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Geologic  Map of th e South ern San Luis Basin,
Taos County, New  Mexic o

by
Paul W. Bauer1,  Keith  I. Kelson 2, Ren A. Th om pson 3, and Mark  M. Mansell1

1 New Mexico Bureau of Geology and Mineral Resources, 801 Leroy Place, Socorro, NM 87801
2U.S. Army Corps of Engineers, 1325 J St, Sacramento, CA 95814 3U.S. Geological Survey,

Box 25046, MS 980, Denver Federal Center, Denver, CO 80225

A geologic map d isplays information on the d istribution, nature, orientation, and  age relationships of roc k
and  d eposits and  the oc c urrenc e of struc tural features. G eologic and  fault c ontac ts are irregular surfac es
that form bound aries between d ifferent types or ages of units. Data d epicted  on this geologic quad rangle
map may be based  on any of the following: rec onnaissanc e field  geologic mapping, c ompilation of
published  and  unpublished  work, and  photogeologic interpretation. Loc ations of c ontac ts are not
surveyed , but are plotted  by interpretation of the position of a given c ontac t onto a topographic base map;
therefore, the ac c urac y of c ontac t loc ations d epend s on the sc ale of mapping and  the interpretation of the
geologist(s). Any enlargement of this map c ould  c ause misund erstand ing in the d etail of mapping and  may
result in erroneous interpretations. S ite-spec ific c ond itions should  be verified  by d etailed  surfac e mapping
or subsurfac e exploration. T opographic and  c ultural c hanges may not be shown d ue to rec ent
d evelopment.

Cross sec tions are c onstruc ted  based  upon the interpretations of the author mad e from geologic mapping
and  available geophysic al and  subsurfac e (d rillhole) d ata. Cross sec tions should  be used  as an aid  to
und erstand ing the general geologic framework of the map area, and  not be the sole sourc e of information
for use in loc ating or d esigning wells, build ings, road s, or other man-mad e struc tures.

T he N ew M exic o Bureau of G eology and  M ineral R esourc es c reated  the Open-file G eologic M ap S eries to
exped ite d issemination of these geologic maps and  map d ata to the public as rapid ly as possible while
allowing for map revision as geologists c ontinued  to work in map areas. E ac h map sheet c arries the
original d ate of public ation below the map as well as the latest revision d ate in the upper right c orner. In
most c ases, the original d ate of public ation c oincid es with the d ate of the map prod uc t d elivered  to the
N ational Cooperative G eologic M apping Program (N CG M P) as part of N ew M exic o’s S T AT E M AP
agreement. W hile maps are prod uc ed , maintained , and  upd ated  in an Arc G IS  geod atabase, at the time of
the S T AT E M AP d eliverable, eac h map goes th rough c artographic prod uc tion and  internal review prior to
upload ing to the Internet. E ven if ad d itional upd ates are c arried  out on the Arc G IS  map d ata files, citations
to these maps sh ould  reflec t this original public ation d ate and  the original authors listed . T h e views and
c onc lusions c ontained  in these map d oc uments are those of the authors and  should  not be interpreted  as

Co m p ila tio n o f these six qua dra ngles wa s funded b y a  m a tc hing-funds gra nt fro m  the ST AT EMAP
p ro gra m  o f the N a tio na l Co o p era tive Geo lo gic  Ma p p ing Act (Fund N um b er: G20AC00250), a dm inistered
b y the U . S. Geo lo gic a l Survey, a nd b y the N ew Mexic o  Burea u o f Geo lo gy a nd Minera l Reso urc es, (Dr.
N elia  W. Dunb a r,Director and State Geologist; Dr. J. Mic ha el T im m o ns,Assoc. Director for Mapping
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Geologic  Cross Section A–A'
digitized from OFR-578

Geologic  Cross Section B–B'
digitized from AirBOR6 cross section by Paul W. Bauer, V. J. S. Grauch, Keith I. Kelson, Ren A. Thompson, and Benjamin J. Dreuth, Dec 2016

Description of Map
01-00-00-00-00— map unit— water— W ater (Cenozoic)— W ater— S urfac e water of

02-00-00-00-00— head ing01— S ed imentary d eposits of the R io G rand e R ift &
Ad jac ent H ighland s— S ed imentary d eposits of the R io G rand e R ift & Ad jac ent
H ighland s (Cenozoic)— S ed imentary d eposits of the R io G rand e R ift & Ad jac ent

02-01-00-00-00— map unit— tailings— T ailings pond s (Cenozoic (mod ern-
historic))— Areas of artificially d eposited  fill and  d ebris; d elineated  where aerially
extensive; c onsists pred ominantly of mining-related  mill tailings and  tailings d ams
west of Q uesta; the geologic map shows the pre-tailings geology based  on an

02-02-00-00-00— map unit— af— Artificial fill and  d isturbed  land  (Cenozoic
(mod ern-historic))— E xc avations and  areas of human-d eposited  fill and  d ebris;

02-03-00-00-00— map unit— d s— M ine waste roc k and  related  features (Cenozoic
(mod ern-historic))— Angular bloc ks and  finer d eposits, mainly from T ertiary
plutonic roc ks; principally loc ated  in and  ad jac ent to the open pit molybd enum

02-04-00-00-00— map unit— Q al— Alluvium (latest Pleistoc ene and
H oloc ene)— G enerally brownish and /or red d ish, poorly to mod erately sorted ,
angular to round ed , thinly to thic kly bed d ed , loose silt and  silty sand  with
subord inate c oarse lenses and  thin to med ium bed s of mostly loc ally d erived  c lasts;
mapped  in ac tive c h annels, flood plains, low (young) alluvial terrac es, tributary-
mouth fans, and  some valley-slope c olluvial d eposits; weak to no soil d evelopment;
c lasts along the R io H ond o are principally granitic roc k types, quartzite, and  basalt;
c lasts along tributaries d raining the western sid e of the R io G rand e are principally
volc anic roc k types; c lasts along th e R io Luc ero are principally granitic roc k types
with some quartzite; clasts along the R io Pueblo d e T aos are principally granitic
roc k types, quartzite, and  sand stones; d rainages south and  east of the R io Pueblo
d e T aos are d ominated  by sand stone and  other sed imentary roc k types; c lasts in the
T aos and  Los Cord ovas quad rangles are principally granitic, metamorphic,
volc anic, and  sand stone roc k types; up to 7 m estimated  thic kness.

02-05-00-00-00— map unit— Q m— M arsh d eposits (H oloc ene)— S ilt, sand , and  c lay
in low relief, saturated  flatland s; high organic c ontent; hosts a variety of streams,
springs, and  bogs; loc ated  primarily between U S -64 and  T aos Pueblo, bord ering the

02-06-00-00-00— map unit— Q c — Colluvium (mid d le Pleistoc ene to
H oloc ene)— M ostly loc ally d erived , light- to d ark-brown, orange, and  rarely
red d ish, poorly to mod erately sorted , angular to well-round ed , silty to sand y
c onglomerate/brec cia with c lasts loc ally to >1m; mapped  on hill slopes and  valley
margins only where it obsc ures und erlying relations; mantles slopes in R ed  R iver
gorge and  northeastern sid e of R ed  R iver fault zone in the eastern part of the
G uad alupe M ountain quad rangle; wid espread  along th e bases of mountain-front
fac ets; d ominated  by quartzite and  granitic roc k types north of the R io Pueblo d e
T aos; d ominated  by sand stone and  pebble c onglomerate with minor limestone
c lasts south of the R io Pueblo d e T aos; in the northwestern part of the Arroyo
H ond o quad rangle, west of the R io G rand e, the d eposits c onsist of thin mantles

02-07-00-00-00— map unit— Q s— T alus and  sc ree (Pleistoc ene to
H oloc ene)— Angular roc k fragments as muc h as 1 m in d iameter forming talus
c ones, talus aprons, and  sc ree slopes; loc ally well sorted ; grad es into c olluvium as
sand  and  silt c ontent inc reases; sh own only in the S angre d e Cristo M ountains by

02-08-00-00-00— map unit— Q ad — Alluvium in closed  d epressions (latest
Pleistoc ene to H oloc ene)— Light to d ark-brown, very thin- to med ium-bed d ed ,
loose, massive, shad y to silty bed s with thin, d isc ontinuous layers of pebbles and
rare c obbles (to ~15 c m) found  on T oreva (rotational) bloc ks assoc iated  with

02-09-00-00-00— map unit— Q sw— S h eetwash alluvium (late Pleistoc ene to
H oloc ene?)— Alluvial aprons c omposed  mostly of pebbly to silty sand  that
ac c umulated  on gentle slopes, suc h as those on S ervilleta Basalt (T sb); some of the
silt- to fine sand -size frac tion in these d eposits may be of eolian origin (S h roba and
T hompson, 1998); d eposits of unit Q sw exist along th e shores of intermittent pond s
or small lakes on the S ervilleta Basalt (T sb); low-lying areas of unit Q sw are
sus c eptible to sheet flood ing d ue to unc onfined  overland  flow, and  loc ally to
stream flood ing and  gullying; rec ently d isturbed  surfac e of unit Q sw may be
sus c eptible to minor wind  erosion; estimated  thic kness is 1 to 5 m, but possibly as

02-10-00-00-00— map unit— Q ty— Young stream terrac e d eposits (latest Pleistoc ene
to H oloc ene)— Young stream terrac e d eposits— Poorly sorted  d eposits of silt, sand ,
pebbles, c obbles and  bould ers; d eposits are typic ally c last-supported  and  poorly
bed d ed ; pebble and  c obble c lasts are typic ally imbric ated ; terrac e d eposits
unc onformably overlie the loc al bed roc k; c lasts are primarily sed imentary roc ks,
quartzite, slate, sc hist, metavolc anic, granitic roc ks, and  T ertiary granitic and
volc anic roc ks; uppermost sed iments are typic ally silty sand  probably d eposited
from overbank flow; weak to mod erate ped ogenic d evelopment, inc lud ing A, Bw,
Bwk and  Bk soil horizons and  stage I to II c alcium c arbonate d evelopment; map
unit Q ty is typic ally on valley floors of large to med ium d rainages, whereas Q fy
exists as young mountain-front fans and  valley fills in small tributaries; inc lud es
units Q f6 along th e mountain front (Arroyo S ec o quad rangle), Q t6 (Los Cord ovas
quad rangle) and  Q t8 (Arroyo H ond o and  Arroyo S ec o quad rangles) of Kelson

02-11-00-00-00— map unit— Q fy— Young alluvial-fan d eposits (latest Pleistoc ene to
H oloc ene)— Young alluvial-fan d eposits— Poorly sorted  d eposits of silt, sand ,
pebbles, c obbles and  bould ers; d eposits are typic ally c last-supported  and  poorly
bed d ed ; pebble and  c obble c lasts are typic ally imbric ated ; terrac e d eposits
unc onformably overlie the loc al bed roc k; c lasts are primarily sed imentary roc ks,
quartzite, slate, sc hist, metavolc anic, granitic roc ks, and  T ertiary granitic and
volc anic roc ks; uppermost sed iments are typic ally silty sand  probably d eposited
from overbank flow; weak to mod erate ped ogenic d evelopment, inc lud ing A, Bw,
Bwk and  Bk soil horizons and  stage I to II c alcium c arbonate d evelopment; map
unit Q ty is typic ally on valley floors of large to med ium d rainages, whereas Q fy
exists as young mountain-front fans and  valley fills in small tributaries; inc lud es
units Q f6 along th e mountain front (Arroyo S ec o quad rangle), Q t6 (Los Cord ovas
quad rangle) and  Q t8 (Arroyo H ond o and  Arroyo S ec o quad rangles) of Kelson

02-12-00-00-00— map unit— Q fyv— Young alluvial-fan d eposits from volc anic
terrane (latest Pleistoc ene to H oloc ene)— Poorly sorted  silt, sand , pebbles, c obbles,
and  bould ers; c lasts primarily of volc anic roc k types; assoc iated  soils have stage I
c alcium c arbonate d evelopment; sourc e areas are primarily the volc anic terrane on

02-13-00-00-00— map unit— Q e— E olian d eposits (late Pleistoc ene to
H oloc ene)— Light-c olored , well-sorted , fine to med ium sand  and  silt d eposits that
are rec ognized  as laterally extensive, low-relief, sparsely vegetated , mostly inac tive,
sand  d unes and  sand  sheets that overlie S ervilleta Basalt on the T aos Plateau; rare
gravel lag; weak to mod erate soil d evelopment; northeast-trend ing longitud inal
d une-c rest orientations ind ic ate th at the pred ominant wind  d irec tion was from the

02-14-00-00-00— map unit— Q ls— Land slid es in the R io G rand e gorge and
tributaries (late Pleistoc ene to H oloc ene)— Poorly sorted  roc k d ebris and  sand  to
bould er d ebris transported  d ownslope; oc c urs on slopes marked  by hummoc ky
topography and  d ownslope-facing sc arps; inc lud es small earth flow, bloc k-slump,
and  bloc k-slid e d eposits; inc lud es large rotational T oreva slid e bloc ks within the
R io G rand e and  R io Pueblo d e T aos gorges, whic h inc lud e large, rotated  and
d etac h ed  bloc ks of intac t S ervilleta Basalt; may also inc lud e areas und erlain by

02-15-00-00-00— map unit— Q lsm— Land slid es in the S angre d e Cristo M ountains
(Pleistoc ene to H oloc ene)— Lobate ac c umulations of poorly sorted  soil and  roc k
d ebris on slopes marked  by hummoc ky topography and  d ownslope-facing sc arps;
d erived  from bed roc k and  glac ial d eposits, and  inc lud es small earth flow, bloc k-

02-16-00-00-00— map unit— Q fo— Alluvial fan d eposits, und ivid ed  (mid d le to late
Pleistoc ene)— Poorly sorted  silt, sand , pebbles, and  c obbles; in the G uad alupe
M ountain quad rangle, Q fo is c omposed  primarily of intermed iate and  basaltic
volc anic c lasts; mod erate ped ogenic d evelopment, inc lud ing A, Bt, Btk and  Bk soil
horizons and  stage III and  IV c alcium c arbonate d evelopment; upper soil horizons
are c ommonly affec ted  by surfac e erosion; probably overlaps with units Q f2
through Q f4, and  with alluvial units Q t2 through Q t6, but not assigned  to oth er fan
units bec ause of lac k of well-d efined  age c ontrol, c lear stratigraphic position, and

02-17-00-00-00— map unit— Q fu— Alluvial fan d eposits, und ivid ed  (mid d le to late
Pleistoc ene)— Poorly sorted  silt, sand , pebbles, and  c obbles; mapped  along majority
of S angre d e Cristo range front, but not c orrelated  to oth er fan units bec ause of lac k
of well-d efined  age c ontrol, clear stratigraphic position, or d istinc t lithologic

02-18-00-00-00— map unit— Q mt— M oraine and  till (Pleistoc ene)— T erminal and
lateral moraines, and  thic k valley-bottom till; poorly sorted  and  generally
unstratified  c lay, silt, and  sand  c ontaining erratic bould ers; c h arac terized  by
hummoc ky or rid ged  topography; some till is mapped  with c olluvium by Lipman

02-19-00-00-00— map unit— Q tu— S tream terrac e d eposits, und ivid ed  (mid d le to
late Pleistoc ene)— Poorly sorted  silt, sand , pebbles, and  bould ers; c lasts primarily
of quartzite, sc hist, granite, and  volc anic roc k types; associated  soils have stage II to
III c alcium c arbonate d evelopment; typic ally present as thin (< 5 m) alluvial d eposit
on strath surfac es c ut on volc anic bed roc k or unit Q T l; probably c orrelative with

02-20-00-00-00— map unit— Q f1— Alluvial-fan d eposits (mid d le
Pleistoc ene)— Poorly sorted  silt, sand , pebbles, and  bould ers; stage III to IV c alcium
c arbonate d evelopment, although soil horizons are c ommonly affec ted  by surfac e
erosion; in the Los Cord ovas quad rangle, the c lasts are principally granitic,
intermed iate volc anic, basalt, and  metamorphic roc k types; granitic c lasts are also
present east of Arroyo d el Alamo; in the T aos quad rangle, clasts are primarily
granitic and  metamorphic roc k types; the d eposit is finer grained  to the north and
away from the Pic uris M ountains range front; Q f1 is d ifferentiated  from Q T l by
larger c last size (Kelson, 1986), less oxid ation, poor sorting, absenc e of abund ant
manganese oxid e staining, and  c lasts th at are less weathered ; slope of Q f1 surfac e
on the T aos and  Los Cord ovas quad rangles is southwesterly, and  is d issec ted  by
numerous southwesterly trend ing arroyos; on the T aos quad rangle, Q f1 is
c orrelative with unit Q 1p of Kelson (1986); a teph ra within Q f1 d eposits on the T aos
S W  quad rangle was d ated  at 1.27 ± 0.02 M a (40Ar-39Ar method , W . M cIntosh,
personal c omm., 1996); the d eposit is more than 12 m thic k in the northeastern part
of Los Cord ovas quad rangle, and  is thinner from northeast to southwest; d irec tly
southwest of T aos M unicipal Airport, Q f1 is less than about 1 m thic k and
unc onformably overlies S ervilleta Basalt (T sb); elsewhere, Q f1 appears to overlie
unit Q T l or T sb; Q f1 is more than 12 m thic k in the northwestern part of the T aos
and  Arroyo H ond o quad rangles, and  is thinner from northeast to southwest; on
Blueberry H ill, Q f is about 3 m thic k at U S -64, and  about 2 m thic k to the
southwest, where it unc onformably overlies the unit Q T l; it is more than 5 m thic k
in the northeastern part of the Arroyo S ec o quad rangle, and  thins from northeast to
southwest; it is more than 5 m thic k in the northeastern part of the Q uesta

02-21-00-00-00— head ing02— T errac e Deposits of the R io G rand e— T errac e Deposits

02-21-01-00-00— map unit— Q ao3— Old er alluvium (mid d le? Pleistoc ene)— Poorly
sorted  silt, sand , and  pebbles; clasts primarily of granitic, metamorphic, basaltic,
and  intermed iate volc anic roc ks; d istinc tly smaller c last sizes than units Q t2rr,
Q t1rr, and  Q t0rr; upper soil horizons are loc ally affec ted  by surfac e erosion; may be
mantled  loc ally by unit Q e; typic ally present as thin (< 5 m) alluvial d eposit on
strath surfac es c ut on volc anic bed roc k near the rim of the R io G rand e gorge;
loc ated  only upstream of the R ed  R iver fault zone; c orrelative with unit Q ao3 of

02-21-02-00-00— map unit— Q t2rg— S tream terrac e d eposits of the R io G rand e
(mid d le? Pleistoc ene)— Poorly sorted  silt, sand , pebbles, and  bould ers; c lasts
primarily of granitic, metamorphic, intermed iate volc anic, basalt, and  sed imentary
roc ks; loc ally c ontains c lasts of Amalia T uff; assoc iated  soils have stage III to IV
c alcium c arbonate d evelopment, thic k argillic Bt soil horizons, and  7.5Y R  to 10Y R
hues in soil Bt horizons; upper soil horizons may be affec ted  by surfac e erosion;
may be mantled  loc ally by unit Q e; possibly faulted  by the Dunn fault in the
Arroyo H ond o quad rangle; mod ified  from Kelson (1986); estimated  thic kness 1 to

02-21-03-00-00— map unit— Q t1rg— S tream terrac e d eposits of the R io G rand e
(early to mid d le? Pleistoc ene)— Poorly sorted  sand , pebbles, and  c obbles; c lasts of
basalt, quartzite, slate, sc hist, and  oth er metamorphic roc k types, volc anic roc k
types, and  (rarely) sand stone and  limestone; loc ally c ontains c lasts of 25 M a Amalia
T uff; where preserved , assoc iated  relic t soils have stage III to IV c alcium c arbonate
d evelopment, thic k argillic Bt soil horizons, and  7.5Y R  hues in soil Bt horizons;
upper soil horizons c ommonly affec ted  by surfac e erosion; may be mantled  loc ally

02-21-04-00-00— map unit— Q t0rg— S tream gravel d eposited  by the anc estral R io
G rand e (early? to mid d le? Pleistoc ene)— Poorly sorted  sand , pebbles, and  c obbles;
c lasts of basalt, quartzite, slate, sc hist, oth er metamorphic roc k types, and  volc anic
roc k types; very rare Amalia T uff c lasts; associated  with the broad , highest terrac e
west of the R io G rand e; upper soil horizons c ommonly affec ted  by surfac e erosion;

02-22-00-00-00— head ing02— T errac e Deposits of the R io Pueblo d e T aos— T errac e
Deposits of the R io Pueblo d e T aos (Cenozoic)— T errac e Deposits of the R io Pueblo

02-22-01-00-00— map unit— Q t7rp— S tream terrac e d eposits of the R io Pueblo d e
T aos (early to mid d le H oloc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and
bould ers; c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types;
associated  soils have stage I c alcium c arbonate d evelopment; typic ally present as

02-22-02-00-00— map unit— Q t6rp— S tream terrac e d eposits of the R io Pueblo d e
T aos (latest Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers;
c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types; associated
soils h ave stage I to II c alcium c arbonate d evelopment; typic ally present as thin (< 5
m) alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l;
associated  with the Q 6 surfac e of Kelson (1986).— Poorly sorted  silt, sand , pebbles,
c obbles, and  bould ers; c lasts primarily of quartzite, sc hist, granite, and  volc anic
roc k types; associated  soils have stage I to II c alcium c arbonate d evelopment;
typic ally present as thin (< 5 m) alluvial d eposit on strath surfac es c ut on volc anic

02-22-03-00-00— map unit— Q f4— Alluvial-fan and  stream terrac e d eposits of the
R io Pueblo d e T aos and  tributaries (mid d le? to late Pleistoc ene)— Poorly sorted  silt,
sand , pebbles, and  bould ers; associated  soils have stage III c alcium c arbonate
d evelopment, argillic Bt soil horizons and  10Y R  to 7.5Y R  hues in Bt horizons; clasts
primarily of granitic and  metamorphic roc ks north of the R io Pueblo d e T aos, and
granitic, metamorphic, and  sed imentary roc k types south of the R io Pueblo d e
T aos; clasts also inc lud e basaltic roc k types along Arroyo S ec o and  along th e R io

02-22-04-00-00— map unit— Q t4rp— Alluvial-fan and  stream terrac e d eposits of the
R io Pueblo d e T aos and  tributaries (mid d le? to late Pleistoc ene)— Poorly sorted  silt,
sand , pebbles, and  bould ers; associated  soils have stage III c alcium c arbonate
d evelopment, argillic Bt soil horizons and  10Y R  to 7.5Y R  hues in Bt horizons; clasts
primarily of granitic and  metamorphic roc ks north of the R io Pueblo d e T aos, and
granitic, metamorphic, and  sed imentary roc k types south of the R io Pueblo d e
T aos; clasts also inc lud e basaltic roc k types along Arroyo S ec o and  along th e R io

02-22-05-00-00— map unit— Q t3rp— Alluvial-fan and  stream terrac e d eposits of the
R io Pueblo d e T aos and  tributaries (mid d le? to late Pleistoc ene)— Poorly sorted  silt,
sand , pebbles, and  bould ers; associated  soils have stage II to III c alcium c arbonate
d evelopment; clasts primarily of quartzite, slate, and  sc hist; granitic c lasts also exist
east of Arroyo d el Alamo; possible Q t3rp remnant inset into terrac e Q t2rp on the
western sid e of T aos may be an artificial terrac e related  to resid ential d evelopment;

02-22-06-00-00— map unit— Q f2— Alluvial-fan and  stream terrac e d eposits of the
R io Pueblo d e T aos and  tributaries (mid d le? Pleistoc ene)— Poorly sorted  silt, sand ,
pebbles, and  bould ers; c lasts primarily of granitic and  metamorphic roc ks north of
R io Pueblo d e T aos, and  granitic, metamorphic and  sed imentary roc ks south of R io
Pueblo d e T aos; associated  soils have stage III to IV c alcium c arbonate
d evelopment, thic k argillic Bt soil horizons, and  7.5Y R  to 10Y R  hues in soil Bt
horizons; upper soil horizons may be affec ted  by surfac e erosion; mod ified  from

02-22-07-00-00— map unit— Q t2rp— Alluvial-fan and  stream terrac e d eposits of the
R io Pueblo d e T aos and  tributaries (mid d le? Pleistoc ene)— Poorly sorted  silt, sand ,
pebbles, and  bould ers; c lasts primarily of granitic and  metamorphic roc ks north of
R io Pueblo d e T aos, and  granitic, metamorphic and  sed imentary roc ks south of R io
Pueblo d e T aos; associated  soils have stage III to IV c alcium c arbonate
d evelopment, thic k argillic Bt soil horizons, and  7.5Y R  to 10Y R  hues in soil Bt
horizons; upper soil horizons may be affec ted  by surfac e erosion; mod ified  from

02-22-08-00-00— map unit— Q t1rp— S tream terrac e d eposits of the R io Pueblo d e
T aos (mid d le Pleistoc ene)— Poorly sorted  silt, sand , pebbles, and  bould ers; c lasts
primarily of quartzite, slate, and  sc hist; finer grained  to the north, away from the
Pic uris M ountains range front; stage III to IV c alcium c arbonate d evelopment,
although soil horizons are c ommonly affec ted  by surfac e erosion; present along the
west rim of the R io G rand e d el R anc ho valley; where exposed  to the south of the

02-23-00-00-00— head ing02— T errac e Deposits of the R io H ond o— T errac e Deposits

02-23-01-00-00— map unit— Q t8rh— S tream terrac e d eposits of the R io H ond o
(mid d le to late H oloc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers;
c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types; d eposits have
negligible soil d evelopment; typic ally present as thin (< 5 m) alluvial d eposit

02-23-02-00-00— map unit— Q t7rh— S tream terrac e d eposits of the R io H ond o
(early to mid d le H oloc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and
bould ers; c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types;
associated  soils have stage I c alcium c arbonate d evelopment; typic ally present as

02-23-03-00-00— map unit— Q t6rh— S tream terrac e d eposits of the R io H ond o
(latest Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers; c lasts
primarily of quartzite, sc hist, granite, and  volc anic roc k types; associated  soils have
stage I to II c alcium c arbonate d evelopment; typic ally present as thin (< 5 m)
alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l; assoc iated

02-23-04-00-00— map unit— Q t5rh— S tream terrac e d eposits of the R io H ond o (late
Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers; c lasts
primarily of quartzite, sc hist, granite, and  volc anic roc k types; associated  soils have
stage II to III c alcium c arbonate d evelopment; typic ally present as thin (< 5 m)
alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l; assoc iated

02-23-05-00-00— map unit— Q t4rh— S tream terrac e d eposits of the R io H ond o
(mid d le? to late Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and
bould ers; c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types;
associated  soils have stage III c alcium c arbonate d evelopment, argillic Bt soil
horizons and  10Y R  to 7.5Y R  hues in Bt horizons; typic ally present as thin (< 5 m)
alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l; assoc iated

02-23-06-00-00— map unit— Q t3rh— S tream terrac e d eposits of the R io H ond o
(mid d le? to late Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and
bould ers; c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types;
associated  soils have stage III c alcium c arbonate d evelopment, argillic Bt soil

02-23-07-00-00— map unit— Q t2rh— S tream terrac e d eposits of the R io H ond o
(mid d le? Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers;
c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types; associated
soils h ave stage III to IV c alcium c arbonate d evelopment, thic k argillic Bt soil
horizons, and  7.5Y R  to 10Y R  hues in soil Bt horizons; upper soil horizons are

02-24-00-00-00— head ing02— T errac e Deposits of the R ed  R iver— T errac e Deposits

02-24-01-00-00— map unit— Q t8rr— S tream terrac e d eposits of the R ed  R iver
(mid d le to late H oloc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers;
c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types; d eposits have
negligible soil d evelopment; typic ally present as thin (< 5 m) alluvial d eposit
beneath high-stage flood plain or ad jac ent to ac tive alluvial c hannels; equivalent to

02-24-02-00-00— map unit— Q t7rr— S tream terrac e d eposits of the R ed  R iver (early
to mid d le H oloc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers;
c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types; associated
soils h ave stage I c alcium c arbonate d evelopment; typic ally present as thin (< 5 m)
alluvial d eposit on strath surfac es c ut on volc anic bed roc k; equivalent to Q t7 of

02-24-03-00-00— map unit— Q t6rr— S tream terrac e d eposits of the R ed  R iver (latest
Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers; c lasts
primarily of quartzite, sc hist, granite, and  volc anic roc k types; associated  soils have
stage I to II c alcium c arbonate d evelopment; typic ally present as thin (< 5 m)
alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l; assoc iated

02-24-04-00-00— map unit— Q t5rr— S tream terrac e d eposits of the R ed  R iver (late
Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers; c lasts
primarily of quartzite, sc hist, granite, and  volc anic roc k types; associated  soils have
stage II to III c alcium c arbonate d evelopment; typic ally present as thin (< 5 m)
alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l; assoc iated

02-24-05-00-00— map unit— Q t4rr— S tream terrac e d eposits of the R ed  R iver
(mid d le? to late Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and
bould ers; c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types;
associated  soils have stage III c alcium c arbonate d evelopment, argillic Bt soil
horizons and  10Y R  to 7.5Y R  hues in Bt horizons; typic ally present as thin (< 5 m)
alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l; assoc iated

02-24-06-00-00— map unit— Q t3rr— S tream terrac e d eposits of the R ed  R iver
(mid d le? to late Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and
bould ers; c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types;
associated  soils have stage III c alcium c arbonate d evelopment; typic ally present as
thin (< 5 m) alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l;

02-24-07-00-00— map unit— Q t2rr— S tream terrac e d eposits of the R ed  R iver
(mid d le? Pleistoc ene)— Poorly sorted  silt, sand , pebbles, c obbles, and  bould ers;
c lasts primarily of quartzite, sc hist, granite, and  volc anic roc k types; associated
soils h ave stage III to IV c alcium c arbonate d evelopment; typic ally present as thin
(< 5 m) alluvial d eposit on strath surfac es c ut on volc anic bed roc k or unit Q T l;
inc lud es c orrelative terrac e d eposit flanking the southwestern sid e of Lama Canyon
on the Q uesta and  G uad alupe M ountain quad rangles; equivalent to Q t2 of Kelson

02-24-08-00-00— map unit— Q t1rr— S tream terrac e d eposits of the R ed  R iver
(mid d le Pleistoc ene)— Poorly sorted  silt, sand , pebbles, and  bould ers; c lasts of
basalt, quartzite, metamorphic roc k types, and  volc anic roc k types; soil
d evelopment not d oc umented  but upper soil horizons are probably affec ted  by
surfac e erosion; present only loc ally along the rim of the R ed  R iver gorge, where

02-24-09-00-00— map unit— Q t0rr— Old  stream terrac e d eposits flanking th e R ed
R iver and  tributaries (early? to mid d le? Pleistoc ene)— Poorly sorted  sand , pebbles,
and  c obbles; clasts of basalt, quartzite, and  many volc anic and  metamorphic roc k
types; the upper part is c ommonly affec ted  by surfac e erosion; the unit is present
upstream and  d ownstream of the R ed  R iver Fish H atc hery and  in the c onfluenc e
area between th e R io G rand e and  th e R ed  R iver; Q t0rr merges with unit Q t0rg in
the southernmost part of the G uad alupe M ountain and  Arroyo H ond o

02-25-00-00-00— head ing02— S anta Fe G roup— S anta Fe G roup (Cenozoic)— S anta

02-25-01-00-00— map unit— Q T sf— S anta Fe G roup, und ivid ed  (M ioc ene to early
Pleistoc ene)— In c ross sec tion only. Basin-fill c lay, silt, sand , pebbles, c obbles, and

02-25-02-00-00— map unit— Q T l— Lama formation (Plioc ene to early?
Pleistoc ene)— Poorly sorted  sand , pebbles, and  c obbles; c lasts of basalt, quartzite,
other metamorphic roc k types, and  other volc anic roc k types; loc ally high
perc entage of angular to subangular quartzite pebbles and  c obbles; c ommonly
c ross-bed d ed , and  stained  with blac k manganese oxid e and  yellowish-orange iron
oxid e c oatings; oxid ized ; c lasts are typic ally weathered  or grussified ; c ontains
d istinc t d isc ontinuous sand y interbed s; c ommonly c rud ely imbric ated ; imbric ation
suggests westerly flow d irec tion in area north of T aos M unicipal Airport, and
southerly flow d irec tion in areas north and  west of R io Pueblo d e T aos, with
northwesterly flow d irec tion in area southeast of R io Pueblo d e T aos; well d rillers
rec ord s in the Q uesta area show c lay layers in the sh allow subsurfac e th at are
interpreted  as lac ustrine d eposits (Bauer et al., 2015); the unit is present between
the S angre d e Cristo M ountains range front and  the R io G rand e gorge over most of
the map area; c orrelative with Lambert’s (1966) two informal facies of the
"S ervilleta Formation” (the “sand y gravel facies” found  south of the R io H ond o,
and  the “gravelly silt facies” found  between the R io H ond o and  the R ed  R iver);
c orrelative with Kelson’s (1986) informal “Basin Fill d eposit;” c orrelative with the
unit previously informally c alled  “Blueberry H ill formation” in the T aos area; also
c orrelative with Pazzaglia’s (1989) late N eogene-Q uaternary rift fill sequenc e (unit
Q 1) whic h he informally named  the Lama formation; herein, for this stud y area, the
Lama formation is d efined  as the uppermost, pre-incision, sed imentary rift fill, and
wh ere extant represents th e uppermost member of the S anta Fe G roup; the unit
therefore inc lud es all of the basin fill between the old est S ervilleta Basalt
(40Ar/39Ar age of 5.55 ± 0.37 M a near Cerro Azul, D. Koning, personal c omm.,
2015) and  the old est R io G rand e (and  tributary) terrac e gravels (e.g., Q t0rg, Q t0rr);
the Lama formation and  th e und erlying Chamita Formation are texturally and
c ompositionally similar and  may be ind istinguishable in boreholes, although
Koning et al. (2015) noted  a c oarsening of sed iment (south of this map area) that
roughly c oincid es with the Chamita/Lama c ontac t in this map area; the top of the
Lama formation is typic ally marked  by a sharp unc onformity and  c olor/textural
c ontrasts with overlying gravels; the unit c ontains several laterally variable
c omponents of sed imentary fill that are associated  with various provenanc e areas
related  to east- or west-flowing tributary watersh ed s that have been fairly
persistent in the late Cenozoic; loc ally c ontains teph ra layers; reworked  teph ra in a
road  c ut near the R ed  R iver Fish H atc hery (elevation c a. 7160 ft) was probably
d erived  from nearby c a. 5 M a volc anic units (R . T hompson, personal c omm., 2015);
a teph ra in the uppermost Lama formation yield ed  a d ate of ~1.6 M a based  on a
c hemic al c orrelation with the 1.61 M a G uaje Pumic e eruption in the Jemez
M ountains (elevation c a. 7660 ft, M . M ac h ette, personal c omm., 2008); thic kness
ranges from zero to an exposed  thic kness of about 25 m at the southwestern end  of

02-25-02-01-00— subunit— T c c — Clay layers in the Lama formation of the S anta Fe
G roup (Plioc ene)— In c ross sec tion only; boreholes east of G uad alupe M ountain
have penetrated  c lay layers within the c lastic bed s of the Lama formation (Q T l);
c omposition and  textures of c lays are unknown, but they were likely d eposited  in
short-lived  lakes th at d eveloped  behind  lava d ams along the anc estral R ed  R iver
d rainage; lateral c ontinuity and  extent are unknown; clays appear to influenc e the
c h arac teristic s of ground water flow systems by perc hing or mound ing water above
the regional aquifer, resulting in a loc ally elevated  water table; layers are loc ally up

02-25-03-00-00— map unit— T c — Ch amita Formation, und ivid ed , S anta Fe G roup
(M ioc ene? and  Plioc ene)— In c ross sec tion only. S ed imentary d eposits between the
lowest S ervilleta Basalt and  th e T esuque Formation; typic ally round ed  to
subround ed  pebble- to c obble-size c lasts in a sand  to silt matrix; thic k sec tions to
the south reflec t Proterozoic c last provenanc e and  are d ominated  by sc hist,
quartzite, and  amphibolite with lesser volc anic c lasts d erived  from the Latir
volc anic field ; loc ally, thin interbed s are typic ally d ominated  by pebble-size c lasts
in a fine sand  to silt matrix and  c ommonly inc lud es the roc k types above in
ad d ition to subangular and  subround ed  volc anic c lasts d erived  loc ally from
ad jac ent volc anic highland s of the T aos Plateau volc anic field ; the top of T c is

02-25-04-00-00— map unit— T t— T esuque Formation, S anta Fe G roup (M ioc ene)— In
c ross sec tion only. Basin-fill d eposits of clay, silt, sand , pebbles, c obbles, and

02-26-00-00-00— head ing02— Pic uris Formation— Pic uris Formation

02-26-01-00-00— map unit— T p— Pic uris formation, und ivid ed  (Oligoc ene to
M ioc ene)— In c ross sec tion only. In the Pic uris M ountains area (Bauer, et al., 2017)
this unit c onsists of an upper member of tuffac eous and  pumic eous silty
sand stones and  volc anic lastic sand stone and  c onglomerate; a member of buff to
white and /or pinkish, silty sand stone to fine c obble c onglomerate and  non-friable
to strong, very fine lower to very c oarse upper, very poorly to mod erately sorted ,
round ed  to subangular, thinly to thic kly bed d ed , silic a-c emented  silty to pebbly
sand stone whic h loc ally c ontains a basal portion of poorly sorted  pebbly/gravelly
sand stone and /or c obble/bould er c onglomerate c omposed  exc lusively of
Proterozoic c lasts; a member of light buff, yellowish, and  loc ally white, ash-ric h,
quartzose, silty, fine sand  to pebbly, pumic eous sand stone; a lower member of red ,
greenish, and  yellowish, mod erately to very poorly sorted , subangular to
subround ed , pebbly/silty sand stone and  mud stone c ontaining very thic k(?) to thin
bed s and /or lenses and /or isolated  c lasts of subangular to round ed  Proterozoic
quartzite (up to 3 m ac ross) and  massive quartzite c onglomerate; paleoflow
measurements near th e Pic uris M ountains ind ic ate sourc e to the north (R eh d er,
1986; Aby et al., 2004); age range is from at least 35.6 M a to less th an 25 M a;

03-00-00-00-00— head ing01— R oc ks of the T aos Plateau Volc anic Field — R oc ks of

03-01-00-00-00— map unit— T sb— S ervilleta Basalt (Plioc ene)— Flows of d ark-gray
tholeiitic basalt c harac terized  by small olivine and  tabular plagioc lase phenoc rysts,
d iktytaxitic texture, and  loc al vesic le pipes and  segregation veins; forms thin, fluid ,
wid espread  pahoehoe basalt flows of the T aos Plateau volc anic field  erupted
principally from large shield  volc anoes in the c entral part of the T aos Plateau
(Lipman and  M ehnert, 1979) but also from several small shield s and  vents to the
northwest of the map area near the Colorad o bord er (T h ompson and  M ac h ette,
1989; K. T urner, personal c omm., 2014); ad d itional buried  vents west of the R io
G rand e likely exist; flows typic ally form c olumnar-jointed  c liffs where exposed ,
with a maximum thic kness of approximately 50 m in the R io G rand e gorge 16 km
northwest of T aos; T sb c an loc ally be subd ivid ed  into the lower S ervilleta Basalt
(T sbl), the mid d le S ervilleta Basalt (T sbm), and  the upper S ervilleta Basalt (T sbu)
that are separated  by sed imentary intervals as muc h as 70 m thic k in the south ern
part of the map area (Leininger, 1982); 40Ar/39Ar ages from basalts exposed  in the
R io G rand e gorge (Cosc a et al., 2014) range in age from 4.78 ± 0.03 M a for the
lowest basalt near the G orge Brid ge, to 3.59 ± 0.08 M a for the highest basalt flow at
the G orge Brid ge, broad ly c onsistent with previous results by Appelt (1998); the
base of the upper S ervilleta Basalt lava flow sec tion at La Junta Point yield ed  an
40Ar/39Ar age of 3.78 ± 0.08 M a (sample 10R G 05 - M . Cosc a, personal c omm.,
2014), whereas a lava flow at the base of the sec tion south of Cerro Chiflo yield ed

03-01-01-00-00— subunit— T sbu— S ervilleta Basalt, upper (Plioc ene)— T sb c an
loc ally be subd ivid ed  into the lower S ervilleta Basalt (T sbl), the mid d le S ervilleta
Basalt (T sbm), and  th e upper S ervilleta Basalt (T sbu) that are separated  by
sed imentary intervals as muc h as 70 m thic k in the south ern part of the map area
(Leininger, 1982); 40Ar/39Ar ages from basalts exposed  in the R io G rand e gorge
(Cosc a et al., 2014) range in age from 4.78 ± 0.03 M a for the lowest basalt near the
G orge Brid ge, to 3.59 ± 0.08 M a for the highest basalt flow at the G orge Brid ge,
broad ly c onsistent with previous results by Appelt (1998); the base of the upper
S ervilleta Basalt lava flow sec tion at La Junta Point yield ed  an 40Ar/39Ar age of
3.78 ± 0.08 M a (sample 10R G 05 - M . Cosc a, personal c omm., 2014), whereas a lava
flow at the base of the sec tion south of Cerro Chiflo yield ed  an 40Ar/39Ar age of

03-01-02-00-00— subunit— T sbl— S ervilleta Basalt, lower (Plioc ene)— T sb c an loc ally
be subd ivid ed  into the lower S ervilleta Basalt (T sbl), the mid d le S ervilleta Basalt
(T sbm), and  the upper S ervilleta Basalt (T sbu) that are separated  by sed imentary
intervals as muc h as 70 m thic k in the southern part of the map area (Leininger,
1982); 40Ar/39Ar ages from basalts exposed  in the R io G rand e gorge (Cosc a et al.,
2014) range in age from 4.78 ± 0.03 M a for the lowest basalt near the G orge Brid ge,
to 3.59 ± 0.08 M a for the highest basalt flow at the G orge Brid ge, broad ly c onsistent
with previous results by Appelt (1998); the base of the upper S ervilleta Basalt lava
flow sec tion at La Junta Point yield ed  an 40Ar/39Ar age of 3.78 ± 0.08 M a (sample
10R G 05 - M . Cosc a, personal c omm., 2014), whereas a lava flow at the base of the
sec tion south of Cerro Chiflo yield ed  an 40Ar/39Ar age of 3.78 ± 0.08 M a (sample

03-02-00-00-00— map unit— T sbo— Old er S ervilleta Basalt (Plioc ene)— In c ross

03-03-00-00-00— map unit— T bo— Old er Basalt (M ioc ene)— In c ross sec tion only.

03-04-00-00-00— map unit— T d m c — Dacite of unnamed  c errito east of M ontoso
(U CE M ) near-vent d eposits (Plioc ene)— N ear-vent d eposits assoc iated  with lava
flows of map unit T d m; pred ominantly cind er, spatter agglutinate and  loc al

03-05-00-00-00— map unit— T d m— Dacite of unnamed  c errito east of M ontoso
(U CE M ) (Plioc ene)— Dark gray, sparsely phyric, low-silic a, c alc-alkaline d acite (64
wt% S i02, 6 wt% N a20+K20) lava flows erupted  from two vent areas east of Cerro
M ontoso; c ontains rare skeletal pyroxene phenoc rysts and  resorbed , subhed ral
olivine and  quartz xenoc rysts in a mic roc rystalline to glassy ground mass; loc ally
inc lud es small volume, aerially restric ted  and esite flows (M c M illan and  Dungan,
1986);  40Ar/39Ar age d eterminations of 4.08 ± 0.04 M a (sample 11R G 42) and  4.6 ±
0.02 M a (sample 11R G 27) from north and  south U CE M  areas respec tively (M .
Cosc a, personal c omm., 2014);  Appelt (1998) reported  a similar 40Ar/39Ar age
d etermination of 4.11 ± 0.13 M a from a northern U CE M  exposure; U CE M  loc ally
c aps the west rim of the R io G rand e gorge, forming a thin veneer that is typic ally a
single flow thic kness over the S ervilleta Basalt (unit T sbu) and  loc al interbed d ed
sed imentary d eposits (Leininger, 1982; Peterson, 1981); these relations are not
shown at the sc ale of this map d ue to the extensive land slid e d eposits (unit Q ls);

03-06-00-00-00— map unit— T vr— Volc anic d eposits of the R ed  R iver volc ano
(Plioc ene)— Dacite lava flows and  near-vent pyroc lastic d eposits of mod erate relief
on the south sid e of G uad alupe M ountain and  in-c anyon exposures in the mid d le
and  upper reac h es of the R ed  R iver where d acite lava flows c ap the gorge sequenc e
on both sid es of the d rainage; the lava flows exposed  on both sid es of the R ed  R iver
were fed  loc ally by d ikes exposed  on both sid es of the c anyon; M c M illan and
Dungan (1986) reported  c hemic al c ompositions for the und erlying basaltic and esite
(unit T vh c) to d acite suite ranging from 52 to 61 wt% S iO2 and  from 4.2 to 7.4 wt%
N a2O+K2O; med ium-grey d acite lavas are porphyritic, c ontaining 5-15%
phenoc rysts of augite and  bronzite with c ommon olivine xenoc rysts in a fine-
grained  to glassy ground mass of plagioc lase, glass, pyroxenes, and  titanomagnetite
(M c M illan and  Dungan, 1986); d acite lavas are typic ally thic k, up to tens of meters
loc ally, and  are c harac teristic ally d isc ontinuous and  aerially restric ted ;  d eposits of
the R ed  R iver volc ano overlie and esitic lava flows of the H atc hery volc ano (unit
Tvh) and  loc ally d eposits of south G uad alupe M ountain (unit T d gs); 40Ar/39Ar age
d etermination of 4.67 ± 0.06 M a (sample R T 08G M 12 - M . Cosc a, personal c omm.,
2014) was obtained  from a sample c ollec ted  near the northeastern limit of exposed

03-08-00-00-00— map unit— T vh— V olc anic d eposits of H atc hery volc ano
(Plioc ene)— Inc lud es a sequenc e of lava flow, interc alated  volc anic brec cia, and
near vent pyroc lastic d eposits in c anyon exposures in the mid d le and  upper
reac h es of the R ed  R iver d rainage and  as low relief hills ad jac ent to the R ed  R iver;
lava flows inc lud e a series of pred ominantly basaltic and esite and  and esite lava
flows; M c M illan and  Dungan (1986) reported  c hemic al c ompositions for the
basaltic and esite to overlying d ac ite (unit Tvr) ranging from 52 to 61 wt% S iO2 and
from 4.2 to 7.4 wt% N a2O+K2O; d ark gray basaltic and esite and  and esite lava flows
typic ally c ontain 5-10% phenoc rysts of olivine and  plagioc lase; olivine phenoc rysts
c an be large (up to 6mm) exhibiting well-d eveloped  skeletal overgrowth s
(M c M illan and  Dungan, 1986); and esite lava flows with aa flow tops and  well
exposed  basal flow brec cias tend  to be thin, a few meters to 10 m thic k, and  are
laterally c ontinuous based  on exposures in the R ed  R iver c anyon; d eposits of the
H atc h ery volc ano overlie d acite lava flows of G uad alupe M ountain, and  loc ally
overly two lava flows of S ervilleta Basalt at the base of the R ed  R iver gorge near the
N ew M exic o S tate Fish H atc h ery (not d ifferentiated  at the map sc ale); 40Ar/39Ar
age d etermination of 4.82 ± 0.07 M a (sample 11R G 42 - M . Cosc a, personal c omm.,
2014) was obtained  from a sample at the base of the sec tion approximately 0.6 km

03-09-00-00-00— map unit— T vh c — Volc anic d eposits of the H atc hery volc ano, near
vent (Plioc ene)— N ear-vent d eposits associated  with lava flows of map unit Tvh;
pred ominantly cind er, spatter, and  agglutinate exposed  in the R ed  R iver d rainage
approximately 1.25 km northwest of the N ew M exic o S tate Fish H atc h ery; near-
vent spatter, agglutinate, and  volc anic bombs are c ommon near hill 7590’ on the

03-10-00-00-00— map unit— T ao— And esite of Cerro d e la Olla (Plioc ene)— Dark
gray to blac k, porphyritic, olivine and esite (58.5 wt% S iO2, 6.9 wt% N a20+K20) lava
flows that erupted  from vents near th e summit of Cerro d e la Olla, one of the
largest, petrologic ally uniform, shield  volc anoes of the T aos Plateau volc anic field
(Lipman and  M ehnert, 1979); c ontains 2-3% phenoc rysts of olivine in a
mic roc rystalline ground mass of plagioc lase, olivine, augite, Fe-T i oxid es; the lower
slopes of Cerro d e la Olla in the northwestern part of the map area are c ommonly
mantled  in c olluvium and  rarely preserve well-d eveloped  flow morphology;
instead  outc rops typic ally exhibit bloc ky flow tops and  remnants of numerous
d isc ontinuous and  aerially restric ted  flow lobes; Appelt (1998) reported  an
40Ar/39Ar age of 4.97 ± 0.06 M a for a ground mass separate from the west sid e of

03-11-00-00-00— map unit— T d gn— Dacite of G uad alupe M ountain, north
(Plioc ene)— Pred ominantly trac hyd ac ite lava flows (62 wt% S iO2, 6.3 wt%
N a20+K20) and  assoc iated  near-vent pyroc lastic d eposits; c ontains sparse, small
phenoc rysts of plagioc lase, hypersthene, and  augite in a pilotaxitic glassy
ground mass; proximal lava flows, lava d ome remnants, and  near-vent pyroc lastic
d eposits c onsisting mostly of spatter and  agglutinate of the geographic north peaks
of G uad alupe M ountain; spatter and  cind er d eposits are found  loc ally in
association with flank lavas and  may represent remobilized  c entral vent d eposits or
mark the loc ation of satellite vents on the flanks of north G uad alupe M ountain;
d istinguished  from lava flows of south G uad alupe M ountain on the basis of
reversed  magnetic polarity based  on paleomagnetic and  aeromagnetic
d eterminations (M . H ud son and  V.J.S . G rauc h respec tively, personal c omm., 2014;
G rauc h et al., 2015; Bauer et al., 2015); 40Ar/39Ar age d etermination of 5.04 ± 0.04

03-12-00-00-00— map unit— T d gs— Dacite of G uad alupe M ountain, south
(Plioc ene)— Pred ominantly trac hyd ac ite lava flows (62 wt% S iO2, 6.3 wt%
N a20+K20) and  assoc iated  near-vent pyroc lastic d eposits; c ontains sparse, small
phenoc rysts of plagioc lase, hypersthene, and  augite in a pilotaxitic glassy
ground mass; proximal lava flows, lava d ome remnants, and  near-vent pyroc lastic
d eposits c onsisting mostly of spatter and  agglutinate of the geographic south peaks
of G uad alupe M ountain; d istinguished  from lava flows of north G uad alupe
M ountain on the basis of reversed  magnetic polarity based  on paleomagnetic and
aeromagnetic d eterminations (M . H ud son and  V.J.S . G rauc h respec tively, personal
c omm., 2014; G rauc h et al., 2015; Bauer et al., 2015); 40Ar/39Ar age d etermination
of 5.00 ± 0.04 M a (sample 10R G 07 - M . Cosc a, personal c omm., 2014); stratigraphic
position relative to unit T d gn is based  on geophysic al mod eling of aeromagnetic
d ata (B. Drenth, V.J.S . G rauc h, personal c omm., 2014) and  age c onstraints relative to
geomagnetic time sc ale; Appelt (1998) reported  40Ar/39Ar ages of 5.11 ± 0.08 M a
and  5.34 ± 0.06 M a for ground mass separates from the south sid e of G uad alupe

03-13-00-00-00— map unit— T d g— Dacite of G uad alupe M ountain, und ivid ed
(Plioc ene)— Pred ominantly trac hyd ac ite lava flows (62 wt% S iO2, 6.3 wt%
N a20+K20); c ontains sparse, small phenoc rysts of plagioc lase, hypersthene, and
augite in a pilotaxitic glassy ground mass; d istal lava flows exposed  in the R io
G rand e gorge and  the R ed  R iver gorge are highly elongate and  ind ivid ual flows
are laterally restric ted , typic ally forming overlapping finger-like lobes
c h arac terized  by rad ial c ooling frac tures and  c onc entric brec ciated  c arapac es where
exposed  in c ross sec tion; flows exposed  in the R io G rand e gorge range
c onsid erably in thic kness from a few meters to several tens of meters; lava flow
d irec tions exposed  in the R io G rand e gorge appear to be pred ominantly from east
to west, suggesting a primary sourc e area at G uad alupe M ountain; d ac ite lava
flows overlie both Cerro Chiflo d ome d eposits and  lower S ervilleta Basalt lava
flows in the R io G rand e gorge; 40Ar/39Ar age d etermination of 5.27 ± 0.05 M a

03-14-00-00-00— map unit— T d c n— Dacite of Cerro N egro (M ioc ene)— Dark gray to
blac k, extensively frac tured , two-pyroxene d ac ite; yield ed  an 40Ar/39Ar age of

03-15-00-00-00— map unit— T am— And esite of Cerro M ontoso (M ioc ene)— Dark
gray to blac k, porphyritic, olivine and esite (57.6 wt% S iO2, 8 wt% N a20+K20) lava
flows erupted  from vents on Cerro M ontoso, one of the largest, petrologic ally
uniform, shield  volc anoes of the T aos Plateau volc anic field  (Lipman and  M ehnert,
1979); c ontains 2-3% phenoc rysts of olivine in a mic roc rystalline ground mass of
plagioc lase, olivine, augite, and  Fe-T i oxid es; the lower slopes of Cerro M ontoso in
the western map area are c ommonly mantled  in c olluvium, and  rarely preserve
well-d eveloped  flow morph ology; instead  outc rops typic ally exhibit bloc ky flow
tops and  remnants of many d isc ontinuous and  aerially restric ted  flow lobes;
Appelt (1998) reported  an 40Ar/39Ar age of 5.88 ± 0.18 M a for a ground mass

03-16-00-00-00— map unit— T vc — T rac hyand esite of Cerro Chiflo
(M ioc ene)— E rod ed  remnants of large lava d ome of porphyritic trac hyand esite (63
wt% S iO2, 7.7 wt% N a2O+K2O; roc k d esignation based  on IU G S  c lassific ation (Le
Bas et al., 1986); formerly d es c ribed  by Lipman and  M ehnert (1979) as quartz latite;
forms prominent c liff outc rops along the R io G rand e gorge in the northern part of
the map area; light brown to gray, weakly to strongly flow laminated , with
phenoc rysts of plagioc lase, hornblend e, and  sparse biotite in a d evitrified
ground mass; xenolith s of Proterozoic sc hist, gneiss, and  granite are c ommon; flow
brec cias preserved  around  the margins of d ome and  ramp struc tures are c ommon
th roughout the exposed  interior; Appelt (1998) reported  40Ar/39Ar ages of 5.31 ±
0.31 M a and  5.32 ± 0.08 M a for ground mass separates from the west and  east sid es
of the d ome, respec tively; more rec ently, preliminary 40Ar/39Ar total fusion age
d eterminations of 10.65 M a and  9.86 M a on biotite and  hornblend e separates,
respec tively (sample 11R G 43 - M . Cosc a, personal c omm., 2014), are more
c onsistent with previously d etermined  M ioc ene potassium-argon ages reported  by

04-00-00-00-00— head ing01— E arly-R ift Volc anic & Volc anic lastic R oc ks— E arly-R ift
Volc anic & Volc anic lastic R oc ks (Cenozoic)— E arly-R ift Volc anic & Volc anic lastic

04-01-00-00-00— map unit— T vb— Volc anic d eposits of Brushy M ountain
(Oligoc ene)— Volc anic roc ks and  d eposits c onsisting primarily of and esite to d acite
lava flows and  flow brec c ias and  rhyolite bloc k-and -ash flows and  ash-flow tuff
with volumetric ally minor air-fall d eposits (T hompson et al., 1986; T hompson and
S c hilling, 1988). Light tan, poorly weld ed , lithic-ric h, rhyolite ash-flow tuff forms
the base of the sec tion near the low sad d le of Brushy M ountain; the lower rhyolite
c ontains ph enoc rysts of plagioc lase and  altered  biotite, light brown altered  pumic e
and  angular to subangular vitrophyric inc lusions (<0.5 cm to several c m)
c ontaining plagioc lase phenoc rysts and  red d ish-brown d ac ite inc lusions (2 c m to
several c m); loc ally overlain by thin outflow d eposits of Amalia T uff (unit T at);
post-Amalia T uff d eposits inc lud e light-grey to white rhyolite d ome d eposits
inc lud ing loc ally, bloc k-and -ash flows, ash-flow tuffs, and  air-fall d eposits; all
d eposits are mineralogic ally similar, c ontaining sanid ine, quartz, and  minor biotite
phenoc rysts in a d evitrified  glass matrix; exposed  in the quarry on the south sid e of
Brush y M ountain and  the north sid e of Cerro M ontoso; thin (< 2-3 m) and esite lava
flows loc ally overlie rhyolite d ome d eposits and  c onsist of med ium- to d ark-brown,
porphyritic flows and  flow remnants c ontaining olivine, clinopyroxene, and
plagioc lase phenoc rysts, plagioc lase glomeroc rysts, and  minor orth opyroxene
mic roph enoc rysts in a fine- to med ium-grained  trac hytic ground mass c omposed
pred ominantly of plagioc lase, clinopyroxene, and  Fe-T i oxid es; the upper part of
the sec tion c onsists of light- to d ark-gray, aphyric to porphyritic, d ac ite lava flows
and  flow brec cias c ontaining variable amounts of hornblend e, plagioc lase,
c linopyroxene, Fe-T i oxid es, and  minor orthopyroxene, sanid ine, sphene, and
zirc on in a fine-grained  to mic roc rystalline ground mass; lava flows are loc ally
variable in thic kness, d isc ontinuous and  c ommonly d elineated  on the basis of
bloc ky rubble d eposits and  float; in the R io G rand e gorge, d eposits are d ominantly
and esite to d ac ite brec c ias and  reworked  pyroc lastic d eposits overlying biotite- and
hornblend e-bearing d ac ite lava flows; Zimmerer and  M cIntosh (2012) reported
40Ar/39Ar age d etermination of 25.17 ± 0.04 M a on sanid ine from a basal rhyolite
of the Brushy M ountain sec tion, and  22.69 ± 0.08 M a from ground mass

04-02-00-00-00— map unit— T vt— Volc anic d eposits of T imber M ountain
(Oligoc ene)— Volc anic roc ks and  d eposits c onsisting primarily of and esite to d acite
lava flows and  flow brec c ias and  lesser rhyolite flows and  ash-flow tuff (T h ompson
et al., 1986; T hompson and  S c hilling, 1988); light-brown, lithic-poor, d ensely
weld ed , rhyolite ash-flow tuff forms the base of the sec tion and  c ontains
mod erately to highly flattened  pumic es, phenoc rysts of plagioc lase, sanid ine,
quartz, and  biotite with subord inate amounts of Fe-T i oxid es, clinopyroxene, and
orth opyroxene in a glassy to partially d evitrified  matrix; rhyolite ash-flow tuff is
overlain by a lower sequenc e of mod erately porphyritic lava flows and  pyroc lastic
d eposits c ontaining variable amounts of plagioc lase, clinopyroxene, Fe-T i oxid es,
hornblend e, plus or minus biotite, and  sanid ine xenoc rysts; loc ally c ontains
abund ant mic ropillows of basaltic lava and  d acite xenoliths as muc h as 10 cm in
d iameter; lower d ac ite sequenc e is separated  from an upper d ac ite sequenc e loc ally
by med ium- to d ark-brown, porphyritic lava flow remnants c ontaining olivine,
c linopyroxene, and  plagioc lase phenoc rysts, plagioc lase glomeroc ryts, and  minor
orth opyroxene mic roph enoc rysts in a fine- to med ium-grained  trac hytic
ground mass c omposed  of plagioc lase, clinopyroxene, and  Fe-T i oxid es; upper
d acite sequenc e c ontains med ium- to light-gray porphyritic, glassy lava flows and
lava d ome remnants c ontaining phenoc rysts of hornblend e, biotite, plagioc lase,
c linopyroxene, and  Fe-T i oxid es in variable proportion; a whole roc k 40Ar/39Ar
age of 24.22 ± 0.12 M a (M . Cosc a, personal c omm., 2014) was obtained  from a basal

05-00-00-00-00— head ing01— R oc ks of the Q uesta M agmatic S ystem— R oc ks of the

05-01-01-00-00— map unit— T qi— Latite and  quartz latite (M ioc ene and
Oligoc ene)— Light tan to gray latite and  quartz latite, often stained  rust brown,
with 15-30% phenoc rysts of sanid ine, pyroxene and /or hornblend e, sparse quartz,
and  altered  c ubes of pyrite; plagioc lase phenoc rysts to several c entimeters in length
are present; oc c urs as d ikes up to 20 m wid e and  elongate intrusive masses north of

05-01-02-00-00— map unit— T ri— Aphanitic rhyolite (M ioc ene and
Oligoc ene)— Aphanitic to sparsely porphyritic rh yolite, otherwise similar to T rp

05-01-03-00-00— map unit— T rpp— Peralkaline rhyolite (M ioc ene and
Oligoc ene)— Dikes and  irregular intrusions of alkali rhyolite and  granite porphyry
(76-77% S iO2) c hemic ally similar to the Amalia T uff (T at) and  associated  c ald era-
related  rhyolitic lava flows; c ontains 1-25% phenoc rysts of quartz and  sod ic alkali
feld spar; loc ally c ontains small phenoc rysts of arfved sonite and  ac mite, especially
in the c ald era-margin ring d ike along Jarac ito Canyon and  in the Virgin Canyon-
Virsylvia Peak area, where the peralkaline rhyolite forms marginal facies of
metaluminous biotite-bearing intrusions of granite porphyry within the c ald era;

05-01-04-00-00— map unit— T rp— Porphyritic rh yolite (M ioc ene and
Oligoc ene)— W hite to light tan to light gray porphyritic rhyolite typic ally
c ontaining 5-20% phenoc rysts of quartz, sanid ine, and  sparse plagioc lase and
biotite; oc c urs as d ikes 1-10 m wid e and  loc al irregular and  shallow intrusions

05-01-05-00-00— map unit— T qk— Potassium feld spar quartz latite (M ioc ene and
Oligoc ene)— Coarsely porphyritic, light-gray quartz latite c ontaining potassium

05-01-06-00-00— map unit— T api— Porphyritic and esite and  d ac ite (M ioc ene and
Oligoc ene)— Fine-grained , d ark gray, aphanitic and  porphyritic and esite and  minor
basalt; where present, phenoc rysts inc lud e hornblend e, plagioc lase, biotite, and

05-01-07-00-00— map unit— T u— T ertiary roc ks along the S angre d e Cristo fault,
und ivid ed  (M ioc ene and  Oligoc ene)— R oc ks related  to the Q uesta magmatic
system that are und ivid ed  along th e S angre d e Cristo fault zone; these units were
mapped  as Q uaternary d eposits by Lipman and  R ead  (1989), but are herein
mapped  as unknown bed roc k th at is generally c overed  by surficial d eposits that

05-01-08-00-00— map unit— T at— Amalia T uff (Oligoc ene)— Light gray to light
brown mod erately weld ed  porphyritic, peralkaline, rhyolite ash-flow tuff erupted
from the Q uesta c ald era just east of the Village of Q uesta (Lipman and  R eed , 1989);
c onsists primarily of quartz and  sanid ine phenoc rysts in a d evitrified  matrix; Fe-T i
oxid es, titanite, and  alkali amphibole phenoc rysts are minor, lithic fragments are
c ommon; forms low erosional hills of outflow near Brushy M ountain in the
G uad alupe M ountain quad rangle; Zimmerer and  M c Intosh (2012) reported  a mean

05-01-09-00-00— map unit— T atl— Lithic-ric h lower facies of Amalia T uff
(Oligoc ene)— N on-weld ed  to partly weld ed  tuff up to 30 m thic k, c ontaining as
muc h as 5% fragments of and esitic volc anic roc ks; sparse fragments of Proterozoic
roc ks present loc ally; generally grad es upward  into main unit; loc ally d iffic ult to

05-01-10-00-00— map unit— T q— Lava flows and  d omes (Oligoc ene)— M assive
quartz latite, loc ally flow layered ; c ommonly gray to greenish gray, especially
wh ere propylitic ally altered  in interiors of thic k flows; tops of less altered  flows are
light red -brown or light gray; intrusive quartz latite (T qi) loc ally is d iffic ult to
d istinguish from flow roc ks; maximum thic kness is at Latir M esa, where sec tions

05-01-11-00-00— map unit— T a— And esitic lava flows (Oligoc ene)— Purplish-gray
to gray, aph anitic to porphyritic and esite lava flows and  flow brec c ias, with minor
interbed d ed  volc anic lastic sed iments; phenoc rysts inc lud e plagioc lase and

05-01-12-00-00— map unit— T rc — R hyolite of Cord ova Creek (Oligoc ene)— Light-
tan to light-gray rhyolitic lava flows and  d omes (74-77% S iO2) c ontaining about 5%
phenoc rysts of quartz, alkali feld spar, plagioc lase, and  biotite; c ommonly massive
and  d evitrified ; loc ally flow laminated ; large d omes c entered  at Cord ova Creek,
Van Diest Peak, and  Italian Creek also appear to be sourc es for main ac c umulations
of tuff of T etilla Peak; as thic k as 250 m at head  of Cord ova Creek (Lipman and

05-01-13-00-00— map unit— T tp— T uff of T etilla Peak (Oligoc ene)— Q uartz-ric h,
light-c olored , weakly weld ed , rhyolitic ash-flow tuff c ontaining abund ant small
volc anic fragments; c ontains 10-30% phenoc rysts of quartz, sanid ine, plagioc lase
and  sparse c hloritized  biotite; lithic fragments mostly and esite and  quartz-bearing

05-02-01-00-00— map unit— T gy— Luc ero Peak pluton (M ioc ene)— W hite to pale
pink, med ium to c oarse grained  equigranular granite to quartz monzonite (Lipman

05-02-02-00-00— map unit— T gb— Biotite granite (Oligoc ene)— G ranitic roof phase
of the R io H ond o pluton emplac ed  in the Q uesta c ald era at about 26 M a, d uring
volc anism and  c ald era formation; med ium-grained  and  equigranular, with sparse

05-02-03-00-00— map unit— T gp— G ranite porphyry (Oligoc ene)— Fine-grained
porphyritic biotite granite and  aplite, texturally transitional between mapped
bod ies of granite (T gb) and  intrusive porphyritic rh yolite (T rp) or rhyolite (T ri),
espec ially in the R ito d el M ed io and  Canad a Pinabete areas (Lipman and  R ead ,

05-02-04-00-00— map unit— T gd — R io H ond o pluton (Oligoc ene)— W hite to pale,
grayish-orange, med ium- to fine- grained , massive to loc ally foliated  granod iorite;
white to pale orange, aphanitic-porphyritic bord er facies has quartz phenoc rysts
and  loc al brec cia; has potassium feld spar phenoc rysts up to 4 cm in size; generally

05-03-01-00-00— map unit— T vs— Volc anic sed imentary roc ks
(Oligoc ene)— R elatively well-bed d ed  and  well-sorted  volc anic sed imentary roc ks
of and esitic to rhyolitic c omposition at many levels in the volc anic sequenc e;
d ominantly fluviatile and  d eltaic d eposits; the volc anic sed imentary roc ks are
loc ally tuffac eous and  interfinger and  intergrad e in plac es with the tuff of T etilla
Peak (T tp); also inc lud ed  are loc al air-fall and  reworked  silicic tuff und erlying the
Amalia T uff (T rt); exposed  thic kness nowhere more than about 50 m (Lipman and

05-03-02-00-00— map unit— T ps— Prevolc anic sed imentary roc ks (Lower Oligoc ene
or E oc ene)— Disc ontinuous lenses of weakly ind urated  shale, sand stone, and
c onglomerate d erived  from Proterozoic sourc es; c ommonly expressed  mainly by
red d ish-brown silty soil; c obbles of green quartzite are loc ally d istinc tive; outc rops
rare, exc ept where baked  near granitic intrusion along the R ed  R iver; ind urated
T ertiary sed imentary roc ks, whic h have been c orrelated  with Permian and
Pennsylvanian S angre d e Cristo Formation (M c Kinlay, 1957; Clark and  R ead , 1972),
oc c ur only within areas of T ertiary thermal metamorphism and  lac k limestone
interbed s c h arac teristic of the S angre d e Cristo in ad jac ent areas; probably
c orrelative with the Vallejo Formation of U pson (1941) in the S angre d e Cristo
M ountains in south ern Colorad o, and  with the Blanc o Basin Formation and
T ellurid e Conglomerate in the S an Juan M ountains; thic kness 0-100 m (Lipman and

06-00-00-00-00— head ing01— S ed imentary Deposits of the T aos
T rough— S ed imentary Deposits of the T aos T rough (Pennsylvanian)— S ed imentary

06-01-00-00-00— map unit— IPu— S ed imentary roc ks of the T aos T rough, und ivid ed
(Pennsylvanian)— Poorly exposed ; greenish, red d ish, yellowish, buff, tan, blac k,
and  brown; very friable-to-firm; sand y to c layey; thinly to thic kly bed d ed ; poorly to
mod erately well-c emented (?), sand y to c layey siltstone, mud stone, and  shale
interbed d ed  with mostly greenish and  brownish, firm to very strong, poorly to
mod erately well-sorted , poorly to mod erately well round ed , thin- to very thic kly
bed d ed , mod erately to very well-c emented , quartzose, feld spathic, and  arkosic,
silty to pebbly sand stone and  sand y c onglomerate and  less c ommon thin- to thic k-
bed d ed , grayish and  blac kish limestone of the Alamitos and  Flec had o Formations;
c ontains a ric h assortment of fossils; sand stones c ommonly c ontain plant fragments
that have been altered  to limonite(?); c ontac ts between bed s are generally sharp,
rarely with minor sc our (less than ~20 c m); the lower c ontac t is not exposed  in the
map area, although to the south, the lower c ontac t is mapped  at the top of the Del
Pad re S and stone or high est M ississippian c arbonate, or at the base of the lowest
sed imentary bed  where M ississippian roc ks are absent; c onglomeratic layers in the
lower part of the unit loc ally c ontain rare, sometimes band ed , c hert pebbles;
equivalent to the S and ia, M ad era, and  La Posad o Formations to the south;
fusulinid s c ollec ted  in the T aos quad rangle are Desmoinesian in age (Bruc e Allen,
personal c omm., 2000); may loc ally c ontain minor amounts of M ississippian strata;
M iller et al. (1963) measured  an inc omplete sec tion of 1756 m along the R io Pueblo
near th e Comales Campground , and  an aggregate thic kness of Pennsylvanian

06-02-00-00-00— map unit— IPc q— Conglomerate (Pennsylvanian)— Lenses of
quartzite pebble/bould er, c last-supported  c onglomerate with sand y matrix; clasts
average about 6 inc hes in d iameter, although some are greater than 2 feet; round ed

06-03-00-00-00— map unit— IPlst— Limestone (Pennsylvanian)— Light gray
limestone in sc attered , d isc ontinuous layers; fossiliferous to non-fossiliferous;
fossils inc lud e phylloid  algae, c rinoid s, brac hiopod s, and  other shell fragments;
well bed d ed  to poorly bed d ed ; outc rops are typic ally highly weathered , and  loc ally
are highly frac tured ; limestone represents a very small perc entage (<1%) of the

06-04-00-00-00— map unit— IPss— S and stone (Pennsylvanian)— M ed ium-grained  to
very c oarse-grained  sand stone; tan to gray; poorly sorted  to well sorted ; typic ally
non-c alc areous; loc ally c ontains lenses of c onglomerate c omposed  mainly of
quartzite pebbles; loc ally c ontains wood  c hips and  plant fossils (possibly ferns);

07-00-00-00-00— head ing01— M etamorphic R oc ks of the S angre d e Cristo
M ountains— M etamorphic R oc ks of the S angre d e Cristo M ountains

07-01-00-00-00— map unit— T u & XYu— Bed roc k units of S angre d e Cristo
M ountains (M ioc ene to Proterozoic)— In c ross sec tion only. Bed roc k units of S angre
d e Cristo M ountains have been c ombined  to form a single unit for th e purposes of
the c ross sec tion. T his represents und ivid ed  T ertiary roc ks along the S angre d e

07-02-00-00-00— map unit— X Yu— Proterozoic roc ks, und ivid ed  (Paleoproterozoic
and  M esoproterozoic)— S uprac rustal metamorphic roc ks and  plutonic and
metaplutonic roc ks; sh own in c ross sec tions and  on T aos Pueblo land s that remain

07-03-00-00-00— head ing02— M etased imentary— M etased imentary

07-03-01-00-00— map unit— Xq— Q uartzite (Paleoproterozoic)— W hite to gray,
massive, vitreous quartzite with c rossbed s d efined  by heavy mineral
c onc entrations; pervasively frac tured  into d ecimeter-sc ale, angular lozenges by
joints, irregular frac tures, and  bed d ing (Lipman and  R ead , 1989); the map inc lud es
the unpublished , d etailed  mapping of J. G rambling (U niv. of N ew M exic o, personal
c omm., 1991) in the S an Cristobal Canyon and  Cerrito Colorad o areas, whic h

07-03-02-00-00— map unit— Xms— Biotite musc ovite sc hist and  gneiss
(Paleoproterozoic)— M ed ium- to c oarse-grained , thinly layered  to massive,
lustrous, quartz-mic a sc hist and  gneiss; c ommonly c ontains sillimanite; loc ally

07-03-03-00-00— map unit— Xlg— Layered  gneiss
(Paleoproterozoic)— Conspic uously layered  and  well-foliated , fine- to med ium-
grained , biotite gneiss, biotite-hornblend e gneiss, hornblend e gneiss, and
amphibolite; roc ks c onsist of various proportions of quartz, oligoc lase-and esine,
blue-green hornblend e, brown biotite, epid ote, and  magnetite; layers range in
thic kness from a few c entimeters to several meters and  c ommonly d isplay rootless
isoc linal fold  noses and  variations in thic kness d ue to d uc tile d eformation; thin
lenses and  layers of ferruginous quartzite, magnetite ironstone, and  quartz-
epid ote-c alcite marble are c ommonly interleaved ; c ompositions suggest that many
of the layers c ould  have been d erived  from intermed iate volc anic or volc anic lastic
roc ks; loc al grad ed  bed d ing suggests d erivation from graywac kes, perh aps with a

07-04-00-00-00— head ing02— M etavolc anic — M etavolc anic

07-04-01-00-00— map unit— Xfg— Felsic gneiss (Paleoproterozoic)— Pale gray to
orange-brown, mic ac eous, weakly to mod erately foliated , quartzofeld spathic
gneiss loc ally grad ing to mic ac eous quartzite; c ommonly interlayered  with

07-04-02-00-00— map unit— X a— Amphibolite (Paleoproterozoic)— T hinly layered
to massive, fine- to c oarse-grained , med ium green to d ark green to blac k
amphibolite and  amphibole gneiss; loc ally c ontains c alc-silic ate gneiss, biotite-
hornblend e gneiss, felsic gneiss, and  musc ovite biotite sc hist (Lipman and  R ead ,

07-04-03-00-00— map unit— X c g— M etac onglomerate (Paleoproterozoic)— T hinly
layered  to massive, fine- to c oarse-grained , med ium green to d ark green to blac k
amphibolite and  amphibole gneiss; loc ally c ontains c alc-silic ate gneiss, biotite-
hornblend e gneiss, felsic gneiss, and  musc ovite biotite sc hist (Lipman and  R ead ,

07-04-04-00-00— map unit— Xvf— Felsic metavolc anic roc ks
(Paleoproterozoic)— Fine-grained , light gray, greenish-gray, or pink, massive to
strongly foliated , felsic, blastoporphyritic gneiss c ontaining c onspic uous 2-5-mm
ovoid  grains of bluish-gray quartz and  1- to 5-mm lath s of white feld spar;
ground mass c onsists of a mic roc rystalline mosaic of quartz, plagioc lase, K-feld spar,
epid ote, and  sc attered  flakes of biotite; feld spar porphyroblasts inc lud e both
plagioc lase (oligoc lase) and  grid -twinned  mic roc line with irregular blotc hes of
albite; c omposition is similar to rhyolite or rhyod acite; wid espread  layering and
loc al grad ed  bed d ing sh ow that a large part of the unit is d erived  from tuffs or
volc anic lastic roc ks; zirc on from volc anic lastic roc k northeast of G old  H ill yield ed

07-05-00-00-00— head ing02— M etaplutonic — M etaplutonic

07-05-01-00-00— map unit— Xqc — Q uartz monzonite of Columbine Creek
(Paleoproterozoic)— W hite to gray to pale tan, mod erately to strongly foliated
quartz monzonite; rec rystallized  to sugary textured , non-foliated  roc k near T ertiary

07-05-02-00-00— map unit— Xmi— M afic and  ultramafic roc ks
(Paleoproterozoic)— M ed ium- to c oarse-grained  d ark-green to greenish-gray
weakly foliated  gabbro and  serpentinized  ultramafic roc ks; gabbro c onsists of
equant c lots of hornblend e in a matrix of c alcic plagioc lase, epid ote, and  sparse
quartz; in smaller bod ies the gabbro is med ium to fine grained , d istinc tly foliated ,
and  d isplays c hilled  margins; original ophitic or intergranular textures are loc ally
preserved  and  a few bod ies d isplay relic t c umulus layering; ultramafic roc ks are
similar to gabbro, exc ept that quartz is absent and  plagioc lase sparse; mapped  only
wh ere intrusive into suprac rustal roc ks; similar roc ks are wid espread  as inc lusions
in plutonic roc ks where th ey are mapped  as amphibolite (X a); age of most bod ies
und etermined , but zirc on from gabbro sill west of G old  H ill yield ed  an upper-
interc ept c onc ord ia d ate of 1741 M a, interpreted  as the emplac ement age (Lipman

07-05-03-00-00— map unit— Xtr— T onalite of R ed  R iver (Paleoproterozoic)— G ray to
green, med ium- to c oarse-grained , strongly foliated , biotite-hornblend e tonalite
(quartz d iorite); c onsists of a mosaic of rec rystallized  quartz, plagioc lase, and
biotite stud d ed  with 0.5- to 1-c m ovoid  porphyroc lasts of faintly zoned  and esine;
hornblend e forms large irregular sieve-textured  grains and  sc attered  small grains
in the mosaic; loc ally grad es into gabbro; slabs and  bloc ks of layered  gneiss are
loc ally abund ant as inc lusions; zirc on from tonalite along road  to M id d le Fork Lake
gives an upper-interc ept c onc ord ia d ate of 1,750 M a, interpreted  as th e

Explanation of Map

01.01.01 Contac t— Id entity and  existenc e are c ertain. Loc ation is

01.01.03 Contac t— Id entity and  existenc e are c ertain. Loc ation is

01.01.04 Contac t— Id entity or existenc e are questionable. Loc ation is

01.01.07 Contac t— Id entity and  existenc e are c ertain. Loc ation is

01.01.09 Internal c ontac t— Id entity and  existenc e are c ertain. Loc ation is

01.01.11 Internal c ontac t— Id entity and  existenc e are c ertain. Loc ation is
approximate.

01.01.17 G rad ational c ontac t— Id entity and  existenc e are c ertain. Loc ation is
ac c urate.

01.01.25 U nc onformable c ontac t— Id entity and  existenc e are c ertain. Loc ation is
ac c urate.

01.01.31 U nc onformable c ontac t— Id entity and  existenc e are c ertain. Loc ation is
c onc ealed .
02.01.01 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or
unspecified  orientation or sense of slip)— Id entity and  existenc e are c ertain.
Loc ation is ac c urate.
02.01.03 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or
unspecified  orientation or sense of slip)— Id entity and  existenc e are c ertain.
Loc ation is approximate.
02.01.04 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or
unspecified  orientation or sense of slip)— Id entity or existenc e are questionable.
Loc ation is approximate.
02.01.07 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or
unspecified  orientation or sense of slip)— Id entity and  existenc e are c ertain.
Loc ation is c onc ealed .
02.01.08 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or
unspecified  orientation or sense of slip)— Id entity or existenc e are questionable.
Loc ation is c onc ealed .
02.02.01 N ormal fault— Id entity and  existenc e are c ertain. Loc ation is ac c urate. Ball
and  bar on d ownth rown bloc k.

02.02.03 N ormal fault— Id entity and  existenc e are c ertain. Loc ation is approximate.
Ball and  bar on d ownth rown bloc k.

02.02.05 N ormal fault— Id entity and  existenc e are c ertain. Loc ation is inferred . Ball
and  bar on d ownth rown bloc k.

02.02.07 N ormal fault— Id entity and  existenc e are c ertain. Loc ation is c onc ealed .
Ball and  bar on d ownth rown bloc k.

02.02.08 N ormal fault— Id entity or existenc e are questionable. Loc ation is
c onc ealed . Ball and  bar on d ownth rown bloc k.

02.10.01 Detac hment fault (sense of slip unspecified ) (1st option)— Id entity and
existenc e are c ertain. Loc ation is ac c urate. H ac hures are on the upper plate.
02.12.01 S c arp on fault (generic; vertic al, subvertic al, or high-angle; or unknown or
unspecified  orientation or sense of slip)— Id entity and  existenc e are c ertain.
Loc ation is ac c urate. H ac hures point d ownsc arp.

02.14.04 Fault-brec c ia zone or zone of broken roc k around

19.03.07 T renc h (generalized  trac e).

J

J 31.10 Cross sec tion line and

03.01.01 Bound ary loc ated  by aeromagnetic

03.01.02 Bound ary loc ated  by ground  magnetic

03.02.01 Fault loc ated  by aeromagnetic

U D 02.11.02 Fault showing loc al up/d own offset— U  is on the upth rown bloc k, and  D is
on the d ownth rown bloc k.

UD 02.11.03 Fault showing loc al up/d own offset— U  is on the upth rown bloc k, and  D is
on the d ownth rown bloc k.

02.11.09 Inc lined  fault (2nd  option)— S howing d ip value and

02.14.04 Fault-brec c ia zone or zone of broken roc k around

02.15.01 S mall, minor inc lined  fault— S howing strike and

02.15.03 S mall, minor shear fault— S howing d ip. Arrow sh ows d irec tion of relative
horizontal d isplac ement.

02.15.04 S mall, minor shear fault, right-lateral offset.

04.03.02 S mall, minor inc lined  joint (1st option)— S howing strike and

06.02 Inc lined  bed d ing— S howing strike and  d ip.

06.03 Vertic al bed d ing— S howing strike.

06.13 Inc lined  bed d ing, where top d irec tion of bed s is known from loc al
features— S howing strike and  d ip.

06.15 Overturned  bed d ing, where top d irec tion of bed s is known from loc al
features— S howing strike and  d ip.

08.02.03 Inc lined  flow band ing, lamination, layering, or foliation in igneous
roc k— S howing strike and  d ip.

08.02.11 Inc lined  c umulate foliation— S howing strike and

08.03.02 Inc lined  metamorphic or tec tonic foliation— S h owing strike and

08.03.03 Vertic al metamorphic or tec tonic foliation— S howing

08.03.61 S ec ond  event of inc lined  metamorphic or tec tonic

09.003 Inc lined  generic (origin or type not known or not spec ified ) lineation or
linear struc ture (1st option)— S howing bearing and  plunge.

09.017 Inc lined  slic kenline, groove, or striation on fault surfac e (1st
option)— S howing bearing and  plunge.

09.037 Inc lined  aligned -mineral lineation (1st option)— S howing bearing and
plunge.

09.039 H orizontal aligned -mineral lineation (1st option)— S howing

09.097 Inc lined  fold  hinge of generic (type or orientation unspec ified ) small, minor
fold  (1st option)— S howing bearing and  plunge.

09.134 Inc lined  c renulation lineation (2nd  option)— S howing bearing and

12.05 Fluvial transport

26.02.02 U nused

30.03.12 S pring, as shown on topographic maps or on general-purpose or smaller
sc ale maps.

31.25 R ad iometric sample loc ality— S h owing age (if available at the time of
public ation).

18.55 S mall c one, vent, cind er c one, or spatter c one

26.01.01 W ater well, type

01.02.09 Clay or ash bed — Id entity and  existenc e are c ertain. Loc ation is ac c urate.

03.02.10 Faults loc ated  by geophysic al method s.

J
31.02.25 W ell loc ation (in c ross sec tion)— T he loc ation and  d epth of a well used  to
establish stratigraphy and  geologic unit d epth.

J

J
31.02.26 W ell loc ation (in c ross sec tion)— T he projec ted  loc ation and  d epth of a well
used  to establish stratigraphy and  geologic unit d epth.
02.11.16 Fault in c ross sec tion sh owing loc al up/d own offset— T he arrows show the
relative motion along th e fault plane.
02.11.17 Fault in c ross sec tion sh owing loc al up/d own offset— T he arrows show the
relative motion along th e fault plane.
01.02.01 Key bed  (T bso)— Id entity and  existenc e are c ertain. Loc ation is ac c urate.

03.01.03 Bound ary loc ated  by gravity survey

02.11.17 T h rust fault or reverse fault (in c ross sec tion)— Arrows sh ow relative
motion.
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