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01.01.05 Contact— Id e ntity and  e xiste nce  are  ce rtain. Location is

01.01.25 U nconform able  contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .

Expla na tion of Ma p S ym bols
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 .
01.01.17 G rad ational contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .
01.01.19 G rad ational contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is approximate .
01.01.37 Contact— Id e ntity and  e xiste nce  are  probable . Location is
accurate .
01.01.38 Contact— Id e ntity and  e xiste nce  are  probable . Location is
approxim ate .
02.02.01 Norm al fault— Id e ntity and  e xiste nce  are  ce rtain. Location is
accurate . Ball and  bar on d ownthrown block.
02.02.03 Norm al 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 Norm al fault— Id e ntity or e xiste nce  are  que stionable .
Location is approximate . Ball and  bar on d ownthrown block.
02.02.07 Norm al 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 Norm al fault— Id e ntity or e xiste nce  are  que stionable .
Location is conce ale d . Ball and  bar on d ownthrown block.
02.12.05 S carp on normal fault— Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate . Ball and  bar on d ownthrown block. Hachure s
point d ownscarp.
G uaje  P um ice  be d ,01.02.01 Ke y be d — Id e ntity and  e xiste nce  are
ce rtain. Location is accurate .

Q T pa,01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain. Location
is accurate .
Q sm ag,01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain. Location
is accurate .
Q sm agh,01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .
Q sm agl,01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .
T ufa be d ,01.02.01 Ke y be d — Id e ntity and  e xiste nce  are ce rtain.
Location is accurate .

J

J
31.10 Cross se ction line  and  labe l

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

02.11.12 Line ation on fault surface — S howing be aring and  plunge .

06.01 Horizontal be d d ing

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

06.33 Approxim ate  orie ntation of incline d  be d d ing— S howing
approxim ate  strike and  d ip.
12.05 Fluvial transport d ire ction

12.06 S e d im e nt transport d ire ction d e te rm ine d  from imbrication

12.07 S e d im e nt transport d ire ction d e te rm ine d  from cross-be d s

26.01.01 W ate r we ll, type  unspe cifie d

26.01.16 W e ll use d  for stock-wate r supply

31.21 S am ple  locality— S howing sample  num be r.

Description of Ma p Units
01-00-00-00-00— he ad ing01— Q uate rnary— Q uate rnary— Q uate rnary

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— T he  unit
re pre s e nts alte re d  ground  and  thick accumulations of se d im e nt (prim arily
sand , minor grave l, clay, and  silt) use d  as fill for le ve e s and  be rm s. T he
d e posit is 1–6 m thick.
01-01-02-00-00— unit— ae — Excavate d  ground — T he  unit re pre se nts
e xcavations associate d  with stock tank impound m e nts and  borrow pits.
01-02-00-00-00— he ad ing02— EolS he e t— Eolian and  S he e tflood  U nits O utsid e
of V alle y Floors— Locally, und e rlying map units are  note d  using a backslash
(i.e ., Q e s/und e rlying unit).
01-02-01-00-00— unit— Q e — Eolian sand — Loose ly consolid ate d , light-brown
(7.5YR 6/4) sand  that form s 0.3–2 m tall d une s, she e ts, or ramps (the  latte r
along the  m argins of basalt flows). T he  d une s are  m ostly inte rnally massive
and  includ e  coppice , irre gular, or longitud inal form s. T he  sand  consists of
we ll-sorte d , mostly subround e d , and  is fine - to m e d ium-graine d . S urface
clast cove rage  is typically no more  than 5%. T he  d e posit is 0.3–2 m thick.
01-02-01-01-00— unit— Q e b— Eolian sand  with subord inate  outcrops of
basalt— Mappe d  whe re  sm all (not mappable  at 1:24,000) basalt outcrops
occur within pre d om inate ly e olian sand  she e ts or d une s. S e e  ind ivid ual
d e scriptions for units Q e  and  Q b.
01-02-02-00-00— unit— Q e s— Eolian sand  and  m inor she e tflood
d e posits— Loose ly consolid ate d  sand  that und e rlie s e olian she e ts, coppice
d une s, irre gular d une  form s, and  sm all blowouts. T he  sand  is fine - to
m e d ium-graine d  and  is grayish-brown to brown (10YR 5/2–3) in the  we st
and  light- to strong-brown (7.5YR 5–6/4, 5/6) in the  e ast. T he re  are  occasional
to common (3–30%) pe bble s at surface . T he  topsoil d e ve lopm e nt is we ak to
non-e xiste nt, but in the  e aste rn quad rangle , d e e pe r sand  is pe d oge nically
alte re d . T he  d e posit is <2–2.5 m thick.
01-02-03-00-00— unit— Q e sc— Eolian sand , she e tflood , and  colluvium,
und ivid e d — Loose ly consolid ate d  sand  with subord inate  pe bble  or pe bble  to
cobble  grave l found  on the  le e  sid e s of rid ge s or te rrace s. T he  sand  is sim ilar
in color and  te xture  to unit Q e s and  massive  to cross-stratifie d  or lam inate d .
T he  grave l is poorly sorte d  and  mostly subangular to subround e d . T he
d e posit is com monly ve ge tate d  with little  or no soil d e ve lopm e nt. T he
d e posit is 3–4 m thick, maxim um.
01-02-04-00-00— unit— Q sy— Younge r she e tflood  d e posits— Massive , ve ry
fine - to m e d ium-graine d  sand  and  claye y to silty sand  with m inor, scatte re d
coarse r sand  and  1–15% pe bble s; clay to silt conte nt is <20%. V e ry thin to
thin, le nticular be d s (0.5–3%) of sand y pe bble s. Burie d  soils are  com mon
(S tage  I calcic horizons and  local clay illuviation). Locally ove rlain by 1–20
cm of we ll-stratifie d  sand  and  pe bbly sand  with no topsoil d e ve lopm e nt. T he
d e posit is 1–3 m thick.
01-02-05-00-00— unit— Q se — S he e tflood  d e posits with m inor e olian
sand — Mod e rate ly consolid ate d  she e tflood  d e posits with re worke d  e olian
sand ; the  unit is m appe d  e ast of the  R io G rand e  and  includ e s surficial e olian
sand  she e ts. S he e tflood  d e posits consist of pink (7.5YR 7/3–4) to strong- or
light-brown (7.5Y R 4–5/6, 6/4), m assive , ve ry fine - to m e d ium-graine d  sand
and  claye y to silty sand  (up to 15% clay to silt) that m ay be  pe d oge nically
mod ifie d  with S tage  I carbonate  morphology. T he  d e posit like ly ave rage s 2–3
m thick.
01-02-06-00-00— unit— Q sae y— Younge r she e tflood  and  alluvial d e posits
re working e olian sand , und ivid e d — S im ilar to unit Q asy and  com pose d
m ainly of fine - to coarse -graine d  sand . T he  sand  is inte rpre te d  to be
pre d om inate ly re worke d  e olian sand  via she e tflood ing and  alluvial
proce ss e s. T he  e olian sand  was source d  from the  inne r R io G rand e  valle y.
S e e  d e scription for unit Q asy. T he  d e posit is possibly up to 5–7 m thick.
01-03-00-00-00— he ad ing02— R ioV lyFlr— R io G rand e  V alle y-floor U nits— T he
following units we re  m appe d  prim arily using 2014 ae rial im age ry from the
National Agriculture  Image ry P rogram (NAIP ). Fe ature s like ly postd ate
≈1990, whe n Ele phant Butte  R e s e rvoir was last fille d  to capacity. All units are
und e rlain by historic/younge r alluvium (Q ah/Q ay).
01-03-01-00-00— unit— Rw14— W ate r— Flowing or stand ing wate r appare nt
in 2014 d igital ae rial im age ry.
01-03-02-00-00— unit— R cb— R io G rand e  bar d e posits— U nve ge tate d ,
longitud inal bars of sand  and  pe rhaps m inor grave l that is appare nt in 2014
d igital ae rial im age ry.
01-03-03-00-00— unit— R ch— R io G rand e  channe l d e posits — Are as of the  R io
G rand e  flood plain with band e d  surface  te xture s (such as ve ge tation tre nd s)
that are  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]).
01-03-04-00-00— unit— R cs— R io G rand 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) that are  appare nt in 2014 d igital ae rial im age ry. Commonly,
d istributary te xture s can be  trace d  back to curre nt or form e r locations of the
R io G rand e  channe l, includ ing one  splay that bre ache d  a conve yance
channe l afte r 1978. T he  unit is late rally grad ational with unit R ch (mod ifie d
from Cikoski [2018]).
01-03-05-00-00— unit— R sb— R io G rand 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) that are
appare nt in 2014 d igital ae rial im age ry. T he s e  te xture s are  com pose d  of
tightly paralle l, arcuate  shape s form e d  by migration of the  rive r channe l. T he
unit m ostly pre d ate s units R ch and  R cs, although a fe w scrolls have  form e d
be twe e n 2005 and  2014.
01-03-06-00-00— unit— R au— R io G rand e  und iffe re ntiate d  d e psoits,
prim arily flood plain alluvium— Are as of the  flood plain with non-d istinct
surface  te xture s. T his includ e s are as of the  flood plain that have  be e n
artificially d isturbe d  by land  m anage m e nt or form e r agricultural activitie s
such that prim ary surface  te xture s are  unre cognizable  (mod ifie d  from
01-03-07-00-00— unit— R lls— Lake shore  d e posits— Loose ly consolid ate d
grave lly sand  associate d  with the  highstand s of Ele phant Butte  R e s e rvoir.
T he  se d im e nts are  principally re worke d  from the  und e rlying d e posits and
tributary alluvium. T he  unit is only mappe d  whe re  it is particularly thick or
e xte nsive  or whe re  it masks und e rlying ge ologic re lationships. T he  d e posit is
<4 m thick (mod ifie d  from Cikoski [2018]).
01-04-00-00-00— he ad ing02— V lyFlr— V alle y-floor U nits— Many of the
valle y-floor m ap units re fle ct com binations of d e posits, such as com bine d
younge r alluvium and  mod 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  mod e rn and  his toric d e posits are
sube qual (±20%) the  re sulting map unit is calle d  re ce nt and  abbre viate d  as
Q ar.
01-04-01-00-00— unit— Q am — Mod e rn alluvium— Loose ly consolid ate d
grave lly sand  and  grave l that und e rlie  active  channe ls in e phe m e ral
d rainage s, ve ry like ly <10 ye ars old . T he  grave l consis ts of pe bble s, minor
cobble s, and  1–10% bould e rs. T he  sand  is brown to grayish-brown
(7.5–10Y R) with m ost grain size s in the  m U –vcU  range . Bar-and -swale
topography and  ste e p-walle d  channe ls characte rize  the  surface , e xhibiting
up to 0.1–0.6 m of re lie f. T he  d e posit is 1–4(?) m thick.
01-04-02-00-00— unit— Q ah— Historic alluvium — W e ll-stratifie d  sand y
grave l, pe bbly sand , and  sand  that und e rlie s low te rrace s (1–1.5 m tre ad
he ight) in valle y bottom s. V e ry thin- to m e d ium-be d d e d , tabular to le nticular
be d s (inte rnally massive  to horizontal-planar-lam inate d ; ve ry minor ripple
m arks). T he  unit lacks notable  topsoil d e ve lopm e nt and  bar-and -swale
topography is e vid e nt in grave lly se d im e nt; it ofte n ove rlie s Q ay across a
sharp contact. T he  d e posit is 0.1–2 m thick.
01-04-03-00-00— unit— Q am h— Mod e rn and  historic alluvium, und ivid e d
— T he  unit is com pose d  of 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. T he
d e posit is 0.5–2 m thick.
01-04-04-00-00— unit— Q ahm — Historic and  m od e rn alluvium, und ivid e d
— T he  unit is com pose d  of his toric 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. T he
d e posit is 0.5–2 m thick.
01-04-05-00-00— unit— Q ar— R e ce nt (historic + mod e rn) alluvium— T he  unit
is com pose d  of historic alluvium (Q ah) 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. It is
we akly consolid ate d  and  0.5–3 m thick.
01-04-06-00-00— unit— Q ary— R e ce nt (historic + mod e rn) and  younge r
alluvium, und ivid e d — T he  unit is com pose d  of re 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. T he  d e posit is 0.5–4 m thick.
01-04-07-00-00— unit— Q ahy— Historic and  younge r alluvium,
und ivid e d — T he  unit is com pose d  of 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. T he  d e posit is 0.5–4 m thick.
01-04-08-00-00— unit— Q ay— Younge r alluvium we st of the  R io
G rand e — Brownish sand , pe bbly sand , slightly claye y to silty fine  sand , and
sand y grave l und e rlying valle y-bottom te rrace s whose  tre ad s are  0.5–2.5 m
above  m od e rn grad e ; we akly d e ve lope d , burie d  soils with S tage  I carbonate
m orphologie s. T he  surface  has a ve ry we ak d e s e rt pave m e nt, is re lative ly
sm ooth with local subtle  re lie f by cobbly bars, and  has S tage  I to I(+) calcic
horizons. T he  d e posit is 1–5(?) m thick.
01-04-09-00-00— unit— Q aym— Younge r and  m od e rn alluvium we st of the
R io G rand e , und ivid e d — T he  unit is com pose d  of 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. T he  d e posit is 1–4 m thick.
01-04-10-00-00— unit— Q ayh— Younge r and  historic alluvium we st of the  R io
G rand e , und ivid e d — T he  unit is com pos e d  of younge r alluvium (Q ay) and
subord inate  historic alluvium (Q ah). S e e  d e taile d  d e scriptions of e ach unit.
01-04-11-00-00— unit— Q ayr— Younge r and  re ce nt (historic + mod e rn)
alluvium we st of R io G rand e , und ivid e d — T he  unit is com pose d  of 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. T he  d e posit is 1–4 m thick.
01-04-12-00-00— unit— Q ayax— Younge r alluvium d e posite d  by the  axial
rive r (R io G rand e )— Form e r te rrace  d e posit consisting of axial sand  and  ve ry
m inor pe bble s. S im ilar to unit Q tax; howe ve r, it contains le ss grave l. Tre ad
was 5–6 m above  the  flood plain be fore  cre ation of Ele phant Butte  R e s e rvoir
(U .S . Bure au of R e clam ation topographic map d ate d  1908; m ap no. 24-P T -
503-14). Now, the  tre ad  is about the  sam e  e le vation as the  mod e rn R io
G rand e  flood plain. Q ayax possibly corre late s with unit Q ayo. T he  d e posit is
2–6(?) m thick.

01-04-13-00-00— unit— Q ayo— O ld e r subunit of the  younge r alluvium we st
of R io G rand e — Brownish sand , grave l, and  pe bbly sand  with like ly
inte rbe d s of sand  and  claye y to silty fine  sand . S im ilar to unit Q ay; howe ve r,
it appe ars to contain slightly more  grave l. T he  se d im e nt appe ars le ss cobbly
than the  lowe st te rrace  d e posits (e .g., Q tl, Q tsi1). T re ad  he ights are  2.5–4 m.
T he  ge omorphic surface  is ve ry we akly varnishe d  and  re lative ly smooth. T he
topsoil has a S tage  I(+) calcic horizon (Bk) locally ove rlain by illuviate d  clay
horizon (Bt). T he  d e posit is 2–4(?) m thick.
01-04-14-00-00— unit— Q aye — Younge r alluvium e ast of the  R io
G rand e — Brownish, massive  sand  with 5–15% scatte re d  pe bble s and  0.5–10%
ve ry thin to thin, le nticular be d s of pe bble s e rod e d  from Q T pa. S and  is
m os tly m e d ium-graine d  and  has 0–10% clay to silt conte nt with 3–12%
scatte re d  ve ry coarse  grains. Common pe d oge ne sis characte rize d  by pe d
d e ve lopm e nt, ve ry we ak to no illuviate d  clay, and  S tage  I to II calcic
horizons. T he  d e posit like ly ave rage s 2–3 m thick.
01-04-15-00-00— unit— Q ayre — Younge r and  re ce nt (historic + mod e rn)
alluvium e ast of the  R io G rand e , und ivid e d — T he  unit is com pose d  of
younge r alluvium (Q ay) and  ve ry m inor re ce nt alluvium (Q ah + Q am) e ast
of the  R io G rand e . S e e  d e taile d  d e scriptions of e ach unit.
01-04-16-00-00— unit— Q ayrf— Fine -graine d , younge r and  re ce nt (historic +
mod e rn) alluvium, und ivid e d — V e ry fine - to fine -graine d  sand , claye y to
silty fine  sand , and  clay to silt d e posite d  on ve ry low grad ie nts or close d
topographic d e pre ssions e ast of the  R io G rand e  (commonly d ue  to blockage
of e phe m e ral stre am s by d une s). T he  se d im e nt is brown to light-brown,
massive  (may be  lam inate d  in uppe r 1–2 cm), and  we akly to m od e rate ly
consolid ate d  with an ove rall e stim ate  of 1–25% fine s. T he  d e posit is like ly
1–3 m thick.
01-04-17-00-00— unit— Q asy— Younge r alluvium and  she e tflood  d e posits,
und ivid e d — S and y d e posits that consist of inte rfinge ring or grad ational
re lationships be twe e n younge r alluvium (Q ay) and  she e tflood  d e posits
(Q sy). T he  unit is commonly strong-brown, re d d ish-ye llow, or light-brown;
massive ; pe d oge nically m od ifie d ; and  typically has S tage  I carbonate
m orphology. S e e  d e taile d  d e scriptions of e ach unit.
01-05-00-00-00— he ad ing02— AlvFan— Alluvial Fan U nits— Many 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  mod e rn and  historic d e posits are
sube qual (±20%), the n the  re sulting map unit is calle d  re ce nt and
abbre viate d  as Q fr.
01-05-01-00-00— unit— Q fm — Mod e rn fan alluvium— Loose ly consolid ate d
sand  and  grave l that und e rlie  fan channe ls, bars, and  le ve e s. T he  sand  is
brown to ye llowish-brown (10YR 5/3–4) and  consists of fine  to ve ry coars e
grains compose d  of volcanics, m inor quartz, and  m inor fe ld spar with no
clay. Bar-and -swale  topography characte rize s the  surface  and  e xhibits up to
0.4–0.5 m of re lie f. T he  d e posit is <2–3 m thick in most place s.
01-05-02-00-00— unit— Q fh— Historic fan alluvium — W e akly consolid ate d ,
we ll-be d d e d  sand y pe bble s and  pe bbly sand ; the  unit lacks a notable  topsoil
and  has 3–30 cm tall bar-and -swale  topography. S trata are  in ve ry thin- to
thin-be d d e d  (m inor m e d ium), tabular to le nticular to we d ge -shape d  be d s.
T he  grave l consists of pe bble s with 1–30% cobble s. T he  sand  is d ark-brown
to brown (7.5YR), fine - to ve ry coarse -graine d , and  lacks clay (ve ry locally up
to 7%). T he  d e posit is 0.1–3 m thick.
01-05-03-00-00— unit— Q fm h— Mod e rn and  historic alluvium, und ivid e d
— T he  unit is com pose d  of m od e rn fan alluvium (Q fm) and  subord inate
historic fan alluvium (Q fh). Q fm h is sim ilar to unit Q am h but it 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. T he  unit is we akly consolid ate d  and  1–3 m thick.
01-05-04-00-00— unit— Q fhm — Historic and  mod e rn alluvium, und ivid e d
— T he  unit is com pose d  of his toric fan alluvium (Q fh) and  subord inate
m od e rn fan alluvium (Q fm). Q fhm is sim ilar to unit Q ahm but it form s an
alluvial fan at the  m ouths of tributary d rainage s. S e e  d e scriptions of units
Q ah and  Q am. T he  unit is we akly consolid ate d  and  1–3 m thick.
01-05-05-00-00— unit— Q fr— R e ce nt (historic + mod e rn) fan alluvium— T he
unit is sim ilar to unit Q ar but it form s an alluvial fan at the  mouths of
tributary d rainage s. S e e  d e scription of units Q ah and  Q am. T he  unit is
we akly consolid ate d  and  1–3 m thick.
01-05-06-00-00— unit— Q fhy— Younge r alluvial fans and  slope  wash d e posits,
und ivid e d — T he  unit is sim ilar to historic fan alluvium (Q fh) and
subord inate  younge r fan alluvium (Q fy). O fhy is sim ilar to unit Q ahy but it
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. T he  unit is we akly consolid ate d  and  1–4 m thick.
01-05-07-00-00— unit— Q fry— R e ce nt (historic + mod e rn) and  younge r fan
alluvium, und ivid e d  — T he  unit is com pos e d  of re ce nt fan alluvium (Q fr)
and  subord inate  younge r fan alluvium (Q fy). Q fry is sim ilar to unit Q ary but
it form s an alluvial fan at the  mouths of tributary d rainage s. S e e  d e scriptions
of Q ah, Q am, and  Q ay. T he  unit is we akly consolid ate d  and  1–4(?) m thick.

01-05-08-00-00— unit— Q fy— Younge r fan alluvium— W e akly consolid ate d
pe bble  to cobble  grave l in thin to thick, tabular to le nticular to we d ge -shape d
be d s. T he  grave l is clast- to sand -supporte d . T he  m atrix is brown (7.5YR),
fine - to ve ry coarse -graine d  sand . T he  topsoil has a S tage  I calcic horizon.
T he  surface  has a we ak varnish on <10% of surface  clasts and  bar-and -swale
topographic re lie f is up to 0.2 m. T he  tre ad  he ight is 1–2.5 m above  mod e rn
grad e  (m inim um thickne ss).
01-05-09-00-00— unit— Q fye — Younge r fan alluvium e ast of the  R io
G rand e — Fan d e posits in the  e aste rn part of the  quad rangle . T he  sand  and
m inor pe bble s are  re worke d  from the  axial-fluvial facie s of the  P alom as
Formation (Q T pa). T he  d e posit is 1–3 m thick.
01-05-10-00-00— unit— Q fyh— Younge r and  historic fan alluvium,
und ivid e d — T he  unit is com pose d  of 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. T he  unit is we akly
to mod e rate ly consolid ate d  and  1–4(?) m thick.
01-05-11-00-00— unit— Q fyr— Younge r and  re ce nt (historic + mod e rn) fan
alluvium, und ivid e d — T he  unit is sim ilar to unit Q ary but it form s an
alluvial fan at the  m ouths of tributary d rainage s. S e e  d e scriptions of Q ay,
Q ah, and  Q am. T he  unit is we akly to m od e rate ly consolid ate d  and  1–4(?) m
thick.
01-05-12-00-00— unit— Q fyfc— Younge r fan alluvium d e rive d  from the  north
e nd  of the  Fra Cristobal Mountains— S and  and  m inor grave l d e rive d  from
granite  found  south of the  quad rangle . T he  sand  is brown (7.5YR 5/4), poorly
to mod e rate ly sorte d , angular to subangular, and  ve ry fine - to ve ry coarse -
graine d . T he  coarse r sand  is com pose d  wholly of granite  fragm e nts. T he
pe bble s are  ve ry fine  to ve ry coarse  and  com pose d  of angular to subangular
granite . T he  fan surface  ge ne rally lacks bar-and -swale  topography. T he
d e posit is se ve ral m thick.
01-05-13-00-00— unit— Q fo— O ld e r fan d e posits— Loose ly consolid ate d
grave l in thick to ve ry thick, tabular to we d ge -shape d  be d s. Clast- to matrix-
supporte d  and  inte rnally m assive  to im bricate d . T he  m atrix is brown to
strong-brown (7.5YR), fine  to coars e  sand  with no clay. A S tage  I calcic
horizon is obse rve d  and  the re  is a we ak varnish on 25–40% of surface  clasts.
T he  tre ad  he ight is 2.1–3.2 m above  m od e rn grad e . T he  d e posit is <3–4 m
thick.
01-06-00-00-00— he ad ing02— Erosional— Erosional S urface s— Erosional
S urface s
01-06-01-00-00— unit— Q x— High-le ve l e rosional surface — An e rosional
surface  locally d e ve lope d  on top of the  S an Marcial form ation (unit Q sm pg).
01-07-00-00-00— he ad ing02— T e rrace — T e rrace  De posits that Flank Mod e rn
Canyons— T e rrace  De posits that Flank Mod e rn Canyons
01-07-00-01-00— unit— Q t— T e rrace  De posits, und ivid e d — Loose ly to
mod e rate ly consolid ate d , sand y grave l, and  grave lly sand  in ve ry thin to
thick, tabular to le nticular be d s und e rlying te rrace s in mod e rn canyons. T he
clasts consist of pe bble s, cobble s (10–40%), and  bould e rs (1–3%). T he  sand  is
m os tly m e d ium- to ve ry coarse -graine d . S tage  II–III(+) calcic horizons, d e s e rt
pave m e nt, and  clast varnishing are  obse rve d  at the  surface . T he  d e posit is 0.3
to 1 m thick.
01-07-00-02-00— unit— Q tl— Lowe r te rrace  d e posits in low-ord e r
canyons— S and y grave l with 15–40% cobble s and  1–10% bould e rs. T he
d e posit commonly fe ature s illuviate d  clay (Bt) horizon in topsoil. T he re  is a
we ak varnish on 20–30% of surface  clasts. T he  tre ad  ge ne rally lie s 1.5–3 m
above  valle y floors. T he  d e posit is 0.3–1 m thick.
01-07-00-03-00— unit— Q tax— T e rrace  und e rlain by axial sand  of R io
G rand e — Loos e ly consolid ate d  m e d ium- to coarse -graine d  sand
imm e d iate ly e ast of the  R io G rand e . T he  d e posit is ove rlain by 2–3 m of
ve sicular basalt (Q b). T he  grave l com prise s 1–10% of the  strata and  consists
of subround e d  to round e d , mod e rate ly to poorly sorte d  pe bble s with 5–10%
cobble s. T he  grave l is com pose d  m ainly of fe lsic volcanic rocks, inte rm e d iate
volcanic rocks, quartzite , and  che rt; othe r compositions are  pre se nt but
m inor. T he  d e posit is up to 11–12 m thick.
01-07-01-00-00— he ad ing03— Milligan— T e rrace  De posits of Milligan
G ulch— T e rrace  De posits along Milligan G ulch
01-07-01-01-00— unit— Q tm i1— Lowe st te rrace  d e posits — S and y grave l in
m e d ium, le nticular to tabular be d s. T he  grave l consists of pe bble s with
30–40% cobble s and  ≤7% bould e rs. T he  sand y grave l matrix is fine - to ve ry
coarse -graine d . T he  topsoil has a 30–50 cm thick, calcic horizon with S tage
I(+) to II carbonate  morphology, howe ve r, locally, a S tage  III calcic horizon is
pre se rve d  be ne ath 1 m of the  capping unit (Q sy). T he  tre ad  he ight is 3–4 m
and  the  strath he ight is 2–3 m. T he  d e posit is m ostly 1–3 m thick.
01-07-01-02-00— unit— Q tm i2— Lowe r-m id d le  te rrace  d e posits — S and y
grave l in thin to m e d ium, tabular to le nticular be d s. T he  grave l is sand - to
clast-supporte d  and  com pose d  of pe bble s, 40% cobble s and  2–3% bould e rs.
T he  m atrix sand  is brownish and  m e d ium- to ve ry coarse -graine d . T he re  is a
we ak d e s e rt pave m e nt. T he  topsoil has a S tage  I(+) to II carbonate
m orphology. T he  tre ad  he ight is 4–8 m and  the  strath he ight is 3–5 m, both
incre asing to the  we st. T he  d e posit is ≈4 m thick.
01-07-02-00-00— he ad ing03— S im on— T e rrace  De posits of S im on
Canyon— T e rrace  De posits of S im on Canyon
01-07-02-01-00— unit— Q tsi1— Lowe r te rrace  d e posits— S and y grave l with
abund ant cobble s (25–50%) and  1% bould e rs. T he  tre ad  lie s 3–5 m above
m od e rn grad e  and  2 m above  the  tre ad  of Q ay. T he re  is a we ak d e s e rt
pave m e nt. T he  ge omorphic surface  lacks bar-and -swale  topography. T opsoil
d e ve lopm e nt is not obse rve d . T he re  is a high chance  of m iscorre lation with
unit Q ayo, but it was d istinguishe d  from the  latte r base d  on the  pre se nce  of
we ak clast varnish and  cobble -rich te xture . T he  d e posit is ≈1 m thick.

01-07-02-02-00— unit— Q tsi2— Mid d le  te rrace  d e posits— W e akly
consolid ate d  sand y grave l with subord inate  pe bbly sand  and  sand . T he
grave l is com pose d  of pe bble s with 5–25% cobble s and  1–2% bould e rs;
matrix sand  is fine  to ve ry coarse . T he  pe bbly sand  and  sand  are  horizontal-
planar-lam inate d . T he  sand  is brownish and  m ostly ve ry fine - to m e d ium-
graine d . T he  topsoil manife sts a S tage  II to II(+) carbonate  morphology. T he
tre ad  is ≈7 m above  m od e rn grad e . T he  d e posit is 1–4 m thick.

01-07-02-03-00— unit— Q tsi3— U ppe r te rrace  d e posits— S and y grave l
com pose d  pre d om inate ly of volcanics. T he  tre ad  lie s ≈15 m above  the  valle y
floor and  10 m be low the  tre ad  of Q sm pg. T he  d e posit is 1–2 m thick.
01-07-03-00-00— he ad ing03— S he e p— T e rrace  De posits of S he e p
Canyon— T e rrace  De posits of S he e p Canyon
01-07-03-01-00— unit— Q tsh1— Lowe r te rrace  d e posits— W e akly-mod e rate ly
consolid ate d  sand y grave l with 10–20% pe bbly sand . T he  be d s are  thin to
m e d ium and  tabular to le nticular with local cross-stratification. T he  grave l is
com pose d  of pe bble s with 5–50% cobble s and  1% bould e rs. T he  sand  is fine
to ve ry coarse . T he  topsoil is characte rize d  by a 30 cm-thick illuviate d  clay
(Bt) soil horizon und e rlain by a 30–50 cm thick S tage  II calcic horizon. T he
tre ad  he ight is 3–5 m. T he  d e posit is 3–5 m thick.
01-07-03-02-00— unit— Q tsh2— Mid d le (?) te rrace  d e posits— P oorly e xpose d
sand y grave l at 13S  304875mE 3719580mN and  305745mE 3718910mN
NAD83. T he  te rrace  tre ad  lie s 8–11 m above  m od e rn grad e  and  17–20 m
be low the  tre ad  of Q sm pg. T he  unit may corre late  with Q tsh3 if the  tre ad  has
a ste e pe r grad ie nt than the  tre ad  of Q sm pg. T he  d e posit is like ly a fe w
m e te rs thick.
01-07-03-03-00— unit— Q tsh3— U ppe r te rrace  d e posits— R e d d ish sand y
grave l with 20% pe bbly sand . T he  strata are  in thin to m e d ium, tabular to
le nticular be d s. V e ry thin, le nticular be d s are  also pre se nt (e spe cially for
pe bbly sand ) with 1–3% cross-stratification. T he  grave l is com pose d  of
pe bble s with 25–50% cobble s and  1% bould e rs. T he  te rrace  tre ad  is 8–10 m
above  the  valle y floor and  8–10 m be low the  tre ad  of Q sm pg. T he  strath lie s
3–6(?) m above  the  valle y floor. T he  d e posit is 3–5 m thick.
01-07-04-00-00— he ad ing03— Crawford — T e rrace  De posits of Crawford
Hollow— T e rrace  De posits of Crawford  Hollow
01-07-04-01-00— unit— Q tc1— Lowe r te rrace  d e posits— S and y grave l in
vague , thin to thick, tabular to le nticular be d s. T he  grave l consists of clast-
supporte d  pe bble s with m inor cobble s. T he  tre ad  lie s 2–7 m above  the  valle y
floor. T he  unit may locally be  subd ivid e d  into two subunits (not mappe d )
whose  tre ad s d iffe r about 1 m in he ight. It is not known if the s e  re pre se nt
se parate  d e positional e ve nts or if the  lowe r is a fill-cut te rrace . T he  d e posit is
0.3–1 m thick.
01-07-04-02-00— unit— Q tc2— Lowe r-m id d le  te rrace  d e posits— T e rrace
s e d im e nt that coarse ns-upward s from a pe bbly sand  to a clast-supporte d
sand y grave l with 30% cobble s that ove rlie s the  axial sand  of Q T pa. T he
grave l is in thin to thick be d s. T he  sand  is fine - to ve ry coarse -graine d ,
subround e d  to subangular, poorly sorte d , and  com pose d  of volcanic-
d om inate d  sand  with 10–15% clay fragm e nts. T he  clay imparts a strong-
brown to ye llowish-re d  color (7.5–5YR 4/6). T he  tre ad  is ≈9 m above  Q ah.
T he  d e posit is 2–3 m thick.
01-07-05-00-00— he ad ing03— S ilve r— T e rrace  De posits of S ilve r
Canyon— T e rrace  De posits of S ilve r Canyon
01-07-05-01-00— unit— Q ts— U nd ivid e d  te rrace  d e posits— W e akly
consolid ate d  pe bble  to cobble  grave l and  brownish (7.5YR) sand . T he  grave l
is commonly im bricate d  with occasional le nse s of massive  to cross-stratifie d
silt to sand . T he  stronge st soil d e ve lopm e nt obs e rve d  is S tage  I(+) calcic soil
in the  uppe r 30 cm of d e posit. T he re  is a we ak to mod e rate  varnish on 5–30%
of surface  clasts. T he  tre ad  lie s approxim ate ly 2 m above  valle y floors. T he
d e posit is 6–7 m thick.
01-08-00-00-00— he ad ing02— P ie d T e r— G e om orphically High-le ve l P ie d m ont
and  T e rrace  De posits— G e om orphically High-le ve l P ie d m ont and  T e rrace
De posits
01-08-01-00-00— he ad ing03— S anMarcFm— S an Marcial form ation— W e
apply the  inform al, ne wly propose d  nam e  of S an Marcial form ation to a
late rally e xte nsive , se ve ral m e te r thick, sand  and  grave l d e posit that
und e rlie s m ost of the  are a we st of the  R io G rand e  and  is inse t into old e r
S anta Fe  G roup d e posits. A prom ine nt, wid e spre ad  ge omorphic surface
d e ve lope d  on top of the  d e posit prim arily re pre se nts the  culm ination of this
note worthy Mid d le  P le istoce ne  aggrad ational e ve nt, although post-
aggrad ation e rosion has locally re sulte d  in fill-cut ge omorphic surface s. A
use ful clas t to re cognize  the  S an Marcial form ation, in ad d ition to younge r
inse t te rrace  grave ls, is a spe ckle d , slightly gre e nish porphyry that contains
15–20% phe nocrysts of 0.3–1 mm-long, re lative ly e quant mafics (pyroxe ne ?)
and  trace  amounts of 0.5–1.5 mm long quartz phe nocrysts. In the  following
d e scriptions, we call this the  “spe ckle d -rhyolite  porphyry m arke r clast.” T his
form ation is subd ivid e d  accord ing to prove nance  (pie d m ont vs. axial) and
te xture  (grave l vs. sand  and  pe bbly sand  vs. clay, silt, and  fine  sand ).
Infe rre d  to corre late  with the  T ortugas sand  ne ar Las Cruce s, which is
cappe d  by a ≈200 ka basalt (age  from Le avy, 1987), and  so the  S an Marcial
form ation is probably ≈200–300 ka (John Hawle y, writte n communication,
01-08-01-01-00— unit— Q sm — S an Marcial form ation, und ivid e d — Cross
s e ction only. S and y grave l that grad e s late rally e astward  into pe bbly sand
and  the n into flood plain and  axial sand  d e posits. T he  unit coarse ns-upward s
and  the  facie s prograd e d  e astward  with tim e . T he  lowe r strata fill the
pale otopography. S e e  d e taile d  d e scriptions of units Q sm ag, Q sm as, Q sm f,
Q sm ps, Q sm pg. T he  d e posit is up to 13 m thick.
01-08-01-01-01— subunit— Q sm agl— Lowe r allostratigraphic unit
lithologically sim ilar to Q sm ag — T he  unit is locate d  ≈6 m be low Q sm ag and
is 1–3 m thick. S tratigraphic re lations are  am biguous, and  it is possible  that
this is a much younge r, Late  P le istoce ne  te rrace  d e posit.
01-08-01-01-02— subunit— Q sm agh— Highe r allostratigraphic unit
lithologically sim ilar to Q sm ag — T he  unit is locate d  3–6 m above  Q sm ag
and  is 1–3 m thick. Local outcrops ind icate  this unit is a d istinctive
allostratigraphic unit re pre se nting an old e r pale o-te rrace  d e posit; younge r
Q sm ag and  Q sm ps we re  inse t into this pale o-te rrace . T his unit may be  part
of the  post-Q sm ag aggrad ational package  (ge ne rally corre lative  to unit
Q sm ps) in othe r place s.
01-08-01-02-00— unit— Q sm ag— Axial se d im e nt d om inate d  by sand y grave l
and  grave lly sand  — Loose  to we akly consolid ate d  sand y grave l and  grave lly
sand  in ve ry thin to thin, le nticular to tabular be d s. T he  unit im m e d iate ly
und e rlie s Q sm as and  is inse t into Q T pa. T he  grave l consists of pe bble s with
trace  to 10% fine  cobble s, which are  subround e d  to round e d , and  have  a
more  d ive rse  com position than Q T pa pe bble s. T he  sand  is light-brownish-
gray to pale -brown to light-gray (10YR) and  fine - to coarse -graine d . T he
d e posit is 1–3 m thick.
01-08-01-03-00— unit— Q sm as— Axial se d im e nt d om inate d  by sand — Loose
to we akly consolid ate d , fining-upward  sand  that conform ably ove rlie s units
Q sm ag and  und e rlie s Q sm af. T he  lowe r sand  is mostly m e d ium- to coarse -
graine d  (with local pe bble s); the  uppe rmost sand  is mostly fine - to ve ry fine -
graine d . Massive  or horizontal- to low-angle  cross-lam inate d . T he  sand  is
light-gray to pale -brown (10Y R 7/1–6/3). T he  lack of ce m e ntation and  vague r
be d d ing d istinguishe s this unit from Q T pa sand . T he  d e posit is 1–6 m thick.

01-08-01-04-00— unit— Q sm f— Fine -graine d  strata— Fine -graine d  se d im e nt
that coarse ns upward s to sand . T he  lowe r part consists of inte rbe d d e d  clay,
silt, and  ve ry fine - to fine -graine d  sand  in thin to thick, tabular be d s. T he
uppe r part is light-brown to strong-brown, poorly sorte d , fine - to coarse -
graine d  sand  ove rprinte d  by calcic and  we akly illuviate d  clay horizons. T he
unit typically ove rlie s unit Q sm ag and  grad e s late rally we stward  into unit
Q sm ps. T he  d e posit is 2–10 m thick.
01-08-01-05-00— unit— Q sm ps— P ie d m ont se d im e nt d om inate d  by sand  and
pe bbly sand — W e akly to mod e rate ly consolid ate d , brownish (7.5YR), ve ry
fine - to m e d ium-graine d  sand  and  silty fine -graine d  sand  inse t into the  S anta
Fe  G roup. T he  unit coarse ns we stward s, whe re  it contains 1–15%, scatte re d ,
out-size d  coarse r sand  and  trace  to 15% pe bble s. T he  sand  is inte rbe d d e d
with 1–35% sand y grave l to pe bbly sand . Ne ar the  we ste rn buttre ss this unit
contains abund ant re worke d  sand  from Q T pa. T he  unit is non-ce m e nte d  and
m ore  calcare ous than units Q T pf or Q T ppd . T he  d e posit is 3–13 m thick.
01-08-01-06-00— unit— Q sm pf— P ie d m ont and  fine -graine d  se d im e nt,
und ivid e d — Coarse ning-upward  package  consis ting of (from bottom to top):
Q sm paf, Q sm ps, and  Q sm pg. S e e  d e scriptions of those  ind ivid ual units. T he
d e posit is 5–7 m thick.
01-08-01-07-00— unit— Q sm pg— P ie d m ont se d im e nt d om inate d  by sand y
grave l— W e ll-consolid ate d , sand y grave l, subord inate  pe bbly sand , and
1–20% sand  that is re d d ish-brown, and  contains sparse  calcic pale osols. T he
strata form ve ry thin to m e d ium, le nticular to tabular be d s and  5–20% U -
shape d  channe l-fills. T he  grave l is com pose d  of pe bble s, 1–40% cobble s, and
1–3% bould e rs. T he  sand  is mostly m e d ium- to ve ry coarse -graine d  and
contains 0.5–5% clay. T he  d e posit is 2–11 m thick, thinning e astward  to 1–4 m
thick.
01-08-02-00-00— he ad ing03— O ld P ie d — O ld e r P ie d m ont De posits— O ld e r
P ie d m ont De posits
01-08-02-01-00— unit— Q pgo— O ld e r pie d m ont grave ls— O rangish sand y
grave l and  subord inate  pe bbly sand  whose  tre ad  and  strath are  2–3 m e te rs
above  those  of ad joining unit Q sm pg. T he  sand y grave l form mostly ve ry
thin to m e d ium, tabular to le nticular be d s. Locally, the re  are  thick, inte rnally
m assive  be d s of sand  with 1–10% pe bble s. W e akly ce m e nte d  by clays and
we ak to no HCl e ffe rve sce nce . T he  topsoil consists of a 0.5–1 m thick, S tage
III to III(+) calcic horizon. T he  d e posit is 1–7 m thick.
01-08-02-02-00— unit— Q png— G rave lly pie d m ont se d im e nt — S and y grave l,
pe bbly sand , and  sparse  sand  in thin to thick, tabular to broad ly le nticular
be d s; locally trough cross stratifie d . T he  grave l is com pose d  of pe bble s with
5–45% cobble s and  <5% bould e rs. T he  clasts are  com pose d  of fe lsic volcanics
with trace  to 3% e ach of fe ld spar porphyry and /or inte rm e d iate  volcanics.
T he  m atrix sand  is re d d ish-brown to strong-brown. T he  topsoil has S tage  II
to IV  calcic horizons. T he  d e posit is 2–7 m thick.
01-08-02-03-00— unit— Q pns— S and y pie d m ont se d im e nt— G rave lly sand
with subord inate  sand y grave l that grad e s e astward  to a coarse ning-upward
package  consisting of: fine - to ve ry coarse -graine d  sand  and  pe bbly sand
ove rlying 2–4 m of mud d y sand  that, in turn, ove rlie s 1–2 m of light-brown
to re d d ish-brown clay to silt. T o the  north, the re  is a locally a 1.2 m-thick,
argillic pale osol. T he  basal contact e xhibits 6 m of pale otopographic re lie f.
T he  d e posit is 5–12 m thick.
01-09-00-00-00— he ad ing02— Q V olcanic— Q uate rnary V olcanic
U nits— Q uate rnary V olcanic U nits
01-09-01-00-00— unit— Q b— Basalt— Black to ve ry d ark-gray (N2.5/ to 3/),
highly ve sicular basalt with trace  to 1% olivine  phe nocrysts 0.5–3 mm long
(mostly 1–2 mm long). T he  ground m ass is re lative ly fine -graine d  but has
plagioclase  laths up to 1 mm long and  locally e xhibiting trachytic te xture .
T he  Late  P le istoce ne  age  is base d  on unpublishe d  40Ar/39Ar d ata (M.
Zimm e re r, pe rs. comm., 2019). T he  d e posit is 1–8 m thick.

01-09-02-00-00— unit— Q bu— Basalt, uppe r flow lobe — Black (N2.5\),
ve sicular basalt with 0.5% olivine  phe nocrysts 1–2 mm long. T he
ground m ass is re lative ly fine -graine d , but plagioclase  m icrolaths are
obse rve d  that are  mostly 0.1–0.4 mm (1–5% of plagioclase  are  up to 1 mm
long). Locally ove rlie s unit Q b along the  e aste rn quad rangle  bound ary,
whe re  it e xhibits ste e p m argins that are  8 m thick.
01-09-03-00-00— unit— Q be — Basalt outcrops surround e d  by subord inate
e olian sand — Mappe d  whe re  subord inate  proportions of e olian sand  bury
basalt e xposure s in the  e aste rn half of the  quad rangle . S e e  ind ivid ual
d e scriptions for units Q b and  Q e .
02-00-00-00-00— he ad ing01— Q uatT e rt— Q uate rnary–T e rtiary— Q uate rnary...

02-01-00-00-00— he ad ing02— BasinFill— Basin-fill U nits— Basin-fill units
colle ctive ly be long to the  S anta Fe  G roup. T he  uppe r S anta Fe  G roup is
calle d  the  P alom as Formation, consiste nt with nom e nclature  use d  in the
Engle  and  P alom as Basins to the  south. T o the  south and  we st of the
quad rangle , S TAT EMAP  work is using the  age -e quivale nt te rm S ie rra
Lad rone s Formation for the s e  strata. T he  P alom as Formation is re lative ly
non-ce m e nte d  and  little  d e form e d  (tilte d  <3°). U nd e rlying S anta Fe  G roup
strata are  not e xpose d  on this quad rangle , but base d  on othe r e xposure s in
the  R io G rand e  rift, the s e  strata e xhibit more  ce m e ntation and  d e form ation
than the  P alom as Form ation.
02-01-01-00-00— he ad ing03— S antaFe G rp— S anta Fe  G roup— S anta Fe  G roup

02-01-01-01-00— he ad ing04— P alom asFm— P alom as Form ation— P alom as
Formation
02-01-01-01-01— unit— Q T ppd — Distal pie d m ont facie s — W e ll-consolid ate d ,
orange  to tan, ve ry fine  to fine  sand  and  claye y to silty fine  sand ; m inor
sand y clay to silt and  1–15% grave lly bod ie s. T he  fine r strata are  mostly in
thick, tabular be d s (inte rnally massive , locally lam inate d ); grave lly bod ie s
are  le nticular to tabular and  up to 5 m thick. T race  to no spe ckle d -rhyolite
porphyry clasts. P ale osols (1–7%) have  ve ry rare  calcic horizons. V e ry we ak
to no HCl e ffe rve sce nce . T he  d e posit is 50–100(?) m thick.
02-01-01-01-02— unit— Q T pf— Fine -graine d , basin-floor m argin facie s — V e ry
fine - to fine -graine d  sand , claye y to silty fine  sand , silt, and  clay that are
inte rpre te d  m ainly as flood plain d e posits with ≤1% pe bble  be d s. Minor be d s
of fine - to m e d ium-graine d  sand  with 1–25% coarse r sand  and  <10% volcanic
pe bble s. T he  S trata is in ve ry thin to ve ry thick, tabular be d s (inte rnally
m assive , minor horizontal-planar-lam inate d ). T he  unit contains local tufa
be d s, mappe d  as a ke y be d , and  pale osols. T he  d e posit is 3–20 m, or more ,
thick.
02-01-01-01-03— unit— G uaje  P um ice  be d — G uaje  P um ice  be d — P um ice
grave l in a matrix of coarse  to ve ry coarse  pum ice  sand  grains m ixe d  with
about 5–7% silt that coarse ns upward s. P oorly sorte d  in the  lowe r half of
be d , whe re  cU –vcU  sand  is m ixe d  with ve ry fine  to coarse  pe bble s. Cobble s
and  fine  bould e rs are  found  in the  uppe r half. T he  be d  is ≈30 cm thick.
02-01-01-01-04— unit— Q T pa— Axial-fluvial facie s— Light-brownish-gray to
white  sand  with <25% pe bbly be d s. T he  sand  is typically we ll-lam inate d
(cross-stratifie d  to horizontal-planar) and  compose d  of quartz, m inor
vitre ous fe ld spar, 10–25% orangish grains (potassium fe ld spar, granite , and
che rt), 15–25% d ark lithics, and  <0.5% clay in the  m atrix. P e bble s contain up
to 20% e xotic clasts such as quartzite  and  che rt. Locally we ll-ce m e nte d  but
ge ne rally loose ly consolid ate d . T he  d e posit is >30 m thick.
02-01-01-01-05— unit— Q T pau— U ppe r tongue  of the  axial-fluvial
facie s— Axial sand , as d e scribe d  in unit Q T pa, that contains in its grave l
as s e m blage  e ithe r R abbit Mountain obsid ian (1.47 Ma) or pum ice  infe rre d  to
be  d e rive d  from the  Band e lie r T uff (both found  in the  Je m e z Mountains of
north-ce ntral Ne w Me xico). T he  unit proje cts to or above  the  G uaje  P um ice
be d  m appe d  north of S im on Canyon. 1.2–1.6 Ma in age . T he  d e posit is 2–4 m
thick.
02-01-01-02-00— he ad ing04— LowS antaFe — Lowe r S anta Fe  G roup— Lowe r
S anta Fe  G roup
02-01-01-02-01— unit— T sf— U nd iffe re ntiate d  S anta Fe  G roup und e rlying the
P alom as Form ation— Cross se ction only. Clastic, basin-fill se d im e nt
consisting of we ll-consolid ate d  and  variably ce m e nte d  sand , silt, and  clay.
P ossible  conglom e ratic tongue s m ay be  pre se nt to the  we st. T he  sand  and
conglom e rate s consist of volcanic d e tritus from the  S an Mate o Mountains. A
500–700 m thickne ss has be e n infe rre d  for the  cross se ction but this is highly
unce rtain; a thinne r we d ge  of <50(?) m m ay be  pre se nt imm e d iate ly e ast of
the  P araje  W e ll fault.
02-02-00-00-00— he ad ing02— T volcanic— T e rtiary V olcanic U nits— T e rtiary
V olcanic U nits
02-02-01-00-00— unit— T m — Mogollon G roup— Cross se ction only.
Ignim brite s like ly inte rbe d d e d  with m inor volcaniclastic sand stone , mud d y
sand stone , and  conglom e rate . T he  ignim brite s includ e  the  V icks P e ak T uff: a
gray to light-gray, we ld e d , crystal-poor tuff obse rve d  6 km to we st.
P he nocrysts contain trace  to 3% sanid ine , trace  to 1% mafic grains, and  trace
quartz (Joche m s and  Koning, 2019). T he  und e rlying La Je ncia T uff may also
be  pre se nt. T he  unit is 50–100(?) m thick.
02-02-02-00-00— unit— T d — Datil G roup— Cross se ction only. Ignim brite s,
inte rm e d iate  lavas, and  like ly volcaniclastic sand stone , mud d y sand stone ,
and  conglom e rate . T he  ignim brite s includ e  the  T uff of R ocque  R amos
Canyon, which has 15–40% phe nocrysts com pose d  of sanid ine , subord inate
plagioclase  and  ≤7% biotite . T he  lowe st unit to the  we st is a trachyand e site
lava with 3% phe nocrysts d om inate d  by plagioclase  and  pyroxe ne  (Joche m s
and  Koning, 2019). T he  unit is 100–150(?) m thick.
03-00-00-00-00— he ad ing01— Cre tace ous— Cre tace ous— Cre tace ous

03-01-00-00-00— unit— Kmrs— S and stone  of the  McR ae  G roup — W e ll-
ce m e nte d  sand stone  with m inor pe bbly and  fine -graine d  be d s (the  latte r is
infe rre d  in non-e xpose d  inte rvals) mappe d  ne ar the  southe rn e d ge  of the
quad rangle  at the  north e nd  of the  Fra Cristobal Mountains. T he  sand stone
bod ie s are  1–4 m thick and  broad ly le nticular to tabular, cross-stratifie d  in a
give n story, and  fine - to coarse -graine d . T he  pe bble s are  com pose d  of
silicifie d  argillite  (probably intra-form ational), trace  to 20% granite , trace
lim e stone , and  trace  quartzite . T he  unit is >40 m thick.
03-02-00-00-00— unit— Kfa— Ash Canyon and  Fe nce  Lake  Formations,
und ivid e d — Cross se ction only. Coarse ning-upward  se que nce  d e posite d  in a
fluvial (minor swamp) e nvironm e nt. T he  lowe r part is a gray- to olive -
colore d  package  of mud stone , siltstone , and  ve ry fine - to fine -graine d
sand stone  with m inor ye llowish, coarse r sand stone  channe l-fills and  <3%
coals. In the  uppe r part of the  unit, the  sand stone  strata d om inate  and  fine r
strata are  subord inate . T he  nom e nclature  is from Lucas e t al. (2019). T he  unit
is ≈300 m thick.
03-03-00-00-00— unit— Kg— G allup S and stone — Cross se ction only. W hite  to
ye llow, quartz-rich, fine - to m e d ium-graine d  sand stone  inte rcalate d  with
subord inate  grayish mud stone . T he  sand stone s are  cross-stratifie d ,
horizontal-planar, or m assive . T he  unit was m ostly d e posite d  in a ne arshore
m arine  e nvironm e nt whe re  one  or more  shallowing-upward  cycle s are
appare nt (e .g., Koning e t al., 2011; S e age r and  Mack, 2003). T he  unit is ≈30 m
thick in the  V ictorio we lls to the  southe ast (Lucas e t al., 2019).
03-04-00-00-00— unit— Km d — D-Cross T ongue  of the  Mancos S hale — Cross
s e ction only. Noncalcare ous, gray to gre e nish-gray clay shale  (lowe r part)
coarse ning upward s to a silty shale  inte rbe d d e d  with thin siltstone s and  ve ry
fine  sand stone s in its uppe r part. Local se ptarian concre tions are  up to 1 m
across. Minor calcare nite  be d s are  pre se nt ne ar the  base . Conform ably
und e rlie s the  G allup S and stone . T he  unit is 58 m thick in the  V ictorio we lls
to the  southe ast (Lucas e t al., 2019; Hook e t al., in pre p).
03-05-00-00-00— unit— Kth— T re s He rm anos Form ation— Cross se ction only.
Contains the s e  asce nd ing m e m be rs: the  Atarque  S and stone  (planar- to cross-
be d d e d , coars e ning-upward , ve ry fine - to fine -graine d  sand stone ), the
Carthage  Me m be r (mud stone  and  siltstone  with m inor sand stone ), and  the
Fite  R anch S and stone  (planar- to cross-be d d e d , ve ry fine - to fine -graine d
sand stone  and  m inor inte rcalate d  shale ). T he  unit is 63 m thick (Lucas e t al.,
2019; Hook, e t al., 1983; nom e nclature  from Hook e t al., 1983).
03-06-00-00-00— unit— Km t— T okay T ongue  of the  Mancos S hale — Cross
s e ction only. G ray to black shale  with a se ve ral-m e te r-thick inte rval of
lim e stone  be d s in its lowe r-m id d le  part (the  Brid ge  Cre e k Lim e stone ). De e p-
wate r calcare ous shale s are  found  imm e d iate ly above  and  be low the s e
lim e stone s but pass outward s into noncalcare ous shale s (Hook and  Cobban,
2015). T hin, tabular be d s of sand stone  are  pre se nt ne ar the  base . T he  unit is
130 m thick in the  V ictorio we lls to the  southe ast (Lucas e t al., 2019).
03-07-00-00-00— unit— Kd — Dakota S and stone — Cross se ction only. Cross-
stratifie d , we ll-ce m e nte d , quartzose  sand stone  and  pe bbly sand stone s that
are  white  (fre sh) and  we athe r to pink, mage nta, orange , or d ark-brown to
blackish. T he  uppe rmost strata consists of a fining-upward s, marine , ve ry
fine - to fine -graine d  sand stone , but the  und e rlying strata consists of a
m e d ium- to coarse -graine d , fluvial sand stone . T he  unit is 48 m thick in the
V ictorio we lls to the  southe as t (Lucas e t al., 2019).
04-00-00-00-00— he ad ing01— Triassic— T riassic— T riassic

04-01-00-00-00— unit— ^u— T riassic strata, und ivid e d — Cross se ction only.
R e d d ish-brown to grayish-brown to re d  sand stone , mud stone , and  m inor
conglom e rate  and  lim e stone . T he  sand stone s are  mostly fine - to m e d ium-
graine d  and  occur in broad , tabular or channe l-form be d s that e xhibit cross-
be d d ing and  horizontal stratification (from Cathe r, in pre p). T he  unit is 220
m thick ne ar S ocorro but it is infe rre d  to thin d own to 130–140 m (possibly
<50–100 m) on this quad rangle .
05-00-00-00-00— he ad ing01— P e rm P e n— P e rm ian–P e nnsylvanian— Although
the  typical P e rm ian to P e nnsylvanian se que nce  is e xpe cte d  to und e rlie  the
quad rangle  (e .g., R e d  House  Form ation through the  S an And re s Formation),
the  particular units that would  be  pre s e nt at the  d e pths in the  cross s e ction
are  highly spe culative  d ue  to the  unce rtainty of burie d  structure s and  the ir
re spe ctive  d isplace m e nts.
05-01-00-00-00— unit— P sag— S an And re s Form ation and  G lorie ta S and stone
T ongue — T he  S an And re s Formation ove rlie s the  G lorie ta S and stone . T he
S an And re s consists of thick, tabular be d s of lim e s tone . T he  lim e stone  is
light-gray, we athe ring to light-brownish gray. T he  und e rlying G lorie ta
S and stone  contains thick, tabular be d s of white  to ye llowish-tan sand stone
that m ay inte rtongue  with m inor lim e stone . T he  sand  is ve ry fine - to fine -
graine d , we ll-sorte d , and  quartzos e .
05-02-00-00-00— unit— P yv— Los V allos Formation— Inte rtonguing re d d ish-
brown mud stone  to siltstone  to ve ry fine -graine d  sand s tone , light-gray
gypsum, white  to ye llow siltstone  to fine -graine d  sand stone , and  light-gray
to light-brownish-gray lim e stone  to d olom ite . Ind ivid ual tongue s are  1–10 m
thick. T he  clastic se d im e nt is we ll-sorte d , quartzose , and  inte rnally
horizontal-planar-lam inate d  to massive . T he  carbonate s are  thin to thick and
tabular-be d d e d . T he  unit is ≈200–230 m thick.
05-03-00-00-00— unit— *u— P e nnsylvanian strata, und ivid e d — Lim e stone
inte rbe d d e d  with clas tic se d im e nt. T he  lim e stone  is a m e d ium- to d ark-gray,
ge ne rally fossilife rous m icrite , wacke stone , and  packstone . T he  unit includ e s
sube qual to subord inate  clastic tongue s com pose d  of shale , siltstone , and
ve ry fine  to fine  sand s tone s (1–25 m thick). T he  unit mostly consists of the
Bar B and  und e rlying G ray Me sa Form ations. 460–470 m thick (from Lucas e t
al., 2017a, b; Koning e t al., 2020).
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 Geologic Cross S ection A–A'

02.11.16 Normal fault (in cross se ction)— Arrows show re lative
m otion.
02.11.17 T hrust fault or re ve rse  fault (in cross se ction)— Arrows
show re lative  motion.

J 31.02.25 W e ll location (in cross se ction)— T he  location and  d e pth ofa we ll use d  to e stablish stratigraphy and  ge ologic unit d e pth.

Com m ents to Ma p Users
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. G e 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  map 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  Ne w Me xico Bure au of G e ology and  Mine ral R e source s cre ate d  the  O pe n-file  G e ologic Map 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. Each 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  National Coope rative  G e ologic Mapping P rogram (NCG MP ) as part of
Ne w Me xico’s S T AT EMAP  agre e m e nt. W hile  m aps are  prod uce d , maintaine d , and  upd ate d  in an ArcG IS  ge od atabase ,
at the  tim e  of the  S TAT EMAP  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. Eve n if ad d itional upd ate s are  carrie d  out on the  ArcG IS  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 Ne w Me xico, or the  U .S . G ove rnm e nt.


