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Ge ologic Map of the  Picuris Mountains,
Rio Arriba and Taos County, Ne w Me xico:

Cross Se ctions

by
Paul W . Baue r1, Ke ith I. Ke lson2, Scott B. Aby3, 
Mark  A. He lp e r4, and Mark  M. Manse ll1

1New 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

3Muddy Springs Geology, P.O. Box 488, Dixon, NM 87527
4Department of Geological Sciences, The University of Texas at Austin, Austin, TX 78712

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

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

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

The compilation of these six quadrangles was funded by a matching-funds grant from the STATEMAP
program of the National Cooperative Geologic Mapping Act (Fund Number: G20AC00250), administered
by the U. S. Geological Survey, and by the New Mexico Bureau of Geology and Mineral Resources, (Dr.
Nelia W. Dunbar, Director and State Geologist; Dr. J. Michael Timmons, Assoc. Director for Mapping
Programs).
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De scription of Map
01-00-00-00-00— he ad ing01— S e d im e ntary R ocks and  De posits of the  R io Grand e  R ift
and  Ad jace nt H ighland s— S e d im e ntary R ocks and  De posits of the  R io Grand e  R ift and
Ad jace nt H ighland s— S e d im e ntary R ocks and  De posits of the  R io Grand e  R ift and
Ad jace nt H ighland s
01-01-00-00-00— unit01— af—Artificial fill and  d isturbe d  land — Excavations and  are as
of hum an-d e posite d  fill and  d e bris; shown only whe re  ae rially e xte nsive .
01-02-00-00-00— unit01— Q al—Alluvium—Ge ne rally brownish and /or re d d ish, poorly
to mod e rate ly sorte d , angular to round e d , thinly to thickly be d d e d , loose  silt and  silty
sand  with subord inate  coars e  le ns e s and  thin to m e d ium be d s of m ostly locally
d e rive d  clasts; mappe d  in active  channe ls, flood plains, low (young) alluvial te rrace s,
tributary-mouth fans, and  som e  valle y-slope  colluvial d e posits; we ak to no soil
d e ve lopm e nt; a single  pie ce  of charcoal from the  northe rn fork of the  uppe r R ito
Cie ne guilla in the  Carson quad rangle , about 2 m above  the  floor of the  mod e rn wash,
re turne d  a conve ntional 14C age  of 2,795 ± 50 BP; thre e  charcoal sam ple s from the
T ram pas quad rangle  yie ld e d  conve ntional 14C age s of 3,275 ± 150 BP, 2,645 ± 125 BP,
and  1,800 ± 55 BP; e stim ate d  at up to 7 m thick.
01-03-00-00-00— unit01— Q c—Colluvium—Mostly locally d e rive d , light- to d ark-
brown, orange , and  rare ly re d d ish, poorly to m od e rate ly sorte d , angular to we ll-
round e d , silty to sand y conglom e rate /bre ccia with clas ts locally to >1 m; mappe d  on
hill slope s and  valle y margins only whe re  it obscure s und e rlying re lations; e stim ate d
at ge ne rally le s s than 5 m thick.
01-04-00-00-00— unit01— Q ad — Alluvium in close d  d e pre ssions— Light- to d ark-
brown, ve ry thin- to m e d ium-be d d e d , loose , massive , sand y to silty be d s with thin,
d iscontinuous laye rs of pe bble s and  rare  cobble s (to ≈15 cm) found  on T ore va
(rotational) blocks associate d  with land slid e  com ple xe s; at le ast se ve ral m e te rs thick
locally.
01-05-00-00-00— unit01— Q tr— T rave rtine  d e posits— S m all trave rtine  d e posits locate d
along e xtinct, fault-re late d  springs in the  R anchos d e  T aos quad rangle .
01-06-00-00-00— unit01— Q ac— Alluvial and  colluvial d e posits— Poorly e xpos e d  grave l
and  sand  com pose d  of T e rtiary volcanic clasts and /or granitic clas ts and  gruss; ove rlie s
T pl and  T tc+T pt in a comple xly faulte d  are a in Mirand a Canyon (R anchos d e  T aos
quad rangle ); approxim ate ly 5 to 10(?) m thick.
01-07-00-00-00— unit01— Q ls— Land slid e s in the  R io Grand e  gorge  and
tributarie s— Poorly sorte d  rock d e bris and  sand -to-bould e r d e bris transporte d
d ownslope ; occurs on slope s m arke d  by hummocky topography and  d ownslope -
facing scarps; includ e s sm all e arth flow, block-slum p, and  block-slid e  d e posits;
includ e s large , rotational, T ore va slid e  blocks within the  R io Grand e  and  R io Pue blo d e
T aos (T aos S W  quad rangle ) gorge s, which includ e  large , rotate d  and  d e tache d  blocks
of intact S e rville ta Basalt (T sb); south of the  R io Grand e , land slid e  d e posits d o not form
we ll-d e fine d  lobe s, as the y d o to the  north, and  may be  partly colluvial; the  southe rn
d e posits are  poorly e xpos e d , e xce pt in road  cuts along the  highway just north of
R inconad a, whe re  the  d e posits are  arrange d  in thick, appare ntly tabular bod ie s with a
range  of com positions.
01-08-00-00-00— unit01— Q lb— Land slid e s of basalt— Land slid e  d e posits containing
intact blocks of T e rtiary basalt flows and  abund ant, subangular to angular basalt
blocks; mappe d  se parate ly only on slope s be low the  O caté (Vad ito) basalt (T ob).
01-09-00-00-00— unit01— Q e —Eolian d e posits— Light-colore d , we ll-sorte d , fine - to
m e d ium-graine d  sand  and  silt d e posits that are  re cognize d  as late rally e xte nsive , low-
re lie f, sparse ly ve ge tate d , m ostly inactive , sand  d une s and  sand  she e ts that ove rlie  the
S e rville ta Basalt (T sb) on the  T aos Plate au; rare  grave l lag; we ak to mod e rate  soil
d e ve lopm e nt; northe ast-tre nd ing longitud inal d une -cre st orie ntations ind icate  that the
pre d om inant wind  d ire ction was from the  southwe st; up to se ve ral m e te rs thick.
01-10-00-00-00— unit01— Q g—Alluvial and  m inor colluvial d e posits at high
le ve ls— T ypically buff to brownish, round e d  to we ll-round e d , crud e ly be d d e d ,
unce m e nte d , quartzite -rich conglom e rate  and  sand y conglom e rate ; maximum clast
size  up to 1 m but com monly about 60 cm; includ e s both prim ary Q uate rnary te rrace
grave ls and  re worke d  d e posits d e rive d  from the m; m appe d  south of the  Picuris
Mountains; two m ain type s of Q g are  pre se nt, one  e ntire ly d om inate d  by quartzite
clasts probably of the  R io d e  las T ram pas d rainage  (T ram pas quad rangle ), and  one
containing ≈10% we ll-round e d , we ll-lithifie d  Pale ozoic sand stone  cobble s probably of
the  Embud o Cre e k d rainage  (T ram pas and  Pe ñasco quad rangle ); poorly e xpose d ,
locally includ e s multiple  le ve ls of close ly space d , sm all te rrace  re m nants; e stim ate d
m axim um thickne ss of about 10 m.
01-11-00-00-00— unit01— Q se — S lope  wash and  e olian d e posits— Poorly e xpose d , light-
brown to tan, mod e rate ly we ll-sorte d  to m od e rate ly poorly sorte d , massive (?) silt, fine -
to m e d ium-graine d  sand , and  rare  pe bble  le nse s/be d s(?); ove rlie s old e r rocks on Me sa
d e  la Ce jita (V e lard e  and  T ram pas quad rangle s) and  appe ars to be  a com bination of
mostly re worke d  e olian m ate rial (silt and  fine -graine d  sand ) and  locally d e rive d ,
coarse r mate rial.
01-12-00-00-00— unit01— Q qg— Q uartzite -rich alluvial and  colluvial(?)
d e posits—Distinctive  d e posits com pose d  of Prote rozoic quartzite  clasts from 2 m to
about 3 m in d iam e te r, rare  Pilar F orm ation (Y tp) slate  clasts to about 7 cm, and
e xtre m e ly rare  schist clasts to about 5 cm.
01-13-00-00-00— he ad ing02—Alluvial F an De posits—Alluvial F an De posits—Alluvial
F an De posits
01-13-01-00-00— unit01— Q fy— Young alluvial fan d e posits— Poorly sorte d  d e posits of
silt, sand , pe bble s, cobble s, and  bould e rs; d e posits are  typically clast-supporte d  and
poorly be d d e d ; pe bble  and  cobble  clasts are  typically im bricate d ; clas ts consist
prim arily of se d im e ntary rocks, quartzite , slate , schist, m e tavolcanic rocks, granitic
rocks, and  T e rtiary granitic and  volcanic units; uppe rmost se d im e nts are  commonly
silty sand , probably ove rbank d e posits; we ak to mod e rate  pe d oge nic d e ve lopm e nt,
includ ing A, Bw, Bwk and  Bk soil horizons and  S tage  I to II calcium carbonate
d e ve lopm e nt; the  te rrace  d e posits of map unit Q ty unconform ably ove rlie  the  local
be d rock and  are  typically on valle y floors of large  to m e d ium d rainage s, whe re as Q fy
e xists as young mountain-front fans and  valle y fill in sm all tributarie s; up to 5 m thick.
01-13-02-00-00— unit01— Q fo—Alluvial fan d e posits, und ivid e d —Poorly sorte d
d e posits of silt, sand , and  pe bble s; d e posits are  typically matrix-supporte d  and  poorly
be d d e d ; clasts consist prim arily of Pale ozoic se d im e ntary rocks and  Prote rozoic
granitic and  m e tam orphic rock type s; on Pilar Me sa the  d e posit is d om inate d  by slate
pe bble s and  cobble s; be twe e n Arroyo d e l Alam o (T aos S W  quad rangle ) and  Arroyo
H ond o (Carson and  T aos S W  quad rangle s) the  d e posit is typically grave l re m nants
pre se rve d  on inte rfluve s; m od e rate  pe d oge nic d e ve lopm e nt, includ ing A, Bt, Btk and
Bk soil horizons and  S tage  III and  IV calcium carbonate  d e ve lopm e nt; uppe r soil
horizons are  com monly affe cte d  by surface  e rosion; e xists as mountain-front fans and
probably ove rlaps with units Q f2 through Q f4, but not assigne d  to othe r fan units
be cause  of lack of we ll-d e fine d  age  control, cle ar stratigraphic position, and  d is tinct
lithologic characte ristics; up to 3 m thick.
01-13-03-00-00— unit01— Q f4—Alluvial fan d e posits in canyons and  arroyos— Poorly
sorte d  silt, sand , pe bble s, and  bould e rs; clas ts consist prim arily of granitic and
m e tam orphic rocks north of the  R io Pue blo d e  T aos (T aos S W  quad rangle ) and
granitic, m e tam orphic and  se d im e ntary rocks south of the  R io Pue blo d e  T aos; clasts
also includ e  basaltic rock type s along the  Arroyo S e co (Arroyo S e co, T aos, and  Los
Cord ovas quad rangle s) and  along the  R io Pue blo d e  T aos d ownstre am of Los
Cord ovas; associate d  soils have  S tage  III to IV calcium carbonate  d e ve lopm e nt and
thick argillic Bt soil horizons with 7.5Y R  to 10Y R  hue s; the  uppe r soil horizons may be
affe cte d  by surface  e rosion; mod ifie d  from Ke lson (1986); fine r-graine d  to the  north,
away from the  Picuris Mountains range  front; groupe d  into unit Q fo northe ast of the
R io Grand e  d e l R ancho (R anchos d e  T aos quad rangle ).
01-13-04-00-00— unit01— Q f3—Alluvial fan d e posits in canyons and  arroyos— Poorly
sorte d  silt, sand , pe bble s, and  bould e rs; S tage  II to III calcium carbonate  d e ve lopm e nt;
clasts consist prim arily of quartzite , slate , and  schist; granitic clasts also e xist e ast of
Arroyo d e l Alamo (T aos S W  quad rangle ).
01-13-05-00-00— unit01— Q f2—Alluvial fan d e posits in canyons and  arroyos— Poorly
sorte d  silt, sand , pe bble s, and  bould e rs; clas ts consist prim arily of granitic and
m e tam orphic rocks north of the  R io Pue blo d e  T aos (T aos S W  quad rangle ) and
granitic, m e tam orphic and  se d im e ntary rocks south of the  R io Pue blo d e  T aos;
associate d  soils have  S tage  III to IV calcium carbonate  d e ve lopm e nt, thick argillic Bt
soil horizons with 7.5Y R  to 10Y R  hue s; uppe r soil horizons may be  affe cte d  by surface
e rosion; mod ifie d  from Ke lson (1986); fine r-graine d  to the  north, away from the  Picuris
Mountains range  front; groupe d  into unit Q fo northe ast of the  R io Grand e  d e l R ancho
(R anchos d e  T aos and  T re s R itos quad rangle s).
01-13-06-00-00— unit01— Q f1—Alluvial fan d e posits in canyons and  arroyos— Poorly
sorte d  silt, sand , pe bble s, and  bould e rs; clas ts consist prim arily of quartzite , slate , and
schis t; granitic clasts are  also pre s e nt e ast of Arroyo d e l Alam o (T aos S W  quad rangle );
fine r-graine d  to the  north, away from the  Picuris Mountains range  front; S tage  III to IV
calcium carbonate  d e ve lopm e nt, although soil horizons are  comm only affe cte d  by
surface  e rosion; Q f1 is d iffe re ntiate d  from the  Lam a formation of the  S anta F e  Group
(Q T l) by large r clast size  (Ke lson, 1986), le ss oxid ation, poor sorting, abse nce  of
abund ant mangane se  oxid e  staining, and  clasts that are  le ss we athe re d ; ash probably
within Q f1 d e posits at locality ne ar S take out R oad  (R anchos d e  T aos quad rangle )
d ate d  at 1.27 ± 0.02 Ma (40Ar/39Ar m e thod , W . McIntosh, pe rsonal com munication,
1996); whe re  e xpose d  to the  south the  unit is up to 12 m thick.

01-14-00-00-00— he ad ing02— T e rrace  De posits— T e rrace  De posits— T e rrace  De posits

01-14-01-00-00— unit01— Q ty— Young stre am-te rrace  d e posits— Poorly sorte d  d e posits
of silt, sand , pe bble s, cobble s, and  bould e rs; d e posits are  typically clast-supporte d  and
poorly be d d e d ; pe bble  and  cobble  clasts are  typically im bricate d ; clas ts consist
prim arily of se d im e ntary rocks, quartzite , slate , schist, m e tavolcanic rocks, granitic
rocks, and  T e rtiary granitic and  volcanic units; uppe rmost se d im e nts are  commonly
silty sand , probably ove rbank d e posits; we ak to mod e rate  pe d oge nic d e ve lopm e nt,
includ ing A, Bw, Bwk and  Bk soil horizons and  S tage  I to II calcium carbonate
d e ve lopm e nt; the  te rrace  d e posits of map unit Q ty unconform ably ove rlie  the  local
be d rock and  are  typically on valle y floors of large  to m e d ium d rainage s, whe re as Q fy
e xists as young mountain-front fans and  valle y fill in sm all tributarie s; up to 5 m thick.
01-14-02-00-00— unit01— Q to— S tre am te rrace  d e posits, und ivid e d — Poorly sorte d
d e posits of silt, sand , and  pe bble s; d e posits are  typically matrix-supporte d  and  poorly
be d d e d ; clasts consist prim arily of Pale ozoic se d im e ntary rocks and  Prote rozoic
granitic and  m e tam orphic rock type s; on Pilar Me sa the  d e posit is d om inate d  by slate
pe bble s and  cobble s; be twe e n Arroyo d e l Alam o (T aos S W  quad rangle ) and  Arroyo
H ond o (Carson and  T aos S W  quad rangle s) the  d e posit is typically grave l re m nants
pre se rve d  on inte rfluve s; m od e rate  pe d oge nic d e ve lopm e nt, includ ing A, Bt, Btk and
Bk soil horizons and  S tage  III and  IV calcium carbonate  d e ve lopm e nt; uppe r soil
horizons are  com monly affe cte d  by surface  e rosion; typically occurs as isolate d
re mnants on rid ge  cre sts, and  is probably corre lative  with te rrace  le ve ls one  through
four; up to 3 m thick.
01-14-03-00-00— unit01— Q t4rp— S tre am te rrace  d e posits in canyons and
arroyos— Poorly sorte d  silt, sand , pe bble s, and  bould e rs; clasts consist prim arily of
granitic and  m e tam orphic rocks north of the  R io Pue blo d e  T aos (T aos S W  quad rangle )
and  granitic, m e tam orphic and  se d im e ntary rocks south of the  R io Pue blo d e  T aos;
clasts also includ e  basaltic rock type s along the  Arroyo S e co (Arroyo S e co, T aos, and
Los Cord ovas quad rangle s) and  along the  R io Pue blo d e  T aos d ownstre am of Los
Cord ovas; associate d  soils have  S tage  III to IV calcium carbonate  d e ve lopm e nt and
thick argillic Bt soil horizons with 7.5Y R  to 10Y R  hue s; the  uppe r soil horizons may be
affe cte d  by surface  e rosion; mod ifie d  from Ke lson (1986); fine r-graine d  to the  north,
away from the  Picuris Mountains range  front.
01-14-04-00-00— unit01— Q t3rp— S tre am te rrace  d e posits in canyons and
arroyos— Poorly sorte d  silt, sand , pe bble s, and  bould e rs; S tage  II to III calcium
carbonate  d e ve lopm e nt; clasts consist prim arily of quartzite , slate , and  schist; granitic
clasts also e xist e as t of Arroyo d e l Alam o (T aos S W  quad rangle ).
01-14-05-00-00— unit01— Q t2rp— S tre am te rrace  d e posits in canyons and
arroyos— Poorly sorte d  silt, sand , pe bble s, and  bould e rs; clasts consist prim arily of
granitic and  m e tam orphic rocks north of the  R io Pue blo d e  T aos (T aos S W  quad rangle )
and  granitic, m e tam orphic and  se d im e ntary rocks south of the  R io Pue blo d e  T aos;
associate d  soils have  S tage  III to IV calcium carbonate  d e ve lopm e nt, thick argillic Bt
soil horizons with 7.5Y R  to 10Y R  hue s; the  uppe r soil horizons may be  affe cte d  by
surface  e rosion; mod ifie d  from Ke lson (1986); fine r-graine d  to the  north, away from
the  Picuris Mountains range  front.
01-14-06-00-00— unit01— Q t1rp— S tre am te rrace  d e posits in canyons and
arroyos— Poorly sorte d  silt, sand , pe bble s, and  bould e rs; clasts consist prim arily of
quartzite , slate , and  schist; granitic clasts are  also pre se nt e ast of Arroyo d e l Alamo
(T aos S W  quad rangle ); fine r-graine d  to the  north, away from the  Picuris Mountains
range  front; S tage  III to IV calcium carbonate  d e ve lopm e nt, although soil horizons are
comm only affe cte d  by surface  e rosion; whe re  e xpos e d  to the  south the  unit is up to 12
m thick.
01-14-07-00-00— he ad ing03— T e rrace  De posits of the  R io Grand e — T e rrace  De posits of
the  R io Grand e — T e rrace  De posits of the  R io Grand e
01-14-07-01-00— unit01— Q trg— R io Grand e  te rrace  grave ls— Pe bble - to cobble -size
grave l d e posits pre s e rve d  as sm all re mnants inse t into Q uate rnary land slid e  d e posits
north and  northe ast of R inconad a; m appe d  only in the  T ram pas quad rangle ;
id e ntifiable  as R io Grand e  alluvium by the  inclusion of Prote rozoic Gle nwood y
F orm ation (Xvg) clasts d e rive d  from the  Pilar cliffs, just southwe st of the  village  of
Pilar on the  Carson quad rangle , and  round e d  cobble s of S e rville ta Basalt (T sb);
approxim ate ly 5 m thick.
01-14-07-02-00— unit01— Q t2rg— S tre am te rrace  d e posits of the  R io Grand e — Poorly
sorte d  silt, sand , pe bble s, and  bould e rs; clas ts consist prim arily of granitic,
m e tam orphic, inte rm e d iate  volcanic, basalt, and  se d im e ntary rocks; locally clasts of
T e rtiary Amalia T uff may be  pre se nt; associate d  soils have  S tage  III to IV calcium
carbonate  d e ve lopm e nt, thick argillic Bt soil horizons, and  7.5Y R  to 10Y R  hue s in soil
Bt horizons; uppe r soil horizons may be  affe cte d  by surface  e rosion; may be  mantle d
locally by unit Q e ; mod ifie d  from Ke lson (1986); e stim ate d  at 1 to 10 m thick.
01-14-07-03-00— unit01— Q t1rg— S tre am te rrace  d e posits of the  R io Grand e — Poorly
sorte d  sand , pe bble s, and  cobble s; clasts consist of basalt, quartzite , slate , schist and
othe r m e tam orphic rock type s, volcanic rock type s, and  (rare ly) sand stone  and
lim e stone ; ove rlie s the  S e rville ta Basalt (T sb) north of Pilar Me sa, but is inse t into T sb
on Pilar Me sa in the  Carson quad rangle ; locally m ay contain clasts of T e rtiary Amalia
T uff; whe re  pre se rve d , associate d  re lict soils have  S tage  III to IV calcium carbonate
d e ve lopm e nt, thick argillic Bt soil horizons, and  7.5Y R  hue s in soil Bt horizons; uppe r
soil horizons com monly affe cte d  by surface  e rosion; m ay be  mantle d  locally by unit
Q e ; e stim ate d  at 1 to 10 m thick.
01-14-07-04-00— unit01— Q t0rg— S tre am grave l d e posite d  by ance stral R io
Grand e — Poorly sorte d  sand , pe bble s, and  cobble s; clasts consis t of basalt, quartzite ,
slate , schist, othe r m e tam orphic rock type s, and  volcanic rock type s; ve ry rare  Amalia
T uff clas ts; associate d  with the  broad , highe st te rrace  we st of the  R io Grand e ; uppe r
soil horizons com monly affe cte d  by surface  e rosion; locally mantle d  by e olian sand ;
e stim ate d  at se ve ral m e te rs thick.
02-00-00-00-00— he ad ing01— Volcanic R ocks— Volcanic R ocks— Volcanic R ocks

02-01-00-00-00— he ad ing02— T aos Plate au Volcanic F ie ld — T aos Plate au Volcanic
F ie ld — T aos Plate au Volcanic F ie ld
02-01-01-00-00— unit01— T sb— S e rville ta Basalt— F lows of d ark-gray thole iitic basalt
characte rize d  by sm all olivine  and  tabular plagioclase  phe nocrysts, d iktytaxitic
te xture , and  local ve sicle  pipe s and  se gre gation ve ins; form s thin, fluid , wid e spre ad
pahoe hoe  basalt flows of the  T aos Plate au volcanic fie ld  e rupte d  principally from large
shie ld  volcanoe s in the  ce ntral part of the  T aos Plate au (Lipm an and  Me hne rt, 1979)
but also from se ve ral sm all shie ld s and  ve nts to the  northwe st of the  m ap are a ne ar the
Colorad o bord e r (T hom pson and  Mache tte , 1989; K. T urne r, pe rsonal communication,
2014); ad d itional burie d  ve nts we st of the  R io Grand e  are  like ly; flows typically form
columnar-jointe d  cliffs whe re  e xpose d , with a maximum thickne ss of approxim ate ly 50
m in the  R io Grand e  gorge  approxim ate ly 16 km northwe s t of T aos; locally subd ivid e d
into lowe r S e rville ta Basalt (T sbl), mid d le  S e rville ta Basalt (T sbm), and  uppe r S e rville ta
Basalt (T sbu) by Dungan e t al., (1984); flow package s are  s e parate d  by se d im e ntary
inte rvals as much as 70 m thick in the  southe rn part of the  m ap are a (Le ininge r, 1982);
40Ar/39Ar age s from basalts e xpose d  in the  R io Grand e  gorge  (Cosca e t al., 2014) range
in age  from 4.78 ± 0.03 Ma for the  lowe st basalt ne ar the  Gorge  Brid ge  (Los Cord ovas
quad rangle ), to 3.59 ± 0.08 Ma for the  highe st basalt flow at the  Gorge  Brid ge , broad ly
consiste nt with pre vious re sults by Appe lt (1998); two sam ple s we re  analyze d  from the
Guad alupe  Mountain quad rangle : one  at the  base  of the  uppe r S e rville ta Basalt lava
flow se ction at La Junta Point yie ld e d  an 40Ar/39Ar age  of 3.78 ± 0.08 Ma (sam ple
10R G05, M. Cosca, pe rsonal communication, 2014), whe re as a lava flow at the  base  of
the  se ction south of Ce rro Chiflo yie ld e d  an 40Ar/39Ar age  of 3.78 ± 0.08 Ma (sam ple
R T 08GM02, M. Cosca, pe rsonal communication, 2014).
02-01-02-00-00— unit01— T vto— R hyod acite  of T re s O re jas—Dark, phe nocryst-poor,
locally flow laye re d  rhyod acite ; phe nocrysts of augite  and  hype rsthe ne  are  sparse  and
sm all; S iO 2 is 62 to 64% (Lipm an and  Me hne rt, 1979); the  uppe rmost S e rville ta Basalt
flows locally ove rlap the  flanks of T re s O re jas on the  Carson quad rangle .
02-02-00-00-00— he ad ing02— O caté Volcanic F ie ld — O caté Volcanic F ie ld — O caté
Volcanic F ie ld
02-02-01-00-00— unit01— T ob— O caté (Vad ito) basalt— Dark-gray, ve sicular, olivine
thole iite  basalt flow found  on a high m e sa e ast of the  V illage  of Vad ito in the  e ast-
ce ntral m ap are a, and  as scatte re d , isolate d  re mnants to the  we st; e as t-to-we st trace s of
scatte re d  e xposure s m ay ind icate  the  original course  of the  basalt flow along a Plioce ne
pale ovalle y; 40Ar/39Ar whole -rock d ate  of 5.67 ± 0.12 Ma confirm s its tim e  e quivale nce
to rocks of the  ca. 5.7 Ma O caté volcanic fie ld  to the  e ast; locally up to 10 m thick.

02-03-00-00-00— he ad ing02— VolS anJuan— S an Juan Volcanic F ie ld — S an Juan Volcanic
F ie ld

02-03-01-00-00— unit01— T bo— O ld e r basaltic rocks— In cross se ction only. W ithin the
stud y are a, one  we ll (R G-83352) pe ne trate s a lava flow that is probably consid e rably
old e r than the  S e rville ta Basalt; the  d rille rs log lists “basalt” from 840 to 900 ft, and
“fracture d  basalt” from 900 to 920 ft; give n that the  surface  unit is the  Cham a-El R ito
Me m be r of the  T e suque  F orm ation (T tc, Mioce ne ), the  80-ft-thick lava flow m ay be
O ligoce ne  in age ; such O ligoce ne  lavas d o e xist at the  surface  north of the  stud y are a,
whe re  the y are  known as the  Cone jos F orm ation (ca. 30 to 29 Ma) and  the  H ins d ale
F orm ation (ca. 26 Ma) (T hom pson and  Mache tte , 1989; T hom pson e t al., 1991); the s e
lavas are  re late d  to the  S an Juan volcanic fie ld , which pre d ate s the  form ation of the
structural R io Grand e  rift; approxim ate ly 24 m thick.
03-00-00-00-00— he ad ing01— R io Grand e  R ift and  Pre -rift De posits— R io Grand e  R ift
and  Pre -rift De posits— R io Grand e  R ift and  Pre -rift De posits
03-01-00-00-00— unit01— T g?— H igh-le ve l grave l— U ne xpose d , mod e rate ly we ll-sorte d ,
round e d  to subround e d  grave l d om inate d  by quartzite  clasts with possibly som e
T e rtiary volcanic clas ts and /or Pale ozoic sand stone  clasts up to about 5 cm in d iam e te r;
this d e posit is m appe d  only on the  hill north of Vad ito, and  is infe rre d  from float of
quartzite -rich grave l on the  north sid e  of the  hill; the  south sid e  of the  hill is m antle d
by re lative ly coarse  grave l/cobble s (up to about 50 cm) that contain the  above  clasts
plus comm on, subround e d  to subangular, basalt clasts that are  e ithe r m ixe d  with a
pre -basalt d e posit that is coarse r than the  north-sid e  e xposure s (such as an e rod e d
grave l that pos t-d ate s the  basalt), or d e rive d  from an unid e ntifie d  pre -T bo basalt that
contribute d  clasts to T g; the  infe rre d  grave l laye r is e stim ate d  to be  1 to 3 m thick.

03-02-00-00-00— he ad ing02— S anta F e  Group— S anta F e  Group—Basin-fill clay, silt,
sand , pe bble s, cobble s, and  bould e rs of the  R io Grand e  rift. In the  m ap are a, the  unit is
at le as t 1,000 m thick.
03-02-01-00-00— unit01— Q T g—Alluvial and  m inor colluvial d e posits at high le ve ls of
the  S anta F e  Group— T e rrace  grave ls and  more  angular base m e nt-d e rive d  alluvium
and /or colluvium locate d  south of the  Picuris Mountains; the  alluvium and  colluvium
has partly burie d  or rare ly inte rfinge rs with the  te rrace  grave ls; grave l com position
varie s with local base m e nt com position and  the  local d rainage  syste m s; com monly
pre se rve d  as re lative ly thin “ribbons” of grave l along rid ge s, with e xte nsive  aprons of
grave l on slope s be low; it is uncle ar whe the r the s e  rocks re pre se nt one  ge omorphic
surface  or multiple  ge omorphic surface s across the  m ap are a, as the y have  not be e n
corre late d  or profile d ; the  base  of the  grave l is not e xpose d  but, at maximum, is about
10 m thick.
03-02-02-00-00— unit01— Q T l— Lam a form ation of the  S anta F e  Group—Poorly sorte d
sand , pe bble s, and  cobble s; clasts consis t of basalt, quartzite , othe r m e tam orphic rock
type s and  othe r volcanic rock type s; locally high pe rce ntage  of angular to subangular
quartzite  pe bble s and  cobble s; comm only cross-be d d e d  and  staine d  with black
m angane se  oxid e  and  ye llowish-orange  iron oxid e  coatings; oxid ize d ; clasts are
typically we athe re d  or grussifie d ; contains d istinct d iscontinuous sand y inte rbe d s;
comm only crud e ly im bricate d ; im brication sugge sts we ste rly flow d ire ction in the  are a
north of the  T aos Municipal Airport (Los Cord ovas quad rangle ), and  southe rly flow
d ire ction in are as north and  we s t of the  R io Pue blo d e  T aos, with northwe ste rly flow
d ire ction in are as southe ast of the  R io Pue blo d e  T aos; we ll d rille rs re cord s in the
Q ue sta are a show clay laye rs in the  shallow subsurface  that are  inte rpre te d  as
lacustrine  d e posits; the  unit is pre se nt be twe e n the  S angre  d e  Cristo Mountains range
front and  the  R io Grand e  gorge  ove r most of the  are a; corre lative  with 1) Lam be rt’s
(1966) two inform al facie s of the  "S e rville ta F orm ation” (the  “sand y grave l facie s”
found  south of the  R io H ond o, and  the  “grave lly silt facie s” found  be twe e n the  R io
H ond o and  the  R e d  R ive r), 2) Ke lson’s (1986) inform al “Basin F ill d e posit,” 3) the  unit
pre viously inform ally calle d  “Blue be rry H ill formation” in the  T aos are a, and  4)
Pazzaglia’s (1989) late  N e oge ne -Q uate rnary rift fill se que nce  (unit Q 1) which he
inform ally nam e d  the  Lam a formation; he re in, for this stud y are a, the  Lam a formation
is d e fine d  as the  uppe rmost, pre -incision, se d im e ntary rift fill, and , whe re  e xtant,
re pre s e nts the  uppe rmost m e m be r of the  S anta F e  Group; the  unit the re fore  includ e s
all of the  basin fill be twe e n the  old e st S e rville ta Basalt at 5.55 ± 0.37 Ma ne ar Ce rro
Azul (T aos Junction quad rangle , D. Koning, pe rsonal com munication, 2015) and  the
old e s t R io Grand e  (and  tributary) te rrace  grave ls (e .g., Q t0rg, Q t0rr); the  Lam a
form ation and  the  und e rlying Cham ita F orm ation are  te xturally and  com positionally
sim ilar and  may be  ind istinguishable  in bore hole s, although Koning e t al. (2015) note d
a coarse ning of se d im e nt (southwe st of the  m ap are a) that roughly coincid e s with the
Cham ita/Lam a contact in the  m ap are a; the  top of the  Lam a formation is typically
m arke d  by a sharp unconform ity and  color/te xtural contrasts with ove rlying grave ls;
the  unit contains of se ve ral late rally variable  com pone nts of se d im e ntary fill that are
associate d  with various prove nance  are as re late d  to e ast- or we st-flowing tributary
wate rshe d s that have  be e n fairly pe rsiste nt in the  late  Ce nozoic; locally contains te phra
laye rs; re worke d  te phra from the  lowe rmost Lam a formation in a road  cut ne ar the
R e d  R ive r F ish H atche ry (Guad alupe  Mountain quad rangle , e le vation ca. 7,160 ft) was
probably d e rive d  from ne arby ca. 5 Ma volcanic units (R . T hom pson, pe rsonal
communication, 2015); a te phra in the  uppe rmost Lam a formation yie ld e d  a d ate  of
≈1.6 Ma base d  on a che m ical corre lation with the  1.61 Ma Guaje  Pum ice  Be d  in the
Je m e z Mountains (e le vation ca. 7,660 ft, M. Mache tte , U SGS, pe rsonal communication,
2008) to the  southwe st of the  m ap are a; thickne ss range s from ze ro to an e xpos e d
thickne ss of about 25 m at the  southwe ste rn e nd  of Blue be rry H ill (T aos quad rangle ),
but may be  consid e rably thicke r in othe r parts of the  m ap are a.
03-02-02-01-00— unit02— T cc— Clay laye r in the  Lam a formation of the  S anta F e
Group—Distinctive , thin, light-gray clay laye r that is locally e xpose d  in the  walls of the
R io Grand e  gorge , d ownstre am from the  conflue nce  with the  R io Pue blo d e  T aos; the
clay is com pose d  of ve ry sm all (20 to 50 microns), we ll-sorte d  crystals of quartz and
fe ld spar in a clay matrix that most like ly form e d  in a lake  that e xiste d  be hind  a basalt-
d amm e d  ance stral R io Grand e ; the  clay lie s within the  clastic be d s of the  Lam a
form ation (Q T l), above  the  lowe rm ost S e rville ta Basalt; this clay laye r has hyd rologic
significance  be twe e n the  T aos Junction brid ge  and  Pilar, as on the  north slope  of the
gorge , as it is spatially re late d  to a se rie s of sm all springs and  se e ps that e xist at
e le vations of approxim ate ly 6,200 ft; the  clay laye r e xte nd s d ownstre am, whe re  it hosts
a numbe r of large r springs that e m e rge  from the  north gorge  wall d ownstre am from
Pilar; the  known, e xpose d  late ral e xte nt of the  laye r is a m inim um of 17 km (11 m i) in
the  gorge ; ad d itionally, the  clay like ly e xte nd s up the  R io Pue blo d e  T aos, whe re  it is
obse rve d  in se ve ral of the  we lls use d  in this stud y; e stim ate d  to be  1 to 3 m thick. S e e
the  Explanation of Map S ym bols for the  sym bology use d  in the  m ap.
03-02-03-00-00— he ad ing03—Cham ita F orm ation—Cham ita F orm ation of the  S anta F e
Group—Cham ita F orm ation of the  S anta F e  Group
03-02-03-01-00— unit01— T c— Cham ita F orm ation of the  S anta F e  Group,
und ivid e d — S e d im e ntary d e posits be twe e n the  lowe st S e rville ta Basalt and  the
T e suque  F orm ation; typically round e d  to subround e d  pe bble - to cobble -size  clasts in a
sand  to silt m atrix; thick se ctions to the  south re fle ct Prote rozoic clast prove nance  and
are  d om inate d  by schist, quartzite , and  amphibolite  with le ss e r volcanic clasts d e rive d
from the  Latir volcanic fie ld ; locally, thin inte rbe d s are  typically d om inate d  by pe bble -
size  clasts in a fine  sand  to silt m atrix and  commonly includ e  the  rock type s above  in
ad d ition to subangular and  subround e d  volcanic clasts d e rive d  locally from ad jace nt
volcanic highland s of the  T aos Plate au volcanic fie ld ; the  top of T c is he re in d e fine d  as
the  se d im e nts be low the  younge st S e rville ta Basalt flows.
03-02-03-01-01— unit02— T cpm—Pilar Me sa m e m be r of the  Cham ita F orm ation, S anta
F e  Group— V e ry pale -brown to light-ye llowish-brown, mod e rate ly to we ll-sorte d ,
subangular to round e d , mostly tabular, thin- to thick-be d d e d , loose  to we akly(?)
ce m e nte d , ve ry fine  to coarse  sand  and  silty sand  inte rbe d d e d  with d ark-colore d ,
mod e rate ly to ve ry poorly sorte d , angular to subround e d  (ofte n platy), m e d ium- to
thick-be d d e d , mostly clast-supporte d  le nse s and  be d s of sand y conglom e rate ;
conglom e rate s contain clasts of Prote rozoic quartzite , T e rtiary volcanic rocks, Pilar
F orm ation slate  (Y tp), Pale ozoic sand stone , siltstone , and  lim e stone , granitic rocks, and
rare  amphibolite , carbonate  nod ule s, and  rip-ups of fine s re se m bling ad jace nt
sand stone  inte rbe d s; this unit was inform ally d e scribe d  as the  Cie ne guilla m e m be r of
the  T e suque  F orm ation by Le ininge r (1982); approxim ate ly 230 m thick.
03-02-04-00-00— he ad ing03—Cham ita and  T e suque  F orm ations— Cham ita and
T e suque  F orm ations of the  S anta F e  Group—Cham ita and  T e suque  F orm ations of the
S anta F e  Group
03-02-04-01-00— unit01— T c+T to— Cham ita F orm ation and  O jo Calie nte  S and s tone
Me m be r of the  T e suque  F orm ation, S anta F e  Group, und ivid e d — In cross s e ction only.
T c and  T to und ivid e d , se e  d e scriptions of ind ivid ual units.
03-02-05-00-00— he ad ing03— T e suque  F orm ation— T e suque  F orm ation of the  S anta F e
Group— R io Grand e  rift re late d  basin-fill d e posits of clay, silt, sand , pe bble s, cobble s,
and  bould e rs.

03-02-05-01-00— unit01— T tbc— Ce jita Me m be r of the  T e suque  F orm ation, S anta F e
Group (Lithosom e  B)— V e ry pale -brown (10 Y R 7/4), we ll- to m od e rate ly we ll-sorte d ,
subround e d  to round e d , loose  to mod e rate ly we ll-ind urate d  sand stone ; this unit is a
d istinctive  e olian sand  d une  d e posit source d  from the  southwe st (Galusha and  Blick,
1971); d om inant grain size  is fine  sand ; CaCO 3 concre tions are  abund ant, brown, and
1.3 to 5.0 cm thick; Q F L proportions ne ar Dixon (V e lard e , N M) ave rage  62% quartz,
28% fe ld spar, 10% lithics and  LvLsLm ratio ave rage s 82% Lv, 8% Ls, and  10% Lm
(S te inpre s s, 1980); thin re d d ish-brown, fine ly lam inate d  siltstone  horizons e xist locally;
tabular cross-be d s are  comm on, with se ts ove r 4 m in he ight; the  be st e xposure s are  in
road cuts along N M-68, northe ast of Pilar; in the  m ap are a, this unit und e rlie s the  Pilar
Me sa m e m be r (T cpm) of the  Cham ita F orm ation (T c) be low an inte rfinge ring(?)
contact, and  som e  of the  sand  in the  Pilar Me sa m e m be r is probably re worke d  O jo
Calie nte  S and stone  Me m be r and /or sand  d e rive d  from the  sam e  source  d uring Pilar
Me sa m e m be r tim e ; age  range  of 13.5 to 10.9 Ma is base d  on re gional re lationships
(Koning e t al., 2005); approxim ate ly 250 m thick.
03-02-05-02-00— unit01— T to— O jo Calie nte  S and stone  Me m be r of the  T e suque
F orm ation, S anta F e  Group—Buff to gre e nish, m od e rate ly to poorly sorte d , m e d ium-
to thick-be d d e d , sand y conglom e rate  to pe bbly sand stone  and  subord inate  coarse - to
fine -graine d  silty sand stone  containing round e d  to subangular clasts of Prote rozoic
quartzite , Pale ozoic sand stone , siltstone , and  lim e stone , and  T e rtiary volcanic clasts;
ove rlie s both the  O jo Calie nte  S and stone  Me m be r and  Dixon m e m be r of the  T e suque
F orm ation; Lithosom e  B re fe rs to the  lithologic d e signations of Cavazza (1986), also se e
Koning and  Aby (2003); age  range  of 13.2 to 7.0 Ma bas e d  on re gional re lationships
(Koning and  Aby, 2005).
03-02-05-03-00— unit01— T tqa— Q uartzite -rich unit of the  T e suque  F orm ation, S anta F e
Group—Mostly light-colore d  (buff to ve ry pale -brown), mod e rate ly(?) to poorly
sorte d , loose  to we akly ce m e nte d , m e d ium to thick-be d d e d (?), silty sand stone (?) to
sand y cobble  conglom e rate  com pose d  of quartzite  and  <25% granitic clasts; this unit is
m ore  granitic-rich to the  south on the  T ruchas quad rangle  whe re  te phra laye rs, high in
the  stratigraphic s e ction in the  we ste rn part of the  quad rangle , yie ld e d  40Ar/39Ar age s
of 11.7 and  11.3 Ma (S m ith e t al., 2004); in the  T ruchas quad rangle  the  lowe r se ction is
probably old e r than 15 Ma base d  on provisional corre lations to strata in ad jace nt
quad rangle s (S m ith e t al., 2004); in the  T ruchas quad rangle  the  total thickne ss is
approxim ate ly 500 m.
03-02-05-04-00— unit01— T td — Dixon m e m be r of the  T e suque  F orm ation, S anta F e
Group— R e d , tan, be ige , and  locally gre e n, sand y to claye y silt and  silty clay be d s
about 0.1 to 6(?) m thick, inte rbe d d e d  with tan, brownish, re d d ish, and
characte ristically gre e nish, mod e rate ly to ve ry poorly sorte d , ofte n pre fe re ntially
carbonate -ce m e nte d , thinly to thickly be d d e d  conglom e rate s and  fine - to coarse -
graine d , arkosic sand stone s be twe e n ≈0.5 and  ≈5 m thick; conglom e rate s contain
abund ant, poorly to mod e rate ly we ll-round e d  clasts of Prote rozoic quartzite  and
Pale ozoic sand stone , lim e stone , and  siltstone ; se d im e ntary fe ature s othe r than plane
lam ination are  not comm on but includ e  ripple  m arks, cross-be d s, and  late ral accre tion
(point-bar) fore se ts; contacts be twe e n be d s are  typically abrupt and  the  base s of
sand stone s and  conglom e rate s are  commonly scoure d  with from 0.01 to 1 m of re lie f;
im brication of clasts is locally mod e rate ly we ll d e ve lope d ; pale ocurre nt ind icators
(im brications and  the  strike s of channe l walls) ind icate  transport prim arily from the
south, e ast, and  northwe st; sand stone s and  conglom e rate s are  pre fe re ntially ce m e nte d
with calcium carbonate ; carbonate  ce m e nt locally form s a sparry white  m atrix be twe e n
grains; in this are a, S m ith e t al. (2004) d e m onstrate d  that the  Dixon m e m be r and  Ce jita
Me m be r of the  T e suque  F orm ation are  ind istinguishable  in the  fie ld  whe re  not
se parate d  by the  O jo Calie nte  S and stone ; age  of ≈13 to 11.8 Ma (late st Barstovian) is
base d  on fossils (T e d ford  and  Barghoorn, 1993); minimum of 250 m thick.
03-02-05-05-00— unit01— T tcu— U ppe r part of the  Cham a-El R ito Me m be r of the
T e suque  F orm ation, S anta F e  Group— V e ry pale -brown to light-ye llowish-brown,
mod e rate ly to poorly sorte d , subangular to subround e d , thinly to thickly be d d e d ,
tabular, loos e  to mod e rate ly carbonate -ce m e nte d , fine - to coars e -graine d , silty
sand stone  inte rbe d d e d  with m od e rate ly to poorly sorte d , subangular to subround e d ,
m e d ium- to thick-be d d e d , tabular to broad ly le nticular(?), sand y conglom e rate
com pose d  of variable  amounts of Prote rozoic quartzite , Pilar F orm ation slate  (Y tp),
schis t, T e rtiary volcanic rocks, Pale ozoic sand stone , lim e stone  and  siltstone , granitic
rocks, and  rare  rip-up clasts; the  lowe r contact is grad ational (inte rfinge ring?) with the
re st of Cham a-El R ito Me m be r (T tc); the  lowe r contact is d rawn at approxim ate ly 10%
Pale ozoic clasts; the  uppe r contact is not e xpose d  but is probably grad ational and
inte rfinge ring with the  O jo Calie nte  S and stone  Me m be r (T to); large ly cove re d  by
Q uate rnary alluvium, howe ve r, som e  mod e rate ly good  e xposure s ove rlie  T tc in Agua
Calie nte  Canyon; som e  be d s of T tc ne ar the  contact contain anom alously high num be rs
of sand stone  and  granitic clasts and  som e  Pilar F orm ation slate  which is sim ilar to the
Pilar Me sa m e m be r (T cpm); the s e  be d s und e rlie  the  O jo Calie nte  S and stone , which
d e fine s the  top of the  T e suque  F orm ation of Galusha and  Blick (1971) in the  Carson
quad rangle , so the y are  includ e d  in T tc he re  rathe r than d e fining a se parate  m e m be r
for the s e  rocks; age  range  of 14 Ma to 11 Ma is base d  on the  age  of ove rlying and
und e rlying units; whe re  unfaulte d  the  unit is at le ast 200 m thick.
03-02-05-06-00— unit01— T tc— Cham a-El R ito Me m be r of the  T e suque  F orm ation, S anta
F e  Group—Buff, whitish, pink, re d  and  brownish, mod e rate ly to ve ry poorly sorte d ,
subangular to subround e d , tabular to le nsoid al(?), thinly to ve ry thickly be d d e d ,
m assive , plane -be d d e d , or cross-be d d e d , loose  to carbonate -ce m e nte d  mud d y siltstone
to silty, ve ry fine  to ve ry coarse  sand stone  inte rbe d d e d  with m od e rate ly to poorly
sorte d , mostly subround e d , m e d ium- to ve ry thick-be d d e d  tabular be d s and  broad
le nse s of silty/sand y and  sand y pe bble  conglom e rate ; clasts consist mostly of T e rtiary
volcanic rocks and  quartzite  with le ss e r am ounts of Pale ozoic sand s tone , granitic
rocks, Pilar F orm ation (Y tp) slate , schist, and  rare  am phibolite ; range s in age
re gionally from possibly >22 Ma to ≈13 Ma (Aby, 2008); thickne ss unknown, but is
e xpe cte d  to range  consid e rably in the  subsurface .
03-02-06-00-00— he ad ing03— O the r De posits of the  S anta F e  Group— O ld e r De posits of
the  S anta F e  Group— O ld e r De posits of the  S anta F e  Group
03-02-06-01-00— unit01— T bca—Basal colluvial and  alluvial d e posits of the  S anta F e
Group—Alluvial and  colluvial m ate rial und e rlying T tc, T td , and  T ptc in m any
locations; clast com positions are  variable  but are  prim arily d e rive d  from local
Prote rozoic units; a ≈20-cm-thick te phra be d  sam ple d  from a road  cut in the  town of
T ram pas (13S 432003mE 3998789m N , N AD83) yie ld e d  a plagioclase  40Ar/39Ar d ate  of
22.7 ± 0.4 Ma; approxim ate ly 3 to 30 m thick.
03-02-07-00-00— he ad ing03— T e suque  and  Picuris F orm ations— T e suque  F orm ation of
the  S anta F e  Group and  Picuris F orm ation— T e suque  F orm ation of the  S anta F e  Group
and  Picuris F orm ation
03-02-07-01-00— unit01— T tc+T pt— Cham a-El R ito Me m be r of the  T e suque  F orm ation,
S anta F e  Group and /or tufface ous m e m be r of the  Picuris F orm ation,
und ivid e d — Inte rbe d d e d  and /or comple xly faulte d , poorly e xpose d , sparse  outcrops of
tufface ous and  pum ice ous silty sand stone s (T pt) and  volcaniclastic sand stone  and
conglom e rate  (T tc); stratigraphic/te m poral re lations be twe e n the  tufface ous m e m be rs
of the  Picuris F orm ation (T pt) and  the  Cham a-El R ito Me m be r (T tc) are  d isce rnible
(and  cle arly ‘laye r cake ’) in the  southe rn Picuris Mountains, howe ve r, locally the
tufface ous m e m be r is e ithe r abse nt or not e xpose d  along most of the  range  front; along
the  northe aste rn e d ge  of the  m ap are a are  poorly e xpose d , and  possibly com ple xly
faulte d , outcrops of both tufface ous and  volcaniclastic rocks that ind icate  possible
inte rfinge ring of the  two units; e lse whe re , the s e  rocks we re  re fe rre d  to as the  m id d le
tufface ous m e m be r of the  Picuris F orm ation (Aby e t al., 2004); age  is le ss than ≈25 Ma
base d  on abund ant clasts of 25 Ma Amalia T uff, but m inimum age  is unknown;
thickne ss in the  m ap are a is unknown.
03-03-00-00-00— he ad ing02—PicurisF m —Picuris F orm ation—Picuris

03-03-01-00-00— unit01— T p—Picuris F orm ation, und ivid e d — In cross se ction only. In
the  Picuris Mountains are a (Aby e t al., 2004) consists of an uppe r m e m be r of
tufface ous and  pum ice ous silty sand stone s and  volcaniclastic sand stone  and
conglom e rate ; a m e m be r of buff to white  and /or pinkish, silty sand stone  to fine  cobble
conglom e rate  and  non-friable  to strong, ve ry fine -lowe r- to ve ry coarse -uppe r-graine d ,
ve ry poorly to mod e rate ly sorte d , round e d  to subangular, thinly to thickly be d d e d ,
silica-ce m e nte d  silty to pe bbly sand stone  that locally contains a basal portion of poorly
sorte d  pe bbly/grave lly sand stone  and /or cobble /bould e r conglom e rate  com pose d
e xclusive ly of Prote rozoic clasts; a m e m be r of light-buff, ye llowish, and  locally white ,
ash-rich, quartzose , silty, fine  sand  to pe bbly, pum ice ous sand stone ; a lowe r m e m be r of
re d , gre e nish, and  ye llowish, mod e rate ly to ve ry poorly sorte d , subangular to
subround e d , pe bbly/silty sand stone  and  mud stone  containing ve ry thick(?) to thin
be d s and /or le nse s and /or isolate d  clasts of subangular to round e d  Prote rozoic
quartzite  (up to 3 m across) and  massive  quartzite  conglom e rate ; pale o-flow
m e asure m e nts ind icate  source  to the  north (R e hd e r, 1986); age  range  is from at le ast
34.5 Ma to le ss than 25 Ma; thickne ss unknown, but at le ast 450 m thick in the  Picuris
Mountains are a.

03-03-02-00-00— unit01— T pt— T ufface ous m e m be r of the  Picuris F orm ation—Light-
buff, ye llowish, and  locally white , ash-rich, quartzose , silty, fine -graine d  sand  to
pe bbly, pum ice ous sand stone ; ve ry friable  to som e what friable , mod e rate ly to ve ry
poorly sorte d , comm only bimod al, and  m assive ; ve ry thickly to thinly be d d e d  with
locally we ll-d e ve lope d  fining upward  se que nce s; most sand stone  be d s contain a sm all
pe rce ntage  of m e d ium-lowe r- to coarse -uppe r-graine d  sand  of Pilar F orm ation (Y tp)
slate  and  quartzite ; thin to thick (5 cm to 1.5 m) inte rbe d s and  channe l-fills of buff to
black, friable , mod e rate ly to poorly sorte d , subangular to subround e d  Pilar F orm ation
slate  and  quartzite -rich and /or T e rtiary pum ice -rich conglom e rate ; the  lowe r portion,
just we st of Ce rro Blanco (T ram pas quad rangle ) and  just e ast of the  granitic highland
in S e ction 29, T 023N  R 012E, is poorly sorte d , fine - to coarse -graine d , grussy, pe bbly
sand ; sm all-scale  fining upward  se que nce s ind icative  of fluvial d e position are  e xpose d
on the  slope s of Ce rro Blanco; ne ar the  aband one d  powe r substation in S e ction 32,
T 023N  R 012E the  d e posit contains rare  pe bbly/grave ly channe ls that are  rich in granite ,
e pid ote , slate , am phibolite , and  schist(?), and  a single  e xposure  of bould e r
conglom e rate  com pose d  of Pe ñasco quartz m onzonite  porphyry, quartzite , and
am phibolite ; e xposure s north of the  R io Pue blo d rainage  contain white  ash be d s (15 to
65 cm); som e  ash laye rs are  d istinctly bioturbate d ; som e  conglom e rate  be d s contain
abund ant, round e d  T e rtiary pum ice  lapilli; lapilli in lowe r portions of the  unit are
white  or pink, mafic-poor, with phe nocrysts of quartz and  plagioclase ; ne ar, and  at, the
uppe r contact is a biotite -rich pum ice ; the  lowe r contact is not e xpose d  in the  m ap
are a; the  uppe r contact is m appe d  as the  base  of the  first silica-ce m e nte d  be d  in the
s e ction; a prim ary Amalia T uff ash fall id e ntifie d  within the  m id d le  m e m be r at Ce rro
Blanco and  sim ilar ash be d s e xists on the  hill just northwe st of Picuris Pue blo (Pe ñasco
quad rangle ); pum ice  from the  Amalia T uff e ruption has be e n id e ntifie d  at se ve ral
place s along the  southe aste rn e d ge  of the  Picuris Mountains; two ad d itional
populations of pre - and  post-cald e ra pum ice  at 23 Ma and  27 Ma have  be e n id e ntifie d ;
base d  on 40Ar/39Ar ge ochronology, this unit was d e posite d  starting about 28 Ma in
the  northe rn Picuris Mountains (base d  on the  age  of the  Llano Q ue m ad o bre ccia) and
starting about 25 to 26 Ma in the  southe rn Picuris Mountains (bas e d  on the  age  of an
ash that is low in the  se ction); d e position e nd e d  by at le ast 18.6 Ma in the  northe rn
Picuris Mountains and  by 19.8 Ma in the  southe rn Picuris Mountains base d  on age s of
basalt clasts in T tc (Aby e t al., 2004; Baue r e t al., 2005); approxim ate ly 125 m thick.
03-03-02-01-00— unit02— T ptc— Ce m e nte d  part of the  tufface ous m e m be r of the  Picuris
F orm ation—Buff to white  and /or pinkish, silty sand stone  to fine  cobble  conglom e rate
and  non-friable  to strong, ve ry fine -lowe r- to ve ry coars e -uppe r-graine d , ve ry poorly
to mod e rate ly sorte d , round e d  to subangular, thinly to thickly be d d e d , silica-ce m e nte d
silty to pe bbly sand stone ; locally contains a basal portion of poorly sorte d
pe bbly/grave lly sand stone  and /or cobble /bould e r conglom e rate  com pose d  e xclusive ly
of Prote rozoic clasts; in e xposure s along N M-76 be twe e n Cham isal and  Pe ñasco (the
‘Cham isal e xposure s’ of Aby e t al., 2004) the  lowe st, e xpose d , ce m e nte d  part of the
tufface ous m e m be r is at le ast 13 m of mod e rate ly we ll-sorte d , thickly be d d e d , sub-
round e d  to angular, cobble  and  bould e r conglom e rate  com pose d  of Prote rozoic
granite  (46%), quartzite  (26%), amphibolite  (26%), phyllite  (1%), and  schist (1%); the
uppe r contact is place d  at the  top of the  last silica-ce m e nte d  be d , and  locally d isplays
flam e  structure s; rare  pale ocurre nt ind icators show transport from the  northwe s t,
north, and  northe ast; age  is probably be twe e n about 23 Ma and  20 Ma base d  on
40Ar/39Ar age s of pum ice  clasts in this unit, and  a basalt clast in the  ove rlying rocks
(Aby e t al., 2004); approxim ate ly 10 to 35 m thick.
03-03-03-00-00— unit01— T plq— Llano Q ue m ad o bre ccia m e m be r of the  Picuris— Light-
gray to re d , monolithologic volcanic bre ccia of d istinctive  e xtre m e ly angular, poorly
sorte d , light-gray, re crystallize d  rhyolite  clasts in a ge ne rally re d d ish m atrix; rhyolite
clasts contain phe nocrysts of biotite , sanid ine , and  quartz; highly lithifie d  d ue  to
partial we ld ing of the  m atrix rathe r than silica or carbonate  ce m e nt; rid ge -form e r; the
unit shows both clast and  matrix support; the  be d s are  ge ne rally 1 to 8 m thick; clasts
are  up to 15 cm in d iam e te r and  ove rall clast size  d e cre ase s southward ; le ss than 1% of
clasts are  Prote rozoic slate  and  we athe re d  T e rtiary volcanic rocks; the  bre ccia is
inte rpre te d  as a se rie s of flows from a now-burie d , ne arby rhyolite  ve nt (R e hd e r, 1986);
40Ar/39Ar d ate  on sanid ine  from a rhyolite  clast colle cte d  1 km southwe st of Ponce  d e
Le on S prings is 28.35 ± 0.11 Ma; appare nt thickne ss e s of 5 to 45 m, although subsurface
e xte nt is unknown.
03-03-04-00-00— unit01— T pa—And e sitic porphyry of the  Picuris F orm ation—Poorly
e xpose d , re d d ish-gray, and e sitic porphyry that is e xpose d  only in a single  sm all
e xposure  in northe rn Mirand a Canyon whe re  it appe ars to und e rlie  T plq; age
unknown, although it may be  re late d  to the  volcanic compone nt of the  T plq.
03-03-05-00-00— unit01— T pl— Lowe r m e m be r of the  Picuris F orm ation—Mostly
poorly e xpose d , re d , gre e nish, and  ye llowish, mod e rate ly to ve ry poorly sorte d ,
subangular to subround e d , pe bbly/silty sand stone  and  mud stone  containing ve ry
thick(?) to thin be d s and /or le nse s and /or isolate d  clasts of subangular to round e d
Prote rozoic quartzite  (up to 3 m across) and  m as sive  quartzite  conglom e rate ;
comm only highly we athe re d  with fracture d  clasts; most available  e xposure s consist of
ve ry we ll-carbonate -ce m e nte d  quartzite  pe bble  and  cobble  conglom e rate  inte rvals
e xpose d  ne ar mappe d  faults; the  lowe r contact is place d  at the  first accumulation of
d ive rse  Prote rozoic clasts (quartzite , Pilar F orm ation slate  [Y tp], ± schis t); the  uppe r 10
m in Agua Calie nte  Canyon (Carson to Pe ñasco quad rangle s) is a we ll-e xpose d  be d  of
we ll-sorte d , quartzite -cobble  conglom e rate  (F igure  7 of Aby e t al., 2004); the
orie ntation of 95 we ll-im bricate d  clasts in this inte rval sugge st d e rivation from the
northe ast (ave rage  pale o-transport d ire ction is 143°), at od d s with a pre vious
inte rpre tation that this unit was d e rive d  from the  Picuris Mountains to the  southe ast
(Le ininge r, 1982); this unit was inform ally nam e d  the  “Brad le y conglom e rate  m e m be r”
of the  T e suque  F orm ation (Le ininge r, 1982) for e xposure s ne ar the  V illage  of Pilar, but
that nam e  has be e n aband one d ; this unit has also be e n re fe rre d  to as the  “lowe r
conglom e rate  m e m be r” of the  Picuris F orm ation (Aby e t al., 2004) but, locally, much of
the  unit is fine -graine d ; ne ar the  top(?) of the  se ction in Agua Calie nte  Canyon is an
ash laye r d ate d  at 34.5 ± 1.2 Ma by 40Ar/39Ar (Aby e t al., 2004); re gionally, this unit
contains variable  amounts of inte rm e d iate -com position volcanic rocks (d ate d  by
40Ar/39Ar at 32.4 to 28.8 Ma; Aby e t al., 2007), and  fluvially re worke d  Llano Q ue m ad o
bre ccia (28.35 Ma); the  old e s t ashe s are  d ate d  at 35.5 Ma and  35.6 Ma (Aby e t al., 2004),
but the  m aximum age  of the  unit is unknown; whe re  not faulte d  the  unit is at le ast 250
m thick.
03-04-00-00-00— he ad ing02— O ld e r T e rtiary U nits— O ld e r T e rtiary U nits— O ld e r
T e rtiary U nits
03-04-01-00-00— unit01— T h— O ld e r T e rtiary rocks— In cross se ction only. Volcanic,
volcaniclastic, and  clastic rocks that pre d ate  the  T e suque  F orm ation; may includ e  the
H insd ale  F orm ation, Los Pinos F orm ation, and  sim ilar units.
04-00-00-00-00— he ad ing01— S e d im e ntary R ocks of the  T aos T rough— S e d im e ntary
R ocks of the  T aos T rough— S e d im e ntary R ocks of the  T aos T rough
04-01-00-00-00— unit01—IPu—Pe nnsylvanian se d im e ntary rocks of the  T aos T rough,
und ivid e d — Poorly e xpos e d ; gre e nish, re d d ish, ye llowish, buff, tan, black, and  brown;
ve ry friable  to firm; sand y to claye y; thinly to thickly be d d e d ; poorly to mod e rate ly
we ll-ce m e nte d (?), sand y to claye y siltstone , mud stone , and  shale  inte rbe d d e d  with
m os tly gre e nish and  brownish, firm to ve ry strong, poorly to mod e rate ly we ll-sorte d ,
poorly to mod e rate ly we ll-round e d , thin- to ve ry thickly be d d e d , mod e rate ly to ve ry
we ll-ce m e nte d , quartzose , fe ld spathic, and  arkosic, silty to pe bbly sand stone  and
sand y conglom e rate  and  le s s common thin- to thick-be d d e d , grayish and  blackish
lim e stone  of the  Alam itos and  F le chad o F orm ations; contains a rich assortm e nt of
fossils; sand stone s commonly contain plant fragm e nts that have  be e n alte re d  to
limonite (?); contacts be twe e n be d s are  ge ne rally sharp, rare ly with m inor scour (le s s
than ≈20 cm); the  lowe r contact is sharp, planar(?), and  d isconform able (?) whe re  it
ove rlie s Mississippian rocks; the  lowe r contact is m appe d  at the  top of the  De l Pad re
S and stone  Me m be r (Md p) or highe s t Missis sippian carbonate , or at the  base  of the
lowe st se d im e ntary be d  whe re  Mississippian rocks are  abs e nt; conglom e ratic laye rs in
the  lowe r part of the  unit locally contain rare , som e tim e s band e d , che rt pe bble s;
e quivale nt to the  S and ia, Mad e ra, and  La Posad a F orm ations to the  south; colluvial
d e posits have  not be e n mappe d  on the  T re s R itos quad rangle , but most of the
Pe nnsylvanian rocks are  cove re d  by brown to ne arly black, loose , ve ry poorly sorte d ,
round e d  to angular, massive - to ve ry crud e ly be d d e d , sand y to silty conglom e rate  and
pe bbly to silty sand ; this m ate rial is cle arly colluvial base d  on its land scape  position
and  the  rand om orie ntation of large r clasts within a matrix of usually d ark, organic-
rich fine s; wind throw (move m e nt of soil by toppling of tre e s) is thought to be  an active
proce ss in the  m ap are a, and  is probably re sponsible  for the  pe rvasive  colluvial mantle ;
fusulinid s colle cte d  in the  T aos quad rangle  are  De sm oine sian in age  (Bruce  Alle n,
pe rsonal communication, 2000); Mille r e t al. (1963) m e asure d  an incom ple te  se ction of
1,756 m along the  R io Pue blo ne ar the  Comale s Campground  (T re s R itos quad rangle ),
and  an aggre gate  thickne ss of Pe nnsylvanian strata in the  m ap are a of >1,830 m.

04-02-00-00-00— unit01—IPlst— Lim e stone , Pe nnsylvanian se d im e ntary rocks of the
T aos T rough—Light-gray lim e stone  in scatte re d  d iscontinuous laye rs; fossilife rous to
non-fossilife rous; fossils includ e  phylloid  algae , crinoid s, brachiopod s, and  othe r she ll
fragm e nts; we ll-be d d e d  to poorly be d d e d ; outcrops are  typically highly we athe re d
and , locally, are  highly fracture d ; lim e stone  re pre se nts a ve ry sm all pe rce ntage  (<1%)
of the  volum e  of Pe nnsylvanian rock in the  m ap are a.

04-03-00-00-00— unit01—IPbs— Basal sand stone , Pe nnsylvanian se d im e ntary rocks of
the  T aos T rough—Mostly white  with som e  ye llowish, brownish, and /or re d d ish
stre aks and  staining, ve ry hard , mod e rate ly we ll-sorte d , angular to m od e rate ly we ll-
round e d , m e d ium- to thick-be d d e d (?), we ll to ve ry we ll-silica-ce m e nte d  quartz
sand stone , pe bbly sand stone , and  m inor bre ccia(?); this we ll-ind urate d  unit can be
d ifficult to d is tinguish from the  O rte ga F orm ation (X ho) quartzite , as both rock type s
bre ak across grains; this unit is also sim ilar to the  De l Pad re  S and stone  (Md p,
Missis sippian) as the y occupy sim ilar stratigraphic positions and  are  virtually id e ntical
in som e  hand  sam ple s; howe ve r, the  basal sand stone  has slightly more  m atrix, spars e ,
alte re d  fe ld spar grains, ge ne rally poore r round ing of grains, and  a le ss d ive rse  range
of colors than the  De l Pad re  S and stone ; the  lowe r contact is m appe d  at the  top of
Prote rozoic rocks; the  uppe r contact is m appe d  at the  top of the  highe st we ll-ce m e nte d
sand stone ; partial e rosion of Mississ ippian carbonate s re gionally m ake s it like ly that
the  Pe nnsylvanian basal sand stone  d ire ctly ove rlie s the  De l Pad re  S and stone  in place s;
in such case s the  two units would  be  ind istinguishable  as mappable  units, and  the  De l
Pad re  S and stone  would  be  includ e d  within the  basal Pe nnsylvanian sand s tone  on the
m ap.
04-04-00-00-00— he ad ing02—Arroyo Pe ñasco Group—Arroyo Pe ñasco Group—Arroyo
Pe ñasco Group
04-04-01-00-00— unit01—Mu— S e d im e ntary rocks of the  Arroyo Pe ñasco Group,
und ivid e d — In cross se ction only. U nd ivid e d  se d im e ntary Mississippian rocks of the
T aos trough.
04-04-02-00-00— unit01—Mt— T e re rro F orm ation of the  Arroyo Pe ñasco Group— N e ar
Ponce  d e  Le on S prings; consists of 1 to 2 m of basal strom atolitic, limy sand stone
ove rlain by about 7 m of d olom itic lim e stone , ove rlain by about 12 m of calcitic
d olom ite  with strom atolite s and  be d d e d  and  nod ular che rt (Arm strong and  Mam e t,
1990); approxim ate ly 20 m thick.
04-04-03-00-00— unit01—Mc—Espiritu S anto F orm ation and  T e re rro F orm ation
carbonate s, Arroyo Pe ñasco Group— W he re  rare ly e xpose d , the  carbonate -rich rocks at
the  top of the  De l Pad re  S and stone  (Md p) grad e  into ove rlying T e re rro F orm ation (Mt)
carbonate  se d im e ntary rocks; on the  R anchos d e  T aos quad rangle  ne ar Ponce  d e  Le on
S prings, the  T e re rro F orm ation consists of 1 to 2 m of basal strom atolitic, limy
sand stone  ove rlain by about 7 m of d olom itic lim e s tone , ove rlain by about 12 m of
calcitic d olom ite  with strom atolite s and  be d d e d  and  nod ular che rt (Arm strong and
Mam e t, 1990); Espiritu S anto and  T e re rro rocks (Me s) are  lumpe d  d ue  to the ir thinne ss,
poor e xposure , and  the  d isagre e m e nts among publishe d  d e scriptions and  stratigraphic
se ctions (Mille r e t al., 1963; Arm strong and  Mam e t, 1979; Baltz and  Me ye rs, 1999);
thickne ss is approxim ate ly 20 m.
04-04-04-00-00— unit01—Me s—Espiritu S anto F orm ation of the  Arroyo Pe ñasco
Group, und ivid e d — T he  basal De l Pad re  S and stone  Me m be r (Md p) is com pose d  of a
thin basal conglom e rate , quartz sand stone , and  m inor lim e stone  be d s at top; an uppe r,
carbonate -rich se ction grad e s into ove rlying T e re rro F orm ation.
04-04-04-01-00— unit02—Md p—De l Pad re  S and stone  Me m be r of the  Espiritu S anto
F orm ation, Arroyo Pe ñasco Group— W hite , tan, ye llowish, gre e n, re d , and /or mottle d ,
fine -uppe r- to ve ry coarse -uppe r-graine d , strong-to-ve ry strong, mod e rate ly to ve ry
we ll-sorte d , we ll-round e d  to subangular, thinly to ve ry thickly be d d e d , mostly
horizontally lam inate d  to low angle  cross-be d d e d , quartz-ove rgrowth ce m e nte d
sand stone , pe bbly sand stone , sand y conglom e rate , and  m inor bre ccia(?); contacts are
ge ne rally sharp and  paralle l, although m inor (<20 cm) scouring e xists locally; jointing
is prom ine nt; e xposure s are  good  re lative  to othe r Pale ozoic rocks d ue  to its re sistance
to e rosion, but is variable  in ge ne ral; liche ns typically obscure  se d im e ntary fe ature s
and  be d d ing e ve n whe re  e xposure  is re lative ly good ; unconform ably ove rlie s
Prote rozoic rocks in much of the  S angre  d e  Cristo Mountains of northe rn N e w Me xico
(Arm strong and  Mam e t, 1979); Mille r e t al. (1963) re porte d  an unusually thick (≈50 m)
se ction of the  De l Pad re  north of the  R io Pue blo in O sha Canyon (Pe ñasco quad rangle )
just we st of the  m ica m ine , howe ve r, a sim ilar e xposure  re porte d  by Mille r e t al. (1963)
contains Pe nnsylvanian fossils (Cathe r, e t al., 2007), and  the re fore  the  e xposure s in
O sha Canyon, m ay also be  Pe nnsylvanian; d iffe re ntiating the  De l Pad re  S and stone
from the  Pe nnsylvanian basal sand stone  is not fe asible  in are as of poor e xposure ;
howe ve r, the  pre s e nce  or abse nce  of the  Espiritu S anto carbonate s can be  use ful in
d istinguishing the  two; the  basal contact of the  De l Pad re  is he re in mappe d  at the
lowe st id e ntifiable  clastic be d s, although such a se le ction can be  proble m atic whe re  the
De l Pad re  ove rlie s the  O rte ga F orm ation (Xho) quartzite , as the  two are  sim ilar; the
uppe r contact is m appe d  at the  top of the  highe st strongly ce m e nte d  sand stone  be d ; in
the  R io Pue blo se ction at Comale s Campground , re porte d  thickne ss e s are  ≈19.5 m
(Mille r e t al., 1963), ≈17 m (Arm strong and  Mam e t, 1979) and  ≈8 m (Baltz and  Me ye rs,
1999); this m apping supports the  highe r e stim ate s.
05-00-00-00-00— he ad ing01—Me tam orphic and  Plutonic R ocks of the  Picuris
Mountains— Me tam orphic and  Plutonic R ocks of the  Picuris
Mountains— Me tam orphic and  Plutonic R ocks of the  Picuris Mountains
05-01-00-00-00— unit01— bre ccia— Mixe d  fault bre ccia— F ault bre ccia com pose d  of a
m ixture  of Prote rozoic H ond o Group (Xhu), Vad ito Group (Xvu), and  granitic rock
along the  T e rtiary Picuris-Pe cos fault; the  unit is a d istinct rid ge  form e r whe re  the
bre ccia is strongly solid ifie d .
05-02-00-00-00— he ad ing02—Plutonic & Me taplutonic R ocks—Plutonic &
Me taplutonic R ocks— Plutonic & Me taplutonic R ocks
05-02-01-00-00— unit01— Z d — Diorite  d ike — Dark-gre e n-gray quartz d iorite  d ike s
intrud e d  into Prote rozoic rocks; d ike s are  ve rtical, with strike s cluste re d  around  an
azim uth of 150°; compose d  of pale -gre e n clinopyroxe ne  (Cr-d iopsid e ?), zone d
plagioclase  (labrad orite ?), and  m inor quartz, magne tite , and  ilm e nite ; commonly
alte re d  to chlorite  and  clay; pyroxe ne  and  fe ld spar show norm al plutonic te xture s;
locally, d ike s are  lace d  with carbonate  ve ins; ge ne rally le ss than 1 m wid e ; contacts
be twe e n d iorite  and  country rock are  sharp and  comm only contain zone s of
bre cciation and  faulting; faults are  sub-ve rtical with d ip-slip fault striations; d ike s are
paralle l to the  Pilar-Vad ito fault and  othe r southe ast-striking faults of the  Picuris
Mountains. S e e  the  Explanation of Map S ym bols for the  sym bology use d  in the  m ap.
05-02-02-00-00— unit01— Yp—Pe gmatite — Includ e s both sim ple  (quartz-K-fe ld spar-
plagioclase -muscovite ) pe gm atite s and  com ple x zone d  pe gm atite s containing rare
m ine rals in the  T ram pas quad rangle ; sim ple  pe gm atite s are  by far the  m ost abund ant
in the  m ap are a; pe gmatite  bod ie s typically are  d ike s or le nse s, locally aligne d  paralle l
to country rock foliation; 2 cm to 15 m thick; no appare nt spatial re lationship e xists
be twe e n pe gm atite  bod ie s and  plutonic bod ie s, and  no e vid e nce  e xists to sugge st that
pe gm atite s are  conne cte d  to plutons at d e pth; m ore  than one  ge ne ration of pe gmatite
form ation is re pre se nte d , and  at le ast one  ge ne ration is younge r than the  younge st
granite  at 1,450 Ma (Long, 1976). S e e  the  Explanation of Map S ym bols for the
sym bology use d  in the  m ap.
05-02-03-00-00— unit01— Y hp— H ard ing pe gmatite — Comple x, asym m e trically zone d
pe gm atite  bod y in the  schists and  am phibolite  of the  V ad ito Group (X vu, Jahns and
Ewing, 1976) in the  southe rn Picuris Mountains; the  d isk-shape d  bod y is e longate
d own-d ip and  incline d  in a plane  that d ips 10° to 15° south; the  bod y is about 350 m
long, and  its thickne ss range s from 1 m at the  e d ge  to about 25 m at the  core ; major
m ine rals includ e  quartz, albite , m icrocline , muscovite , le pid olite , and  spod um e ne ;
principal acce ssory m ine rals are  be ryl, garne t, microlite , and  tantalite -colum bite ; about
40 othe r m ine rals have  be e n id e ntifie d  (Jahns and  Ewing, 1976); lath-shape d
spod um e ne  crystals are  up to 5 m long; in ge ne ral, from top to bottom, the  e ight
lithologic units of the  bod y are  be ryl zone , quartz zone , quartz-lath spod um e ne  zone ,
“spotte d  rock” unit, rose  muscovite -cle ave land ite  unit, cle ave land ite  unit, pe rthite
zone , and  aplite  zone ; re place m e nt fe ature s are  com mon; N orthrup and  Mawe r (1990)
conclud e d  that the  pe gm atite  is inte rnally d e form e d , probably synte ctonically as the
m e lt was e m place d  in locally d ilatant e xte nsion fracture s that d e ve lope d  late  in the
brittle -d uctile  she aring history; an age  of 1,366 Ma base d  on R b-S r of whole -rock
sam ple s and  m ine ral se parate s (Brookins e t al., 1979) could  be  consid e re d  a m inimum
age  for crystallization.
05-02-04-00-00— unit01— Ypqm—Pe ñasco quartz monzonite — Biotite  quartz monzonite
to granod iorite ; compose d  of quartz, plagioclase , m icrocline , and  biotite ; e uhe d ral 1
mm sphe ne  crystals are  comm on; acce ssory mine rals are  muscovite , allanite , e pid ote ,
m agne tite -he m atite , apatite , and  zircon; locally contains tabular m e gacrysts of
Carlsbad -twinne d  m icrocline  up to 9 cm in le ngth; myrm e kite  and  albite  rim s on
plagioclase  are  common; massive  to we akly foliate d , e xce pt locally along contacts
whe re  the  foliation is we ll d e ve lope d ; ge ne rally concord ant with country rock contacts
and  foliation; no compositional bord e r zone ; mafic m icrogranitoid  inclusions are
comm on, e spe cially ne ar bord e rs; intrusive  into the  R ana quartz monzonite  (Xrqm); U -
Pb zircon isotopic age  of about 1,450 Ma (Be ll, 1985); Danie l e t al. (2013) calculate d  a
m e an 207Pb/206Pb zircon age  of 1,450 ± 10 Ma.
05-02-04-01-00— unit02— Yppqm—Pe gmatitic phase  of the  Pe ñasco quartz
monzonite —Coarse -graine d , quartz, K-fe ld spar, and  plagioclase  granitic bod y with
pronounce d  myrm e kitic te xture ; d istinctive  inte rgrowth of plagioclase  and  ve rm icular
quartz is com mon; no visible  foliation; locate d  in the  southe aste rn corne r of the
T ram pas quad rangle , and  probably re pre se nts a high-le ve l phase  of the  Pe ñasco quartz
monzonite  (Ypgm).

05-02-05-00-00— unit01— Xmg—Mirand a granite —Expose d  e ast of the  Picuris-Pe cos
fault only; typically consists of pink to white , m e d ium-graine d , m ica-rich, granitic rock
with e uhe d ral m e gacrysts of fe ld spar; the s e  granitic rocks are  e ve rywhe re  we athe re d
looking, fairly e quigranular, and  commonly crum bly; appe ars to intrud e  the  R io
Pue blo S chist (Xvrp) along its southe rn contact; pe gmatite s are  locally volum inous;
contains at le ast one  te ctonic foliation; thre e  close ly space d , orthogonal joint s e ts cause
this rock to we athe r into sm all, angular blocks; age  unknown, but it is sim ilar in
occurre nce  and  te xture  to the  ca. 1.6 Ga T re s Pie d ras Granite  of the  e ast-ce ntral T usas
Mountains to the  northwe st of the  m ap are a.
05-02-06-00-00— unit01— Xrqm— R ana quartz m onzonite — Me d ium-graine d , biotite
quartz monzonite  to granod iorite ; compose d  of quartz, plagioclase , m icrocline , and
le ss e r am ounts of biotite  and  magne tite -he m atite ; acce ssory m ine rals are  sphe ne ,
allanite , zircon, apatite , and  e pid ote ; plagioclas e  is e xte nsive ly alte re d  to se ricite ,
e pid ote , and  clinozoisite ; ge ne rally we ll-foliate d  rock with local are as of we ak foliation
and  zone s of d uctile  she aring; foliation is ge ne rally paralle l to the  d om inant foliation
in the  country rock; contact with the  Puntiagud o granite  porphyry (X pgp) is a d uctile
she ar zone ; contains a d iscontinuous, fine -graine d  bord e r zone  of le ucocratic
muscovite  granite ; in ge ne ral, strongly d iscord ant with com positional laye ring in the
country rock; U -Pb zircon isotopic age  of 1,674 ± 5 Ma (Be ll, 1985).
05-02-06-01-00— unit02— Xrqmb—Bord e r phase  of the  R ana quartz
monzonite —Includ e s fine -graine d  porphyritic granite  of quartz-muscovite -
plagioclase -m icrocline , and  m e d ium-graine d  muscovite  granite  and  quartz monzonite ;
acce ssory mine rals are  allanite , e pid ote , zircon, he m atite , biotite , and  garne t; d istinctly
more  le ucocratic than the  m ain bod y of R ana quartz monzonite ; contact with Xrqm is
grad ational; bord e r-zone  rocks commonly proje ct out into country rocks as d ike s or
tongue s; we ll-d e ve lope d  foliation is concord ant with the  re gional foliation tre nd .

05-02-07-00-00— unit01— Xpgp—Puntiagud o granite  porphyry— Q uartz monzonite  to
granod iorite ; phe nocrysts of Carlsbad -twinne d  m icrocline  (< 1 cm) and  round e d
quartz in fine - to m e d ium-graine d  m atrix of plagioclase , K-fe ld spar, biotite , and
muscovite ; acce ssory m ine rals are  e pid ote , allanite , sphe ne , and  zircon; d isplays a
local, narrow, fine -graine d  bord e r zone ; d isplays a sharp, d iscord ant contact with
Vad ito Group (Xvu) schists; locally, thin d ike s of fine -graine d  rock proje ct into the
country rock; the  contact with the  R ana quartz monzonite  (Xrqm) is a zone  of inte nse
d uctile  she aring; a pe rvasive , m od e rate ly to we ll-d e ve lope d  foliation is paralle l to
re gional foliation; U -Pb zircon isotopic age  of 1,684 ± 1 Ma (Be ll, 1985).
05-02-08-00-00— unit02— Xgp—Picuris Pue blo granite — Locate d  on the  we st sid e  of the
Picuris-Pe cos fault only; m e d ium- to coarse -graine d  granitic rocks that show a varie ty
of local te xture s ranging from coarse -graine d , pink, fe ld spar-rich rock to white , quartz-
rich rock; in thin se ction the s e  rocks show inte rlocking mosaics of m icrocline ,
plagioclase , quartz, biotite , and  iron-oxid e  m ine rals; most sam ple s e xhibit consid e rable
alte ration of fe ld spars and  m ica; the s e  granitic rocks are  intim ate ly inte rlaye re d  with
supracrustal Vad ito Group (Xvu) country rock; blocks of orthoquartzite  within the
plutonic rock sugge st an intrusive  re lationship be twe e n the  two, although south-
d ipping d uctile  faults m ay e xist as we ll; contacts be twe e n granitic rock and
supracrustal rock invariably tre nd  e ast, paralle l to be d d ing in the  country rock; this
nam e  supe rse d e s the  inform ally nam e d  Granite  of Picuris Pe ak of Baue r (1988); Danie l
e t al. (2013) calculate d  a m e an 207Pb/206Pb zircon age  of 1,699 ± 3 Ma.
05-03-00-00-00— he ad ing02—Me tase d im e ntary R ocks— Me tase d im e ntary
R ocks— Me tase d im e ntary R ocks
05-03-01-00-00— he ad ing03—Marque ñas F orm ation—Marque ñas
F orm ation—Marque ñas F orm ation
05-03-01-01-00— unit01— Ym—Marque ñas F orm ation, und ivid e d — F ine - to m e d ium-
graine d , grayish, te xturally imm ature , schistose  quartzite ; cross-be d s are  sm all-scale
fe ature s d e fine d  by black m ine ral lam inae ; also includ e s a varie ty of
m e taconglom e rate s containing d om inantly round e d  quartzos e  clasts in a quartz-m ica
m atrix; pre viously consid e re d  to be  part of the  ca. 1,700 Ma Vad ito Group (Xvu), but
U -Pb analyse s of d e trital zircons from a m e taconglom e rate  we re  inte rpre te d  to
constrain the  basal unit to be  le ss than about 1,450 ± 7 Ma in d e positional age  (Gray e t
al., 2015).
05-03-01-02-00— unit01— Ym3— N orthe rn m e taconglom e rate  of the  Marque ñas
F orm ation—Pre d om inantly compose d  of flatte ne d  quartzite  pod s; micace ous quartzite
m atrix contains scatte re d  clasts, up to 10 cm long, of m e tase d im e ntary quartzite  (66%),
fe lsic schist (34%), and  trace s of ve in quartz; alte rnating lithologic laye rs that m ight
ind icate  original be d d ing are  abse nt; grad ational with the  Marque ñas F orm ation
quartzite  (Ym2) to the  south; 207Pb/206Pb analyse s on d e trital zircons yie ld e d  pe ak
age s of 1,716 Ma and  1,457 Ma (Danie l e t al., 2013); on the  T ram pas quad rangle  this
unit is approxim ate ly 150 to 180 m thick.
05-03-01-03-00— unit01— Ym2— Q uartzite  of the  Marque ñas F orm ation— F ine - to
m e d ium-graine d , grayish, te xturally im m ature , schistose  quartzite ; can be  sub-d ivid e d
into a lowe r massive  gray quartzite  and  an uppe r cross-lam inate d  quartzite  (S cott,
1980); contains abund ant cross-be d s that range  from sm all-scale  fe ature s d e fine d  by
black m ine ral lam inae  to large  fe stoons with cross-lam inations se ve ral ce ntim e te rs
thick; cross-be d s consiste ntly young to the  north; pe bble -rich laye rs also d e fine
be d d ing; contacts with ad jace nt m e taconglom e rate s are  grad ational; 207Pb/206Pb
analyse s on d e trital zircons yie ld e d  pe ak age s of 1,711 Ma, 1,697 Ma and  1,471 Ma
(Danie l e t al., 2013); whe re  e xpos e d  0.5 km e ast of Ce rro d e  las Marque ñas (T ram pas
quad rangle ) the  unit is approxim ate ly 200 m thick.
05-03-01-04-00— unit01— Ym1— S outhe rn m e taconglom e rate  of the  Marque ñas
F orm ation—Polym ictic m e taconglom e rate  containing round e d  clas ts of quartzite
(54%), silicic m e tavolcanic rock and  quartz-muscovite  schist (40%), and  white  ve in
quartz in a muscovite  quartzite  m atrix; clasts are  flatte ne d  and  constricte d  in the
d om inant foliation; aspe ct ratios ave rage  1:2:3 to 1:2:6, with e xtre m e s of 1:2:16 or
gre ate r; in ge ne ral, clast size  incre ase s southward  and  we stward ; quartzite  clasts are
up to 1 m long; the  m atrix ave rage s about 30% of the  volum e  of the  rock; m inor phase s
in the  m atrix includ e  ilm e nite , biotite , m agne tite , he m atite , zircon, and  tourmaline ; the
contact with V ad ito Group (Xvu) rocks may re pre se nt a 250 million-ye ar-old  angular
unconform ity (Gray e t al., 2015); 207Pb/206Pb analyse s on d e trital zircons yie ld e d  pe ak
age s of 1,716 Ma and  1,472 Ma (Danie l e t al., 2013); U -Pb analyse s of zircons in a
m e tarhyolite  clast yie ld e d  an age  of 1,450 ± 7 Ma, inte rpre te d  as a m aximum
d e positional age  for the  base  of Ym1 (Gray e t al., 2015); 0.5 km e ast of Ce rro d e  las
Marque ñas (T ram pas quad rangle ) the  unit is approxim ate ly 150 m thick.
05-03-02-00-00— he ad ing03— T ram pas Group (Informal)— T ram pas Group
(Informal)— T ram pas Group (Informal)
05-03-02-01-00— unit01— Y tu— T ram pas group, und ivid e d —In cross se ction only.
S chist, quartzite , m e taconglom e rate , phyllite , and  slate  d e posits of the  Pie d ra Lumbre
(Y tpl) and  Pilar F orm ations (Y tp); pre viously consid e re d  to be  part of the  ca. 1,680 to
1,700 Ma H ond o Group; this inform al group nam e  was propose d  by Danie l e t al.
(2013) base d  principally on age s of d e trital zircons in the  Pie d ra Lumbre  and  Pilar
F orm ations.
05-03-02-02-00— unit01— Y tpl—Pie d ra Lum bre  F orm ation of the  T ram pas
group—Includ e s se ve ral d is tinctive  rock type s: 1) quartz-muscovite -biotite -garne t-
staurolite  phyllitic schist with characte ristic she e n on cre nulate d  cle avage  surface s;
e uhe d ral garne ts are  1 mm, biotite  books are  2 mm, and  scatte re d  anhe d ral staurolite s
are  up to 5 mm in d iam e te r; 2) fine ly lam inate d  light-gray phyllitic quartz-muscovite -
biotite -garne t schist and  d arke r bluish-gray fine -graine d  biotite  quartzite  to
m e tasiltstone ; quartzite  laye rs are  1 cm to 1 m thick; and  3) light-gray to gray garne t
schis t with le nse s of quartzite  to m e tasiltstone ; calc-silicate  laye rs e xist locally; original
se d im e ntary structure s includ ing grad e d  be d d ing are  pre se rve d ; we ll-d e ve lope d
cle avage  paralle l to both laye ring and  axial surface s of sm all intrafolial isoclinal fold s;
d om inant laye ring in much of this unit is transpositional; in the  core  of the  H ond o
syncline , the  unit is thicke r, contains a gre ate r varie ty of rock type s, and  is grad ational
with the  Pilar F orm ation; U -Pb analyse s of d e trital zircons from a quartzite  in the
uppe r part of the  se ction (unit Y tplq?) we re  inte rpre te d  to constrain the  unit to be  le ss
than about 1,470 Ma in d e positional age  (Danie l e t al., 2013); appare nt thickne s s is 200
to 400 m.
05-03-02-02-01— unit02— Y tplq— Q uartzite  of the  Pie d ra Lumbre  F orm ation, T ram pas
group—Massive  to laye re d , light-colore d , cross-be d d e d  m icace ous quartzite ; locally
garne t-be aring; approxim ate ly 25 m thick.
05-03-02-02-02— unit02— Y tplp—Phyllite  of the  Pie d ra Lumbre  F orm ation, T ram pas
group—Dark-gray to black, fine -graine d , garne t-be aring phyllite ; crops out in the  core
of the  H ond o syncline  e as t of the  Pilar-Vad ito fault.

05-03-02-03-00— unit01— Y tp— Pilar F orm ation of the  T ram pas group—Dark-gray to
black, carbonace ous phyllitic slate ; e xtre m e ly fine -graine d  homoge ne ous rock e xce pt
for rare , 1- to 2-cm-thick, light-colore d  band s of quartz and  muscovite  that m ay
re pre s e nt original se d im e ntary be d d ing; in thin se ction, the  fine -graine d  m atrix
consists of quartz (50 to 70%), muscovite  (15 to 30%), and  prom ine nt stre aky are as of
graphitic mate rial; le nticular porphyroblasts (0.1 to 0.5 mm) are  alte re d  to ye llow-
brown limonite ; pe rvasive  slaty cle avage  is locally cre nulate d ; d isplays sm all isoclinal
fold s locally; basal 1.5-m-thick, black to blue -black, m e d ium-graine d , garne t quartzite
is d istinctive ; garne t porphyroblasts are  anhe d ral, oxid ize d , and  re d -we athe re d ;
grad ational with the  Pie d ra Lumbre  F orm ation (Y tpl); Danie l e t al. (2013) calculate d  a
m e an 207Pb/206Pb zircon age  of 1,488 ± 6 Ma for a 1- to 2-m-thick, white , schistose
laye r that was inte rpre te d  as a m e tam orphose d  tuff, and  the re fore  re pre se nts the
d e positional age  of the  se d im e ntary protolith; thickne ss unknown d ue  to e xtre m e
d uctile  d e form ation.
05-03-03-00-00— he ad ing03— H ond o Group— H ond o Group— H ond o

05-03-03-01-00— unit01— X hu— H ond o Group, und ivid e d — S chist and  quartzite  units
of the  O rte ga (Xho) and  R inconad a F orm ations (Xhr).
05-03-03-02-00— he ad ing04— R inconad a F orm ation— R inconad a
F orm ation— R inconad a F orm ation
05-03-03-02-01— unit01— X hr— R inconad a F orm ation of the  H ond o Group,
und ivid e d — U nd ivid e d  schists and  quartzite s ne ar the  Pilar-Vad ito fault in the  Carson
quad rangle  that are  pe rvasive ly fracture d  and  faulte d ; U -Pb analyse s of d e trital
zircons from two quartzite  units we re  inte rpre te d  to constrain the  unit to be  le ss than
about 1,700 Ma in d e positional age  (Danie l e t al., 2013).
05-03-03-02-02— unit01— X hr6— R 6 schist m e m be r of the  R inconad a F orm ation, H ond o
Group— T an, gray, silve r quartz-muscovite -biotite -staurolite -garne t schistose  phyllite
inte rlaye re d  with fine -graine d , garne t-be aring, muscovite  quartzite ; e uhe d ral
staurolite s (<5 cm) abund ant in som e  laye rs; sm all e uhe d ral garne ts (<2 mm)
throughout; strong parting along we ll-d e ve lope d  foliation; sharp contact with the  Pilar
F orm ation (Y tp) might re pre s e nt a significant unconform ity; approxim ate ly 90 m thick.

05-03-03-02-03— unit01— X hr5— R 5 quartzite  m e m be r of the  R inconad a F orm ation,
H ond o Group— V arie ty of white  to blue  m e d ium-graine d  quartzite s inte rlaye re d  with
fine -graine d  schistose  quartzite s and  quartzose  schists; m e asure d  se ction by H all
(1988) from top to bottom: 1) tan to white , friable , thinly laye re d , cross-be d d e d
m icace ous quartzite ; 2) blue , m e d ium-graine d , thickly laye re d , re sistant saccharoid al
quartzite ; locally cross-be d d e d ; 3) white  to tan, friable  schistose  quartzite  laye re d  with
blue , m e d ium-graine d  saccharoid al quartzite ; thin laye rs of fine -graine d  quartz-
muscovite -biotite  schist; basal 1.5 m massive  blue  m e d ium-graine d  quartzite ; 4) tan,
thinly laye re d , m icace ous quartzite  laye re d  with quartz-rich muscovite  schist;
abund ant cross-be d d ing; 5) blue  and  white  stre ake d , thickly be d d e d , m e d ium-graine d
quartzite  with abund ant cross-be d d ing; and  6) tan, thinly laye re d , m icace ous quartzite
inte rlaye re d  with quartz-rich quartz-muscovite  schist; abund ant cross-be d d ing;
grad ational contact with X hr6; approxim ate ly 75 m thick.
05-03-03-02-04— unit01— X hr4— R 4 schist m e m be r of the  R inconad a F orm ation, H ond o
Group—Me d ium- to coarse -graine d , silve ry gray, quartz-muscovite -biotite -staurolite -
garne t schis t containing one  or more  d istinctive  0.5- to 2.0-m-thick laye rs of glassy blue
quartzite ; rusty re d -we athe ring garne tife rous white  quartzite ; massive , e xtre m e ly
hard , re d -we athe ring, olive -brown biotite -staurolite -garne t-orthoam phibole  rock;
white , glassy, hornble nd e  quartzite ; gray biotite -hornble nd e  calc-schist; mylonitic blue
to pink and  blue  glas sy quartzite ; and  white  to gray calcite  m arble . T he  latte r four rock
type s are  not pre se nt on the  south lim b of the  Coppe r H ill anticline , but are  pre se nt in
the  T ram pas quad rangle  on both the  upright and  ove rturne d  lim bs of the  H ond o
syncline  in S e ctions 7, 8, 9 and  10, T 023N  R 011E; a we ll-e xpos e d  re fe re nce  se ction of
this thicke r X hr4 se que nce  can be  found  on the  south-facing slope  and  cre st of the
rid ge  m aking up the  northe rn half of the  S W  quarte r of S e ction 8, T 023N  R 011E in the
T ram pas quad rangle  (H all, 1988); sharp contact with X hr5; about 50 to 175 m thick.

05-03-03-02-05— unit01— X hr3— R 3 quartzite  m e m be r of the  R inconad a F orm ation,
H ond o Group—Inte rlaye re d  cross-be d d e d  quartzite s and  pe litic schists; a d istinctive
m arke r laye r ne ar the  ce nte r of the  unit is a 25-m-thick, white , thinly be d d e d , rid ge -
form ing quartzite ; sharp contact with X hr4; approxim ate ly 75 m thick.
05-03-03-02-06— unit01— X hr3q— R 3 cross-be d d e d  quartzite  m e m be r of the  R inconad a
F orm ation, H ond o Group— W hite , gray, bluish-gre e n, and  blue , m e d ium-graine d ,
thinly to thickly be d d e d , re sistant quartzite  with abund ant cross-be d s.
05-03-03-02-07— unit01— X hr3s— R 3 schist m e m be r of the  R inconad a F orm ation,
H ond o Group—Locally includ e s two mappable  laye rs of pe litic schist that re se m ble
X hr4 and  uppe r X hr1/2.
05-03-03-02-08— unit01— X hr1/2— R 1/R 2 schist m e m be r of the  R inconad a F orm ation,
H ond o Group—Lowe r unit of fine - to m e d ium-graine d , tan to silve r, quartz-
muscovite -biotite  schist with sm all e uhe d ral garne ts (<2 mm) and  scatte re d  e uhe d ral
staurolite  twins (<1.5 cm); ne ar the  base  are  black biotite  books (<2 cm) and  on the
upright lim b of the  H ond o syncline  in S e ction 7, T 023N  R 011E are  spe ctacular,
and alusite  porphyroblasts up to 8 cm across; an uppe r unit of gray to tan, re d -
we athe ring, coarse -graine d  quartz-muscovite -biotite -staurolite -albite -garne t schist
contains inte rlaye rs of 1 to 10 cm, re d -, gray-, or tan-we athe ring, fine -graine d ,
muscovite -garne t quartzite ; abund ant staurolite s are  twinne d , e uhe d ral, and  up to 3
cm in d iam e te r; abund ant garne ts are  e uhe d ral and  sm all (<2 mm); the  unit shows
strong parting along foliation plane s; sharp to grad ational contact with X hr3; lowe r
and  uppe r unit have  pre viously be e n subd ivid e d  into R 1 and  R 2 m e m be rs,
re spe ctive ly, base d  on mine ralogy (N ie lse n, 1972); approxim ate ly 265 m thick.
05-03-03-03-00— he ad ing04— O rte ga F orm ation— O rte ga F orm ation— O rte ga
F orm ation
05-03-03-03-01— unit01— X ho— O rte ga F orm ation of the  H ond o Group,
und ivid e d — Gray to grayish-white , m e d ium- to coarse -graine d  quartzite ; ge ne rally
m assive  and  highly re sistant to we athe ring; locally we ll-cross-be d d e d , with kyanite  or
sillim anite  conce ntrate d  in thin, schistose , muscovite -rich horizons; cross-be d s are
d e fine d  by conce ntrations of black iron-oxid e  m ine rals; common acce ssory m ine rals
are  ilm e nite , he m atite , tourmaline , e pid ote , muscovite , and  zircon; grad ational contact
with the  R inconad a F orm ation (X hr); U -Pb analys e s of d e trital zircons from two
quartzite  laye rs we re  inte rpre te d  to constrain the  unit to be  le s s than about 1,700 Ma in
d e positional age  (Danie l e t al., 2013); 800 to 1,200 m thick.
05-03-03-03-02— unit01— X ho6—And alusite  quartzite  of the  O rte ga F orm ation, H ond o
Group—Cle an, white  to tan, sugary quartzite  inte rlaye re d  with le nse s and  laye rs of
m assive , foliate d , gre y knobby and alusite  quartzite ; laye rs range  from ce ntim e te rs to
m e te rs thick; fine  muscovite  and  scatte re d  kyanite , sillim anite , and  fuchsite  are  pre s e nt
in the  quartzite ; and alusite s are  large , le ntil-shape d , poikiloblastic grains, with up to
50% quartz inclusions, mantle d  by coarse  muscovite  crystals; matrix is fine  quartz,
coarse  kyanite , fine  muscovite , e uhe d ral rutile , and  m inor he m atite  and  tourmaline ;
e quivale nt to O q3 of W illiam s (1982); mappe d  only on Coppe r H ill in the  T ram pas
quad rangle  whe re  the  unit is se ve ral m e te rs thick.
05-03-03-03-03— unit01— X ho5— Kyanite  quartzite  of the  O rte ga F orm ation, H ond o
Group— S ugary to vitre ous quartzite  characte rize d  by kyanite  blad e s and  d istinctive
opale sce nt quartz e ye s; be d d ing-paralle l, kyanite -rich laye rs give  unit a vague
foliation; fine  muscovite  grains are  scatte re d  be twe e n quartz grain bound arie s; rutile  is
the  pre d om inant he avy m ine ral; on Coppe r H ill, a foliate d  iron-staine d  rock
containing kyanite  and  staurolite  grains (<0.5 cm), ove rlie s the  kyanite  quartzite ;
e quivale nt to O q2 of W illiam s (1982); mappe d  only on Coppe r H ill in the  T ram pas
quad rangle  whe re  the  unit range s from 3 to 5 m thick.
05-03-03-03-04— unit01— X ho4—Massive  gray quartzite  of the  O rte ga F orm ation,
H ond o Group—Massive , light- to d ark-gray, vitre ous quartzite  with d ark laye rs of
rutile , he m atite , and  ilm e nite  that d e fine  cross-be d d ing; fine  muscovite  is comm only
pre se nt on quartz grain bound arie s and  kyanite  is commonly associate d  with d ark
laye rs; this unit is host to much of the  fracture -filling, oxid ize d  coppe r m ine ralization
on Coppe r H ill and  La S ie rrita on the  T ram pas quad rangle ; mine ralization is re late d  to
upward  m igration of host fluid s d uring Prote rozoic re trograd e  m e tam orphism
(W illiam s and  Baue r, 1995); uppe r part is e quivale nt to O q1 of W illiam s (1982);
mappe d  only on Coppe r H ill in the  T ram pas quad rangle  whe re  the  unit is
approxim ate ly 30 m thick.
05-03-03-03-05— unit01— X ho3—Mixe d  quartzite s of the  O rte ga F orm ation, H ond o
Group— Various quartzite s includ ing re d d ish coarse -graine d  quartzite , brown
m e d ium-graine d  quartzite , gray quartzite , garne t-be aring d ark quartzite , and  tan
cross-be d d e d  quartzite ; mappe d  only on La S ie rrita rid ge  (T ram pas and  Pe ñasco
quad rangle s), whe re  the  unit is approxim ate ly 250 m thick.
05-03-03-03-06— unit01— X ho2—Black quartzite  of the  O rte ga F orm ation, H ond o
Group—Dark-gray to black, massive , m e d ium-graine d  quartzite ; commonly cross-
be d d e d , and  ge ne rally contains a we ll-d e ve lope d  e xte nsion line ation d e fine d  by
kyanite ; mappe d  only on La S ie rrita rid ge  (T ram pas and  Pe ñasco quad rangle s);
approxim ate ly 200 m thick.

05-03-03-03-07— unit01— X ho1— Lam inate d  schist of the  O rte ga F orm ation, H ond o
Group— R e d d ish to orange -brown to white  quartz-muscovite  schist containing thin
inte rlaye rs of light quartz-rich and  d arke r m ica-rich schist; e xpose d  only in a sm all
are a in the  core  of the  Coppe r H ill anticline  (T ram pas and  Pe ñasco quad rangle s); base
is une xpose d .
05-03-03-03-08— unit01— X how—Massive  white  quartzite  of the  O rte ga F orm ation,
H ond o Group—Massive , white  to light-gray, vitre ous quartzite  with d ark laye rs of
rutile , he m atite , and  ilm e nite  that d e fine  cross-be d d ing; fine  muscovite  is comm only
pre se nt on quartz grain bound arie s, and  kyanite  commonly is associate d  with the  d ark
laye rs; northe ast of the  Pilar-Vad ito fault, most of the  O rte ga F orm ation consists of this
unit plus the  und e rlying re d d ish quartzite  (X hor).
05-03-03-03-09— unit01— X hor— R e d d ish quartzite  of the  O rte ga F orm ation, H ond o
Group— R e d d ish, coarse -graine d  quartzite ; probably e quivale nt to som e  of the
X ho2/X ho3 se ction southwe st of the  Pilar-Vad ito fault; ge ne rally sharp contact with
X how.
05-03-03-03-10— unit01— X hos— Q uartz-m ica schist of the  O rte ga F orm ation, H ond o
Group— W hite  to pink, quartz-muscovite  schist with quartz e ye s; typically contains
kyanite  and  and alusite ; this unit has m ine ralogy and  te xture s that are  transitional
be twe e n the  Vad ito Group fe ld spathic schist (Xvf) and  the  H ond o Group (Xhu)
quartzite s.
05-03-03-03-11— unit01— X hosq— S chistose  quartzite  of the  O rte ga F orm ation, H ond o
Group— T hin horizon of white , muscovite -rich, we ll-be d d e d  quartzite  locate d
northe ast of the  Pilar-Vad ito fault, we st of Picuris Canyon (T aos S W  and  Pe ñasco
quad rangle s); m ay be  e quivale nt to part of the  quartz-m ica schist of the  O rte ga
F orm ation (Xhos).
05-03-03-03-12— unit01— X hog—Gray quartzite  of the  O rte ga F orm ation, H ond o
Group—Me d ium-gray, fine -graine d , vitre ous quartzite  with we ll-d e ve lope d , south-
plunging, kyanite  e xte nsion line ation; much of this unit is a quartz mylonite , with
abund ant e vid e nce  for grain size  re d uction and  d ynam ic re crystallization; she aring is
spatially re late d  to the  ad jace nt Plomo fault; locate d  northe ast of the  Pilar-Vad ito fault,
ne ar Picuris Canyon (T aos S W  and  Pe ñasco quad rangle s).
05-04-00-00-00— he ad ing02—Me tase d im e ntary and  Me taigne ous
R ocks— Me tase d im e ntary and  Me taigne ous R ocks— Me tase d im e ntary and
Me taigne ous R ocks
05-04-01-00-00— he ad ing03— Vad ito Group— Vad ito Group— Vad ito

05-04-01-01-00— unit01— Xvu— Vad ito Group, und ivid e d — Vad ito Group
m e tavolcanic, m e tavolcaniclastic, and  m e tase d im e ntary rocks; U -Pb analyse s of
d e trital zircons from a schist and  a conglom e rate  laye r we re  inte rpre te d  to constrain
the  unit to be  le ss than about 1,700 Ma in d e positional age  (Danie l e t al., 2013).
05-04-01-02-00— unit01— Xvf— F e lsic schist of the  Vad ito Group, und ivid e d — Includ e s
a varie ty of quartz-muscovite -plagioclase  schists; coarse r-graine d  fe lsic rocks are  tan to
pinkish, quartz-plagioclase -muscovite -biotite , opaque , slightly schistose  units with
polycrystalline  quartz e ye s (2 to 8 mm); e ye s are  slightly flatte ne d  in foliation and
probably re pre se nt re lict phe nocrysts of fe lsic volcanic rocks; trace  m ine rals includ e
sphe ne , apatite , and  tourmaline ; fine r-graine d  fe lsic rocks are  sim ilar in mine ralogy to
coarse r units, but lack the  abund ant quartz e ye s; sm all, re d , id ioblastic garne ts are
rare ; sm all, le nsoid al bod ie s of tan to orange -re d , garne t-be aring, quartz-muscovite ,
opaque  schist are  found  locally; m any of the  fe lsic schis t bod ie s appe ar to be  intrusive
into Vad ito Group schis ts.
05-04-01-03-00— unit01— Xvg—Gle nwood y F orm ation of the  Vad ito
Group— F e ld spathic quartz-muscovite  schist and  quartzose  schist e xpose d  in isolate d
e xposure s along the  northe rn flank of the  Picuris Mountains and  in the  Pilar cliffs;
white , light-gray, pink, or gre e n; commonly contains m e gacrysts of fe ld spar and
round e d  and  flatte ne d  quartz in a fine -graine d  m atrix of quartz, muscovite  and
fe ld spar; contact with ove rlying O rte ga F orm ation (Xho) is a south-d ipping d uctile
she ar zone ; pe rvasive  e xte nsion line ation in schist plunge s south; uppe r 40 m of schist
is pinkish, and  contains anom alous mangane se  and  rare  e arth e le m e nts, and  unusual
m ine rals such as pie m ontite , thulite , and  mangane se -and alusite  (virid ine ); L.T . S ilve r
re porte d  a pre lim inary U -Pb zircon age  of ca. 1,700 Ma (Baue r and  Pollock, 1993); may
be  e quivale nt to the  R io Pue blo S chist (Xvrp) and  the  ca. 1,700 Ma Burne d  Mountain
F orm ation of the  T usas Mountains; base  une xpose d ; m inimum of about 200 m thick.
05-04-01-04-00— unit01— Xvrp— R io Pue blo S chist of the  Vad ito Group—East of the
Picuris-Pe cos fault only; we ll-be d d e d , white , gray, and  pink fe ld spathic quartz-
muscovite  quartz-e ye  schist; locally compos e d  of up to 40% coarse , white  muscovite
flake s in a matrix of granular quartz and  fe ld spar; quartz-e ye s are  abund ant and  are
consiste ntly flatte ne d  in the  d om inant foliation plane ; the  Mirand a granite  (Xmg)
intrud e s and  crosscuts laye ring in the  schists; along the  southe rn contact with a
m assive  gray quartzite ; a mangane se -rich horizon occurs stratigraphically be low the
quartzite ; pie m ontite  and  alte re d  porphyroblasts that m ight be  pse ud om orphs afte r
m angane se -and alusite  are  found  along the  schist-quartzite  contact; this m ine ralize d
horizon is sim ilar to that e xpose d  in the  Gle nwood y F orm ation (Xvg) of the  Pilar cliffs
in the  Carson and  T ram pas quad rangle s.
05-04-01-04-01— unit02— Xvrpw—Muscovite  m e m be r of the  R io Pue blo S chist, Vad ito
Group— W e ll-be d d e d , white , muscovite -quartz schist e xpose d  in isolate d  patche s in
the  m ica m ine  are a of the  T re s R itos quad rangle ; compose d  of coarse , white  muscovite
flake s in a matrix of granular quartz and  fe ld spar; probably a highly alte re d  part of the
R io Pue blo S chist; hosts the  be st m ica d e posits and  all of the  m ajor mica m ine s;
thickne ss unknown.
05-04-01-05-00— unit01— Xvht— T ransitional rocks of the  V ad ito Group—Expose d  on
the  e ast sid e  of Picuris Canyon (T aos S W  and  Pe ñasco quad rangle s); includ e s a varie ty
of rock type s inte rm e d iate  in m ine ralogy and  te xture  be twe e n the  m e tavolcanic rocks
of the  V ad ito Group and  m e tase d im e ntary rocks of the  H ond o Group (Xhu);
conglom e ratic schistose  quartzite , white  quartz-muscovite  fe ld spathic schist, gray
quartzite  and  m e taconglom e rate , conglom e ratic quartzite  and  schis tose  quartzite  with
clasts of bull quartz, quartzite , and  fine -graine d  black rock, schistos e
m e taconglom e rate , and  quartz-e ye  conglom e rate ; grad ational e astward  along strike
with fe ld spathic schis ts (Xvf) of the  V ad ito Group; m ight be  e quivale nt to part of
transitional se ction south of Kiowa Mountain (Las T ablas quad rangle ) in the  T usas
Mountains (Baue r and  W illiam s, 1989), howe ve r, in this m ap are a it has be e n d isrupte d
by the  Plomo fault.
05-04-01-06-00— unit01— Xvq—Micace ous quartzite s and  m e taconglom e rate s of the
V ad ito Group, und ivid e d — Includ e s both le nticular m icace ous quartzite  bod ie s and
scatte re d  m e taconglom e rate s; m icace ous quartzite s are  variably colore d , and  consis t
m ainly of granoblastic quartz grains, aligne d  muscovite  grains, and  laye re d
conce ntrations of opaque  m ine rals; local conglom e rate  horizons d e line ate  be d d ing; the
m ajor m e taconglom e rate  units in the  are a crop out southwe st of Ce rro Alto (T ram pas
quad rangle , re fe rre d  to as the  Embud o Cre e k quartzite  by Be ll, 1985) and  in the
southe as te rn Picuris Mountains; the  m e taconglom e rate  consis ts of round e d ,
pre d om inantly quartzite  clasts in a quartz-muscovite  m atrix; se d im e ntary fe ature s
such as cross-be d s and  ripple  m arks are  we ll pre se rve d ; num e rous thin le nse s of
quartzite  and  m e taconglom e rate , too thin to subd ivid e , are  also found  scatte re d  within
the  am phibolite  and  schist units of the  Vad ito Group; a cross-be d d e d , fe ld spathic
quartzite  in the  southe as te rn Picuris Mountains yie ld e d  a d e trital zircon age  pe ak of
1,715 Ma (sam ple  CD10-10 of Danie l e t al., 2013); d e trital zircons colle cte d  from a
quartz pe bble  m e taconglom e rate  ne ar the  H ard ing Pegm atite  Mine  yie ld e d  a pe ak age
of 1,707 Ma (sam ple  J10-PIC7 of Danie l e t al., 2013).
05-04-01-07-00— unit01— Xvqb— Q uartz-biotite  rock of the  V ad ito Group— Le nse s and
d iscontinuous laye rs of gray, quartz-biotite  rock found  in schist and  am phibolite ; light-
to m e d ium-gray, fine -graine d  quartz-biotite -(± muscovite ) rock with local gre e n
e pid ote  pod s and  ve ins; othe r m ine rals visible  in thin se ction includ e  plagioclase ,
m icrocline , sphe ne , garne t, he m atite , and  ilm e nite ; the s e  rocks are  sim ilar to sills of the
Ce rro Alto m e tad acite  (Xvcam).
05-04-01-08-00— unit01— Xvcam—Ce rro Alto m e tad acite  of the  V ad ito Group—Gray
m e tad acite  com pose d  of fine -graine d  quartz, plagioclase , m icrocline , biotite , and
muscovite ; re lict phe nocrysts of quartz and /or fe ld spar are  <4 mm long; acce ssory
m ine rals are  e pid ote , allanite , sphe ne , m agne tite , and  zircon; the  m ain mass of
m e tad acite  is a stock-like  bod y with sharp intrusive  contacts with the  country rock,
e spe cially along the  we ste rn m argin; abund ant isolate d  sills are  containe d  in ad jace nt
am phibolite s; the  unit is crosscut by othe r plutonic rocks, and  found  as xe noliths
within the m; a m od e rate ly we ll-d e ve lope d  foliation is paralle l to the  re gional tre nd ;
this bod y may be  the  re m nant of a large r subvolcanic com ple x originally e m place d  at a
fairly shallow le ve l within the  Vad ito Group; Danie l e t al. (2013) calculate d  a m e an
207Pb/206Pb zircon age  of 1,710 ± 10 Ma that is inte rpre te d  to re pre se nt the  age  of
crystallization.
05-04-01-09-00— unit01— Xvs7— F ine -graine d  quartz-muscovite -chlorite  schist of the
V ad ito Group—Includ e s se ve ral varie tie s of schis t; fine -graine d  quartz-muscovite
schis t with scatte re d  porphyroblasts of staurolite  and  biotite  (<3 cm); grad e s to fine -
graine d , pale  olive -gre e n quartz-muscovite -chlorite  schist with 1 to 2 mm garne ts, 2 to
25 mm staurolite s, and  0.5 to 2 mm biotite s; locally shows com positional laye rs of 1-
mm-thick, gray quartz-rich rock and  <6-mm-thick, gre e nish, quartz-muscovite -chlorite
schis t; sm all grains (0.1 mm) of tourmaline , apatite , and  sphe ne  or monazite .

05-04-01-10-00— unit01— Xvs6—And alusite  phyllitic schist of the  Vad ito
Group— S ilve r-blue  to silve r-gre e n, quartz-muscovite -chlorite  schis t with 4 cm
round e d  knots of and alusite  core s and  alte ration rim s; 3 mm biotite  porphyroblasts are
rand omly orie nte d ; local compositional laye rs, 0.5 to 2 cm thick, of white  quartzite  and
silve r-blue  phyllitic schis t; 20- to 40-cm-long e longate  pod s of granular quartz, chlorite ,
muscovite , and  m inor coppe r oxid e s are  aligne d  in the  foliation.
05-04-01-11-00— unit01— Xvs5— S tre aky schist of the  Vad ito Group—Dark-gray to
gre e n, fine -graine d  quartz-muscovite -biotite , opaque  schist; stre aky look re sults from
1- to 2-mm-thick, le ns-shape d  bod ie s of white  quartz-plagioclase -muscovite  schist and
gray, biotite -quartz-muscovite -chlorite , opaque  schist; locally, <2 mm biotite
porphyroblasts are  pre se nt; le nse s are  strongly fold e d  and  transpose d ; m icroscopic
garne ts have  ove rgrown the  foliation; a quartz-rich schist in the  southwe ste rn Picuris
Mountains yie ld e d  a d e trital zircon pe ak age  of 1,705 Ma (sam ple  CD12-1 of Danie l e t
al., 2013).
05-04-01-12-00— unit01— Xvs4— S tre aky knotty phyllitic schist of the  V ad ito
Group— S ilve r-gray to silve r-gre e n, ve ry fine -graine d  to phyllitic, quartz-muscovite -
chlorite  schist inte rlaye re d  with white , quartz-rich laye rs; laye ring is d iscontinuous
and  probably transpos e d ; contains alte re d  knots of muscovite  and  gre e n chlorite , and
d istinctive  pod s of fine - to m e d ium-graine d  granular quartz; grad ational contact with
stre aky schist.
05-04-01-13-00— unit01— Xvs3—And alusite -biotite  phyllitic schis t of the  V ad ito
Group— S ilve r-blue  to gray-gre e n, ve ry fine -graine d , quartz-muscovite -chlorite
phyllitic schist with black, biotite  porphyroblasts and  coarse -graine d , and alusite  knots;
com positional laye ring is d e fine d  by le nse s and  laye rs of light and  d ark phyllite  and
white  quartzitic schist; and alusite s are  1 to 20 cm, d ark-gray-blue , unalte re d  m asse s
that are  slightly flatte ne d  in the  plane  of foliation, and  contain includ e d  inte rnal
foliation trails; black, rand omly orie nte d  biotite  porphyroblasts ave rage  4 mm in
d iam e te r; mine rals such as staurolite , plagioclase , and  garne t are  pre se nt locally; a
d istinctive  m arke r horizon of cord ie rite -be aring, quartz-muscovite  schist is pre se nt
ne ar the  m ain amphibolite  bod y; cord ie rite  porphyroblasts are  gray, up to 20 cm long,
and  typically e xhibit an orthorhom bic (pse ud ohe xagonal) crystal habit; the  foliation
wraps around  the  cord ie rite  porphyroblasts; in thin se ction, cord ie rite s are  optically
continuous, and  contain abund ant quartz inclusions that d e fine  two re lict includ e d
foliations; grad ational with Xvs1 to the  northe ast.
05-04-01-14-00— he ad ing04—KnotS chist— Knotty quartz-muscovite -(±biotite ) schist
(Xvs2) of the  Vad ito Group—Common rock type  is d ivid e d  into thre e  m appable  sub-
units (Xvs2a, Xvs2b, Xvs2c,), e ach d isplaying grad ational contacts with the  othe rs.
05-04-01-14-01— unit01— Xvs2a— Knotty quartz-muscovite -(±biotite ) schist of the
V ad ito Group— Light-gray, fine -graine d , quartz-muscovite , phyllitic schist with black
spe ckle s of biotite  and  opaque  m ine rals; the  m ost phyllitic unit in X vs2; in ge ne ral,
the s e  rocks be com e  m ore  quartzose  and  le ss phyllitic from northwe st to southe ast; all
units contain alte re d  knots of fine -graine d  muscovite , chlorite , and  quartz.
05-04-01-14-02— unit01— Xvs2b— Knotty quartz-muscovite -(±biotite ) schist of the
V ad ito Group—Contains a varie ty of fine -graine d , quartz-muscovite -biotite  schists
with ubiquitous scatte re d , round e d , and  e longate , alte re d  porphyroblast knots.
05-04-01-14-03— unit01— Xvs2c— Knotty quartz-muscovite -(±biotite ) schist of the
V ad ito Group— S im ilar to X vs2b with the  e xce ption of le ss abund ant knots of alte re d
muscovite -chlorite -quartz; knots m ay be  alte re d  cord ie rite  porphyroblasts.
05-04-01-15-00— unit01— Xvs1—Pe litic schists of the  Vad ito Group,
und ivid e d — Includ e s a varie ty of pe litic to se m i-pe litic schis ts; re lative ly massive ,
light-gray, fine -graine d , quartz-muscovite  schist with scatte re d  flake s of black biotite  (<
1 mm) and  compositional laye rs d e fine d  by alte rnating quartz-rich and  m ica-rich
horizons that are  1 to 25 mm thick; quartz-muscovite  schist with porphyroblasts of
biotite , garne t, and  and alusite ; fine -graine d  quartz-muscovite  schist with scatte re d
porphyroblasts of biotite ; also includ e s local horizons of inte rlaye re d  am phibolite .
05-04-01-16-00— unit01— Xvsa— And alusite  schist of the  V ad ito Group—Distinctive ,
black, biotite  schis t containing large  knobs of and alusite ; this unit is only a fe w m e te rs
thick and  appe ars to pinch out late rally in both d ire ctions.
05-04-01-17-00— unit01— X ag—Amphibolite  in granite  of the  V ad ito Group—Includ e s
a varie ty of amphibolite  bod ie s, le nse s, and  laye rs within the  Mirand a granite  (Xmg);
the  pre d om inant rock type  is fine - to m e d ium-graine d , d ark-gray-gre e n to black,
we akly foliate d  am phibolite  com pos e d  of blue -gre e n to olive -gre e n hornble nd e ,
inte rstitial quartz and  plagioclase , sphe ne , and  e pid ote ; faint com positional laye ring is
form e d  by 1- to 2-mm-thick white  laye rs; e pid ote  ve ins and  zone s are  comm on.
05-04-01-18-00— unit01— Xva—Amphibolite  of the  Vad ito Group—Includ e s a wid e
varie ty of amphibolite  bod ie s, le nse s, laye rs, and  te xture s; the  large  amphibolite  bod y
south and  e ast of the  H ard ing pe gm atite  is a comple x unit containing m e tam orphose d
and  d e form e d  volcanic, se d im e ntary, and  volcaniclastic rocks; the  pre d om inant rock
type  is fine - to m e d ium-graine d , d ark-gray-gre e n to black, we akly foliate d  am phibolite
com pose d  of blue -gre e n to olive -gre e n hornble nd e  (0.1 to 0.7 mm), inte rstitial quartz
and  plagioclase  (0.1 mm), sphe ne , and  e pid ote ; faint com positional laye ring is form e d
by 1- to 2-mm-thick white  laye rs; e pid ote  ve ins and  zone s are  common, e spe cially ne ar
pluton margins; fragm e ntal amphibolite s containing white  fe lsic fragm e nts and  gray
lithic fragm e nts, e longate d  and  flatte ne d  in the  foliation of the  fine -graine d  hornble nd e
m atrix, e xis t locally; subangular, gray, quartzite  clasts, black, basaltic fragm e nts, and
e pid ote  clasts also e xist within the  m atrix; othe r rock type s within the  large
am phibolite  bod y includ e  biotite  schist, m e tad acite , fe lsic schists, quartzite ,
m e tagabbro, and  various schists; sm alle r laye rs and  le nse s scatte re d  throughout the
V ad ito schists are  mainly fine - to m e d ium-graine d  am phibolite s that range
consid e rably in te xture  and  m ine ralogy.
05-04-01-19-00— unit01— Xvb— F ragm e ntal biotite  schist of the  Vad ito Group—Dark,
schis tose  m atrix of biotite -quartz-plagioclase  contains varying pe rce ntage s of clasts of:
1) white , gray, re d , and  black subround e d  quartzite  pe bble s (1 to 15 cm); 2) d ark-olive -
gre e n to brown, fine -graine d , lithic fragm e nts that are  strongly flatte ne d  in foliation; 3)
white , fe lsic fragm e nts that are  e xtre m e ly flatte ne d  in foliation; and  4) bould e r-size d ,
d ark-gre e n-black, fine -graine d  am phibolite s; this unit also contains le nsoid al bod ie s of
m e tad acite .
05-04-01-20-00— unit01— Xvm ix—Mixe d  m e tavolcanic rocks of the  Vad ito
Group— U nd ivid e d  am phibolite s, fragm e ntal amphibolite s, biotite  schist, fragm e ntal
biotite  schist, and  various fe lsic to mafic schistos e  units.
05-04-01-21-00— unit01— Xvd — Gne iss of the  Vad ito Group—Gne issic d ioritic rock
with inte rlaye re d  quartz-biotite  gne iss, fe lsic gne iss, and  quartz-muscovite -biotite
schis t; grad e s into m ore  schistose  rock in the  southe rn are a of e xposure ; coarse
pe gm atite s are  com mon; e xpose d  only in the  southe aste rn T ram pas quad rangle , whe re
it is intrud e d  by R ana quartz monzonite .
05-05-00-00-00— he ad ing02—Prote rozoic—Prote rozoic— Prote rozoic

05-05-01-00-00— unit01— X Yu—Prote rozoic rocks, und ivid e d — S upracrustal
m e tam orphic rocks and  plutonic and  m e taplutonic rocks.
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Explanation of Cross-se ction Sym bols
01.01.01 Contact—Id e ntity and  e xiste nce  are  ce rtain. Location is accurate .

01.01.03 Contact—Id e ntity and  e xiste nce  are  ce rtain. Location is
approxim ate .
01.01.04 Contact—Id e ntity or e xiste nce  are  que stionable . Location is
approxim ate .
01.01.17 Grad ational contact— Id e ntity and  e xiste nce  are  ce rtain. Location
is accurate .
01.01.25 U nconform able  contact—Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .
02.01.01 F ault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or
unspe cifie d  orie ntation or se nse  of slip)—Id e ntity and  e xiste nce  are
ce rtain. Location is accurate .
02.01.03 F ault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or
unspe cifie d  orie ntation or se nse  of slip)—Id e ntity and  e xiste nce  are
ce rtain. Location is approxim ate .
02.14.01 Ductile  she ar zone  or mylonite  zone —May or may not be
associate d  with mappable  faults.
05.10.12 F old  axial trace  in cross se ction.—Id e ntity and  e xiste nce  are
ce rtain. Location is accurate .
02.11.16 F ault in cross se ction showing local up/d own offse t— T he  arrows
show the  re lative  m otion along the  fault plane .
02.11.17 F ault in cross se ction showing local up/d own offse t— T he  arrows
show the  re lative  m otion along the  fault plane .
02.11.21 S trike -slip fault (in cross se ction) (2nd  option)—Plus, away from
obse rve r; d ot, toward  obse rve r.

01.01.13 Inte rnal contact— Id e ntity and  e xiste nce  are  ce rtain. Location is
infe rre d .
01.01.27 U nconform able  contact—Id e ntity and  e xiste nce  are  ce rtain.
Location is approxim ate .

03.01.03 Bound ary locate d  by gravity surve y

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

J

J
31.02.26 W e ll location (in cross se ction)— T he  proje cte d  location and  d e pth
of a we ll use d  to e stablish stratigraphy and  ge ologic unit d e pth.
01.01.27 U nconform able  contact—Id e ntity and  e xiste nce  are  ce rtain.
Location is approxim ate .
01.01.11 Inte rnal contact— Id e ntity and  e xiste nce  are  ce rtain. Location is
approxim ate .
01.01.13 Inte rnal contact— Id e ntity and  e xiste nce  are  ce rtain. Location is
infe rre d .
01.01.15 Inte rnal contact— Id e ntity and  e xiste nce  are  ce rtain. Location is
conce ale d .
01.01.18 Grad ational contact— Id e ntity or e xiste nce  are  que stionable .
Location is accurate .
02.01.04 F ault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or
unspe cifie d  orie ntation or se nse  of slip)—Id e ntity or e xiste nce  are
que stionable . Location is approxim ate .
05.10.13 F old  axial trace  in cross se ction.—Id e ntity and  e xiste nce  are
ce rtain. Location is approxim ate .
02.11.16L F ault in cross se ction showing local up/d own offse t— T he  arrows
show the  re lative  m otion along the  fault plane . Gre e n color ind icate s
Larad m id e -age  fault move m e nt.
02.11.21L S trike -slip fault (in cross se ction) (2nd  option)—Plus, away from
obse rve r; d ot, toward  obse rve r. Gre e n color ind icate s Larad m id e -age  fault
m ove m e nt.
01.01.20 Grad ational contact—Id e ntity or e xiste nce  are  que stionable .
Location is approximate .


