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b y
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1 New Mexico Bureau of Geology and Mineral
Resources, 801 Leroy Place, Socorro, NM

87801

A ge ologic m ap displays inform ation on the  distribu tion, natu re , orie ntation, and age  re lationships of rock
and de posits and the  occu rre nce  of stru ctu ral fe atu re s. Ge ologic and fau lt contacts are  irre gu lar su rface s
that form  bou ndarie s be tw e e n diff e re nt type s or age s of u nits. Data de picte d on this ge ologic qu adrangle
m ap m ay be  base d on any of the  follow ing: re connaissance  fie ld ge ologic m apping, com pilation of
pu blishe d and u npu blishe d w ork, and photoge ologic inte rpre tation. Locations of contacts are  not
su rve ye d, bu t 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  accu racy of contact locations de pe nds 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 cou ld cau se  m isu nde rstanding in the  de tail of m apping and m ay
re su lt in e rrone ou s inte rpre tations. S ite -spe cific conditions shou ld be  ve rifie d by de taile d su rface  m apping
or su bsu rface  e xploration. T opographic and cu ltu ral change s m ay not be  show n du e  to re ce nt
de ve lopm e nt.

Cross se ctions are  constru cte d base d u pon the  inte rpre tations of the  au thor m ade  from  ge ologic m apping
and available  ge ophysical and su bsu rface  (drillhole ) data. Cross se ctions shou ld be  u se d as an aid to
u nde rstanding the  ge ne ral ge ologic fram e w ork of the  m ap are a, and not be  the  sole  sou rce  of inform ation
for u se  in locating or de signing w e lls, bu ildings, roads, or othe r m an-m ade  stru ctu re s.

T he  N e w  Me xico Bu re au  of Ge ology and Mine ral R e sou rce s cre ate d the  O pe n-file  Ge ologic Map S e rie s to
e xpe dite  disse m ination of the se  ge ologic m aps and m ap data to the  pu blic as rapidly as possible  w hile
allow ing for m ap re vision as ge ologists continu e d to work in m ap are as. Each m ap she e t carrie s the
original date  of pu blication be low the  m ap as w e ll as the  late st re vision date  in the  u ppe r right corne r. In
m ost case s, the  original date  of pu blication coincid e s w ith the  date  of the  m ap produ ct de live re d to the
N ational Coope rative  Ge ologic Mapping P rogram  (N CGMP) as part of N e w  Me xico’s S T AT EMAP
agre e m e nt. W hile  m aps are  produ ce d, m aintaine d, and u pdate d in an ArcGIS ge odatabase , at the  tim e  of
the  S T AT EMAP de live rable , e ach m ap goe s throu gh cartographic produ ction and inte rnal re vie w prior to
u ploading to the  Inte rne t. Eve n if additional u pdate s are  carrie d ou t on the  ArcGIS m ap data file s, citations
to the se  m aps shou ld re fle ct this original pu blication date  and the  original au thors liste d. T he  vie w s and
conclu sions containe d in the se  m ap docu m e nts are  those  of the  au thors and shou ld not be  inte rpre te d as

Ma pping of this  qua d ra ngle wa s  fund e d  by a m a tching-fund s  gra nt from  the  STATEMAP progra m  of the
N a tiona l Coope ra tive Ge ologic Ma pping Act (Fund  N um be r: G20AC00250), a d m inis te re d  by the U. S.
Ge ologica l Surve y, a nd  by the N ew Mexico Bure a u of Ge ology a nd  Mine ra l R e s ource s , (Dr. N e lia  W .
Dunba r,Director and State Geologist; Dr. J. Micha e l Tim m ons ,Assoc. Director for Mapping Programs).

NEW MEXICO BUREAU OF GEOLOGY AND MINERAL RES OURCES A R ESEAR CH DIVISIO N  O F NEW MEXICO INS TITUTE OF MINING AND TECHNOLOGY Description of Map Units
01-01-01-00-00 — u nit — af — Anthropoge nic fill and distu rbe d land —
Alte re d grou nd and thick accu m u lations of se dim e nt (prim arily sand,
m inor grave l, clay, silt) u se d as fill for Inte rstate  25. T hickne ss is 1–6 m .
01-02-01-00-00 — u nit — Q sh — You nge r she e tflood de posits — Massive ,
ve ry fine - to m e diu m -graine d sand and silty-claye y sand w ith m inor,
scatte re d coarse r sand and m inor pe bble s; silt-clay conte nt is <20%. T race
to 3% ve ry thin to thin, le nticu lar be ds of sandy pe bble s. Com m on bu rie d
soils (stage  I calcic horizons and local clay illu viation). Locally ove rlain by
1-20 cm  of w e ll-stratifie d sand and pe bbly sand w ith no topsoil
de ve lopm e nt. 1-3 m  thick.
01-03-01-00-00 — u nit — Q am  — Mode rn allu viu m  — Loose grave lly
sand and grave l u nde rlying active  channe ls in e phe m e ral drainage s; ve ry
like ly <10 ye ars old. Grave l consists of pe bble s, m inor cobble s, and 1-10%
bou lde rs. S and is brow n to grayish-brow n (7.5-10Y R ) and m ostly
m e diu m - to ve ry coarse -graine d. Bar-and-sw ale  topography and ste e p-
w alle d channe ls characte rize  the  su rface , e xhibiting u p to 0.1–0.6 m  of
re lie f. T hickne ss is 1–4(?) m.
01-03-02-00-00 — u nit — Q ah — Historic allu viu m  — W e ll-stratifie d
sandy grave l, pe bbly sand, and sand u nde rlying low su rface s (1-1.5 m
tre ad he ight) in valle y bottom s. V e ry thin to m e diu m , tabu lar to le nticu lar
be ds (inte rnally m assive  to horizontal-planar lam inate d). Lacks notable
pave m e nt and topsoil de ve lopm e nt (e.g., <10% CaCO 3 coats at 20-30 cm
de pth); bar-and-sw ale  topography e vid e nt in grave lly se dim e nt. U nit
ove rlie s Q ay. 0.1-2 m  thick.
01-03-03-00-00 — u nit — Q am h — Mode rn and historic allu viu m ,
u ndivid e d  — Mode rn allu viu m  (Q am ) and su bordinate  are as of historic
allu viu m  (Q ah). S e e  de taile d de scriptions of the  re spe ctive  u nits. U p to 4
m  thick.
01-03-04-00-00 — u nit — Q ahm  — Historic and m ode rn allu viu m ,
u ndivid e d  — Historic allu viu m  (Q ah) and su bordinate  are as of m ode rn
allu viu m  (Q am ). S e e  de taile d de scriptions of the  re spe ctive  u nits. U p to 4
m  thick.
01-03-05-00-00 — u nit — Q ahrg — Historic allu viu m  of the  R io Grande
floodplain — Loose sand (m ostly ve ry fine - to m e diu m -graine d) and
le sse r silt or clay. S ilt and clay be ds are  typically ve ry thin to m e diu m  and
tabu lar. S and is w e ll-sorte d and com pose d of abu ndant vitre ou s fe ldspars
and qu artz grains. Me rge s dow nw ard into u nit Q ay. 4-6 m thick.
01-03-06-00-00 — u nit — Q ar — R e ce nt (historic + m ode rn) allu viu m  —
Historic allu viu m  (Q ah) and m ode rn allu viu m  (Q am ) in approxim ate ly
e qu al su bae rial proportions (+/- 15%). S e e  de taile d de scriptions of the
re spe ctive  u nits. U p to 4 m  thick.
01-03-07-00-00 — u nit — Q ary — R e ce nt (historic + m ode rn) allu viu m  and
you nge r allu viu m , u ndivid e d — R e ce nt allu viu m  (Q ah + Q am ) and
su bordinate  are as of you nge r allu viu m  (Q ay). S e e  de taile d de scriptions of
the  re spe ctive  u nits. 1- 5(?) m  thick.
01-03-08-00-00 — u nit — Q ahy — Historic and you nge r allu viu m ,
u ndivid e d — Historic allu viu m  (Q ah) and su bordinate  are as of you nge r
allu viu m  (Q ay). S e e  de taile d de scriptions of the  re spe ctive  u nits. 1-5(?) m
thick.
01-03-09-00-00 — u nit — Q ahya — Historic allu viu m  conform ably
ove rlying you nge r allu viu m  — 10s of ce ntim e te rs of historic allu viu m
(Q ah) conform ably ove rlying you nge r allu viu m  (Q ay) in sm alle r canyons,
form ing a single  aggradational se qu e nce . S e e  de taile d de scriptions of the
re spe ctive  u nits. 1-6(?) m thick.
01-03-10-00-00 — u nit — Q ay — You nge r allu viu m  — Brow nish sand,
pe bbly sand, sandy grave l, and variably silty-claye y fine  sand u nde rlying
valle y-bottom  te rrace s; tre ads are  1-3 m  above  m ode rn grade  (u p to 4 m
ne ar Q ahrg); w e akly de ve lope d, bu rie d soils w ith stage  I carbonate
m orphologie s. T he  su rface  has a w e ak de se rt pave m e nt, is re lative ly
sm ooth (bu t local su btle  re lie f by cobbly bars), and has stage  I to I+ calcic
horizons.  1-5(?) m thick.
01-03-11-00-00 — u nit — Q ayo — O lde r? su bu nit of you nge r allu viu m  —
S andy grave l and pe bbly sand in thin-m e diu m , le nticu lar to tabu lar be ds;
1-10% sand be ds. Grave l com prise d of pe bble s, 5-40% cobble s and 0-7%
bou lde rs. S and is brow n- to strong-brow n and fine - to ve ry-coarse . 2-5 m
tre ad he ight above  valle y floor. Eithe r a coarse  facie s of Q ay that inhibite d
su rface  e rosion or an olde r su bu nit of Q ay. S tage  I+ to II calcic horizon in
topsoil. 0.3-2 m  thick.
01-03-12-00-00 — u nit — Q aym  — You nge r allu viu m  and m ode rn
allu viu m , u ndivid e d — You nge r allu viu m  (Q ay) and su bordinate  are as of
m ode rn allu viu m  (Q am ). S e e  de taile d de scriptions of the  re spe ctive  u nits.
U p to 5(?) m thick.
01-03-13-00-00 — u nit — Q ayh — You nge r allu viu m  and historic
allu viu m , u ndivid e d — You nge r allu viu m  (Q ay) and su bordinate  are as of
historic allu viu m  (Q ah). S e e  de taile d de scriptions of the  re spe ctive  u nits.
U p to 5(?) m thick.
01-03-14-00-00 — u nit — Q ayr — You nge r and re ce nt (historic + m ode rn)
allu viu m , u ndivid e d — You nge r allu viu m  (Q ay) and su bordinate  are as of
re ce nt allu viu m  (Q ah + Q am ). S e e  de taile d de scriptions of the  re spe ctive
u nits. U p to 5(?) m thick.
01-04-01-00-00 — u nit — Q fm  — Mode rn fan allu viu m  — Loose sand and
grave l u nde rlying allu vial fan channe ls, bars, and le ve e s. Grave l consist of
pe bble s and m inor cobble s com pose d m ainly of fe lsic volcanic rocks. S and
is brow n to light-brow n, fine - to ve ry coarse -graine d, su brou nde d to
su bangu lar, and poorly sorte d (m inor m ode rate ). N o topsoil de ve lopm e nt.
Bar-and-sw ale  topography characte rize s the  su rface . T hickne ss is m ostly
1–3 m .
01-04-02-00-00 — u nit — Q fh — Historic fan allu viu m  — W e akly
consolidate d, w e ll-be dde d sandy grave l and pe bbly sand of sm all allu vial
fans; lacks a notable  topsoil and has 3-20 cm  tall bar-and-sw ale
topography. S trata are  in ve ry thin to thin (m inor m e diu m ), tabu lar to
le nticu lar to w e dge -shape d be ds. Grave l consists of pe bble s w ith 1-30%
cobble s. S and is brow n to light brow n, fine - to ve ry coarse -graine d, and
has <7% clay. 0.1-3 m thick.
01-04-03-00-00 — u nit — Q fm h — Mode rn and historic allu viu m ,
u ndivid e d  — Mode rn (Q fm ) and su bordinate  are as of historic fan
allu viu m  (Q fh). S e e  de taile d de scriptions of the  re spe ctive  u nits. 1-3 m
thick.
01-04-04-00-00 — u nit — Q fhm  — Historic and m ode rn allu viu m ,
u ndivid e d  — Historic fan allu viu m  (Q fh) and su bordinate  are as of
m ode rn fan allu viu m  (Q fm ). S e e  de taile d de scriptions of the  re spe ctive
u nits. 1-3 m thick.
01-04-05-00-00 — u nit — Q fr — R e ce nt (historic + m ode rn) fan allu viu m
— Historic fan allu viu m  (Q fh) and m ode rn fan allu viu m  (Q fm ) in
approxim ate ly e qu al su bae rial proportions. S e e  de taile d de scriptions of
the  re spe ctive  u nits. 1-3 m  thick.
01-04-06-00-00 — u nit — Q fry — R e ce nt and you nge r fan allu viu m ,
u ndivid e d  — R e ce nt (Q fh + Q fm ) and su bordinate  are as of you nge r fan
allu viu m  (Q fy). S e e  de taile d de scriptions of the  re spe ctive  u nits. 1-5(?) m
thick.
01-04-07-00-00 — u nit — Q fy — You nge r fan allu viu m  — S andy grave l,
pe bbly sand, and sand in thin to thick, tabu lar to le nticu lar be ds. Grave l
consists of pe bble s w ith m inor cobble s. S andy be ds are  inte rnally m assive
to horizontal-planar lam inate d, brow n to light-brow n, and m ainly fine - to
ve ry coarse -graine d. T opsoil e xhibits stage  I calcic horizons. S u rface  has
w e ak de se rt pave m e nt and lacks bar-and-sw ale s. T re ad he ight of 1-2.5 m.
1-5(?) m thick.
01-04-08-00-00 — u nit — Q fyr — You nge r and re ce nt fan allu viu m ,
u ndivid e d — You nge r (Q fy) and su bordinate  are as of re ce nt fan allu viu m
(Q fh + Q fm ). S e e  de taile d de scriptions of the  re spe ctive  u nits. 1-5(?) m
thick.
01-05-00-00-00 — he ading03 —  — Inte rm e diate -le ve l ge om orphic
de posits be low S an Marcial F orm ation and above  valle y floors —
01-05-01-00-00 — he ading04 —  — Inte rm e diate -le ve l te rrace  de posits in
Milligan Gu lch, inse t be low tre ad of low e st S an Marcial form ation —
S andy grave l in thin to m e diu m  (m inor thick), tabu lar to le nticu lar be ds.
Grave l is sand- to clast-su pporte d, com pose d of fe lsic-dom inate d
volcanics, and consists of pe bble s, 5-40% cobble s, and 2-3% bou lde rs. S and
is brow nish and fine - to ve ry coarse -graine d. T opsoil has a stage  I+ to II
carbonate  m orphology. 2-4 m thick. T hre e  allostratigraphic u nits are
re cognize d: Q im t1 throu gh Q im t4.
01-05-01-01-00 — u nit — Q im t1 — Low e r inte rm e diate  te rrace  de posit in
Milligan Gu lch — T re ad he ight of 5-8 m  and strath he ight of ≈4 m  above
Q ah.
01-05-01-02-00 — u nit — Q im t2 — Middle  inte rm e diate  te rrace  de posit in
Milligan Gu lch — T re ad he ight of 7-9 m  and strath he ight of 3-7 m ; tre ad
he ight de cre ase s to 4 m  ne ar F ort Craig.

01-05-01-03-00 — u nit — Q im t3 — U ppe r-m iddle  inte rm e diate  te rrace
de posit in Milligan Gu lch — T he  tre ad of this te rrace  lie s abou t 2.5-3 m
above  the  tre ad of adjace nt Q im t2 and 9-10 m  above  Q ah. T re ad he ight
de cre ase s e astw ard. S trath is poorly e xpose d.  N e ar F ort Craig, Q im t3 is
locally su bdivid e d into tw o u nits se parate d by a 1.5-2 m tall rise r.
01-05-01-03-01 — u nit — Q im t3a — U ppe r-m iddle  inte rm e diate  te rrace
de posit in Milligan Gu lch, low e r su bu nit — Poorly e xpose d sand and
grave l u nde rlying a m id-le ve l te rrace  ne ar F ort Craig. T re ad he ight is 7 m
and tre ad lie s 1.5-2 m be low the  Q im t3b tre ad. T his low e r u nit m ay be  a
fill-cu t su rface , bu t poor e xposu re  inhibits confirm ation of that infe re nce .
1-2(?) m thick.
01-05-01-03-02 — u nit — Q im t3b — U ppe r-m iddle  inte rm e diate  te rrace
de posit in Milligan Gu lch, u ppe r su bu nit — Poorly e xpose d sand and
grave l u nde rlying a m id-le ve l te rrace  ne ar F ort Craig. T re ad lie s 1.5-2 m
above  the  Q im t3a tre ad and ≈8 m  above  Q ah ne ar F ort Craig. 1-3(?) m
thick.
01-05-01-04-00 — u nit — Q im t4 — U ppe r inte rm e diate  te rrace  de posit in
Milligan Gu lch — S andy grave l and m inor grave lly sand in vagu e ,
m e diu m  to thick, le nticu lar be ds; ≈10% cross stratification. Grave l (pe bble s
w ith 30-45% cobble s) com pose d of fe lsic volcanic rocks w ith 1-5%
inte rm e diate  clasts. T opsoil is ≈1 m thick and contains stage  II to II+ calcic
horizon(s). U nit m ay corre late  w ith Q sfc1. T re ad stands 5 m  above  Q im t2
tre ad and 10-11 m  above  the  valle y floor. ~3 m  thick.
01-05-02-00-00 — he ading04 —  — S u bdivisions of m iddle  te rrace  de posits
of Milligan Gu lch —
01-05-02-01-00 — u nit — Q it — Inte rm e diate -le ve l te rrace  de posits —
T e rrace  de posits inse t be low the  S an Marcial form ation, consisting of a
brow nish, pe bble -dom inate d sandy grave l w ith le sse r pe bbly sand and u p
to 10% sand be ds. ≤3% clay in the  sand-grave l m atrix. T opsoil has stage  I+
to II+ calcic horizon. 4-8 m  tre ad he ight. Locally diff e re ntiate d into 3
su bu nits that are  like ly fill-cu t te rrace s. R ise r he ights be tw e e n the se
su bu nits are  ≤2 m . 1-5 m  thick.
01-05-02-02-00 — u nit — Q itl — Low e r su bu nit, inte rm e diate -le ve l te rrace
de posits — T re ad lie s 1-3 m  be low tre ad of adjace nt Q itm . S e e  Q it
de scription for lithologic prope rtie s. N ot confid e ntly corre late d ove r long
distance s (>1 km). U p to 5 m  thick.
01-05-02-03-00 — u nit — Q itm  — Middle  su bu nit, inte rm e diate -le ve l
te rrace  de posits — T re ad lie s 1-3 m be low tre ad of adjace nt Q itu  or 1-3 m
above  tre ad of adjace nt Q itl. S e e  Q it de scription for lithologic prope rtie s.
N ot confid e ntly corre late d ove r long distance s (>1 km). U p to 5 m  thick.
01-05-02-04-00 — u nit — Q itu  — U ppe r su bu nit, inte rm e diate -le ve l
te rrace  de posits — T re ad lie s 1-3 m above  tre ad of adjace nt Q itm . S e e  Q it
de scription for lithologic prope rtie s. N ot confid e ntly corre late d ove r long
distance s (>1 km). 1-3 m thick.
01-05-02-05-00 — u nit — Q ist — Inte rm e diate -le ve l te rrace  de posits and
e rode d S an Marcial form ation, u ndivide d — T hin u nit Q it, as de scribe d
above , that is inte rspe rse d am ong e rode d S an Marcial form ation.
T oge the r, this de posit and e rode d su rface  com prise  a sim ilar ge om orphic
le ve l that corre late s u pstre am  to Q isp. Mappe d in the  northw e st part of
the  qu adrangle . Q it is m ostly 0-2 m thick.
01-05-03-00-00 — he ading04 —  — Allu vial fan and pie dm ont de posits —

01-05-03-01-00 — u nit — Q if — Inte rm e diate -le ve l allu vial fan de posits —
S andy grave l and pe bbly sand in le nticu lar, tabu lar, or w e dge -shape d
be ds. Grave l com prise d of pe bble s w ith m inor cobble s and ve ry m inor
bou lde r dom inate d by fe lsic volcanic lithologie s. S and is brow n to strong
brow n and fine -to ve ry coarse -graine d. R e lative ly sim ilar lithology as Q it.
Variable  de se rt pave m e nt and clast varnishing. S tage  I to III calcic horizon
in topsoil. T hickne ss 0.5-3 m .
01-05-03-02-00 — u nit — Q ip — Inte rm e diate -le ve l pie dm ont de posits —
S im ilar to u nit Q it bu t u nde rlie s pie dm ont su rface s in the  northw e st part
of the  qu adrangle . Grade s late rally dow nstre am  into Q it de posits. N ot
su bdivid e d. N ot de scribe d in de tail du e  to land acce ss re strictions. O n air
photographs, su rface  is grayish, w e akly varnishe d, e rode s re adily and has
sparse r ve ge tation (c.f., Q sp), re lative ly gu llie d, and pale ochanne l trace s
e vid e nt. Like ly 0.5-3 m  thick.
01-05-03-03-00 — u nit — Q isp — Inte rm e diate -le ve l pie dm ont de posits
and e rode d S an Marcial form ation, u ndivid e d — T hin u nit Q ip, as
de scribe d above , that is inte rspe rse d am ong e rode d S an Marcial
F orm ation. T oge the r, this de posit and the  e rode d su rface  occu py a sim ilar
ge om orphic le ve l that grad e s dow nstre am  to Q ist or Q it. Mappe d in the
northw e st part of the  qu adrangle . Q ip is 0-2 m  thick.
01-06-00-00-00 — he ading03 —  — High-le ve l ge om orphic u nits
com prising the  S an Marcial form ation — F ining-u pw ard grave l to sand
w ith m inor pe bbly sand. Grave ls are  pre dom inate ly pe bble s w ith trace  to
10% fine  cobble s and in ve ry thin to thin, le nticu lar to tabu lar be ds. S and
is grayish to pale  brow n (10Y R  7/1; 6/2-3) and fine - to coarse -graine d;
m assive  or horizontal- to low-angle  cross-lam inate d. Lack of ce m e ntation
and vagu e r be dding he lp distingu ish this u nit from  Q T pa sand. 1-6 m
thick.
01-06-01-00-00 — he ading04 —  — You nge st allostratigraphic u nit of S an
Marcial form ation —
01-06-01-01-00 — u nit — Q sg1 — Grave lly se dim e nt de rive d from
northw e st, u nde rlying broad te rrace s, corre late d to the  you nge st
allostratigraphic u nit of the  S an Marcial form ation — S andy grave l and
pe bbly sand u nde rlying e xte nsive  ge om orphic su rface s. T re ad lie s 1-3 m
be low the  Q sg2 tre ad and local strath he ight diff e re nce s are  1-2 m ; the se
diff e re nce s are  m u te d u pstre am , w hich incre ase s ide ntification
u nce rtainty. Local tre ad he ight is 7-10 m e ast of Hwy 1 bu t de cre ase s N W
to 2-3 m. Calcic topsoil w ith stage  II+ to III+ m orphology. Labe l Q sg1e
indicate s notably e rode d. 1-7 m thick.
01-06-01-02-00 — u nit — Q sf1 — Distal fan se dim e nt ne ar R io Grande  of
the  you nge st allostratigraphic u nit of the  S an Marcial form ation — Light
brow n to brow n, ve ry fine - to m e diu m -graine d sand w ith ≤25% coarse  to
ve ry coarse  sand and ≤10% scatte re d pe bble s. S e dim e nt is m assive  or
lam inate d to thinly be dd e d. P e bble  com position is volcanic. U p to 30%
tongu e s (≤0.5 m  thick) of sandy pe bble s to pe bbly sand. T ypically cappe d
by ≤2 m-thick sandy grave l. W e akly consolidate d. T re ad he ight above
floodplain is 15-20-25(?) m.1-6 m  thick.
01-06-01-03-00 — u nit — Q sfc1 — Allu vial fan de posit at F ort Craig,
you nge st allostratigraphic u nit of the  S an Marcial form ation — Grayish
sandy grave l (pe bble s w/ 15-50% cobble s) in ve ry thin-m e diu m , tabu lar to
le nticu lar be ds. Grave l com pose d of fe lsic volcanics (0-1% inte rm e diate
clasts) and 0-5% re w orke d axial-e xotic clasts. Grade s late rally into
se dim e nt sim ilar to Q sf1. T opsoil has a stage  II to II+ calcic horizon.
O ve rlie s u nit Q saf1.12-15 m tre ad he ight above  R io Grande  floodplain.
W e akly consolidate d. 9-10 m  thick.
01-06-01-04-00 — u nit — Q ss1 — S andy valle y-m argin facie s, you nge st
allostratigraphic u nit of the  S an Marcial form ation — Massive  sand and
pe bbly sand that is pale  brow n to light brow n, fine - to ve ry coarse -graine d
(m osty fine -u ppe r to m e diu m -u ppe r), m ode rate  to w e ll sorte d, and
com pose d of a m ixtu re  of re w orke d axial sand (e.g., lithologically sim ilar
to Q sas1) and m inor volcanic grains. 1-15% ou t-size d, large r sand grains
and 1-15% scatte re d pe bble s of volcanic and axial-e xotic com position. ≈6
m thick.
01-06-01-05-00 — u nit — Q saf1 — Axial floodplain se dim e nt of the
you nge st allostratigraphic u nit of the  S an Marcial form ation — T abu lar-
be dd e d to m assive , lt. brow n to strong brow n, ve ry fine - to fine -graine d
sand, silty-claye y sand, and silt; m inor m u d or clay. Be ds are  inte rnally
m assive  bu t locally w e ll-lam inate d. U nit conform ably ove rlie s axial sand
(Q sas1) and has local tongu e s of axial sand. 1-5% soft CaCO 3 nodu le s.
Local pe bbly inte rbe ds (≤20 cm  thick) and calcic pale osols (stage  I). Erode s
re adily. 1-20 m thick.
01-06-01-06-00 — u nit — Q sas1 — Axial sand and grave l of the  you nge st
allostratigraphic u nit of the  S an Marcial form ation — Loose  sand and
grave l that is m assive  or vagu e ly horizontal-planar- to low-angle  cross-
lam inate d. S and is pale -brow n to light-gray and fine - to ve ry coarse -
graine d. P e bble -dom inate d grave l com pose d of volcanic rocks, 5-15%
qu artzite , 5-15% che rt, 5-20% granite , 0.5-12% se dim e ntary clasts, 1-2%
schist-gne iss, and trace  obsidian plu s diorite -gabbro. S trath is bu rie d or
u p to ≈10 m  above  floodplain. 1-10(?) m  thick.
01-06-01-07-00 — u nit — Q sa1 — Axial sand and floodplain se dim e nt,
u ndivid e d, of the  you nge st allostratigraphic u nit of the  S an Marcial
form ation — Com bine d axial sand and floodplain de posits, e ithe r
inte rbe dd e d or e xhibiting a ve rtical gradation of axial sand u p into
floodplain de posits. U ppe r contact is typically gradational w ith distal fan
facie s (Q sf1 or locally Q sfc1). S e e  de taile d de scriptions of u nits Q sas1 and
Q saf1. U p to ≈20 m  thick.
01-06-02-00-00 — he ading04 —  — You nge r-m iddle  allostratigraphic u nit
of S an Marcial form ation —

01-06-02-01-00 — u nit — Q sg2 — Grave lly se dim e nt de rive d from
northw e st, u nde rlying broad te rrace s, corre late d to you nge r-m iddle
allostratigraphic u nit, S an Marcial form ation — S andy grave l and pe bbly
sand sim ilar to Q sg1. U nde rlie s a te rrace  w hose  strath and tre ad are
re spe ctive ly ≈2 m  above  that of Q sg1, bu t this diff e re nce  is m u te d
u pstre am , w hich incre ase s ide ntification u nce rtainty. Local tre ad he ight of
8-12 m, de cre asing u pstre am  to 2-3 m e te rs; tre ad is 1-3 m  be low Q sg3
tre ad. T opsoil has stage  III+ to IV carbonate  m orphology. Labe l Q sg2e
indicate s notably e rode d. 2-6 m thick.
01-06-02-02-00 — u nit — Q st2 — Grave lly se dim e nt u nde rlying high-le ve l
te rrace s in Milligan Gu lch, corre late d to the  you nge r-m iddle
allostratigraphic u nit of the  S an Marcial form ation — S andy grave l and
grave lly sand sim ilar to u nit Q st3 on north side  of Milligan Gu lch. T re ad
is a fe w  m e te rs low e r than Q st3 tre ad. U nit proje cts to inte rpre te d Q sg2
de posits sou th of Milligan Gu lch. How e ve r, the  u nit m ay actu ally be  a
Q st3 de posit be ve le d du ring Q st2 tim e .  20-24 m  tre ad he ight and 15-18 m
strath he ight. ≈6 m thick.  S u bdivid e d into tw o su bu nits base d on
ge om orphic position.
01-06-02-02-01 — u nit — Q st2a — Low e r su bu nit of thin grave l inse t into
Q st3, corre late d to the  you nge r-m iddle  allostratigraphic u nit of S an
Marcial F orm ation — T hin, cobble -rich grave l ne ar the  base  of Q st3.
T opsoil has calcic horizons w ith S tage  II+ to III+ m orphology. Lie s 2-3 m
be low the  Q st2b tre ad and 21-23 m above  the  Milligan Gu lch valle y floor.
1-1.5 m thick.
01-06-02-02-02 — u nit — Q st2b — U ppe r su bu nit of thin grave l inse t into
Q st3, corre late d to the  you nge r-m iddle  allostratigraphic u nit of S an
Marcial F orm ation — R e lative ly thin, sandy pe bble s to cobble s and pe bbly
sand ove rlying u nit Q st3. In m any are as, the  su rface  is light-colore d,
re fle cting a w e ak de se rt pave m e nt. Locally fine s u pw ards from  a cobbly
base . T opsoil has calcic horizons e xhibiting a stage  III to IV carbonate
m orphology. T re ad lie s 2-3 m be low the  tre ad of Q st3 and 23-25 m above
the  valle y floor of Milligan Gu lch. 0.2-2 m thick.
01-06-02-03-00 — u nit — Q sf2 — Distal fan se dim e nt ne ar R io Grande  of
the  you nge r-m iddle  allostratigraphic u nit of the  S an Marcial form ation —
Brow nish, ve ry fine - to m e diu m -graine d sand in vagu e , m e diu m  to ve ry
thick, tabu lar be ds that are  inte rnally m assive . Minor pe bbly bodie s that
are  m ostly ve ry thin to thin and le nticu lar; pe bble s com pose d of fe lsic-
dom inate d volcanic rocks. S and has 1-10%, scatte re d, coarse - to ve ry
coarse -graine d sand and 1-10% scatte re d pe bble s; com m on w e ak pale osol
de ve lopm e nt (stage  I calcic horizons). 5-6 m thick.
01-06-02-04-00 — u nit — Q ss2 — S andy valle y-m argin facie s, you nge r-
m iddle  allostratigraphic u nit of the  S an Marcial form ation — S im ilar to
u nit Q ss1, bu t inte rpre te d to be long to the  you nge r-m iddle
allostratigraphic u nit. S e dim e nt is m assive , light-brow n to light ye llow ish-
brow n (7.5-10Y R  6/4), fine - to coarse -graine d sand m ixe d w ith m inor ve ry
coarse  sand and 5-10% scatte re d volcanic pe bble s. S and is su brou nde d
(m inor su bangu lar), poorly sorte d, and has a com position com parable  to
R io Grande  axial-sand. F e w  m e te rs thick.
01-06-02-05-00 — u nit — Q sap2 — S ingle  u pw ard cycle  of axial sand -
floodplain - distal pie dm ont de posits, corre late d to the  you nge r-m iddle
allostratigraphic u nit of the  S an Marcial form ation — T his u nit
incorporate s a single  u pw ard transition (cycle ) of axial sand (Q sas2), fine -
graine d floodplain de posits (Q saf2), and distal fan de posits (Q sf2). S e e
de scriptions of the se  re spe ctive  u nits. W e akly consolidate d. U p to 10 m
thick, w ith the  axial se dim e nt be ing in the  low e r 3-5 m of the  package .
01-06-02-06-00 — u nit — Q saf2 — Axial floodplain se dim e nt of the
you nge r-m iddle  allostratigraphic u nit of the  S an Marcial form ation —
S trong-brow n to brow n (7.5Y R  4/4- 5/6), ve ry fine - to fine -graine d sand
and m inor clay that is m assive  and w e akly consolidate d. 3-5 m thick.
01-06-02-07-00 — u nit — Q sas2 — Axial sand and grave l of the  you nge r-
m iddle  allostratigraphic u nit of the  S an Marcial form ation — S andy grave l
to sand, w ith grave l m ore  com m on north of S pike y Arroyo. S and is cross-
lam inate d to m assive . P e bble  fraction is com pose d of fe lsic volcanic rocks
w ith 5-10% inte rm e diate  rocks, 1-3% qu artzite , 1-3% che rt, trace
am phibolite , trace  U ppe r P ale ozoic ve ry fine  sandstone s-siltstone s, ≤1%
lim e stone . S and is light-gray to light-brow n to pale -brow n and m ostly
m e diu m -graine d. 0.5-4 m thick.
01-06-03-00-00 — he ading04 —  — O lde r-m iddle  allostratigraphic u nit of
S an Marcial form ation —
01-06-03-01-00 — u nit — Q sg3 — Grave lly se dim e nt de rive d from
northw e st, u nde rlying te rrace s or high-le ve l pie dm ont su rface s, corre late d
to olde r-m iddle  allostratigraphic u nit of S an Marcial form ation — S andy
grave l and grave lly sand u nde rlying the  highe st e xte nsive  ge om orphic
su rface . Locally coarse ns u pw ards. Grave l is in ve ry thin-m e diu m ,
le nticu lar to tabu lar be ds. S and is gray to re ddish brow n-ye llow ish re d,
de pe nding on clay conte nt (range  of 0-5%), and m e diu m -ve ry coarse .
T opsoil has 0.5-1 m  thick, stage  III to IV calcic horizons. T re ad he ight of 5-
20 m, de cre asing u pstre am . 2-8 m thick. Labe l Q sg3e  indicate s notably
e rode d.
01-06-03-02-00 — u nit — Q st3 — Grave lly se dim e nt com prising thick,
high-le ve l te rrace  de posits in Milligan Gu lch, corre late d to the  olde r-
m iddle  allostratigraphic u nit of the  S an Marcial form ation — S andy grave l
and su bordinate  pe bbly sand. S andy grave l is in thin-m e diu m , tabu lar to
le nticu lar be ds; pe bbly sand is typically lam inate d-thinly be dde d. 1-10%
cross-stratification. S and is light-gray to pinkish-gray to re ddish-brow n to
ye llow ish-re d, de pe nding on clay conte nt (ranging from  1-15%). T opsoil is
0.5-1 m thick and has stage  III+ to IV calcic horizons. T re ad he ight is 20-27
m. 6-12 m thick.
01-06-03-02-01 — u nit — Q st3u  — U ppe r tre ad of grave lly se dim e nt
com prising thick, high-le ve l te rrace  de posits in Milligan Gu lch, corre late d
to the  olde r-m iddle  allostratigraphic u nit of the  S an Marcial form ation —
U nce rtain if this is a se parate  allostratigraphic u nit. Both it and Q st3 are  of
sim ilar lithology, bu t this u nit u nde rlie s a tre ad that is ≈3 m  above  the
tre ad of u nit Q st3. U nit is probably part of the  Q st3 fill package  be cau se  a
grave lly inte rval w ithin Q st3 se e m s to e xte nd u nde r Q st3u  (U T M
coordinate s: 303800 m E, 3728510 m N ; N AD 83, zone  13). T re ad he ight of
23-30 m . 7-8 m  thick.
01-06-03-03-00 — u nit — Q sa3 — S ingle  u pw ard cycle  of axial sand -
floodplain de posits corre late d to olde r-m iddle  allostratigraphic u nit of
S an Marcial form ation — T his u nit incorporate s a single  u pw ard
transition (cycle ) of axial sand (Q sas3, 3-4 m  thick) throu gh fine -graine d
floodplain de posits (≈3 m thick). T he  floodplain de posits consist of light-
brow n (7.5Y R  6/3-4), ve ry fine - to fine -graine d sand and silty to ve ry fine -
graine d sand that is m assive  and w e akly consolidate d. 6-7 m  thick.
01-06-03-04-00 — u nit — Q sas3 — Axial sand and grave l of the  olde r-
m iddle  allostratigraphic u nit of the  S an Marcial form ation — S andy grave l
and grave lly, qu artz-rich axial sand. Grave l is su brou nde d and com pose d
of fe lsic volcanic rocks w ith 3% inte rm e diate  volcanic rocks and 10-20%
R io Grande  e xotic clasts (qu artzite , che rt, lim e stone , granite , and m inor
P a-Py siltstone  to fine -graine d sandstone ). May inclu d e  tw o pale o-
ge om orphic le ve ls, w ith the  highe r one  be ing a bu rie d pale o-te rrace
de posit. Loose and u p to 0.5-3 m thick.
01-06-04-00-00 — he ading04 —  — O lde r allostratigraphic u nit of the  S an
Marcial form ation —
01-06-04-01-00 — u nit — Q sg4 — Grave lly se dim e nt de rive d from
northw e st, u nde rlying the  highe st te rrace s, corre late d to olde r-m iddle
allostratigraphic u nit of S an Marcial form ation — S andy grave l and
grave lly sand in ve ry thin to m e diu m , tabu lar to le nticu lar be ds; 15%
cross-stratification. Grave l is com prise d of pe bble s w ith 7-15% cobble s
and ≤0.5% bou lde rs.  S and is re ddish-brow n to ye llow ish-re d and m ainly
m e diu m - to ve ry coarse -graine d; trace -0.5% clay in the  m atrix. W e akly to
m ode rate ly consolidate d. T re ad stands 30-33 m  above  adjace nt valle y
floors. 6-7 m thick.
01-06-04-02-00 — u nit — Q st4 — Grave lly se dim e nt com prising highe st-
le ve l te rrace  de posits in Milligan Gu lch, corre late d to the  olde r
allostratigraphic u nit of the  S an Marcial form ation — S andy grave l w ith
su bordinate  grave lly sand; com m only m e diu m -be dd e d. Grave l consists of
clast-su pporte d pe bble s and m inor cobble s. S and is m ainly m e diu m - to
ve ry coarse -graine d. Has graye r color and coarse r te xtu re  than u nde rlying
P alom as F m . T opsoil e xhibits a S tage  III+ to IV pe trocalcic horizon. T re ad
he ight of 30-33 m above  Milligan Gu lch. S trath has m e te rs of re lie f.
De posit is 2-8 m  thick.
01-06-05-01-00 — u nit — Q ss — S andy valle y-m argin facie s of the  tw o
you nge r allostratigraphic u nits of the  S an Marcial form ation, u ndivide d
— S im ilar to u nit Q ss1, bu t not su re  if it is part of that allostratigraphic
u nit or the  ne xt olde r allostratigrpahic u nit. ≈6 m thick.
01-06-05-02-00 — u nit — Q sg12 — Grave lly se dim e nt of the  tw o you nge r
allostratigraphic u nits of the  S an Marcial form ation, u ndivid e d —
De signate d to grave lly se dim e nt u nde rlying te rrace  su rface s that are
infe rre d to corre late  to e ithe r u nit Q sg1 or Q sg2.  1-6 m  thick.

01-06-05-03-00 — u nit — Q sp — Grave lly se dim e nt not corre late d to a
spe cific allostratigraphic u nit of the  S an Marcial form ation — Assigne d to
grave lly se dim e nt u nde rlying olde r pie dm ont su rface s in the  northw e st
part of the  qu adrangle . Infe rre d to corre late  to Q sg1, Q sg2, or Q sg3. T he se
thre e  allostratigraphic u nits m e rge  u pstre am  into a com ple x package ; the
thre e  u nits are  bu ttre sse d against one  anothe r or se parate d by cryptic,
poorly e xpose d disconform itie s. >5 m  thick.
02-01-00-00-00 — he ading03 —  — Basin-fill u nits —

02-01-01-00-00 — he ading04 —  — P alom as F orm ation —

02-01-01-01-00 — u nit — Q T ppm  — Me dial pie dm ont facie s of the
P alom as F orm ation — S im ilar to u nit Q T ppd, bu t grave lly bodie s
com prise  abou t 1/3 to 2/3 of the  form ation. Inte rtongu e s e astw ard w ith
u nit Q T ppd and also prograd e s e astw ard ove r Q T ppd. P ale osol calcic
horizons m ore  com m on in this u nit than Q T ppd. 1-30 m e xpose d
thickne ss, bu t like ly m u ch gre ate r than 30 m  ne ar the  e aste rn qu adrangle
bou ndary.
02-01-01-02-00 — u nit — Q T ppd — Distal pie dm ont facie s of the  P alom as
F orm ation — O range  to tan, ve ry fine  to m e diu m  sand and silty-claye y
fine  sand w ith m inor scatte re d coarse r sand; m inor sandy silt-clay and 1-
40% grave lly bodie s. F ine r strata m ostly in m e diu m -thick, tabu lar be ds
(inte rnally m assive , locally lam inate d); grave lly bodie s are  le nticu lar to
tabu lar and ≤5 m  thick. 1-7% pale osols ofte n lacking calcic horizons. W e ll
consolidate d and non-calcare ou s. 50-300(?) m  thick.
02-01-01-03-00 — u nit — Q T pp — P ie dm ont facie s of the  P alom as
F orm ation — U se d in cross se ction be cau se  prograding m e dial facie s is
ofte n too thin to de pict at 1:24,000 (only abou t 10 m  of thickne ss). O range
to tan, ve ry fine  to m e diu m  sand and silty-claye y fine  sand w ith m inor
scatte re d coarse r sand; m inor sandy silt-clay and 1-60% grave lly bodie s.
F ine r strata m ostly in thick, tabu lar be ds (inte rnally m assive , locally
lam inate d). W e ll consolidate d. 50-300? m thick.
02-01-01-04-00 — u nit — Q T pf — F ine -graine d, basin-floor m argin facie s
of the  P alom as F orm ation — R e ddish-orangish, ve ry fine - to fine -graine d
sand, silty-claye y sand, silt, and le sse r clay [floodplain de posits]; also ve ry
fine - to fine -graine d sand w ith m inor, scatte re d coarse r sand and volcanic
pe bble s {fan-toe  de posits). F ine  strata are  in thin to ve ry thick, tabu lar
be ds. ≤1% pe bbly bodie s. 0.5-5% pale osols lacking calcic horizons. T race  to
5% be ds of calciu m  carbonate . 20-200(?) m thick.
02-01-01-05-00 — u nit — Q T pa — Axial-flu vial facie s of the  P alom oas
F orm ation — W hite , fine -coarse  sand; 1-5% le nticu lar, pe bbly be ds; 1-5%
pe bble -cobble  be ds of local volcanic prove nance . S and m ostly cross-
lam inate d to horizontal-planar lam inate d. T ypical grave l com position: 5-
20% granite , tr-5% qu artzite , 1-10% che rt, and <3% P ale ozoic se dim e ntary
clasts; m ore  he te rolithic in u ppe r ≈30 m . S and com pose d of qu artz,
fe ldspar, and 5-25% volcanic-m afic grains. 100-200(?) m thick.

02-01-01-06-00 — u nit — Q T ppa — Inte rbe dd e d axial and pie dm ont
facie s, P alom as F orm ation — Inte rbe dding of u nits Q T ppd and Q T pa that
cannot be  diff e re ntiate d at 1:24,000 scale . T ongu e s of the se  re spe ctive  u nits
are  <5 m  thick. U nit is >15 m  thick.
02-01-01-07-00 — u nit — T sf — S anta F e  Grou p u nde rlying the  P alom as
F orm ation, u ndivid e d — Cross-se ction only. S andstone , conglom e rate ,
and m u dstone  that is w e ll consolidate d and variably ce m e nte d. Like ly
inclu d e s a volcanic grave l-be aring pie dm ont facie s (de rive d from  the
w e st) that grad e s late rally into fine -graine d basin floor de posits that m ay
inclu d e  claye y playa facie s. N o constraints on thickne ss; ≈300 m  w as u se d
on the  cross se ction.
03-01-01-00-00 — u nit — T ss — F ine  sand-dom inate d de posits of S pe ars
Grou p — Light brow n-re ddish, m assive , ve ry fine  to fine -graine d sand to
silty-claye y ve ry fine -fine  sand. S and is m ixe d w ith 1-25%, scatte re d
m e diu m - to ve ry coarse -graine d sand ±0.5-5% inte rm e diate  volcanic
pe bble s. Locally, sand is ve ry fine - to ve ry coarse -graine d w ith 1-30%
pe bble s to fine  cobble s. Minor scatte re d CaCO 3 nodu le s. Locally
tu f face ou s. O ccu rs as 1-14 m -thick tongu e s se parating ande site  flow s
(T w a).
03-01-02-00-00 — u nit — T sp — Volcaniclastic strata of S pe ars Grou p,
u ndivid e d — Cross-se ction only. W e ak re d conglom e rate , conglom e ratic
sandstone , and sandstone . Grave l is m ainly inte rm e diate  volcanic (w ith
se dim e ntary clasts ne ar base ) and range s from  pe bble s to bou lde rs;
associate d be ds are  m atrix-su pporte d and m assive , consiste nt w ith lahar
or de bris flow de position. S andstone  be ds are  variably claye y and
re lative ly tabu lar. 190-250(?) m thick.
03-02-01-00-00 — u nit — T dt — Dacite  flow or dacitic re m orphic tu f f, Datil
Grou p — W e ll-foliate d w ith fine ly bande d flow line ations (horizontal-
planar to sw irly); lacks confirm e d m acroscopic pu m ice  clasts. F re sh rock
is light-gray to light-pu rple  to w hite . P he nocryst com position: 5-15%
anhe dral plagioclase  (0.5-3.0 m m ) and 3-5% biotite  and le sse r hornble nde
(0.1-2.0 m m , e u he dral to su bhe dral). U nde rlain by a 1.0-1.5 m -thick
vitrophyre  w ith ≤15% fe ldspar phe nocrysts. 25-50 m thick.
03-02-02-00-00 — u nit — T w ab — Biotite -phyric ande site  of W illow
S prings — S ingle  flow (or flow package ) of re ddish-gray to gray, fe ldspar-
biotite -phyric ande site . P he nocryst asse m blage  of 10-25% fe ldspar that is
probably plagioclase  (0.5-5 m m , locally u p to 10 m m , su bhe dral) and 5-
10% biotite  (0.5-3.0 m m , e u he dral to anhe dral bu t m ostly su bhe dral). F low
bre ccia obse rve d at top of flow. 25 m thick.
03-02-03-00-00 — u nit — T w a — Ande site  of W illow S prings — Gray to
re ddish-gray (w e athe ring re ddish-brow n), plagioclase -pyroxe ne -phyric
ande site . P he nocryst asse m blage  of 15-30% plagioclase  (0.2-8.0 m m ,
e u he dral to su bhe dral, locally aligne d) and 3-7% pyroxe ne  (0.5-2.0 m m ,
su bhe dral to anhe dral). >40 m thick.
03-03-01-00-00 — u nit — T w as — Inte rbe dde d lavas and volcaniclastic
strata (Datil and S pe ars Grou p, re spe ctive ly) — Inte rbe dd e d ande site
flow s and se dim e ntary strata. T he  ande site  flow s inclu d e  those  of u nit
T w a plu s fe ldspar-biotite -phyric ande site (?) flow s. S e dim e ntary strata
inclu d e  the  fine  graine d sands of u nit T ss as w e ll as conglom e ratic, w e ll-
ce m e nte d sandstone  and sandy conglom e rate s. T he  conglom e rate
inclu d e s pe bble s to bou lde rs that are  both clast- and sand-su pporte d.
≈100(?) m thick.
03-03-02-00-00 — u nit — T vs — S pe ars Grou p ove rlain by, and
inte rfinge ring w ith, variou s volcanic rocks of Datil and possibly Mogollon
Grou ps — Cross se ction only. Spe ars Grou p (T sp) ove rlain by a volcanic
rock package  and, in the  u ppe r part of the  u nit, like ly inte rfinge ring w ith
the se  volcanic rocks. T he  volcanic rocks are  probably inte rm e diate  lavas
and dacitic-rhyolitic tu f fs; the  tu f fs like ly be com e  m ore  abu ndant u p-
se ction base d on m apping to north and sou th (Cham be rlin and Cikoski,
2010; Joche m s and Koning, 2019). >200 m  thick.
03-04-01-00-00 — u nit — T b — Baca F orm ation — Cross se ction only.
Inte rbe dd e d re ddish to grayish conglom e rate  w ith variable  re ddish brow n
sandstone . T he  conglom e rate  like ly contains cobble s throu gh pe bble s
com pose d of lim e stone  clasts (Cham be rlin and Cikoski, 2010). W e ll-
ce m e nte d by calciu m  carbonate  and clays. 20-50 m thick.
04-01-00-00-00 — u nit — * — P e nnsylvanian strata, u ndivide d — Cross
se ction only. Lim e stone  inte rbe dd e d w ith clastic se dim e nt; m ostly
corre lative  to Bar B and u nde rlying Gray Me sa F orm ations. T he  lim e stone
is a m e diu m - to dark-gray, ge ne rally fossilife rou s m icrite , w acke stone , and
packstone . U nit inclu d e s su be qu al to su bordinate  tongu e s of shale ,
siltstone , and ve ry fine - to fine -sandstone  (1-25 m thick). 100-300(?) m
thick, infe rre d to thicke n to the  sou th.
05-00-00-00-00 — he ading02 —  — P R O T ER O Z O IC —

05-01-00-00-00 — u nit — = — Pre cam brian rocks, u ndivid e d — Cross
se ction only. S chist, am phibolite , fe lsic porphyry, and granite . Highly
variable  thickne sse s of lithologic type s. Protoliths for schist and
am phibolite  w e re  arkosic sandstone s and m u ddy siltstone s, w ith m inor
inte rbe dd e d volcanic flow s; the se  w e re  late r intru d e d by granite .
[synthe size d by R ichard Cham be rlin (in Cham be rlin and Cikow ski, 2010)
from  Ke nt (1982) and Bow ring e t al. (1983)]

Correlation of Map Units

Explanation of Map S ym b ols
02.11.08 Incline d fau lt (1st option)— S how ing dip valu e  and dire ction.

06.01 Horizontal be dding

06.02 Incline d be dding— S how ing strike  and dip.

08.02.03 Incline d flow banding, lam ination, laye ring, or foliation in igne ou s rock— S how ing strike
and dip.
09.003 Incline d ge ne ric (origin or type  not know n or not spe cifie d) line ation or line ar stru ctu re  (1st
option)— S how ing be aring and plu nge .
09.017 Incline d slicke nline , groove , or striation on fau lt su rface  (1st option)— S how ing be aring and
plu nge .
09.049 Incline d aligne d stre tche d-obje ct line ation (1st option)— S how ing be aring and plu nge .

12.05 F lu vial transport dire ction

12.06 S e dim e nt transport dire ction de te rm ine d from  im brication

12.07 S e dim e nt transport dire ction de te rm ine d from  cross-be ds

01.02.01 Ke y be d—Id e ntity and e xiste nce  are  ce rtain. Location is accu rate .

21.36 F issu re s or cracks, form e d in grou dn by e arthqu ake

01.01.01 Contact—Ide ntity and e xiste nce  are  ce rtain. Location is accu rate .

01.01.02 Contact—Ide ntity or e xiste nce  are  qu e stionable . Location is accu rate .

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

01.01.04 Contact—Ide ntity or e xiste nce  are  qu e stionable . Location is approxim ate .

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

01.01.17 Gradational contact— Ide ntity and e xiste nce  are  ce rtain. Location is accu rate .

01.01.19 Gradational contact— Ide ntity and e xiste nce  are  ce rtain. Location is approxim ate .

02.01.01 F au lt (ge ne ric; ve rtical, su bve rtical, or high-angle ; or u nknow n or u nspe cifie d orie ntation or
se nse  of slip)—Ide ntity and e xiste nce  are  ce rtain. Location is accu rate .
02.01.02 F au lt (ge ne ric; ve rtical, su bve rtical, or high-angle ; or u nknow n or u nspe cifie d orie ntation or
se nse  of slip)—Ide ntity or e xiste nce  are  qu e stionable . Location is accu rate .
02.01.08 F au lt (ge ne ric; ve rtical, su bve rtical, or high-angle ; or u nknow n or u nspe cifie d orie ntation or
se nse  of slip)—Ide ntity or e xiste nce  are  qu e stionable . Location is conce ale d.
02.02.01 N orm al fau lt—Id e ntity and e xiste nce  are  ce rtain. Location is accu rate . Ball and bar on
dow nthrow n block.
02.02.02 N orm al fau lt—Id e ntity and e xiste nce  are  qu e stionable . Location is accu rate . Ball and bar on
dow nthrow n block.
02.02.03 N orm al fau lt—Id e ntity and e xiste nce  are  ce rtain. Location is approxim ate . Ball and bar on
dow nthrow n block.
02.02.07 N orm al fau lt—Id e ntity and e xiste nce  are  ce rtain. Location is conce ale d. Ball and bar on
dow nthrow n block.
02.02.08 N orm al fau lt—Id e ntity or e xiste nce  are  qu e stionable . Location is conce ale d. Ball and bar on
dow nthrow n block.
02.07.09 O bliqu e -slip fau lt, le ft-late ral offse t— Ide ntity and e xiste nce  are  ce rtain. Location is accu rate .
Arrow s show re lative  m otion; ball and bar on dow nthrow n block.
02.07.15 O bliqu e -slip fau lt, le ft-late ral offse t— Ide ntity and e xiste nce  are  ce rtain. Location is
conce ale d. Arrow s show re lative  m otion; ball and bar on dow nthrow n block.
02.07.16 O bliqu e -slip fau lt, le ft-late ral offse t— Ide ntity or e xiste nce  are  qu e stionable . Location is
conce ale d. Arrow s show re lative  m otion; ball and bar on dow nthrow n block.
02.12.05 S carp on norm al fau lt—Ide ntity and e xiste nce  are  ce rtain. Location is accu rate . Ball and bar
on dow nthrow n block. Hachu re s point dow nscarp.
02.12.06 S carp on norm al fau lt—Ide ntity or e xiste nce  are  qu e stionable . Location is accu rate . Ball and
bar on dow nthrow n block. Hachu re s point dow nscarp.
02.12.07 S carp on norm al fau lt—Ide ntity and e xiste nce  are  ce rtain. Location is approxim ate . Ball and
bar on dow nthrow n block. Hachu re s point dow nscarp.
31.08 Map ne atline

R e lative ly e xte nsive , e rosional ge om orphic su rface  de ve lope d on te h m appe d u nde rlying de posit;
re su lts in an inse t su rface  that is 2 m  be low the  su rface  ge ne rally associate d w ith the  m ap u nit

J
31.02.25 W e ll location (in cross se ction)— T he  location and de pth of a w e ll u se d to
e stablish stratigraphy and ge ologic u nit de pth.
02.01.04 F au lt (ge ne ric; ve rtical, su bve rtical, or high-angle ; or u nknow n or u nspe cifie d
orie ntation or se nse  of slip)—Ide ntity or e xiste nce  are  qu e stionable . Location is
approxim ate .

Geolog ic Cross S ection A–A'

F IGU R E 1. — S che m atic illu stration of the  allsotratigraphic u nits and lithofacie s of the
S an Marcial form ation alongside  the  historic-m ode rn floodplain of the  R io Grande .
U nit labe ls follow that of the  ge ologic m ap u nits.
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