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Dun b a r,Director and State Geologist; Dr. J. Micha el T im m on s,Assoc. Director for Mapping Programs).
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Comments to Map Users
A ge ologic map 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 m ay be  base d  on any of the  following: re connaissance  fie ld  ge ologic m apping, com pilation 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 m apping 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 m ad e  from ge ologic m apping
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  map 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 m an-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 se  ge ologic m aps and  m ap 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 m ap she e t carrie s the  original
d ate  of publication be low the  map as we ll as the  late s t re vision d ate  in the  uppe r right corne r. In most
cas e 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 EM AP agre e m e nt. W hile
m aps are  prod uce d , m aintaine d , and  upd ate d  in an ArcGIS ge od atabas e , at the  tim e  of the  S T AT EM AP
d e live rable , e ach m ap 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  ArcGIS m ap d ata file s, citations to the se  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 se  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 s e nting the  official policie s, e ithe r e xpre ss e d  or im plie d , of the  S tate  of N e w M e xico, or the  U .S.

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 .
01.01.03 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 .
01.01.08 Contact— Id e ntity or e xiste nce  are  que stionable . Location
is conce ale d .
01.01.11 Inte rnal contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is approxim ate .
01.01.19 Grad ational contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is approxim ate .
02.01.03 F ault (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 xiste nce  are  ce rtain. Location is approxim ate .
02.01.07 F ault (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 xiste nce  are  ce rtain. Location is conce ale d .
02.02.01 N orm 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 N orm al fault— Id e ntity and  e xiste nce  are  ce rtain. Location
is approxim ate . Ball and  bar on d ownthrown block.
02.02.07 N orm al fault— Id e ntity and  e xiste nce  are  ce rtain. Location
is conce ale d . Ball and  bar on d ownthrown block.
17.13 He ad  or main scarp of land slid e — Inactive , subd ue d ,
ind istinct, and  (or) location is approxim ate . Hachure s point d own
scarp.
31.08 M ap ne atline

05.05.02 Syncline  (1st option)— Id e ntity or e xiste nce  are
que stionable . Location is accurate .
14.06 Easte rn lim it of Cam p R ice  fluvial facie s

30.02.01 Cartographic line  for canyon

J

J
31.10 Cross se ction line  and  labe l

02.11.09 Incline d  fault (2nd  option)— S howing d ip value  and
d ire ction.
02.11.10 V e rtical or ne ar-ve rtical fault (1st option)

04.03.02 Sm all, m inor incline d  joint (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.

06.33 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.
09.017 Incline d  slicke nline , groove , or striation on fault surface  (1st
option)— S howing be aring and  plunge .
12.06 P ale ocurre nt transport d ire ction d e te rm ine d  from
im brication.
01.01.25 U nconform able  contact— Id e ntity and  e xiste nce  are
ce rtain. Location is accurate .

J
31.02.25 W e ll location (in cross se ction)— T he  location and  d e pth of
a we ll use d  to e stablish stratigraphy and  ge ologic unit d e pth.
02.11.16 N orm al fault (in cross se ction)— Arrows show re lative
motion.
02.11.17 T hrust fault or re ve rse  fault (in cross se ction)— Arrows
show re lative  motion.

Description of Map
01-00-00-00-00— he ad ing01— Q uate rnary— Q uate rnary— Q uate r...

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— d af— Disturbe d  land  and  anthropoge nic
fill— Dumpe d  fill consisting of thick accumulations of sand , grave l,
and  claye y–silty sand . M appe d  for thick road  fill along Inte rstate
25, flood  re te ntion d am s, and  othe r are as affe cte d  by aggre gate
m ining or urban d e ve lopm e nt. T he  fill thickne ss is 1–10 m.
01-01-02-00-00— unit— d ac— Disturbe d  land  and  anthropoge nic
channe lization— M appe d  whe re  e xisting channe ls have  be e n
mod ifie d  d ue  to flood  control e fforts.
01-01-03-00-00— unit— ae — Anthropoge nic e xcavate d
ground — Excavations associate d  with aggre gate  m ining, land fills,
and  im pound m e nts.
01-02-00-00-00— he ad ing02— Eolian and  Hillslope  U nits— Eolian
and  Hillslope  U nits— Eolian and  Hillslope  U nits
01-02-01-00-00— unit— Q e s— Eolian sand  and  she e twash,
und ivid e d — V e ry fine  to fine  sand  (<10-20% silt and  m e d ium- to
coarse -graine d  sand ) that is loose ly consolid ate d  and  form s she e ts
that m antle  high, re lative ly flat te rrain or, le ss commonly, sm all
coppice  d une s. Colors range  from re d d ish-brown (5Y R  5/3–4) to
brown (10Y R  4–5/3); re d d e r hue s commonly re sult from the
pre se nce  of argillic (Bt) horizons. T he  d e posit is sim ilar to unit
Q e sc but lacks grave lly se d im e nt. O n sand  she e ts, sparse  to
occasional pe bble s we ath e re d  from und e rlying basin-fill m ay be
scatte re d  on the  surface . Coppice  d une s are  ve ge tate d  (mostly
m e squite , P rosopis juliflora) and  large ly form e d  1885–1920 CE
(Gile , 1966). T he  thickne ss is <2–3 m.
01-02-02-00-00— unit— Q e sc— Eolian sand , she e twash, and
colluvium, und ivid e d — S ilty sand  and  pe bbly grave l that are
loose ly consolid ate d  in m assive  to m e d ium (15–30 cm), tabular to
we d ge -shape d  be d s and  m antle  footslope s and  toe slope s. T he  sand
is com pose d  of ye llowish-brown (10Y R  5/4), we akly calcare ous,
inte rnally m assive  to lam inate d  or low-angle  cross-stratifie d , ve ry
poorly to poorly sorte d , angular to round e d  grains up to cL in size
with <15% silt. Grains consist of 70–80% quartz, 15–20% lithics
(volcanics, fe rrom agne sian m ine rals), and  10–15% fe ld spar with
trace  brownish fre e -grain argillans. T his se d im e nt contains 5–15%
floating subangular to round e d , fine  to coarse  pe bble s with rare
cobble s of volcanic lithologie s and  subord inate  quartzite  and  che rt.
O n ste e pe r slope s, such grave l d om inate s the  d e posit and  is clast-
to m atrix-supporte d ; the  d e posit is m assive  or has vague  to
mod e rate  slope -paralle l fabric. T he  d e posit commonly prograd e s
ove r unit Q vh to a le ve l 0.5–0.8 m above  mod e rn grad e  in large r
d rainage s. Else whe re , it grad e s late rally to unit Q vy d e posits. It
may be  bioturbate d  by m e d ium to ve ry coarse  roots and  burrows.
In place s, Q e sc m ay corre spond  to the  F illm ore
morphostratigraphic unit of Gile  e t al. (1981). T he  thickne ss is
0.75–2 m.
01-02-03-00-00— unit— Q c— Colluvium — P e bble –cobble –bould e r to
cobble –bould e r grave l that is loose ly consolid ate d , poorly sorte d ,
and  angular to subround e d . T he  d e posit form s aprons or mantle s
on the  footslope s of T ortugas M ountain. T he  d e posit m ay be  clast-
to m atrix-supporte d , with ope n-fram e work in place s, and  is
inte rnally m assive  or may fe ature  slope -paralle l fabric. T he
thickne ss is <5 m.
01-02-04-00-00— unit— Q ls— Land slid e  d e posits— An
approxim ate ly 10,000 m2 slid e  is found  on the  northe ast sid e  of
T ortugas M ountain, whe re  it form s a prom ine nt toe  and  consists of
blocks of Hue co F orm ation carbonate  up to 6.5 m across. T he
m aximum thickne ss is approxim ate ly 15 m.
01-02-05-00-00— unit— Q tc— T alus and  colluvium,
und ivid e d — Cobbly to bould e r talus d e posits that are  angular to
subangular and  und e rly high slope s on the  north sid e  of T ortugas
M ountain with subord inate  to sube qual proportions of colluvium
(Q c). T he  d e posit is ope n-fram e work in m any place s with
inte rnally m assive  or slope -paralle l fabric. T he  thickne ss is <5–8 m.
01-03-00-00-00— he ad ing02— Valle y F an U nits— V alle y F an
U nits— V alle y F an U nits
01-03-01-00-00— unit— Q fm— M od e rn fan alluvium — P e bbly sand
and  sand y pe bble  grave l that are  loose ly consolid ate d  and  und e rly
fan surface s that ge ntly grad e  to Q vm or Q vm hr d e posits. Color,
te xture , and  bar-and -swale  topographic re lie f are  sim ilar to Q vm
d e posits with rare  to occasional m atrix-supporte d  grave ls. T he
thickne ss is <2 m.
01-03-02-00-00— unit— Q fhm — Historical and  mod e rn fan
alluvium — P e bbly sand -silt and  sand y pe bble  grave l that are  loose
to ve ry we akly consolid ate d  and  und e rly fan surface s grad e d  at
≈2% slope s to Q vm, Q vh, or Q vm hr d e posits. P e bble  grave ls are
clast- or, le ss commonly, matrix-supporte d . Be d s are  tabular to
broad ly le nticular, and  se d im e ntary te xture s range  from m assive
to low-angle  cross-stratifie d  sand  or we akly im bricate d  grave l.
Color and  grain/clast com position and  te xture  are  sim ilar to Q vm
and  Q vh d e posits found  in F illm ore  (S an M igue l quad rangle ) and
T ortugas Arroyos. T ypically non- or ve ry we akly calcare ous with
little  to no soil d e ve lopm e nt. T re ad  he ight is <1 m above  mod e rn
grad e  and  inse t up to 10 m be low the  F illm ore  ge om orphic surface
of R uhe  (1962, 1964, 1967) and  Gile  e t al. (1981) ne ar the  we ste rn
bound ary of the  quad rangle . S urface  possibly corre late s to the
O rgan ge om orphic surface  of Gile  e t al. (1981), whe re  the  d e posits
are  found  in d rainage  ways on the  pie d m ont slope . T he  thickne ss
is <2 m in most place s.
01-03-03-00-00— unit— Q fy— Younge r fan alluvium — P e bbly sand
and  sand y pe bble  grave l that are  loose  to we akly consolid ate d  and
und e rly fan surface s grad e d  at 2–5% slope s to Q vy. Color, te xture ,
and  age  corre lations are  sim ilar to Q vy d e posits; probably <3 ka in
most place s base d  on rad iocarbon age  from southe ast R oble d o
M ountains (Gile  e t al., 1981). S tage  I carbonate  accumulation is
comm on. T he  thickne ss is typically <2–4 m.
01-04-00-00-00— he ad ing02— Valle y-floor U nits— Valle y-floor
U nits— V alle y-floor U nits
01-04-01-00-00— unit— Q vm — M od e rn alluvium — P e bbly sand  and
sand y pe bble  or pe bble –cobble  grave l that are  loose ly
consolid ate d . T he  d e posit fills channe ls and  form s longitud inal
bars in e phe m e ral stre am course s. S and  is com pose d  of ye llowish
to light-ye llowish-brown (10Y R  5–6/4), horizontal-planar or low-
angle  cross-lam inate d , poorly to mod e rate ly sorte d , subround e d  to
we ll-round e d , fL–cL grains. Grains consist of 65–75% quartz,
15–25% fe ld spar, and  10–20% lithics (volcanics, fe rrom agne sian
m ine rals; granite  and /or che rt possible ) with no clay. Grave ls occur
pre d om inantly in bars and  consist of clast-supporte d , poorly to
mod e rate ly sorte d , subangular to we ll-round e d  pe bble s (70–100%)
and  cobble s (0–30%) of mostly fe lsic volcanic lithologie s with
occasional granite , che rt, and  quartzite  whe re  stre am course s d rain
Q T cf e xposure s. T he  d e posit fe ature s bar-and -swale  topographic
re lie f of 0.3–0.5 m. T he  thickne ss is <2–4.5 m (Gile  e t al., 1981).

01-04-02-00-00— unit— Q vh— Historical alluvium — S and y pe bble
grave l that is loose ly consolid ate d  in thin to thick(?) (7+ cm),
tabular to le nticular be d s that und e rly low te rrace s along stre am
course s. T he  d e posit is inte rnally m assive  to mod e rate ly we ll-
im bricate d  with occasional low-angle  cross-stratification. Grave l
consist of clast- to m atrix-supporte d , poorly sorte d , subround e d  to
we ll-round e d  pe bble s (>80%) and  cobble s (<20%) of mostly fe lsic
volcanic lithologie s with occasional e xotic clasts re worke d  from
various facie s of the  Cam p R ice  F orm ation. T he  m atrix consists of
brown to ye llowish-brown (10Y R  5/3–4), we akly to mod e rate ly
calcare ous, poorly sorte d , subangular to round e d , fL–cU  sand
com pose d  of 55–65% quartz, 20–25% lithics (volcanic, possible
ch e rt), and  15–20% fe ld spar with little  or no clay. O ccasional
(<20%), thin- to m e d ium-be d d e d  (5–15 cm), massive  to horizontal-
planar-lam inate d  or planar cross-stratifie d , pe bbly sand  sim ilar to
grave l m atrix m ay be  obse rve d . T he  d e posit lacks significant soil
d e ve lopm e nt. S urface  fe ature s subd ue d  bar-and -swale
topographic re lie f of up to 0.25–0.3 m. T re ad  he ight is 0.2–0.8 m
above  mod e rn grad e ; the  d e posit surface  commonly onlaps old e r
surface s on the  pie d m ont slope  or is inse t 3–10 m be low the
F illm ore  ge om orphic surface  of R uhe  (1962, 1964, 1967) and  Gile  e t
al. (1981) ne ar the  we ste rn bound ary of the  quad rangle . P robably
postd ate s the  F illm ore  morphostratigraphic unit of Gile  e t al.
(1981), who note  that the  F illm ore  surface  was stable  and  occupie d
by pre historic pe ople s by ≈1 ka (p. 45).

01-04-03-00-00— unit— Q vm h— M od e rn and  historical alluvium,
und ivid e d — M od e rn and  subord inate  historical alluvium,
und ivid e d . S e e  d e scriptions for Q vm and  Q vh.
01-04-04-00-00— unit— Q vm hr— M od e rn and  historical alluvium of
the  R io Grand e  flood plain— S and y to claye y d e posits that are
grayish or light- to d ark-brown (like ly 10Y R ) with le ss e r pe bble
grave l und e rlying the  R io Grand e  flood plain in M e silla Valle y.
S and  is fine - to coarse -graine d . T he  d e posit is fre que ntly cappe d
by loamy, organic-rich topsoil outsid e  of mod e rn and  form e r
channe ls. P ortions of this unit m appe d  as R op1844 and  R fp1844
ind icate  R io Grand e  alluvium d e posite d  be fore  1844 in a m e and e r
loop or flood plain (R uhe , 1962). R ad iocarbon age s from logs at
d e pths of 5–7 m in corre lative  d e posits we st of Las Cruce s sugge st
an age  of <200 ye ars old  (Gile  e t al., 1981). W e ll logs ind icate  that
th e  unit is le ss than 12–15 m thick in the  southwe st corne r of the
quad rangle  (N M O S E, 2020).
01-04-05-00-00— unit— Q vy— Younge r alluvium — P e bbly sand  or
sand y pe bble  grave l that is loose  to we akly consolid ate d  and
fre que ntly fine s upward  to loamy se d im e nt. S and  is d ark-
ye llowish-brown (10Y R  4/3–4) ne ar T ortugas M ountain and  is
inte rnally m assive  to trough or planar cross-stratifie d . S urface  soils
fe ature  cam bic (Bw) to we ak calcic horizons fe aturing stage  I
carbonate  accumulation; the  form e r are  associate d  with re d d ish-
brown hue s (5–7.5Y R ). At valle y-bord e r locations, the  d e posit
und e rlie s a surface  grad e d  to as much as 9 m be low or above  the
mod e rn R io Grand e  valle y. Charcoal and  she ll 14C age s span an
inte rval from ≈9,400 to 1,100 cal yr BP, with soil d e ve lopm e nt
ind icating a stable  pe riod  ≈7,000 cal yr BP (Gile  and  Hawle y, 1968;
M e tcalf, 1969; Gile  e t al., 1981). T his unit is corre lative  to the  F ort
S e ld e n (F illm ore  + Le asburg— valle y bord e r) and  O rgan and
Isaacks’ R anch morphostratigraphic units (pie d m ont slope ) of
R uhe  (1962, 1964, 1967) and  Gile  e t al. (1981). T he  thickne ss range s
from 2–3 m on the  pie d m ont slope  up to 16 m along the  R io
Grand e  valle y bord e r (mod ifie d  from Gile  e t al. [1981]).

01-04-05-01-00— subunit— Q vyg— Gray younge r
alluvium — O ccupie s the  sam e  e le vation position in the  land scape
as Q vy, but has a grayish-white  hue  in ae rial im age ry.
01-04-06-00-00— unit— Q va— V alle y-floor alluvium,
und ivid e d — V arying proportions of mod e rn (Q vm), historical
(Q vh), and  younge r (Q vy) alluvium filling valle y-floors and
und e rlying mod e rn channe ls. S e e  d e taile d  d e scriptions of e ach
unit.
01-04-07-00-00— unit— Q vae s— V alle y-floor alluvium, und ivid e d
with e olian sand  and  she e twash com pone nt— V arying proportions
of mod e rn (Q vm), historical (Q vh), and  younge r (Q vy) alluvium
filling valle y-floors and  und e rlying mod e rn channe ls. T his unit
includ e s a substantial com pone nt of e olian sand  and  she e twash
(Q e s), mostly as a thin m antle  on alluvial se d im e nt. S e e  d e taile d
d e scriptions of e ach unit.
01-05-00-00-00— he ad ing02— O ld e r Alluvial U nits— O ld e r Alluvial
U nits— O ld e r Alluvial U nits
01-05-01-00-00— unit— Q vop— P icacho Alluvium — S and y pe bble  to
pe bble -cobble  grave l that is we akly to mod e rate ly consolid ate d  in
massive  or m e d ium to ve ry thick, tabular to broad ly le nticular
be d s. T he  d e posit is inte rnally m assive  to mod e rate ly-we ll
im bricate d  or locally cross-stratifie d . Grave l are  mostly clast-
supporte d , ve ry poorly to poorly sorte d , subangular to we ll-
round e d , and  consist of clasts of rhyolite  and  rhyolitic tuff to the
south and  fe lsic e xtrusive s plus monzonite  to the  north. T he  m atrix
consists of mod e rate ly calcare ous, poorly sorte d , subangular to
round e d , fine - to coarse -graine d  sand . Colors mostly range  from
re d d ish-brown to brown (5–7.5Y R ). A stage  III calcic horizon
commonly caps the  d e posit; rare ly, a thin argillic (Bt) horizon is
pre se rve d  above  this. T re ad  he ight is 18–24 m above  mod e rn
grad e . T he  thickne ss is <15–21 m (mod ifie d  from R uhe  [1967] and
Gile  e t al. [1981]).
01-06-00-00-00— he ad ing02— Alluvial F an and  P ie d m ont
U nits— Alluvial F an and  P ie d m ont U nits— Alluvial F an and
P ie d m ont U nits
01-06-01-00-00— unit— Q py— Younge r fan-pie d m ont
alluvium — S im ilar to units Q vy and  Q py but occurring in mostly
und iss e cte d  fans, she e ts, and  lobe s re ad ily corre late d  to the  O rgan
or Issacks’ R anch ge om orphic surface s of R uhe  (1964, 1967) and
Gile  e t al. (1981). T he  thickne ss is 2–3 m.
01-06-01-01-00— subunit— Q pyoi— Younge r fan-pie d m ont
alluvium, O rgan to Isaacks' R anch morphostratigraphic
unit— S im ilar to units Q vy and  Q py but occurring in mostly
und iss e cte d  fans, she e ts, and  lobe s re ad ily corre late d  to the  O rgan
or Issacks’ R anch ge om orphic surface s of R uhe  (1964, 1967) and
Gile  e t al. (1981). T he  thickne ss is 2–3 m.
01-06-02-00-00— unit— Q po— O ld e r fan-pie d m ont
alluvium — P e bble –cobble  to pe bble –bould e r grave l that is loose  to
mod e rate ly consolid ate d  in m e d ium- to ve ry thick (25–60+ cm),
tabular to we d ge -shape d  be d s. Grave l are  mostly m atrix-
supporte d , inte rnally m assive  to vague ly im bricate d , ve ry poorly
to poorly sorte d , angular to subround e d  pe bble s (50–70%), cobble s
(30–50%), and  bould e rs (<20%). T he  m atrix consists of re d d ish-
brown (5–7.5Y R ) or pale - to ye llowish-brown (10Y R , le ss common),
strongly calcare ous, ve ry poorly sorte d , angular to subround e d ,
silty, vfL–cU  sand . A stage  II+ calcic soil horizon is obse rve d  in the
uppe r 0.8–1.3 m of the  d e posit. M od e rate  to strong varnish is
obs e rve d  on 10–15% of surface  clasts. T he  d e posit like ly corre late s
to the  P icacho surface  of R uhe  (1967) and  Gile  e t al. (1981). T he
thickne ss is 2–10 m.
01-06-03-00-00— unit— Q pa— F an-pie d m ont alluvium,
und ivid e d — V arying proportions of younge r (Q py, Q pyoi) and
old e r (Q po) fan-pie d m ont alluvium. S e e  d e taile d  d e scriptions of
e ach unit.
02-00-00-00-00— he ad ing01— Q uate rnary–T e rtiary— Q uate rnary–...

02-01-00-00-00— he ad ing02— Basin-fill U nits— Basin-fill
U nits— Basin-fill U nits
02-01-01-00-00— unit— Q cf— Younge r axial-fluvial facie s of the
Cam p R ice  F orm ation— S and y d e posits und e rlying the  Jornad a I
surface  in the  southe rn part of the  quad rangle . Lithologically
sim ilar to unit Q T cf. T he  thickne ss is <12–15 m.
02-01-02-00-00— unit— Q cp— Younge r pie d m ont facie s of the  Cam p
R ice  F orm ation— P e bble –cobble  to pe bble –bould e r grave l that is
we akly consolid ate d  to carbonate -ce m e nte d  in m assive  or in
m e d ium to thick (25–80 cm), tabular be d s. Grave l clasts are  m atrix-
supporte d  (le ss e r clast-supporte d ) and  inte rnally m assive  or with
slope -paralle l fabric. Clasts consist of ve ry poorly sorte d , angular
to subround e d  pe bble s (40–70%), cobble s (30–45%), and  bould e rs
(0–30%). S outh and  we st of T ortugas M ountain, all clasts are  Lowe r
P e rm ian carbonate s, whe re as clast lithologie s are  d om inate d
(70–75%) by fe lsic volcanics (e spe cially the  T uff of S quaw
M ountain) to the  e ast. W hite  to pinkish-gray or pink colors (10Y R
8/1; 7.5Y R  7/2–3) re sult from carbonate  ce m e nt; re d d ish-brown to
brownish colors (5–7.5Y R ) are  common in its abse nce .
O ccasionally, be d s of tabular sand -silt sim ilar to unit Q ct are
e ncounte re d . Gile  e t al. (1981) note  that the s e  facie s may grad e  to
loam or silt with grave l inte rbe d s at d istal pie d m ont positions,
may contain burie d  soils, and  that the  unit is fre que ntly cappe d  by
a lam inar, pe trocalcic horizon (stage  IV carbonate  accumulation).
W e ll logs ind icate  a m aximum thickne ss of 30–40 m.

02-01-03-00-00— unit— Q ct— T ransitional facie s of the  Cam p R ice
F orm ation— S ilt–sand  that is loose  to ve ry we akly consolid ate d  in
massive  or thin to m e d ium, tabular be d s. T he  d e posit consists of
light-brown to pink (7.5Y R  6/4–7/3), mod e rate ly to strongly
calcare ous, inte rnally m assive  to vague ly low-angle  cross-
lam inate d , poorly to mod e rate ly sorte d , subangular to round e d ,
silt to mL sand  com pose d  of 60–70% quartz, 20–30% lithics
(volcanic, fe rrom agne sian m ine rals, possible  che rt), and  10–20%
fe ld spar with little  clay. S ilt-sand  is strong brown (7.5Y R  4–5/6)
e ast of T ortugas M ountain. M ud d y be d s of a sim ilar color m ay also
be  pre se nt and  are  ge ne rally tabular and  m assive . T he  unit
contains occasional burie d  cam bic (Bw) to argillic or calcic (Bt,
Btk/stage  II) soil horizons with abund ant sm all carbonate  m ass e s
or m e d ium to large  nod ule s. Locally, Bw or Bt horizons are  e rod e d ,
le aving only the  calcic horizons. T he s e  pale osol package s are
typically 20–80 cm thick. T he  m aximum thickne ss is about 25 m.
02-01-04-00-00— unit— Q T cf— O ld e r axial-fluvial facie s of the
Cam p R ice  F orm ation— P e bble  grave l and  sand  that is loose  to
mod e rate ly consolid ate d  and  calcite -ce m e nte d . Grave l is clast-
supporte d , thin- to m e d ium-be d d e d  (7–40+ cm), broad ly le nticular,
and  we ll-im bricate d  to trough or planar cross-stratifie d  (fore se ts
20–40 cm tall). Clasts consist of poorly sorte d , subround e d  to we ll-
round e d  pe bble s (75–100%) and  cobble s (0–25%) of mostly fe lsic
volcanics with subord inate  am ounts (2–10% e ach) of inte rm e d iate
volcanics, basalt, quartzite , granite , che rt, and  se d im e ntary
lithologie s. T he  m atrix consists of white  to ve ry pale -brown (10Y R
8/1–2) whe re  calcite -ce m e nte d , or brown to light-brownish-gray or
pale -brown (10Y R  5/3, 6/2–3), strongly calcare ous, ve ry poorly to
poorly sorte d , subangular to we ll-round e d , fL–cL sand  com pose d
of 75–80% quartz, 10–15% lithics (volcanic, fe rrom agne sian
m ine rals, granite , che rt) with no clay. Grave l und e rlie s we akly to
mod e rate ly calcare ous, massive  to thick-be d d e d  (55+ cm),
le nticular (occasionally tabular), inte rnally m assive  to planar cross-
stratifie d  (fore se ts up to 35–40 cm tall), poorly to mod e rate ly
sorte d , subround e d  to we ll-round e d , vfL–mL sand . Color and
sand  com position are  sim ilar to grave l m atrix. S and  is mostly
massive  in the  uppe r 2–4 m of the  d e posit. M assive  claye y to
loamy be d s are  locally pre s e nt. F ossils of the  proboscid e ans
Cuvie ronius, M ammuthus, and  S te gom astod on have  be e n
re cove re d  from this unit locally (Lucas e t al., 1999; Houd e  and
P e ltie r, 2018). S oils are  ge ne rally not obse rve d . W e ll logs ind icate  a
thickne ss of 100–215 m.
02-01-05-00-00— unit— Q T cc— O ld e r proxim al pie d m ont facie s of
th e  Cam p R ice  F orm ation— P e bble –bould e r grave l/conglom e rate
that is we akly consolid ate d  to carbonate -ce m e nte d  in thin to
m e d ium (5–55+ cm), tabular (rare ly le nticular) be d s. T he  unit is
mostly m atrix-supporte d  and  inte rnally m assive  with rare  ope n-
fram e work be d s. Clasts consist of ve ry poorly to poorly sorte d ,
angular to subround e d  pe bble s (55–100%), cobble s (0–30%), and
bould e rs (0–15%) of fe lsic volcanics d e rive d  from the  we ste rn
O rgan M ountains. M onzonite  clasts m ay be  pre s e nt to the  north.
T he  m atrix consists of d ark-re d d ish-brown (e.g., 5Y R  3/4), ve ry
we akly calcare ous, ve ry poorly sorte d , angular to subround e d ,
fU –vcL sand  compose d  of 80–85% lithics (volcanic) and  15–20%
quartz + fe ld spar with up to 20–25% re d d ish clay film s. T he  unit
contains 10–15% thin, tabular be d s of pe bbly sand  sim ilar to grave l
m atrix. S tage  III–IV calcic horizons obse rve d  in the  uppe r 1–2 m.
T he  thickne ss is from 0 to pe rhaps 90 m.
02-01-06-00-00— unit— Q cru— Cam p R ice  F orm ation,
und ivid e d — Cross se ction only. Corre late s to the  uppe r S anta F e
(U S F ) unit of Hawle y e t al. (2020).
03-00-00-00-00— he ad ing01— T e rtiary— T e rtiary— T e rtiary

03-01-00-00-00— unit— T sf— S anta F e  Group, und ivid e d — Cross
se ction only. Includ e s the  M id d le  S anta F e  and  Lowe r S anta F e
facie s of Hawle y e t al. (2020).
03-02-00-00-00— unit— T v— U nd iffe re ntiate d  volcanic rocks— Cross
se ction only. Lavas and  ash-flow tuffs d e rive d  m ainly from
cald e ras in the  O rgan M ountains or Doña Ana M ountains.
03-03-00-00-00— unit— T wt— W e st-sid e  trachyte  flows— P orphyritic
trachyte  lavas that are  d ark- or purplish-gray we ath e ring, re d d ish-
brown, and  m assive  to flow-band e d . P he nocrysts are  alte re d  but
includ e  10–20% crystals that are  mostly fine  to coarse  plagioclase
(<6 mm; subhe d ral to e uhe d ral laths) with m inor biotite  and
hornble nd e  (S e age r e t al., 1981). T wo K-Ar age s of ≈33.7 M a we re
obtaine d  for ne arby flows (S e age r, 1981; S e age r e t al., 1981), but
more  re ce nt 40Ar/39Ar d ating of the  we st sid e  lavas by Z imm e re r
and  M cIntosh (2013) yie ld  d ate s of 35.68 ± 0.09 M a to 36.28 ± 0.23
M a. Ind ivid ual flows are  up to 30 m thick; the  ove rall thickne ss is
up to 300 m (S e age r, 1981).
03-04-00-00-00— unit— T s— T uff of S quaw M ountain— Cross
se ction only. De nse ly we ld e d  tuff d e rive d  from the  O rgan Cald e ra
(S e age r, 1981). U -P b d ate  is 36.215 ± 0.016 M a and  40Ar/39Ar d ate
is 36.03 ± 0.16 M a (R ioux e t al. 2016; Z imm e re r and  M cIntosh,
2013).
03-05-00-00-00— unit— T o— O re jon And e site — Cross se ction only.
Gray and e site  to d acite  lava flows and  d e bris flows re porte d  in
ge othe rm al we ll Chaffe e  55-25 south of T ortugas M ountain (S e age r
e t al., 1987). U -P b d ate s are  43–44 M a (Cre itz e t al., 2018).
04-00-00-00-00— he ad ing01— P ale ozoic— P ale ozoic— P ale ozoic

04-01-00-00-00— unit— P hlu— U ppe r part of the  lowe r Hue co
F orm ation— F ossil-poor lim e stone  that is tan to ye llow-orange ,
cre am, or light-gray and  thin- to m e d ium-be d d e d . It is found  on
the  we st sid e  of T ortugas M ountain. Contact with und e rlying unit
P hll is not we ll-e xpose d  and  m ay be  grad ational ove r a fe w m e te rs.
T he  e xpose d  thickne ss is >5 m.
04-02-00-00-00— unit— P hll— Lowe r part of the  lowe r Hue co
F orm ation— Lim e stone , d olom ite , and  d olom itic lim e stone  that are
light- to m e d ium-gray (le ss commonly d ark-gray), mostly m assive
or m e d ium- to ve ry thick-be d d e d  (>20 cm), inte rnally m assive  or
with rare  light-colore d  wavy lam inae , and  fossil-poor to
fossilife rous. R e crystallization is common. S om e  be d s contain
occasional to abund ant fusulinid s that m ay be  d isse m inate d  or
cluste re d ; the s e  are  <1.5–5 mm long. Gastropod s, bivalve s, horn
corals, crinoid  ste m s, and  burrows are  le ss common; crinoid s are
comm only silicifie d  whe re  pre s e rve d . A m icrochonchid  tube worm
obse rve d  in the  lowe r part of the  unit m ay be  He licoconchus
e longatus (C. Dunn, pe rs. comm., 2018). At le ast one  white  che rt
be d  is obse rve d  ne ar the  pre sum e d  base  of the  unit on the  e ast sid e
of T ortugas M ountain. O the rwise , che rt occurs as sparse  to
pe rvasive  lace  or, le ss commonly, as nod ule s and  le nse s that are
white  or som e tim e s gray. Exte nsive  silicification and  local
barite /fluorite  m ine ralization m ay be  e ncounte re d  along fracture
zone s. T he  m inimum thickne ss is 305 m.
04-03-00-00-00— unit— *ps— P anthe r S e e p F orm ation— S and stone ,
lim e stone , and  bre ccia that are  poorly e xpose d . Bre ccia consists of
mostly white  (rare  gray), angular, pe bble - to cobble -size d  che rt
fragm e nts in a re d d ish-ye llow, claye y m atrix. S and stone  is up to 2
m thick and  consists of m assive  to horizontal-planar or pe rhaps
cross-lam inate d , ve ry fine  silice ous grains. Be low the  sand stone  is
d ark-gray lim e stone  containing le nse s, nod ule s, and  be d s of brown
(m inor white ) che rt. S e age r e t al. (1987) note  that this unit includ e s
shale  and  siltstone  e lse whe re . T he  e xpose d  thickne ss is <45 m.
04-04-00-00-00— unit— *lc— Le ad  Cam p Lim e stone — Cross se ction
only. Lim e stone  and  d olom ite  are  inte rcalate d  with shale  and
m inor sand stone  and  conglom e rate  in the  lowe r third  of the  unit
(S e age r e t al., 1987). T he  thickne ss is about 200 m in the  O rgan
M ountains (S e age r, 1981).
04-05-00-00-00— unit— _M — U nd iffe re ntiate d  Cam brian to
M ississippian se d im e ntary rocks— Cross se ction only. Dolom ite ,
lim e stone , shale , and  subord inate  sand stone .
T o, 01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain. Location
is accurate .
T s, 01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain. Location
is accurate .
T wt, 01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain. Location
is accurate .


