of varying
proportions of limestone, red siltstones/fine sandstones, granites, basalts, and scoria. Matrix
materials and sand beds consist of moderately to poorly sorted muddy, very fine- to very
coarse-grains of quartz and various lithics that mirror the gravel clast suite. Colors of Z5YR
6/4, 7/2-7/4, 8/2-8/3, 8.5/2, 9.5/1, and locally 5YR6/4-7/4 measured, with white colors common
to limestone-dominated sediments, redder colors to red siltstone/sandstone-dominated
sediments, and pink colors to granite-dominated sediments. Carbonate cementation is
common to limestone-dominated sediments, but otherwise restricted to concretions. Beds
are thin to medium, with tabular and massive sand beds and lenticular and cross-stratified
gravel beds. Unit interfingers with QTpai/Qpai. Thickness is 0 to about 50 m.

Qpeu

Medial sand-dominated deposits—Pink to reddish-brown to locally reddish-yellow and
pinkish-white muddy sands/sandstones overlying Tpal and Tbm and underlying Qbwc
and Qmpu. Sands are dominantly moderately to poorly sorted very fine- to
medium-grains of compositions varying with exposed bedrocks upgradient in the Fra
Cristobal Mountains, including subrounded to subangular limestone lithics, red siltstone
lithics, and quartz, with local variably vesicular basaltic and scoriaceous lithics reworked
from upgradient volcanics. Beds are dominantly planar tabular thin beds to laminae with
local lenticular cross-stratification in coarser sand beds. Colors of 5YR 5/4-7/4; 7.5YR 7/2-7/4,
8/2 and locally 6/6; and 10YR 6/4 and 8.5/2 measured. Unit grades into and interfingers
with Tpem laterally, and contains intervals of Tpae. Thickness is about 30 to 40 m.

Tpes

Medial gravel-dominated deposits—Light-brown to light-reddish-brown, pebble to
boulder conglomerates overlying Tpal and underlying Qbwc and Qmpu. Gravel is
dominantly poorly sorted subangular to subrounded pebbles and minor cobbles;
boulders are rare and only found near to the Fra Cristobal Mountains. Gravel
compositions principally reflect bedrocks exposed upgradient in the Fra Cristobal
Mountains and include common red siltstones/fine sandstones and limestones, and trace
pebbly sandstones, greenish andesites, and basalts. Matrices consist of poorly sorted
medium- to very coarse-sands dominantly of Paleozoic lithics. Colors of 5YR 6/3-6/4 and
75YR 6/3-6/4 measured. Unit grades into and interfingers with Tpes laterally. Unit locally
removed by erosion in the footwall of the Hackberry fault. Thickness of about 0-110 m.

Tpem

Lower eastern piedmont deposits—Pink, variably sandy pebble conglomerates and
sandstones at the base of the Palomas section bearing common Cretaceous sandstone
clasts. Gravels are subangular to subrounded, clast-supported, poorly sorted pebbles with
rare cobbles and trace boulders of mainly Cretaceous sandstones with rare
plagioclase-phyric andesitic porphyries, limestones, and red siltstones/sandstones, and
trace silicified sandstones and purplish mudstones. Conglomerate beds are thin,
lenticular, and commonly cross-stratified, with matrices of fine- to medium-sand
consisting of mainly quartz with minor plagioclase crystals, rare mudstone and limestone
lithics, and trace black ferromagnesian lithics. Sandstones are mostly very fine-grained,
massive, and of comparable composition to the conglomerate matrices. Matrix color of
75YR 7/4 measured. Locally, the top of the unit is marked by a weak paleosol exhibiting
matrix reddening and Stage I carbonate horizon morphology. Unit locally removed by
erosion in the footwall of the Hackberry fault. Unit thickness is 0 to at least 25 m.

Tpel

Intercalated Volcanics

Crater Hill cone and nearby vents
Basalt of Crater Hill—Dark-gray, typically rubbly, locally xenolithic fine-porphyry basalt.
Phenocrysts are rare and dominated by variably altered olivine and pyroxene up to 2 mm
across. Weathered faces commonly exhibit densely spaced, pale-gray, rounded "spots" up
to 2 mm across. Flow bears trace upper mantle—lower crustal xenoliths (Warren, 1978).
Overlies Qmpu in outcrop. 40Ar/39Ar age of 2.15 + 0.04 Ma (this report). Thickness is 0-8 m.

Cinder of Crater Hill—Dark-gray to dark-reddish-brown scoriaceous pyroclastic
rocks. Dominantly aphanitic lapilli to bombs with trace fine pyroxene and olivine
phenocrysts up to 1 mm across. Locally weathered faces exhibit "spotted” texture

similar to that described for Qbch. Thickness is 0 to about 55 m.

Pyroclastics underlying Crater Hill—Light- to pale-brown, bedded lapilli-tuff and
ash-tuff. Lapilli consist of variably weathered (black to orangish-brown) scoriaceous
aphanitic basaltic clasts that are moderately to poorly sorted and commonly
lapilli-supported. Exposed thickness is 0-15 m.

Undifferentiated basaltic cinder—Dark-reddish-brown to black scoriaceous
pyroclastics. Dominantly aphanitic lapilli to bombs with trace fine pyroxene
phenocrysts up to 1 mm across. Base unexposed; thickness is 0 to at least 20 m.

White Cliffs and Ocotillo maars
Sedimentary fill of the White Cliffs maar—White to pale-gray siliceous

-muds/mudstones grading upsection into light-gray to olive-brown gypsiferous muds
and fine-sands with local, gray, massive limestones. Siliceous muds (colors 2.5Y
8.5/1-9/1 and N measured) are planar laminated to thinly bedded with local soft
sediment deformation, are variably cemented and variably vesicular, and bear trace
salt casts. Interbedded gypsiferous muds and fine-sands (colors 2.5Y 4/3 and 6/4 and
5Y 7/2 measured) increase in sand abundance upsection; muds are planar laminated
and clayey, while sands are very fine- to fine-grained, moderately sorted, quartz-rich,
medium-bedded, and locally cross-bedded. Overlies Qwed; inset against Tpes and
Qbwc; and underlies Qpeu and Qpai. Exposed thickness 0 to about 16 m.

Diatreme of the White Cliffs maar—Pale-brown, bedded ash-tuff and lapilli-tuff with
-trace bombs occurring beneath the White Cliffs maar. Lapilli consists of variably
weathered vesicular dark-gray to orangish-brown basaltic clasts that are poorly sorted
and variably ash- and lapilli-supported. Beds are thin to medium, massive or internally
planar laminated, and dip toward the center of the maar. Deposits bear trace accidental
lithics of alluvial gravels. Underlies Qwcf and Qpeu; inset against Tpes and Qbwec.
Correlative outflow deposits are mapped as Qmpu. Thickness is 0 to as much as 90 m.

pale-pink lapilli-tuff and ash-tuff inset into Qbwc and Tpem. Lapilli consists of
variably weathered vesicular dark-gray to orangish-brown basaltic clasts that are
poorly to moderately sorted and variably ash- or lapilli-supported. Deposits closer to
the diatreme walls occur in thin, tabular, planar to wavy beds with internal planar-
and cross-stratification; beds dip toward the center of the diatreme. Away from the
walls, medium to thick, massive ash-supported beds are common. Unit bears trace

-Diatreme of the Ocotillo maar—Variably bedded and massive pale-brown to

accidental lithics of alluvial gravels and upper mantle-lower crustal xenoliths. Unit -
underlies Qpeu. Correlative outflow deposits are included in unit Qmpu. Base K

unexposed and margins partially faulted; width at surface is 320-490 m.

Upper maar pyroclastics—Very pale-brown to pink, hummocky- to planar-bedded
lapilli-tuff and ash-tuff. Lapilli and coarser-ash grains are dominantly variably weathered

vesicular dark-gray to orangish-brown basaltic clasts that are rounded and moderately to
poorly sorted. Beds generally become finer and grade from dominantly hummocky, thin
to thick, cross-stratified beds with erosive bases to dominantly planar-tabular, thin to
laminated beds with conformable bases with increasing distance from the White Cliffs
and Ocotillo maars as well as up section. Colors of 10YR 7/3-7/4 and 8/3, 75YR 7/3, and 5YR
7/3 measured. Trace accidental lithics of alluvial sands and gravels are found throughout.
In the vicinity of the White Cliffs maar, unit includes bombs up to 0.5 m across. Around
the Ocotillo maar, the unit includes two pyroclastic intervals separated by a thin interval
of alluvial gravels; here the unit is interpreted to include the eruptive products of both
maars. Unit overlies Qbwc and underlies Qbch and Qpeu. Thickness is 0 to about 25 m.

Eastern piedmont basalts
7 Basalt of Walnut Canyon—Dark-gray, locally xenolithic, weakly porphyritic basalt. Rare

N1k

QbWE | phenocrysts of fine (<1 mm across) plagioclase, fine to medium (up to 5 mm across)

~———pyroxene, and fine (<2 mm across) olivine. Locally, weathered faces exhibit pale-gray
rounded "spots" up to 2 mm across. Flow bears trace upper mantle-lower crustal
xenoliths throughout (Warren, 1978). Underlies Qmpu and cut by both the Ocotillo and
White Cliffs maars. May correlate to one or more of the basalts occurring within the Black
Mesa maar. 40Ar/39Ar age of 2.50 + 0.06 Ma (this report). Thickness is 0 to about 6 m.

Lower basalt of Walnut Canyon—Dark-gray weakly porphyritic basalt. Similar in
description to the more extensive upper flow (Qbwc). Thickness is 0—2 m.

Basalt of the monocline—Dark-gray generally aphanitic basalt. Trace (<1-1%) fine (up
to 2 mm across) phenocrysts of plagioclase, olivine (or iddingsite), and pyroxene. Trace
xenoliths of upper mantle-lower crustal rocks (Warren, 1978). Thickness is 0-20 m.

Black Mesa maar

Cinder of the Black Mesa maar—Reddish-brown scoriaceous pyroclastic rocks. Dominantly
lapilli and bombs of aphanitic scoriaceous basaltic material with trace fine (<1 mm across)
pyroxene phenocrysts. Cinder deposits bear trace xenoliths; Warren (1978) reported a
xenolith suite of dominantly lherzolites with lesser biotite granites, sandstones, pyroxenites,
granulites, and olivine megacrysts. Overlies QTbbmu, underlies Qpeu. Thickness is 0-30 m.

QTbbmc

Upper basalts of the Black Mesa maar—Medium-gray, xenolithic, fine-porphyry
RTbbmul,asalts. A discontinuous flow break locally distinguishes two separate flows that are
here combined into a single map unit. In each, phenocrysts are rare (<2%) and consist
of pyroxene and plagioclase, both typically <1 mm across. Both fresh and weathered
faces commonly exhibit rounded gray "spots" up to 4 mm across. Flows bear trace
upper mantle-lower crustal xenoliths (Warren, 1978). Underlies Qpeu, variably inset
against Tpem. Separated from underlying Tbbml by a continuous, mappable flow
break. Combined thickness of flows is up to 35 m.

Phenocrysts are generally rare (<5%), fine-grained, and consist of plagioclase and
variably degraded pyroxene and olivine. Pyroxene crystals are as large as 4 mm
across, remaining phenocryst sare <1 mm across. Flow bears trace upper mantle-lower
crustal xenoliths (Warren, 1978). Overlies Tbmd, inset against Tpem. Separated from
overlying QTbbmu by a continuous, mappable flow break. Thickness is 20-25 m.

-Lowest basalt of the Black Mesa maar—Dark-gray, xenolithic, fine-porphyry basalt.

mudstones to boulder conglomerates intercalated with Black Mesa maar basalts.
Gravels consist of poorly sorted pebbles to boulders of dominantly basalts and scoria
with lesser limestone and red sandstone gravels in medium to thick, internally
massive, commonly clast-supported beds with ash-rich matrices. Thickness is 0-25 m.

-Sedimentary fill of the Black Mesa maar—Light-brown to black, poorly sorted,

Diatreme of the Black Mesa maar—Brown to pink, lapilli-tuff and ash-tuff with rare

-bombs occurring beneath the Black Mesa maar. Lapilli and bombs (max of 0.5 m
across observed) consist of poorly-sorted, commonly lapilli-supported, variably
weathered black to orangish-brown vesicular basaltic clasts. Beds are thin and locally
cross-stratified, and dip moderately toward the center of the Black Mesa maar. Unit
underlies basalts of Black Mesa and is inset into Tpem. Correlative outflow deposits
are mapped as Tmpl. Thickness is 0-2 m at the surface.

5|—Lower maar pyroclastics—Brown to pink ash-tuff and lapilli-tuff in thin planar to
undulatory beds. Lapilli consists of poorly-sorted, commonly lapilli-supported, variably
weathered black to orangish-brown vesicular basaltic clasts. Beds grade upsection from
undulatory, thin to medium, and cross-stratified with erosive bases to planar tabular, thin,
and internally planar or cross-laminated. Rare accidental lithics of alluvial gravels occur near
to the base. Colors of 10YR 4/3, 7/4 and 75YR 7/3 measured. Unit intercalates with uppermost
Tpem. Interpreted to have erupted from the Black Mesa maar. Thickness is 0 to about 5 m.

Black Bluffs maar and nearby volcanics

Basalt of Little Kettle Top Butte—Dark-gray to black, generally fine-grained
xenolithic basalt. Flow bears trace fine (<I mm across) phenocrysts of olivine and
pyroxene, as well as trace upper mantle-lower crustal xenoliths. Unit caps an isolated
butte on this quadrangle, but may be correlative to more extensive flows of
comparable elevation to the south and east. A cinder cone associated with these flows
was K-Ar dated to 2.2 + 0.4 Ma (Bachman and Mehnert, 1978; Wilks and Chapin, 1997).
Flow is 2-3 m thick.
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Pyroclastics of Little Kettle Top Butte—Light-brown to pink, thinly bedded ash-tuff
with minor lapilli. Lapilli and coarse-ash grains are dominantly variably weathered,
rounded, vesicular, dark-gray to yellowish-brown, basaltic clasts. Beds are planar to
undulatory, thin to laminated, and locally cross-stratified. Poorly exposed. Source
vent uncertain. Thickness is about 10 m.

Qmpk

Basalt of Black Bluffs—Light-gray to black, fine-grained locally xenolithic basalt. Basalt
consists of 2 mainly fine-grained flows with trace very fine-phenocrysts of olivine. Trace
upper mantle—lower crustal xenoliths are concentrated at the base of the upper flow.
Where occurring within the Black Bluffs maar, flows are highly vesicular and locally
exhibit "spotted" textures on weathered surfaces. Flows are 0 to as much as 15 m thick.

Sedimentary fill of the Black Bluffs maar—Brownish-yellow to pale-brown to gray,

-gypsiferous clayey sands/sandstones. Sands are poorly sorted, very fine- to
fine-grains of mainly quartz with a variable abundance of medium- to very
coarse-grains and granules of rounded and variably weathered basaltic material. Clay
is abundant as fine bridges between grains. Trace basalt pebbles, cobbles, and
boulders occur throughout, as do trace sandstone blocks that resemble Tpal
sandstones. Trace gypsum spar up to 2 cm across throughout. Unit overlies Tbbd; is
inset against Tpal; and underlies Tbbb. Unit thickness is 0 to perhaps 30 m.

Diatreme of the Black Bluffs maar—Pink to brown, bedded, basaltic ash-tuff and
lapilli-tuff with common bombs and blocks. Lapilli consist of rounded, moderately to
poorly sorted, commonly lapilli-supported, variably weathered black to orangish-brown,
vesicular basaltic clasts. Bombs and blocks similarly consist of vesicular basaltic
material, commonly exhibiting spotted textures on weathered surfaces. The largest
blocks are broad lenticular bodies up to 2 m thick and several meters across that are
elongate parallel to surrounding beds. Beds are commonly undulatory with scoured
bases and are internally trough cross-stratified. Unit is inset into Tpal and underlies
Tbbf and Tbbb. Base unexposed. Width at surface is at least 600-1,600 m.

Pyroclastics of Massacre Gap Canyon—Pink to pale-brown, basaltic ash-tuff and lapilli-tuff.
Lapilli consists of rounded, moderately to poorly sorted, commonly lapilli-supported,
variably weathered black to orangish-brown vesicular basaltic clasts. Beds are principally
thin to laminated and planar tabular. Inset against Tpal, which is locally deformed around
outcrops of Tmpm; unit is potentially the top of a poorly-exposed diatreme. Overlain by
Tpem and Qpeu. Base unexposed, thickness at surface is 0 to at least 40 m.

Monticello Point maar
Sedimentary fill of the Monticello Point maar—White diatomite and trace limestone.
-Diatomite is finely laminated, clayey, calcareous, and fossiliferous, with irregular
nodules of opal and quartz (Lucas and Kietzke, 1994). Limestone is fine-grained,
thin-bedded, fossiliferous, and charophytic (Lucas and Kietzke, 1994). Unit overlies
Qmpd and underlies Qpwf. Thickness is 0 to about 8 m.

Diatreme of the Monticello Point maar—Medium-brown to yellowish-gray basaltic ash-tuff
and lapilli-tuff. Lapilli consists of rounded, variably weathered vesicular basaltic clasts. Beds
are thin to median, undulatory to planar tabular, and commonly trough cross-stratified,
with bedding attitudes dipping radially toward the inferred center of the maar. Unit is inset
into QTpa and lowermost Qpwf, and is overlain by Qmpf. Correlative outflow deposits are
mapped as Qmpp. Base unexposed. Thickness of deposits at the surface is 0 to at least 30 m.

minor lapilli. Lapilli and coarse-ash grains are dominantly variably weathered, rounded,
vesicular, dark-gray to yellowish-brown basaltic clasts. Accidental lithics are common
and consist mainly of fine- to medium-sands of rounded-quartz grains, rare feldspars,
and trace pale-reddish-brown, clay aggregates. Beds are planar to locally undulatory,
thin to laminated, and locally cross-stratified. Beds generally become progressively
thinner and finer-grained upsection, and the unit as a whole thins away from the
Monticello Point maar. Unit overlies QTpa and intercalates with lowermost Qpwf.
Interpreted to have erupted from the Monticello Point maar. Thickness is 0 to about 18 m.

-Pyroclastics of Monticello Point—Light-brown to pink, thinly bedded ash-tuff with

Pyroclastics south of Alamosa Creek

Pyroclastics by Highland Estates—Light-brown to pink, ash-tuff and lesser
Qmph lapilli-tuff. Lapilli consist of rounded, variably weathered vesicular basaltic clasts.
Beds are thin, mainly planar tabular, locally undulatory, and locally internally
cross-stratified. Unit intercalates with lowermost Qpwf, and is locally separated from
Qmps by thin intervals of Qpwf. Interpreted to have erupted from an inferred Cedar
Canyon maar. Thickness is 0 to about 20 m.

Pyroclastics along Lakeshore Road—Light-brown to pink, ash-rich sandstones and

-ash—tuf'f. Sandstones are mainly poorly sorted, ashy, and very fine- to medium-grained,
with lesser fine- to very coarse-grained, granule-bearing sandstones. Grains consist of
variably weathered vesicular basaltic lithics, feldspars, felsic to intermediate volcanic lithics,
quartz, and siliceous lithics; all coarse grains and granules are basaltic lithics. Fine
sandstone and tuff beds vary from massive to thinly weakly planar tabular to locally
undulatory bedded, while coarse sandstones are thin- to medium-lenticular bedded with
internal cross-stratification. Unit intercalates with uppermost QTpa, and is locally separated
from Qmph by thin intervals of Qpwf. Interpreted to have erupted from the inferred Cedar
Canyon maar or another nearby unexposed maar. Unit thickness 0 to about 20 m.

Volcanics at The Narrows
-Basalt of the Rio Grande—Dark-gray, xenolithic, fine-porphyry basalt. Phenocrysts are

rare and commonly weathered to reddish, replacement minerals; unweathered crystals
consist of olivine, pyroxene, and plagioclase. Weathered faces commonly exhibit pale-gray
"spots" up to 2 mm across. Flow bears trace upper mantle-lower crustal xenoliths; Warren
(1978) reports a xenolith suite of pyroxenites, granulites, olivine megacrysts, and
lherzolites. Unit overlies Qmpg, and intercalates with QTpai. Thickness is 0 to about 20 m.

Pyroclastics underlying the basalt of the Rio Grande—Pale-brown, lapilli-tuff and
ash-tuff with trace bombs in commonly undulatory cross-stratified beds. Lapilli and
bombs are poorly sorted, lapilli- and ash-supported, variably weathered black to
orangish-brown, aphanitic, vesicular basaltic clasts. Bombs are up to 0.7 m across and
commonly enveloped by sags. Beds are thin to thick, commonly highly undulatory, and
commonly have erosive bases inset into underlying beds. Uppermost beds are commonly
more tabular with planar or wavy bounds. Beds include trace alluvial sand and gravel,
accidental lithics throughout. Underlies Qbrg. Interpreted to have erupted from an
inferred Rio Grande maar (Warren, 1978). Base unexposed; thickness is 0 to at least 3 m.

Basalt of Mitchell Point—Dark-gray, fine-porphyry basalt. Fine (<1 mm across) phenocrysts
-are common (up to 30% of fresh faces) and consist of pyroxene, plagioclase, and olivine,

with trace, coarser phenocrysts up to 4 mm across. Unit intercalates with QTpa in outcrop.
Based on similar elevations, discontinuous basalt outcrops along the east flank of Elephant
Butte Lake from The Narrows southward through White Cliffs to a poorly-exposed,
greenish-dark-gray, weathered basalt to the south of the White Cliffs maar are correlated to
Tbm; this mapping indicates that Tbm is cut by the White Cliffs maar. K-Ar age of 3.0 + 0.3
Ma (Bachman and Mehnert, 1978; Wilks and Chapin, 1997). Thickness is 0-25 m.

Pyroclastics at Three Sisters Point
Diatreme of Three Sisters Point—Light- to dark-brown, bedded basaltic lapilli-tuff,

-lapillistone, and rare ash-tuff. Lapilli and trace blocks consist of mainly angular to
subangular, variably weathered vesicular basaltic clasts that are moderately to poorly
sorted and mainly lapilli-supported. Beds are thin to medium; planar-, undulatory-,
and lenticular-tabular; with foliations dipping radially toward the center of the map
unit extent. Contacts are masked by lake sediments, but unit is inferred to be inset
into QTpa. Width at surface at least 200-440 m.

Cretaceous System

McRae Formation

Unit of Double Canyon—White to tan to light-gray, medium- to coarse-grained
sandstone and pebbly sandstone channel-fills, interbedded with olive to gray mudstones,
siltstones, and very fine- to fine-grained sandstones. Channel-fill sandstones consist of
subangular to subrounded grains of quartz and feldspar with an upsection-increasing
proportion of volcanic detritus, in thick to very thick, cross-stratified or tabular beds.
Pebbles are composed of granite, intermediate volcanic rocks, and fine-grained siliceous
rocks (chert, jasper, quartzite, aphanitic meta-rhyolite). Local intervals of silicified, white
tuff. Silicified wood is common as both logs and stumps. Lower contact intertongues
with unit Kmrh; upper contact not observed. Unit is at least 270 m thick.

Kmrd

~o7 - "|Hall Lake Member—Reddish-brown to maroon and locally, light-green clay-dominated

imudstone and lesser siltstones to fine-grained sandstones interbedded with subordinate

“reddish-gray to gray channel-ills of medium- to coarse-grained sandstones and local
pebble conglomerates. Channel-fill sands are angular to subrounded grains of feldspar and
volcanic lithics with 0-15% quartz in horizontal-planar to cross-laminated, medium to
thick, tabular to lenticular beds. Pebbles consist of variable volcanic rocks (more heterolithic
than unit Kmrj), 0-25% siliceous clasts (quartzite, chert, meta-rhyolites(?)), and 0-10%
granite. Channel-fill complexes are locally 30-70m thick. Local calcic paleosols. Lower 150
m of unit has yielded dinosaur remains including Alamosaurus, Tyrannosaurus, and
various ceratopsian fossils (Lozinsky et al., 1984; Gillette et al., 1986). 500-730 m thick.

Tongue of Jose Creek-like strata within the Hall Lake Member—Greenish- to
olive-colored, notably cemented sandstone, siltstone, and sandy mudstone. Sandstones
are predominantly composed of angular to subangular feldspars, probably plagioclase.
Notable lack of reddish-brown or maroon colors. Unit is inferred to be a tongue of
Kmrj-like strata with unit Kmrh. Incompletely exposed; unit is at least 30 m thick.

Kmrhj

Jose Creek Member—Olive to greenish- and brownish-gray, interbedded, medium- to
coarse-grained sandstone channel-fills and tabular-bedded mudstones, siltstones, and very
fine- to fine-grained sandstones. Sandstones contain abundant feldspar grains and volcanic
detritus and are notably more monolithic as compared to unit Kmrh. Channel fills are
~0.3-1 m-thick and tabular to lenticular, with local subrounded pebbles of plagioclase-phyric
intermediate volcanic rocks and intra-formational conglomerate. 80-130 m thick.

Crevasse Canyon Formation

Ash Canyon Member—Tan, commonly sparkly, laterally-extensive, sandstone channel
fill complexes interbedded with subordinate deposits of olive to light-gray, non-fissile
mudstone, siltstone, and very fine-grained sandstone. Channel fills are extensively
cross-laminated, with common trough forms and tangential foreset beds. Sand is
predominately medium-grained, subangular to subrounded, and quartz-feldspathic.
Rare, very thin- to medium-lenses of pebbly sandstone observed in upper 50-60 m of
unit, with pebbles of rounded chert, quartz, quartzite, and 1-5% silicified volcanic
rocks, as well as local rip-ups. Petrified wood is more common than in unit Kecf.
Sandstone is typically well-cemented and forms topographic highs. 210230 m thick.

Kcca

Unit of Flying Eagle Canyon—Predominantly olive-gray mudstone, siltstone, and very fine-
to fine-grained sandstone with subordinate coarser-grained, quartzo-feldspathic,
pale-yellow to light-olive-gray (weathering dark-brown) sandstone channel-fills. Channel
fills are mostly cross-laminated, thin to very thick, tabular to lenticular beds that are laterally
continuous over 20-60 m. Channel-fill sands are fine- to medium-grained and subangular.
Clay-rich mudstones are massive, but siltstones and fine sandstones occur in very thin to
medium, tabular to lenticular beds. Overall, unit is non-resistant to erosion. 290 m thick.

Crevasse Canyon Formation, lower unit
Upper sandstone tongue—White, medium-grained sandstone. Generally cross-stratified,
with tangential foresets up to 0.6 m tall and local trough cross-stratification. Sand is
clean, subrounded, well-sorted, and composed of quartz, minor feldspar, and 1-10%
mafic grains. At the top of the unit is an extensively bioturbated interval locally overlain
by 0.5-1.0 m of cross-laminated sandstone. 8-12 m thick.

Middle mudstone tongue—Gray to brownish-gray, non-fissile mudstone containing
10-25% very thin- to medium-thick lenticular beds of light-gray mainly very fine- to
fine-grained sandstone. Sandstone beds are internally laminated (horizontal-planar,
wavy, or rippled). Local coal beds. 8-12 m thick.

Lower sandstone tongue—White, quartz-rich, well-sorted, very fine- to

-medium—grained sandstone with minor coal-bearing mudstone. Sandstone is massive
to low-angle cross-laminated to horizontal-laminated. Sand grains are well-sorted and
composed of quartz with ~15-25% feldspar and 1-10% lithic grains. Mudstone
interbeds are light- to medium-gray or olive-gray, massive, and contain 5-10% impure
coal beds that are up to a few 10’s of cm thick. Mudstone intervals locally greater than
15 m thick. Base unexposed; unit thickness perhaps 40 m.

San Andres Formation

San Andres Formation—On this quadrangle, consists of highly fractured, medium-gray,
granular limestone. Thin arcuate traces of sparry calcite may be replaced fossils; Cserna
(1956) reported small gastropods. Thickness unconstrained on quadrangle; Nelson et al.
(2012) estimate a maximum of 160 m within the Fra Cristobal Mountains.

Psa

Igneous dikes
Undated basaltic dikes by Black Bluffs—Very dark-gray to black, commonly altered,
aphanitic basaltic dikes. 0.5-2 m wide.

Late Oligocene basaltic dikes—Very dark-gray to black basaltic dike. Part of a
discontinuous north-northwest trend of dikes that can be followed
south-southeastward to a dike K-Ar dated to 23.9 + 1.2 Ma (Aldrich et al., 1986; Wilks
and Chapin, 1997).

bﬂnd

Ocotillo maar

Qpeu

1,300 m above MSL




