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Geologic Map of the San Marcial 7.5-Minute
Quad rangle, Socorro County, New  Mexico

by
Daniel J. Koning, Kristin S. Pearthree, And rew  P. Jochems, and  David  W. Love

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

A ge ologic m ap d isplays inform ation on the  d istribution, nature , orie ntation, and  age  re lationships of rock and  d e posits
and  the  occurre nce of structural fe ature s. Ge ologic and  fault contacts are  irre gular surface s that form bound arie s
be twe e n d iffe re nt type s or age s of units. Data d e picte d  on this ge ologic quad rangle  m ap may be  base d  on any of the
following: re connaissance  fie ld  ge ologic m apping, compilation of publishe d  and  unpublishe d  work, and  photoge ologic
inte rpre tation. Locations of contacts are  not surve ye d , but are  plotte d  by inte rpre tation of the  position of a give n
contact onto a topographic base  m ap; the re fore , the  accuracy of contact locations d e pe nd s on the  scale  of mapping and
the  inte rpre tation of the  ge ologist(s). Any e nlarge m e nt of this m ap could  cause  m isund e rstand ing in the  d e tail of
m apping and  may re sult in e rrone ous inte rpre tations. S ite -spe cific cond itions should  be  ve rifie d  by d e taile d  surface
m apping or subsurface  e xploration. T opographic and  cultural change s m ay not be  shown d ue  to re ce nt d e ve lopm e nt.

Cross se ctions are  constructe d  base d  upon the  inte rpre tations of the  author mad e  from ge ologic mapping and  available
ge ophysical and  subsurface  (d rillhole ) d ata. Cross se ctions should  be  use d  as an aid  to und e rstand ing the  ge ne ral
ge ologic fram e work of the  m ap are a and  not be the  sole  source  of inform ation for use  in locating or d e signing we lls,
build ings, road s, or othe r man-mad e  structure s.

T he  N e w M e xico Bure au of Ge ology and  M ine ral R e source s cre ate d  the  O pe n-file  Ge ologic M ap S e rie s to e xpe d ite
d iss e m ination of the s e  ge ologic maps and  map d ata to the  public as rapid ly as possible  while  allowing for map re vision
as ge ologists continue d  to work in m ap are as. E ach map she e t carrie s the  original d ate  of publication be low the  m ap as
we ll as the  late st re vision d ate  in the  uppe r right corne r. In most case s, the  original d ate  of publication coincid e s with
the  d ate  of the  m ap prod uct d e live re d  to the  N ational Coope rative  Ge ologic M apping Program (N CGM P) as part of
N e w M e xico’s S T AT E M AP agre e m e nt. W hile  m aps are  prod uce d , maintaine d , and  upd ate d  in an ArcGIS  ge od atabase ,
at the  tim e  of the  S T AT E M AP d e live rable , e ach map goe s through cartographic prod uction and  inte rnal re vie w prior to
upload ing to the  Inte rne t. E ve n if ad d itional upd ate s are  carrie d  out on the  ArcGIS  map d ata file s, citations to the s e
m aps should  re fle ct this original publication d ate  and  the  original authors liste d . T he  vie ws and  conclusions containe d
in the s e  m ap d ocum e nts are  those  of the  authors and  should  not be  inte rpre te d  as ne ce ssarily re pre se nting the  official
policie s, e ithe r e xpre ss e d  or implie d , of the  S tate  of N e w M e xico, or the  U .S . Gove rnm e nt.

M apping of this q uad rangle  was fund e d  by a m atc hing-funds grant from  the  STATEM AP  program  of the
National Coope rative  Ge ologic  M apping Act (Fund Num be r: G19AC00226), ad m iniste re d  by the  U. S.
Ge ologic al Surve y and by the  Ne w M e xic o Bure au of Ge ology and M ine ral Re sourc e s (Dr. Ne lia W .
Dunbar,Director and State Geologist; Dr. J. M ic hae l Tim m ons,Assoc. Director for Mapping Programs).
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 Geologic Cross Section A–A'

Correlation of Map Units

Explanation of Map Symbols
01.01.01 Contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .

01.01.02 Contact— Id e ntity or e xiste nce  are
que stionable . Location is accurate .

01.01.03 Contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is approxim ate .

01.01.04 Contact— Id e ntity or e xiste nce  are
que stionable . Location is approxim ate .

01.01.07 Contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is conce ale d .

01.01.17 Grad ational contact— Id e ntity and  e xiste nce
are  ce rtain. Location is accurate .

01.01.19 Grad ational contact— Id e ntity and  e xiste nce
are  ce rtain. Location is approxim ate .

01.01.20 Grad ational contact— Id e ntity or e xiste nce  are
que stionable . Location is approxim ate .
02.01.01 Fault (ge ne ric; ve rtical, subve rtical, or high-
angle ; or unknown or unspe cifie d  orie ntation or se nse
of slip)— Id e ntity and  e xis te nce  are  ce rtain. Location is
accurate .
02.01.02 Fault (ge ne ric; ve rtical, subve rtical, or high-
angle ; or unknown or unspe cifie d  orie ntation or se nse
of slip)— Id e ntity or e xiste nce  are  que stionable .
Location is accurate .
02.01.03 Fault (ge ne ric; ve rtical, subve rtical, or high-
angle ; or unknown or unspe cifie d  orie ntation or se nse
of slip)— Id e ntity and  e xis te nce  are  ce rtain. Location is
approxim ate .
02.01.07 Fault (ge ne ric; ve rtical, subve rtical, or high-
angle ; or unknown or unspe cifie d  orie ntation or se nse
of slip)— Id e ntity and  e xis te nce  are  ce rtain. Location is
conce ale d .
02.02.01 N ormal fault— Id e ntity and  e xiste nce  are
ce rtain. Location is accurate . Ball and  bar on
d ownthrown block.
02.02.02 N ormal fault— Id e ntity and  e xiste nce  are
que stionable . Location is accurate . Ball and  bar on
d ownthrown block.
02.02.03 N ormal fault— Id e ntity and  e xiste nce  are
ce rtain. Location is approxim ate . Ball and  bar on
d ownthrown block.
02.02.04 N ormal fault— Id e ntity or e xiste nce  are
que stionable . Location is approxim ate . Ball and  bar on
d ownthrown block.
02.02.07 N ormal fault— Id e ntity and  e xiste nce  are
ce rtain. Location is conce ale d . Ball and  bar on
d ownthrown block.
02.02.08 N ormal fault— Id e ntity or e xiste nce  are
que stionable . Location is conce ale d . Ball and  bar on
d ownthrown block.
02.06.01 S trike -slip fault, right-late ral offse t— Id e ntity
and  e xiste nce  are  ce rtain. Location is accurate . Arrows
show re lative  m otion.
02.06.12 S trike -slip fault, le ft-late ral offse t— Id e ntity or
e xiste nce  are  que stionable . Location is approxim ate .
Arrows show re lative  m otion.
02.06.16 S trike -slip fault, le ft-late ral offse t— Id e ntity or
e xiste nce  are  que stionable . Location is conce ale d .
Arrows show re lative  m otion.
02.07.01 O blique -slip fault, right-late ral offse t— Id e ntity
and  e xiste nce  are  ce rtain. Location is accurate . Arrows
show re lative  m otion; ball and  bar on d ownthrown
block.

31.08 M ap ne atline

01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .~And e site  lava flow

01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .~Guaje  pum ice ous sand stone

01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .~R io Grand e  grave l inte rval

05.01.01 Anticline  (1st option)— Id e ntity and  e xiste nce
are  ce rtain. Location is accurate .~<N ull>

05.01.03 Anticline  (1st option)— Id e ntity and  e xiste nce
are  ce rtain. Location is approxim ate .~<N ull>

05.05.01 S yncline  (1st option)— Id e ntity and  e xiste nce
are  ce rtain. Location is accurate .~<N ull>

05.05.03 S yncline  (1st option)— Id e ntity and  e xiste nce
are  ce rtain. Location is approxim ate .~<N ull>
05.09.17 M onocline , anticlinal be nd  (1st
option)— Id e ntity and  e xiste nce  are  ce rtain. Location is
accurate . Arrows show d ire ction of d ip; shorte r arrow
on ste e pe r lim b.~<N ull>
05.09.19 M onocline , anticlinal be nd  (1st
option)— Id e ntity and  e xiste nce  are  ce rtain. Location is
approxim ate . Arrows show d ire ction of d ip; shorte r
arrow on ste e pe r lim b.~<N ull>

J

J 31.10 Cross s e ction line  and  labe l

02.11.08 Incline d  fault (1st option)— S howing d ip value
and  d ire ction.

05.10.05 Plunging anticline — Large  arrowhe ad  shows
d ire ction of plunge .

05.10.07 Plunging syncline — Large  arrowhe ad  shows
d ire ction of plunge .

05.11.04 S m all, minor anticline , ve rtical or ne ar-ve rtical
axial surface  (1st option)— S howing strike .

05.11.24 S m all, minor syncline , ve rtical or ne ar-ve rtical
axial surface  (1st option)— S howing strike .

05.11.25 S m all, minor syncline , incline d  axial surface
(1st option)— S howing strike  and  d ip.

06.01 Horizontal be d d ing

06.02 Incline d  be d d ing— S howing strike  and  d ip.

06.03 V e rtical be d d ing— S howing strike .

06.33 Approxim ate  orie ntation of incline d
be d d ing— S howing approxim ate  strike  and  d ip.

08.02.03 Incline d  flow band ing, lam ination, laye ring, or
foliation in igne ous rock— S howing strike  and  d ip.

09.049 Incline d  aligne d  stre tche d -obje ct line ation (1st
option)— S howing be aring and  plunge .

09.105 Incline d  fold  hinge  of sm all, minor anticline  (1st
option)— S howing be aring and  plunge .

09.113 Incline d  fold  hinge  of sm all, minor syncline  (1st
option)— S howing be aring and  plunge .

12.05 Pale ocurre nt transport d ire ction d e te rm ine d  from
channe l tre nd .

12.06 Pale ocurre nt transport d ire ction d e te rm ine d  from
grave l im brication.

12.07 Pale ocurre nt transport d ire ction d e te rm ine d  from
cross-be d s.

D
12.09 Bi-d ire ctional pale ocurre nt transport d ire ction
d e te rm ine d  from sym e tric ripple m arks

16.09 S e d im e nt transport d ire ction d e te rm ine d  from
e olian cross-be d d ing in ve rtical or ne ar-ve rtical se ction

26.07.09 Dire ction of pale o ground -wate r
flow— Location is accurate .01.01.25 U nconform able  contact— Id e ntity and

e xiste nce  are  ce rtain. Location is accurate .
01.01.09 Inte rnal contact— Id e ntity and  e xiste nce  are
ce rtain. Location is accurate .
01.01.05 Contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is infe rre d .
02.01.04 Fault (ge ne ric; ve rtical, subve rtical, or high-
angle ; or unknown or unspe cifie d  orie ntation or se nse
of slip)— Id e ntity or e xiste nce  are  que stionable .
Location is approxim ate .

02.11.16 Fault in cross se ction showing local up/d own
offs e t— T he  arrows show the  re lative  motion along the
fault plane .
02.11.17 Fault in cross se ction showing local up/d own
offs e t— T he  arrows show the  re lative  motion along the
fault plane .

Mapping Responsibilities

Qtgh Qtti4

Qtgl Qtti3

Qtti2
Qtg

Qtti1

Ttbm

Twabl
Tsps

Tsp Tspa
Twabu

Twa

Ttm

 Correlation of Map Units—Terrace Units  Correlation of Map Units—Eocene–Oligocene V olcanic and
V olcaniclastic Rock s

Description of Map Units
01-00-00-00-

01-01-00-00-00— he ad ing02— Anthropoge nic U nits— Anthropoge nic
U nits— Anthropoge nic U nits
01-01-01-00-00— unit— afd — Disturbe d  land  and  anthropoge nic
fill— Alte re d  ground  and  thick accumulations of se d im e nt use d  as
artificial fill for le ve e s, be rm s, or found ations. S e d im e nt consists prim arily
of sand  with m inor pe bble s or silty–claye y sand . Variously com pacte d . 1–6
m thick.
01-02-00-00-00— he ad ing02— E olian U nits— E olian U nits— Locally,
und e rlying m ap units are  note d  using a backslash (i.e ., Q e s/und e rlying
unit).
01-02-01-00-00— unit— Q e — E olian sand — U nd iffe re ntiate d  wind -blown
(e olian), massive  sand . S and  is light-brown to light-ye llowish-brown
(7.5–10Y R  6/4), m inor re d d ish-ye llow to strong-brown (7.5Y R  6/5–6), fine -
to m e d ium-graine d , subangular to subround e d , we ll-sorte d , and
com pose d  of quartz, minor fe ld spar, and  3–15% mafic-lithic grains. Le ss
than 10% d une s e xce pt for local low mound ing around  shrubs (<30 cm
tall). Loose . 0.2–3 m thick.
01-02-02-00-00— unit— Q e lo— E olian loe s s— Pale -brown to light-ye llowish-
brown (10Y R  6/3–4) silt and  ve ry fine -graine d  sand . M assive , bioturbate d ,
and  variably burrowe d . Drape s hillslope s or ove rlie s planar ge omorphic
surface s. M ay be  burie d  by younge r e olian d e posits. M inim al pe d oge ne sis
or burie d  soils. 1–5 m thick.
01-02-03-00-00— unit— Q e s— E olian sand  she e t— S he e t of e olian sand
d raping the  land  surface . <10% d une  form s. Common pale osols
characte rize d  by cumulic calcic horizons (pe d  d e ve lopm e nt, stage  I
carbonate  morphology) or a cam bic horizon und e rlain by one  or more
we ak calcic horizons (stage  I to II). T opsoil has we ak pe d  d e ve lopm e nt, no
notable  clay illuviation, and  a we ak stage  I calcic horizon. Loose  to we akly
consolid ate d . 0.2–3 m thick.
01-02-04-00-00— unit— Q e le — T hick e olian sand  on the  le e  sid e  of
topographic slope s— T hick e olian sand  on north sid e  of rid ge s we st of
Little  S an Pascual M ountains. V e ry thin to m e d ium (mostly thin to
m e d ium), tabular be d s. S harp d e flation contacts. Be d s are  inte rnally
m assive  or e xhibit horizontal-planar-lam inations or cross-lam inations
(tange ntial, 3–10 cm tall fore se ts facing northe ast). Pale osols with S tage  I
to II carbonate  morphology. M inor tongue s of alluvium. 2–12 m thick.
01-02-05-00-00— he ad ing03— E olian S and  Fe aturing Dune s— E olian S and ,
Fe aturing Dune s— U nle ss othe rwise  note d , the  sand  in the s e  d une
d e posits is sim ilar to that in unit Q e  above .
01-02-05-01-00— unit— Q e d — U nd iffe re ntiate d  d une  d e posits— Various
und ivid e d  d une  form s found  along the  we ste rn foot of the  Little  S an
Pascual M ountains. Dune s includ e  parabolic, transve rse , longitud inal, and
irre gular form s 0.2–2.0 m tall. Dune  sand  is light-brown to light-ye llowish-
brown (7.5–10Y R  6/4), fine - to m e d ium-graine d , subround e d  to
subangular, we ll-sorte d , and  com pose d  of quartz, minor fe ld spar, and
10–20% m afic-lithics. 0.2–3 m thick.
01-02-05-02-00— unit— Q e sc— E olian sand  she e t with m inor coppice  and
irre gular d une s— S he e t of e olian sand , as in unit Q e s but with 10–100%
surface  cove rage  by coppice  to irre gular d une s 0.05–0.7 m tall (locally up
to 1 m). Be twe e n d une s is bioturbate d , e olian sand  with m inor pe bble s.
S and  is re lative ly massive , with local vague  cross-lam inations up to 5 cm
tall; up to 5% scatte re d  pe bble s. Loose  and  no notable  topsoil. Local,
we akly d e ve lope d  burie d  soils. 0.2–3 m thick.
01-02-05-03-00— unit— Q e le d — T hick e olian sand  on the  le e  sid e  of
topographic slope s, supe rim pose d  by d une s — U nit Q e le  supe rim pose d  by
various d une  form s that includ e  irre gular, coppice , parabolic, transve rse ,
and  longitud inal. Dune s are  loose , 0.2–2 m tall, and  lack soil d e ve lopm e nt.
Dune  d e posit is m assive  to vague ly cross-lam inate d  and  com pose d  of
light-brown, fine -uppe r- to m e d ium-lowe r-graine d  sand . Be low ≈2 m
d e pth the  s e d im e nt is e quivale nt to unit Q e le . E ntire  d e posit is 2–12 m
thick.
01-02-05-04-00— unit— Q e rc— E olian sand  ram p with coppice  and
irre gular d une s on the  surface  — S and  ramp along foot of Little  S an
Pascual M ountains, supe rim pos e d  by coppice  and  irre gular d une s up to 1
m tall. S and  is light-brown to light-ye llowish-brown, fine -uppe r- to
m e d ium-lowe r-graine d , subround e d  to subangular, we ll-sorte d , and
com pose d  of quartz, minor fe ld spar, and  10–15% mafic-lithic grains.
Loose . Like ly inte rtongue s with colluvium and  up to se ve ral m e te rs thick.
01-02-05-05-00— unit— Q e d l— Longitud inal d une s— E olian sand , as
d e scribe d  in the  unit Q e , form ing longitud inal d une s; d une s are  orie ntate d
≈60 d e gre e s and  are  re lative ly low (<2 m he ight). Loose  and  1–4 thick.
01-02-05-06-00— unit— Q e d bl— Barchan and  longitud inal d une s— E olian
sand , as d e scribe d  in the  unit Q e , form ing barchan d une s and  longitud inal
d une s. Barchan d une s are  orie ntate d  transve rse  to the  60 d e gre e  tre nd  of
the  longitud inal d une s. Locally, the  e aste rn e nd  (tail) of a barchan d une
m ay curve  and  m e rge  with a longitud inal d une . Dune s are  1–3 m tall.
R e lative ly bare  of ve ge tation. Loose  and  1–4 m thick.
01-02-05-07-00— unit— Q e d lbc— Barchan and  longitud inal d une s
supe rim pose d  by coppice  d une s— E olian sand , as d e scribe d  in the  unit
Q e , form ing sm all coppice  d une s d e ve lope d  on longitud inal d une s (Q e d l)
and  or on subord inate  barchan d une s. Longitud inal and  barchan d une s
are  mostly 1–2 m tall but locally up to 3 m tall. Loose  and  1–4 m thick.
01-02-05-08-00— unit— Q e d tlc— T ransve rse , longitud inal, and  coppice
d une s — E olian sand , as d e scribe d  in unit Q e , form ing both line ar
transve rse  d une s and  longitud inal d une s that are  re lative ly low-lying (<2
m, com monly 0.5–1 m tall). T he s e  are  com monly supe rim pose d  by sm all
coppice  d une s. Includ e s 1–3% large  barchan d une s. Loose  and  1–3 m
thick.
01-02-05-09-00— unit— Q e d pt— Irre gular, parabolic, and  transve rse
d une s— Fine - to m e d ium-graine d  sand  that form s irre gular, parabolic, and
transve rse  d une s ≈0.5–2 m in he ight. S and  is light-brown to light-
ye llowish-brown (7.5–10Y R  6/4), mostly fine -uppe r- to m e d ium-lowe r-
graine d , subround e d  to subangular, we ll-sorte d , and  com pose d  of quartz,
10–≈20% fe ld spar, and  15% m afic-lithic grains (includ ing che rt). Loose  and
1–5 m thick.
01-03-00-00-00— he ad ing02— S he e tflood  De posits on Ge ntle
S lope s— S he e tflood  De posits on Ge ntle  S lope s— Locally, und e rlying map
units are  note d  using a backslash (i.e ., Q s/und e rlying unit).
01-03-01-00-00— unit— Q s e — S he e tflood  d e posits re working e olian
sand — S he e tflood  d e posits re working substantial e olian sand . Compose d
of m assive  sand  com monly ove rprinte d  by we ak pale osols. S and  is light-
brown (minor re d d ish-ye llow) and  mostly fine - to m e d ium-graine d ;
1–15% scatte re d  coarse r sand  and  pe bble s. Pe d oge ne sis ind icate d  by S tage
I calcic horizons and  pe d  d e ve lopm e nt that typically lacks clay illuviation.
W e akly to mod e rate ly consolid ate d . 1–10 m thick.
01-03-02-00-00— unit— Q s— S he e tflood  d e posits— S and y she e tflood
d e posits with m inor scatte re d  pe bble s. T he  unit includ e s m inor, ve ry thin
to thin, le nticular be d s of pe bble s. S and  is m assive , brown to light-brown
to light-ye llowish-brown (7.5–10Y R  5–6/4), ve ry fine - to coarse -graine d
(1–10% silt to clay), and  mod e rate ly to poorly sorte d . W e ak top soil
d e ve lopm e nt e xhibiting S tage  I carbonate  morphology. 1–4 m thick.
01-04-00-00-00— he ad ing02— Hillslope  De posits— Hillslope
De posits— Locally, und e rlying map units are  note d  using a backslash (i.e .,
Q tb/und e rlying unit).
01-04-01-00-00— unit— Q sc— S he e tflood  and  colluvial d e posits,
und ivid e d — Pink to pinkish-white , fine - to m e d ium-graine d , massive
sand ; contains 5–10%, scatte re d , coarse r sand  and  pe bble s. U nit is 5%
tongue s of grave lly channe l-fill d e posits. Grave l are  subangular to
angular, poorly sorte d , and  com prise d  of pe bble s, 5% cobble s, & 1–3%
bould e rs. Grave l proportion like ly incre ase s toward s be d rock highs,
whe re  grave l tongue s like ly includ e  colluvium. S e ve ral m e te rs thick.

01-04-02-00-00— unit— Q tb— Basaltic talus— Basaltic bould e rs, with le ss e r
cobble s and  pe bble s, that form a talus apron ove rlying sand  of unit Q tsa.
T he  talus prote cts the  und e rlying, re lative ly loose  sand  from e rosion. 1–3
m thick.
01-04-03-00-00— unit— Q cto— O ld e r colluvium and  talus— Angular to
subangular, ve ry poorly sorte d  pe bble s through coble s (5% bould e rs) of
unit T tbm that d rape  unit T ws ne ar the  we ste rn quad rangle  bound ary.
01-05-00-00-00— he ad ing02— R io Grand e  Flood plain U nits— R io Grand e
Flood plain U nits— M appe d  prim arily using 2014 ae rial im age ry from the
N ational Agriculture  Image ry Program (N AIP). Almost all fe ature s like ly
postd ate  the  flood  of 1941.
01-05-01-00-00— unit— R w14— W ate r— Flowing or stand ing wate r
appare nt in 2014 d igital ae rial im age ry.
01-05-02-00-00— unit— R cb— R io Grand e  bar d e posits — U nve ge tate d ,
longitud inal bars of sand  and  pe rhaps m inor grave l appare nt in 2014
d igital ae rial im age ry.
01-05-03-00-00— unit— R ch— R io Grand e  channe l d e posits — Are as of the
R io Grand e  flood plain with band e d  surface  te xture s (such as ve ge tation
tre nd s) appare nt in 2014 d igital ae rial im age ry. T he s e  te xture s mostly
paralle l the  axis of the  mod e rn flood plain. T he  unit is late rally grad ational
with unit R cs [mod ifie d  from Cikoski (2018]).
01-05-04-00-00— unit— R cs— R io Grand e  channe l-splay d e posits— Are as of
the  flood plain with fanning/d istributary surface  te xture s (such as
ve ge tation tre nd s) appare nt in 2014 d igital ae rial im age ry. Distributary
te xture s comm only can be  trace d  back to curre nt or form e r locations of the
R io Grand e  channe l. T he  unit is late rally grad ational with unit R ch
(mod ifie d  from Cikoski [2018]).
01-05-05-00-00— unit— R sb— R io Grand e  scroll-bar d e posits— Are as of the
flood plain with scrolle d  surface  te xture s (such as ve ge tation tre nd s)
appare nt in 2014 d igital ae rial im age ry. T he s e  te xture s are  com pris e d  of
tightly paralle l, arcuate  shape s form e d  by migration of the  rive r channe l.
01-05-06-00-00— unit— R au— R io Grand e  und iffe re ntiate d  d e posits,
prim arily flood plain alluvium — Are as of the  flood plain with non-d istinct
surface  te xture s. Includ e s are as of the  flood plain that have  be e n artificially
d isturbe d  by land  manage m e nt or form e r agricultural activitie s such that
prim ary surface  te xture s are  unre cognizable  (m od ifie d  from Cikoski
[2018]). Consists of sand  (mostly ve ry fine - to m e d ium-graine d ) and  le ss e r
silt or clay. M e rge s d ownward  into unit Q ay.
01-06-00-00-00— he ad ing02— Valle y-floor U nits— Valle y-floor
U nits— M any of the  valle y-floor map units re fle ct com binations of
d e posits, such as com bine d  younge r alluvium and  m od e rn alluvium
(Q aym). In the s e  com bine d  units, the  unit with the  large st e xpose d  are a is
shown first, followe d  by the  unit with the  le ss e r are a of e xposure . W he re
m od e rn and  historic d e posits are  sube qual (±20%) the  re sulting map unit
is calle d  R e ce nt and  abbre viate d  as Q ar.
01-06-01-00-00— unit— Q am — M od e rn alluvium— Loose  sand  and  grave l
form ing bars and  und e rlying channe ls in e phe m e ral d rainage s. Grave l
includ e s pe bble s, cobble s, and  m inor bould e rs. S and  is brown to grayish-
brown to pinkish-gray to light-gray (7.5–10Y R ) and  mostly m e d ium- to
ve ry coarse -graine d . Bar-and -swale  topography (0.1–0.6 m re lie f), ste e p-
walle d  channe ls, and  lack of topsoil d e ve lopm e nt characte rize  the  surface .
T hickne ss ≈0.5–2 m.
01-06-02-00-00— unit— Q ah— Historic alluvium — S and y grave l, pe bbly
sand , and  sand  whose  ge omorphic surface  e xhibits bar-and -swale
topography and  lacks notable  topsoil d e ve lopm e nt. S e d im e nt typically in
ve ry thin to m e d ium, tabular to le nticular be d s. S and  be d s are  inte rnally
m assive  or lam inate d . N o visible  calcium carbonate  accum ulation in
topsoil. T re ad  he ight comm only 0.3–0.7 m. 1–3 m thick, thicke ning
toward s R io Grand e  flood plain.
01-06-03-00-00— unit— Q ar— R e ce nt (historic + mod e rn)
alluvium— Historic alluvium and  mod e rn alluvium (Q am) in sube qual
(±20%) proportions. S e e  d e scriptions of units Q am and  Q ah. W e akly
consolid ate d  and  0.5–3 m thick.
01-06-04-00-00— unit— Q am h— M od e rn and  historic alluvium, und ivid e d
— M od e rn alluvium (Q am) and  subord inate  historic alluvium (Q ah). S e e
d e taile d  d e scriptions of e ach re spe ctive  unit. 0.5–2 m thick.
01-06-05-00-00— unit— Q ahm — Historic and  m od e rn alluvium, und ivid e d
— Historic alluvium (Q ah) and  subord inate  mod e rn alluvium (Q am). S e e
d e taile d  d e scriptions of e ach re spe ctive  unit. 0.5–2 m thick.
01-06-06-00-00— unit— Q ary— R e ce nt (historic + mod e rn) and  younge r
alluvium, und ivid e d — R e ce nt alluvium (Q ar) and  subord inate  younge r
alluvium (Q ay). S e e  d e taile d  d e scriptions of Q am, Q ah, and  Q ay. 0.5–4 m
thick.
01-06-07-00-00— unit— Q ahy— Historic and  younge r alluvium,
und ivid e d — Historic alluvium (Q ah) and  subord inate  younge r alluvium
(Q ay). S e e  d e taile d  d e scriptions of e ach re spe ctive  unit. 0.5–4 m thick.
01-06-08-00-00— unit— Q ay— Younge r alluvium— Inte rbe d d e d  pe bbly
sand , sand , and  sand y grave l. S and  outsid e  of grave ly be d s is light-brown,
mostly fine - to m e d ium-graine d , and  has trace  to 20% pe bble s. U nd e rlie s
ge om orphic surface  w/no bar-and -swale  topography, stand ing 0.5–3 m
above  m od e rn grad e , whos e  topsoil has calcic horizons with visible  S tage
I to I(+) calcium carbonate  morphology. M ay have  >1 allostratigraphic
subunits. 1–4 m thick.
01-06-09-00-00— unit— Q ayax— Younge r alluvium d e posite d  by axial
rive r— Poorly e xpose d  and  loos e  sand  sim ilar in composition and  te xture
to sand  in unit Q T sa, but und e rlying low (≤3 m above  m od e rn grad e )
te rrace s that paralle l the  R io Grand e . S urface  lacks bar-and -swale
topography, and  its topsoil has at le ast one  calcic horizon e xhibiting S tage
I to I(+) calcium carbonate  morphology. 1–4 m thick.
01-06-10-00-00— unit— Q aym— Younge r and  m od e rn alluvium,
und ivid e d — Younge r alluvium (Q ay) and  subord inate  mod e rn alluvium
(Q am). S e e  d e taile d  d e scriptions of e ach unit. 1–4 m thick.
01-06-11-00-00— unit— Q ayr— Younge r and  re ce nt (historic + mod e rn)
alluvium, und ivid e d — Younge r alluvium (Q ay) and  subord inate  re ce nt
alluvium (Q ar). S e e  d e taile d  d e scriptions of e ach unit. 1–4 m thick.
01-06-12-00-00— unit— Q ayo— Younge r alluvium, old e st allostratigraphic
unit— Highe st allostratigraphic unit of younge r alluvium (Q ay).
Inte rbe d d e d  pe bbly sand , sand , and  sand y grave l. Le ss cobble s than
Ple istoce ne -age  alluvium. U nd e rlie s a smooth, pe bbly ge omorphic surface
(no bar-and -swale  topography), stand ing 2–5 m above  mod e rn grad e ,
with varnish on 0–10% of clasts. T opsoil has S tage  I(+) calcic horizons
locally ove rlain by a thick A horizon. 2–6 m thick.
01-07-00-00-00— he ad ing02— Alluvial Fan U nits— Alluvial Fan
U nits— M any of the  alluvial fan map units re fle ct com binations of
d e posits, such as com bine d  younge r alluvium and  historic alluvium
(Q fyh). In the s e  com bine d  units, the  unit with the  large st e xpose d  are a is
shown first, followe d  by the  unit with the  le ss e r are a of e xposure . W he re
m od e rn and  historic d e posits are  sube qual (±20%), the n the  re sulting m ap
unit is calle d  R e ce nt and  abbre viate d  as Q fr.
01-07-01-00-00— unit— Q fm — M od e rn fan alluvium— S im ilar to unit Q am
but form s an alluvial fan at the  mouths of tributary d rainage s. S e e
d e scription of unit Q am. W e akly consolid ate d  and  0.5–2 m thick.
01-07-02-00-00— unit— Q fh— Historic fan alluvium — S im ilar to unit Q ah
but form s an alluvial fan at the  mouths of tributary d rainage s. S e e
d e scription of unit Q ah. W e akly consolid ate d  and  1–3 m thick.
01-07-03-00-00— unit— Q fr— R e ce nt (historic + mod e rn) fan
alluvium— S im ilar to unit Q ar but form s an alluvial fan at the  m ouths of
tributary d rainage s. S e e  d e scription of units Q ah and  Q am. W e akly
consolid ate d  and  1–3 m thick.
01-07-04-00-00— unit— Q fm h— M od e rn and  historic alluvium, und ivid e d
— M od e rn fan alluvium (Q fm) and  subord inate  historic fan alluvium
(Q fh). S im ilar to unit Q am h but form s an alluvial fan at the  m ouths of
tributary d rainage s. S e e  d e scriptions of Q am and  Q ah. W e akly
consolid ate d  and  1–3 m thick.

01-07-05-00-00— unit— Q fhm — Historic and  mod e rn alluvium, und ivid e d
— Historic fan alluvium (Q fh) and  subord inate  mod e rn fan alluvium
(Q fm). S im ilar to unit Q ahm but form s an alluvial fan at the  mouths of
tributary d rainage s. S e e  d e scriptions of units Q ah and  Q am. W e akly
consolid ate d  and  1–3 m thick.
01-07-06-00-00— unit— Q fhy— Younge r alluvial fans and  slope  wash
d e posits, und ivid e d — Historic fan alluvium (Q fh) and  subord inate
younge r fan alluvium (Q fm). S im ilar to unit Q ahy but form s an alluvial
fan at the  mouths of tributary d rainage s. S e e  d e scriptions of units Q ah and
Q ay. W e akly consolid ate d  and  1–4 m thick.
01-07-07-00-00— unit— Q fry— R e ce nt and  younge r fan alluvium,
und ivid e d  — R e ce nt fan alluvium (Q fr) and  subord inate  younge r fan
alluvium (Q fy). S im ilar to unit Q ary but form s an alluvial fan at the
m ouths of tributary d rainage s. S e e  d e scriptions of Q ah, Q am, and  Q ay.
W e akly consolid ate d  and  1–4(?) m thick.
01-07-08-00-00— unit— Q fy— Younge r fan alluvium— S im ilar to unit Q ay
but form s an alluvial fan at the  mouths of tributary d rainage s. S e e
d e scription of Q ay. W e akly to mod e rate ly consolid ate d  and  1–4(?) m thick.
01-07-09-00-00— unit— Q fyh— Younge r and  historic fan alluvium,
und ivid e d — Younge r (Q fy) and  subord inate  historic (Q fh) fan alluvium.
S e e  d e taile d  d e scriptions of e ach unit. W e akly to mod e rate ly consolid ate d
and  1–4(?) m thick.
01-07-10-00-00— unit— Q fyr— Younge r and  re ce nt fan alluvium,
und ivid e d — S im ilar to unit Q ary but form s an alluvial fan at the  mouths
of tributary d rainage s. S e e  d e scriptions of Q ay, Q ah, and  Q am. W e akly to
mod e rate ly consolid ate d  and  1–4(?) m thick.
01-07-11-00-00— unit— Q fyo— O ld e r allostratigraphic unit of younge r fan
alluvium— S and  with m inor pe bbly be d s. S and  is mostly in m e d ium to
thick be d s or e lse  m assive , light-brown to light-ye llowish-brown, and  ve ry
fine - to coarse -graine d ; up to 10% scatte re d  pe bble s and  1–3% ve ry thin,
le nticular be d s of sand y pe bble s to pe bbly sand . M inor burie d  soils with
S tage  I to II calcic horizons. T opsoil e xhibits S tage  I or I(+) calcic horizons.
T re ad  he ight is 1–5 m. 5–7 m thick.
01-07-12-00-00— unit— Q fd f— De bris flow-d om inate d  fans— R e lative ly
m assive  sand  and  basaltic grave l (prim arily cobble s and  bould e rs). Grave l
is d e rive d  from the  uppe r basalt that caps M e sa d e l Contad e ro (Q bu).
S and  is light-colore d , fine - to ve ry coarse -graine d , subround e d  to
subangular, and  rich in quartz grains (m ainly re worke d  from unit Q T sa).
W e akly consolid ate d  and  1–4 m thick.
01-07-13-00-00— unit— Q fo— O ld e r fan d e posits— T hick alluvial fan
d e posits filling pale ovalle ys and  buttre ss e d  against pale oslope s e ast of R io
Grand e . M ay have  more  than one  allostratigraphic unit. Consis ts of: 1)
massive  sand  with 1–15% pe bble s (scatte re d  or in le nse s), common we akly
d e ve lope d  pale osols (S tage  I calcic horizons); and  2) pe bbly sand  channe l
fills. U nit includ e s thick tongue s of axial sand  with m inor pe bble s. 1–18 m
thick.
01-08-00-00-00— he ad ing02— T e rrace  U nits— T e rrace  U nits— T e rrace

01-08-01-00-00— unit— Q tti1— Lowe st te rrace  along T iffany Canyon,
d iscontinuous— S and y grave l in clast-supporte d , le nticular be d s; tre ad
stand s 2–3 m above  mod e rn grad e . Grave l com pris e d  of pe bble s, 50%
cobble s, and  1–15% bould e rs com pose d  of fe lsic to inte rm e d iate  volcanic
rocks. M atrix consists of strong-brown to re d d ish-brown, m e d ium- to ve ry
coarse -graine d  sand . Ge om orphic surface  e xhibits a we ak to mod e rate
d e s e rt pave m e nt. M od e rate ly consolid ate d . 1–2 m thick.
01-08-02-00-00— unit— Q tti2— S e cond -from-lowe st te rrace  along T iffany
Canyon, d iscontinuous— S and y grave l that is grayish and  clast-supporte d .
Vague , m e d ium to thick, le nticular be d s. Grave l consists of pe bble s with
≈35% cobble s and  5–7% fine  bould e rs. M od e rate ly consolid ate d . S harp,
scoure d  lowe r contact. T re ad  stand s 4–5 m above  m od e rn stre am grad e . 2
m thick.
01-08-03-00-00— unit— Q tti3— M id d le  te rrace  along T iffany Canyon,
continuous— S and y grave l und e rlying the  lowe r e xte nsive  te rrace  in
T iffany Canyon, corre lative  to unit Q tgl. Cobbly se d im e nt is in m e d ium to
thick, le nticular be d s and  pe bbly se d im e nt is in lam inate d  to m e d ium,
le nticular to tabular be d s. Grave l includ e s pe bble s, 15–20% cobble s and
1–3% bould e rs. S and  is brown to re d d ish-brown and  fine - to ve ry coarse -
graine d . T re ad  lie s 7–9 m above  mod e rn grad e . 2–5 m thick.
01-08-04-00-00— unit— Q tti4— U ppe r te rrace  along T iffany Canyon,
continuous— S and y grave l und e rlying highe r e xte nsive  te rrace  along
T iffany Canyon, corre lative  to unit Q tgh. Grave l comprise d  of pe bble s and
cobble s with 1–3% bould e rs. M atrix consists of ve ry fine  to ve ry coarse
sand . T opsoil carbonate  horizon e xhibits a S tage  II(+) to III(+) carbonate
m orphology. M od e rate ly consolid ate d . M od e rate ly d e ve lope d  d e s e rt
pave m e nt. T re ad  he ight is 11–13 m. De posit is ≈6 m thick.
01-08-05-00-00— unit— Q tg— Grave lly te rrace  d e posit we st of R io Grand e ,
und iffe re ntiate d — S and y grave l comprise d  of pe bble s and  m inor cobble s.
Grave l is clast-supporte d , subround e d , and  poorly sorte d ; compos e d  of
fe lsic-d om inate d  volcanic clasts (we st of R io Grand e ), or basalt clasts and
re worke d  Q T sa grave l (e ast of R io Grand e ). S and  is brown, fine - to ve ry
coarse -graine d , and  has 0.5–3% clay in matrix. T re ad  he ight of 3–6 m (we st
of R io Grand e ) or 10–20 m (e ast of R io Grand e ). 0.5–3 m thick.
01-08-06-00-00— unit— Q tgl— Lowe r grave lly te rrace  d e posit we st of R io
Grand e — Pe bbly sand  and  sand y grave l, locally coarse ning upward s.
S and y grave l is mostly in ve ry thin to m e d ium, le nticular be d s; pe bbly
sand  is mostly horizontal-planar-lam inate d ; 1–20% cross-stratification.
Grave l consists of pe bble s with 1–20% cobble s. S and  is fine - to ve ry
coarse -graine d ; 0–1% clay in matrix. T re ad  has a we ak to mod e rate
pave m e nt and  stand s 7–10 m above  mod e rn grad e . 2–10 m thick.
01-08-07-00-00— unit— Q tgh— Highe r grave lly te rrace  d e posit we st of R io
Grand e — T hick d e posit und e rlying an e xte nsive  ge om orphic surface  we st
of R io Grand e . Consis ts of sand y grave l with le ss e r pe bbly sand . Grave l
com prise d  of pe bble s, 5–10% cobble s and  trace  to 3% bould e rs. S trath and
tre ad  typically are  >2 m and  10–18 m above  mod e rn grad e , re spe ctive ly.
T opsoil contains a S tage  III to III(+) pe trocalcic horizon >0.5 m thick.
T hickne ss range  of 1–12 m, but m ostly 3–6 m.
01-09-00-00-00— he ad ing02— Q uate rnary Volcanic U nits— Q uate rnary
Volcanic U nits— Q uate rnary Volcanic U nits
01-09-01-00-00— unit— Q ble — Lowe r basalt outcrops within e olian
sand — M appe d  whe re  sm all, subord inate  basalt outcrops occur within
thick e olian sand  accumulations. E olian sand  as in unit Q e . Basalt is black
to ve ry d ark-gray (N  2.5/–3/), highly ve sicular, and  contains trace  to 1%
olivine  phe nocrysts. Late  Ple istoce ne  age  base d  on unpublishe d
40Ar/39Ar d ata (M att Z im m e re r, pe rsonal com m., June  7, 2019). 1–8 m.
01-09-02-00-00— unit— Q bucc— Cind e r cone , source  for uppe r basalt
capping M e sa d e l Contad e ro— Black to re d , basaltic cind e r (prim arily
lapilli with m inor ash and  bom bs up to 20 cm) and  we ld e d  agglutinate
inte rbe d d e d  with localize d  basalt lobe s. Basalt contains 7–8% phe nocrysts
of olivine  and  pyroxe ne . S trata are  in ste e ply d ipping, tabular be d s that
und e rlie  a 25 m tall cind e r cone , corre spond ing to M e sa Pe ak, on the
northe ast sid e  of M e sa d e l Contad e ro.
01-09-03-00-00— unit— Q bu— U ppe r basalt capping M e sa d e l
Contad e ro— Dark-gray to black, ve sicular basalt containing 8–12%
phe nocrysts of olivine  and  1–2% phe nocrysts of pyroxe ne ; phe nocrysts are
0.2–1 mm long, with trace  up to 1.5 mm long. 3–7 m thick.
01-09-04-00-00— unit— Q buhm — Hyd rom agm atic d e posits und e rlying the
uppe r basalt capping M e sa d e l Contad e ro— Horizontal-planar, we ll-
d e fine d  lam inations of fine - to ve ry coarse -graine d  sand  and  fine  pe bble s.
Contains 1–10% cross-lam inations up to 10 cm tall. S trata are  grayish-
brown to olive -gray to pale -brown. S and  is we ll-sorte d  within a lam ina
and  com pose d  of of subangular basalt and  quartz-d om inate d  sand
(sim ilar to sand  in Q tsa). Pe bble s prim arily of basalt with trace  to 5% Q tsa
type s. 1–30 m thick.
02-00-00-00-00— he ad ing01— Q uate rnary–T e rtiary— Q uate rnary–T e rtiar...

02-01-00-00-00— he ad ing02— Basin-fill U nits— Basin-fill U nits— T he s e
units colle ctive ly be long to the  S anta Fe  Gp. In the  S ocorro Basin to the
north the  uppe r S anta Fe  Gp. is calle d  the  S ie rra Lad rone s Fm. S outh and
we s t of the  quad rangle , S T AT E M AP work is using the  age -e quivale nt te rm
Palom as Fm. T he  lowe r S anta Fe  Gp is calle d  the  Popotosa Fm. An
unconform able  contact e xists be twe e n the s e  two form ations. T he  contact
m ay be  conform able  ne ar the  R io Grand e .
02-01-01-00-00— he ad ing03— S ie rra Lad rone s Formation— S ie rra Lad rone s
Formation— S ie rra Lad rone s Formation
02-01-01-01-00— unit— Q T spw— W e ste rn pie d m ont facie s— O rangish to
re d d ish, claye y, inte rbe d d e d  sand  and  grave l prograd ing ove r unit Q T sa.
Consists of fine  to ve ry coarse  sand  and  pe bbly sand  in m e d ium to thick,
tabular be d s; hosting variable  (sube qual to subord inate ) tongue s of sand y
grave l that e xhibit ve ry thin to m e d ium, le nticular (minor tabular) be d s or
is cross-stratifie d . W e ak pale osols with illuviate d  clay and  calcic horizons.
2–150 m thick.
02-01-01-02-00— unit— Q T stw— W e ste rn m argin, pie d m ont-axial transition
zone — Light-colore d , m e d ium-graine d , axial sand  inte rbe d d e d  with
30–70% orange  to light-brown, thin to thick be d s of silt, ve ry fine - to fine -
graine d  sand  (locally with scatte re d  coarse r sand  and  pe bble s), and  clay.
Fine  se d im e nt is tabular-be d d e d  (inte rnally m assive  or lam inate d  to ve ry
thinly be d d e d ). Includ e s 1–3 m-thick tongue s of pie d m ont lithofacie s with
<30% grave l (unit Q T spw). 5–20 m thick.
02-01-01-03-00— unit— Q T sa— Axial-fluvial facie s— Light-colore d
(10Y R –2.5Y), fine - to coarse -graine d  sand  that is cross-lam inate d  (comm on
trough form s), horizontal-planar-lam inate d  to ve ry thinly be d d e d , or
massive . U nit has 1–15% pe bbly be d s with e xotic clas ts (e .g., 1–15%
quartzite  and  10–25% che rt, d e cre asing d own-se ction). De posite d  in
pale ochanne ls or lobe s by the  ance stral R io Grand e , <10% fine -graine d ,
flood plain d e posits. 20–250(?) m thick.
02-01-01-04-00— unit— Q T sage — Axial-fluvial facie s with grave l
as s e m blage  m ainly source d  from the  e aste rn pie d m ont— Poorly e xpose d
sand , sim ilar to that in unit Q tsa, m ixe d  with pe bble s and  cobble s (95%
pe bble s vs 5% cobble s) com pose d  of Pale ozoic carbonate s, 1–5% che rt,
1–20% Pe rm ian siltstone s and  sand stone s, trace  to 10% volcanic rocks, 1%
granite , and  trace  quartzite . Grave l are  subangular to subround e d  (che rt
m ay be  round e d  to subround e d ) and  poorly sorte d . M ay form S S W -
tre nd ing rid ge s. 2–10 m thick.
02-01-01-05-00— unit— Q T ste — E aste rn margin, pie d m ont-axial transition
zone — Pink to pinkish-white , ve ry fine - to fine -graine d  sand , silty sand
and  silt in m e d ium to thick, tabular be d s (inte rnally m assive  &
bioturbate d ). <25%, scatte re d , coarse r sand  grains and  1–5% pe bble s.
M inor tongue s of sand y grave l (pe bble s, 15–20% cobble s; compos e d  of
lim e stone  and  m inor che rt) that are  m e d ium to thick and  le nticular.
Pale osols with stage  I to II calcic horizons. 5–40 m thick.
02-01-01-06-00— unit— Q T spe — E aste rn pie d m ont facie s— Inte rbe d d e d
sand y grave l and  ve ry fine - to m e d ium-graine d  sand . Grave lly tongue s
e xhibit thin to thick, tabular to le nticular be d s and  0–10% cross-
stratification. Grave l comprise d  of angular to subangular pe bble s, 1–20%
cobble s, 1–5% bould e rs; compose d  of Pale ozoic lim e stone , 0–20% Pe rm ian
clastics, and  0.5–15% che rt. Fine  se d im e nt has 1–20% scatte re d  coarse
sand , and  1–20% pe bble s. 2–50 m thick.
02-01-02-00-00— he ad ing03— Popotosa Formation— Popotosa
Formation— Popotosa Formation
02-01-02-01-00— unit— T ppe — Grave lly e aste rn pie d m ont
facie s— Conglom e rate , com pose d  m ainly of lim e stone  clasts; subround e d
to round e d  and  com pris e d  of pe bble s, 10–25% fine  to coarse  cobble s, and
trace  to 5% bould e rs. Vague , thin to thick, le nticular to tabular be d s. Local
(up to 20%) sand stone  inte rbe d s. U ppe r strata possibly tim e -corre lative  to
the  lowe r S ie rra Lad rone s Fm. W e ll-ce m e nte d  by calcium carbonate ; local
silica ce m e ntation. 10–1,600(?) m thick.
02-01-02-02-00— unit— T ps— S and stone — W e ll-sorte d  sand stone  in thin to
thick (mostly thick), tabular be d s (inte rnally m assive , horizontal-planar-
lam inate d , or locally low-angle  cross-lam inate d ). S and  is light-gray to
pink to re d , mostly fine -graine d  and  subround e d , lacks fine s, and
com pose d  of quartz, 20–45% fe ld spar, and  1–10% m afic-lithic grains.
Commonly we ll-ce m e nte d  by silica and  outcrops are  strongly varnishe d .
10–1,600(?) m thick.
02-01-02-03-00— unit— T psx— Cross-stratifie d  sand stone — W e ll-sorte d ,
re d d ish-brown, fine -graine d  sand stone  that is cross-stratifie d  within ve ry
thick, tabular be d s. Fore se ts d ip ste e ply to N E  and  >0.5 m tall. Grains are
m os tly fine -lowe r- to fine -uppe r-graine d , round e d -we ll round e d , and
com pose d  of quartz, minor fe ld spar, and  5–15% mafic-lithic grains. W e ll-
ce m e nte d  by he m atite  (locally nod ular) and  possibly silica. E olian
d e positional e nvironm e nt. >30 m thick.
02-01-02-04-00— unit— T psc— S and stone  and  conglom e rate — Cross se ction
only. S and stone  infe rre d  to be  inte rbe d d e d  with volcanic-grave l
conglom e rate  and  conglom e ratic sand stone . Conglom e rate s m ay be  tuff-
d om inate d  or and e site -d om inate d . Corre late s with Popotosa-age  units in
the  Ind ian W e ll W ild e rne ss quad rangle  to the  north (Cham be rlin and
Cikoski, 2010). Possibly 1,300 m thick.
02-02-00-00-00— he ad ing02— Pre cipitate  R ocks— Pre cipitate
R ocks— Pre cipitate  R ocks
02-02-01-00-00 — unit— Q trv— T rave rtine — Lam inate d  to ve ry thin, tabular
be d s of calcium carbonate . R ock is light-gray, variably vuggy, and  has
local root trace s (up to 2 cm wid e ). Locally inte rbe d d e d  with m inor (up to
30%) ve ry thin to m e d ium, tabular be d s of sand y pe bble s; pe bble s are
angular to subangular and  com pose d  of Pale ozoic carbonate s and  m inor
Pe rm ian siltstone s to sand stone s; we stward  pale oflow. U p to ≈6 m thick.
02-02-02-00-00 — unit— T qc— Q uartz and  che rt bod ie s— W hite  to grayish,
crystalline  to m icrocrystalline  quartz (≤2 mm crystal size ) and  re d d ish-
gray to d ark-orange  to re d d ish-brown che rt. O ccurs as stratiform bod ie s
that re place d  original lim e stone . De posits are  typically massive , but
locally occur as 1–5 ce ntim e te r-scale , tabular band s of alte rnating che rt
and  quartz. Local ge od e s. M appe d  whe re  unit occupie s >50% of outcrop
are a. 1–15 m thick.
02-03-00-00-00— he ad ing02— E oce ne –O ligoce ne  Volcanic and
Volcaniclas tic R ocks— E oce ne –O ligoce ne  Volcanic and  Volcaniclastic
R ocks— N ote  that volcaniclas tic strata are  assigne d  to the  S pe ars Group,
and  ignim brite s younge r than 32–33 M a is includ e d  in the  M ogollon
Group (pe r Cathe r e t al., 1994). T he  and e site  flows mappe d  on this
quad rangle , in ad d ition to the  tuff of Battle  M ountain, be long to the  Datil
Group (pe r Cathe r e t al., 1994).
02-03-01-00-00— unit— T tm — U nd ivid e d  tuffs of the  M ogollon
Group— Cross se ction only. Various rhyolitic ignim brite s; partially to
d e nse ly we ld e d  with 1–40% phe nocrysts (mostly 0.5–3 mm) d om inate d  by
sanid ine  and  quartz with variable  (typically <1%) plagioclase  and  trace  to
1% biotite . M ost like ly includ e s the  phe nocryst-poor (≤5%) and  d e nse ly
we ld e d  La Je ncia and  V icks Pe ak tuffs; possibly the  Le m itar and  S outh
Canyon tuffs. T hickne ss unce rtain; 1–120(?) m.
02-03-02-00-00— unit— T wabu— U ppe r biotite -be aring and e site
flow— M e d ium-gray lava with 15–35% plagioclase  phe nocrysts (subhe d ral
and  0.5–5 mm, mostly 1–2 mm long) and  1–5% biotite  phe nocrysts (an- to
subhe d ral, ≤1 mm long and  bronze -colore d ). Form s a le d ge  that we athe rs
into 5–10 cm-thick plate s. 40–50 m thick.
02-03-03-00-00— unit— T tbm — T uff of Battle  M ountain— W e ld e d  and
foliate d  tuff; variably e utaxitic and  ove rlie s a 0.5–2 m thick, black
vitrophyre . Phe nocrysts includ e  10–25% fe ld spar (0.5–4 mm, probably
plagioclase  and  m inor sanid ine ) and  1–7% biotite  crystals (0.1–1 mm);
ve ry minor hornble nd e . ≈10% flatte ne d  and  locally stre tche d  pum ice . M ay
corre late  to 33.7–33.9 M a tuff of Chupad e ra W ild e rne ss (se e  Cham be rlin
and  Cikoski, 2010). 18 m thick.

02-03-04-00-00— unit— T sps— S pe ars Group, silt and  fine  sand — T an
(locally re d d ish) and  massive , silt and  ve ry fine  to fine  sand  occurring as
1–15 m-thick tongue s within unit Twa. S and  is subangular and  appare ntly
com pose d  of fe ld spar with 20% d ark grains (volcanic lithics and
pyroxe ne ). Locally, up to 15% scatte re d  coarse  to ve ry coarse  sand
(includ ing pyroxe ne  crystals) and  1–10% and e site  pe bble s. Inte rpre te d  as
e olian sand  re worke d  by she e tflood ing.
02-03-05-00-00— unit— T wa— And e s ite  of W illow S prings— Gray,
pyroxe ne - and  plagioclase -phyric and e site , we athe ring to a light-brown to
brown to re d d ish-brown. Variably ve sicular. Phe nocryst as se m blage :
0.5–10% (mostly 5–10%) pyroxe ne  (anhe d ral to subhe d ral, mostly 0.2–2
mm); 10–40% plagioclase  (e uhe d ral to subhe d ral, mostly 0.5–2 mm).
Ground m ass has abund ant plagioclase  crystals (≤0.5 mm). Includ e s 1–10%
tongue s of re d d ish bre ccia or sand s tone . ≈300 m thick.
02-03-06-00-00— unit— T wabl— Lowe r biotite -be aring and e site
flow— Le d ge -form ing, highly porphyritic lava. R e d d ish-gray, varnishing
to a d ark-re d d ish-brown to light-m aroon to light-gray. Phe nocrysts
includ e  12–20% plagioclase  (subhe d ral & 0.5–7 mm, mostly 1–3 mm) and
30–7% biotite  (sub- to e uhe d ral, 0.1–2 mm). Both pyroxe ne  (5–7%) and
biotite  (5–7%) phe nocrysts obse rve d  within 2 m above  base . T op and  base
of flow is ve sicular; flow bre ccia at top. 14 m thick.
02-03-07-00-00— unit— T spa— S pe ars Group volcaniclastic strata
inte rtonguing with the  and e site  of W illow S prings— Cross se ction only.
T ongue s of volcaniclastic conglom e rate , conglom e ratic sand stone  and
sand stone  that are  infe rre d  to inte rtongue  with and e site  flows corre lative
to the  and e site  of W illow S prings. S e e  d e scriptions for units T sp and  T wa.
U nce rtain infe rre d  thickne ss of 700–750 m.
02-03-08-00-00— unit— T sp— S pe ars Group volcaniclastic strata,
und ivid e d — W e ak-re d , thick-be d d e d  conglom e rate , conglom e ratic
sand stone  and  sand stone . Grave l is m ainly inte rm e d iate  volcanic (with
se d im e ntary clasts ne ar base ) and  range s from pe bble s to bould e rs;
as sociate d  be d s are  matrix-supporte d  and  massive , consiste nt with lahar
or d e bris flow d e position. S and stone  be d s are  variably claye y and
re lative ly tabular (inte rnally massive  to lam inate d ). 190–250 m thick.
02-04-00-00-00— he ad ing02— E oce ne  S e d im e ntary R ocks, N on-
volcanic— E oce ne  S e d im e ntary R ocks, N on-volcanic— E oce ne  S e d im e ntary
R ocks, N on-volcanic
02-04-01-00-00— unit— T b— Baca Formation— M e te r-scale , inte rcalate d
tongue s of: 1) re d d ish-brown, massive , ve ry fine - to fine -graine d  sand  and
silty–claye y fine  sand  (0–10%, scatte re d , coarse r sand  grains and  1–3%
pe bble s); 2) gray, fine - to m e d ium-graine d  sand  with fe ld spar and  lithic
fragm e nts; and  3) fining-upward  conglom e rate s and  conglom e ratic
sand stone s; grave l compose d  m ainly of subround e d  Pale ozoic carbonate s.
20–40 m thick.
03-00-00-00-00— he ad ing01— Pale ozoic— Pale ozoic— N ote  that Pale ozoic
strata thin we stward  in the  subsurface  d ue  to e rosion of a Laram id e -age
highland .
03-01-00-00-00— unit— Psa— S an And re s Form ation, main bod y above
Glorie ta S and stone  tongue — T hick, tabular be d s of a packstone  lim e stone .
Lim e stone  is light-gray (fre sh) we athe ring to light-brownish-gray
(10Y R –2.5Y 6/2). Local bivalve s. T op not e xpose d . >3 m thick.
03-02-00-00-00— unit— Pg— Glorie ta S and stone  T ongue  within the  S an
And re s Form ation— T hick, tabular be d s of white  to ye llowish-tan
sand stone . S and  is ve ry fine - to fine -graine d , we ll-sorte d , and  quartzose .
Be d s are  inte rnally m assive . Fre sh colors are  typically whitish to ve ry
pale -brown. W e athe re d  colors of pale -brown to ve ry pale -brown. W e ll-
ce m e nte d  by silica. 1–10% lim e stone  inte rbe d s comm only re place d  by
stratiform quartz or che rt (unit T qc). 40 m thick.
03-03-00-00-00— unit— Psal— Lowe r S an And re s Formation be low the
Glorie ta S and stone  tongue — Dark-gray to gray, m icritic lim e stone  in thick,
tabular be d s. W e athe re d  face s are  pale -brown to light-gray. At bas e  is a
thick, tabular be d  of Glorie ta S and stone  that is inte rnally massive , white
to ve ry pale -brown (we athe ring to a grayish-brown), fine -graine d , we ll-
sorte d , and  quartzose . U ppe r part of unit has abund ant stratiform che rt
be d s that like ly re place d  lim e stone . 15–16 m thick.
03-04-00-00-00— unit— Pyv— Ye so Group, Los Vallos
Formation— Inte rtonguing re d d ish-brown mud stone  to siltstone  to ve ry
fine -graine d  sand stone , white  to ye llowish siltstone  to fine -graine d
sand stone , and  light-gray to light-brownish-gray lim e stone -d olom ite .
Ind ivid ual tongue s are  1–10 m thick. Clastic se d im e nt is we ll-sorte d ,
quartzose , and  inte rnally horizontal-planar-lam inate d  to massive .
Carbonate s are  thin to thick, tabular-be d d e d . ≈200-230 m thick.
03-05-00-00-00— unit— Pym— Ye so Group, M e se ta Blanca
Formation— Also calle d  Arroyo d e  Alam illo Fm. R e d d ish-brown (minor
white  or ye llow), we ll-be d d e d  siltstone  & ve ry fine - to fine -graine d
sand stone . Be d s are  ve ry thin to m e d ium (m inor thick), tabular, and
inte rnally massive  to horizontal-planar-lam inate d . Local ripple  m arks on
be d  plane s. S and  is we ll-sorte d  & quartzose . M inor poorly be d d e d ,
re d d ish, claye y siltstone  to ve ry fine  sand stone . 110–130 m thick.
03-06-00-00-00— unit— Pa— Abo Form ation— R e d d ish-brown mud s tone s,
siltstone s and  ve ry fine -graine d  sand stone s inte rbe d d e d  with m inor ve ry
fine - to m e d ium-graine d  sand stone s. M ud stone s are  chunky and  in
tabular be d s. S iltstone s and  ve ry fine -graine d  sand stone s are  in m e d ium
to thick, we ll-lam inate d  be d s. Includ e s 5–10% channe l fills with ve ry fine -
to m e d ium-graine d , arkosic sand stone  and  m inor intra-formational
conglom e rate . 220 m thick.
03-07-00-00-00— unit— Pb— Bursum Formation— R e d d ish to maroon
siltstone , mud stone , and  ve ry fine  sand stone  inte rbe d d e d  with
subord inate  light-gray lim e stone  (micrite  to packstone  in thin to thick,
tabular be d s). V e ry m inor intra-form ational conglom e rate s. Includ e s 1–5%
thick, tabular be d s of brownish horizontal-planar-lam inate d  sand stone .
Commonly cappe d  by a thick be d  of ye llowish d olom ite . Age  from Lucas
e t al. (2017). 55–60 m thick.
03-08-00-00-00— unit— *u— Pe nnsylvanian strata, und ivid e d — Cross
s e ction only. Consis ts of R e d  House  Formation and  probably Gray M e sa
Formation; possibly includ e s the  Bar B Form ation. U nce rtain d ue  to lack
of subsurface  d ata. 200–600 m thick.
03-09-00-00-00— unit— *bb— Bar B Formation— Inte rbe d d e d  lim e stone
with 30–70% clastic se d im e nt. Lim e stone  is in 1–15 m thick inte rvals
having m e d ium to ve ry thick, tabular be d s. Lim e stone  is grayish, has ≤5%
che rt, and  com pose d  of m icrite , wacke stone , and  le ss e r packstone . Poorly
e xpose d  clastic se d im e nt (probably shale  and  siltstone ; possible
sand stone s) in 1–25 m thick inte rvals. 270(?) m thick (age  & thickne ss e s
from Lucas e t al., 2017).
03-10-00-00-00— unit— *gm— Gray M e sa Formation— Cross se ction only.
Comprise d  of thre e  m e m be rs (asce nd ing ord e r): E le phant Butte  (45 m of
lim e stone  with 40% [shale  and  cove re d  inte rvals]); W hiske y Canyon (37 m
of m ostly le d ge -form ing, che rty lim e stone  inte rvals up to 12 m thick); and
Garcia (87 m of alte rnating lim e s tone  and  cove re d  inte rvals, with its lowe r
5 m be ing a cross-stratifie d  sand stone ). 170 m thick (from Lucas e t al.,
2017).
03-11-00-00-00— unit— *rh— R e d  House  Formation— Cross se ction only.
Ye llowish to brownish, inte rcalate d  lim e stone , shale , and  sand stone .
Lowe r inte rval (>42 m) consists of sand stone , pe bbly sand stone , shale , and
lim e stone . T he  m id d le  inte rval (≈45 m) is d om inate d  by shale  with a fe w
thin lim e stone  be d s. T he  uppe r inte rval (≈53 m) consists of inte rbe d d e d
lim e stone  and  thin shale  inte rvals. >200 m thick (from Lucas e t al., 2017).
04-00-00-00-

04-01-00-00-00— unit— =u— Pre cam brian rocks, und ivid e d — Cross se ction
only. S chist, am phibolite , fe lsic porphyry, and  granite . Highly variable
thickne ss e s of lithologic type s. Protoliths for schist and  am phibolite  we re
arkosic sand stone s and  mud d y siltstone s, with m inor inte rbe d d e d
volcanic flows; the s e  we re  late r intrud e d  by granite  (synthe size d  by
R ichard  Cham be rlin [in Cham be rlin and  Cikoski, 2010] from Ke nt [1982]
and  Bowring e t al. [1983]).
Twabl~01.02.09 Line  us e d  to re pre se nt a thin, tim e  contraine d  unit in the
corre lation of map units.
T tbm~01.02.09 Line  use d  to re pre se nt a thin, tim e  contraine d  unit in the
corre lation of map units.


