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

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

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

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

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

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

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

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

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

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

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

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

02.01.01 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or unspecified  orientation or
sense of slip)— Id entity and  existenc e are c ertain. Loc ation is ac c urate.
02.01.02 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or unspecified  orientation or
sense of slip)— Id entity or existenc e are questionable. Loc ation is ac c urate.
02.01.03 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or unspecified  orientation or
sense of slip)— Id entity and  existenc e are c ertain. Loc ation is approximate.
02.01.04 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or unspecified  orientation or
sense of slip)— Id entity or existenc e are questionable. Loc ation is approximate.
02.01.07 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or unspecified  orientation or
sense of slip)— Id entity and  existenc e are c ertain. Loc ation is c onc ealed .
02.01.08 Fault (generic; vertic al, subvertic al, or high-angle; or unknown or unspecified  orientation or
sense of slip)— Id entity or existenc e are questionable. Loc ation is c onc ealed .
02.02.01 N ormal fault— Id entity and  existenc e are c ertain. Loc ation is ac c urate. Ball and  bar on
d ownth rown bloc k.
02.02.03 N ormal fault— Id entity and  existenc e are c ertain. Loc ation is approximate. Ball and  bar on
d ownth rown bloc k.
02.02.04 N ormal fault— Id entity or existenc e are questionable. Loc ation is approximate. Ball and  bar on
d ownth rown bloc k.
02.02.07 N ormal fault— Id entity and  existenc e are c ertain. Loc ation is c onc ealed . Ball and  bar on
d ownth rown bloc k.
02.02.08 N ormal fault— Id entity or existenc e are questionable. Loc ation is c onc ealed . Ball and  bar on
d ownth rown bloc k.
02.06.01 S trike-slip fault, right-lateral offset— Id entity and  existenc e are c ertain. Loc ation is ac c urate.
Arrows show relative motion.
02.06.03 S trike-slip fault, right-lateral offset— Id entity and  existenc e are c ertain. Loc ation is approximate.
Arrows show relative motion.
02.06.04 S trike-slip fault, right-lateral offset— Id entity or existenc e are questionable. Loc ation is
approximate. Arrows show relative motion.
02.06.06 S trike-slip fault, right-lateral offset— Id entity or existenc e are questionable. Loc ation is inferred .
Arrows show relative motion.
02.06.07 S trike-slip fault, right-lateral offset— Id entity and  existenc e are c ertain. Loc ation is c onc ealed .
Arrows show relative motion.
02.06.08 S trike-slip fault, right-lateral offset— Id entity or existenc e are questionable. Loc ation is
c onc ealed . Arrows show relative motion.
02.06.09 S trike-slip fault, left-lateral offset— Id entity and  existenc e are c ertain. Loc ation is ac c urate.
Arrows show relative motion.
02.06.11 S trike-slip fault, left-lateral offset— Id entity and  existenc e are c ertain. Loc ation is approximate.
Arrows show relative motion.
02.06.12 S trike-slip fault, left-lateral offset— Id entity or existenc e are questionable. Loc ation is
approximate. Arrows show relative motion.
02.07.01 Oblique-slip fault, right-lateral offset— Id entity and  existenc e are c ertain. Loc ation is ac c urate.
Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.03 Oblique-slip fault, right-lateral offset— Id entity and  existenc e are c ertain. Loc ation is
approximate. Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.04 Oblique-slip fault, right-lateral offset— Id entity or existenc e are questionable. Loc ation is
approximate. Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.06 Oblique-slip fault, right-lateral offset— Id entity or existenc e are questionable. Loc ation is
inferred . Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.07 Oblique-slip fault, right-lateral offset— Id entity and  existenc e are c ertain. Loc ation is c onc ealed .
Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.08 Oblique-slip fault, right-lateral offset— Id entity or existenc e are questionable. Loc ation is
c onc ealed . Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.09 Oblique-slip fault, left-lateral offset— Id entity and  existenc e are c ertain. Loc ation is ac c urate.
Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.11 Oblique-slip fault, left-lateral offset— Id entity and  existenc e are c ertain. Loc ation is
approximate. Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.12 Oblique-slip fault, left-lateral offset— Id entity or existenc e are questionable. Loc ation is
approximate. Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.15 Oblique-slip fault, left-lateral offset— Id entity and  existenc e are c ertain. Loc ation is c onc ealed .
Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.07.16 Oblique-slip fault, left-lateral offset— Id entity or existenc e are questionable. Loc ation is
c onc ealed . Arrows show relative motion; ball and  bar on d ownth rown bloc k.
02.08.01 T h rust fault (1st option)— Id entity and  existenc e are c ertain. Loc ation is ac c urate. S awteeth on
upper (tec tonic ally higher) plate.
02.08.03 T h rust fault (1st option)— Id entity and  existenc e are c ertain. Loc ation is approximate. S awteeth
on upper (tec tonic ally higher) plate.
02.08.04 T h rust fault (1st option)— Id entity or existenc e are questionable. Loc ation is approximate.
S awteeth on upper (tec tonic ally higher) plate.
02.08.07 T h rust fault (1st option)— Id entity and  existenc e are c ertain. Loc ation is c onc ealed . S awteeth on
upper (tec tonic ally higher) plate.
02.12.01 S c arp on fault (generic; vertic al, subvertic al, or high-angle; or unknown or unspecified
orientation or sense of slip)— Id entity and  existenc e are c ertain. Loc ation is ac c urate. Hac hures point
d ownsc arp.
02.12.03 S c arp on fault (generic; vertic al, subvertic al, or high-angle; or unknown or unspecified
orientation or sense of slip)— Id entity and  existenc e are c ertain. Loc ation is approximate. Hac hures point
d ownsc arp.
02.12.41 S c arp on oblique-slip fault, left-lateral offset— Id entity and  existenc e are c ertain. Loc ation is
ac c urate. Arrows show relative motion; ball and  bar on d ownth rown bloc k. Hac hures point d ownsc arp.
04.01.01

01.02.03 Key bed — Id entity and  existenc e are c ertain. Loc ation is

01.02.09 Clay or ash bed — Id entity and  existenc e are c ertain. Loc ation is ac c urate. S ee unit d esc ription
for T c c in the Desc ription of M ap U nits.
01.03.03 Dike (2nd  option)— Id entity and  existenc e are c ertain. Loc ation is ac c urate. S ee unit d esc ription
of Z d  in the Desc ription of M ap U nits.
01.03.05 Dike (3rd  option)— Id entity and  existenc e are c ertain. Loc ation is ac c urate. S ee unit d esc ription
of Yp in the Desc ription of M ap U nits.
02.14.01 Ductile shear zone or mylonite zone— M ay or may not be assoc iated  with mappable

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

02.14.05 Fault-brec c ia zone or zone of broken roc k around  fault. M ay also be shown as an isolated
brec c ia outc rop point that may or may not be assoc iated  with a fault.
05.01.01 Antic line (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.01.03 Antic line (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.01.07 Antic line (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.02.01 Antiform (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.02.03 Antiform (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.02.04 Antiform (1st option)— Id entity or existenc e are questionable. Loc ation is

05.02.07 Antiform (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.03.17 Overturned  antic line (1st option)— Id entity and  existenc e are c ertain. Loc ation is ac c urate. Bed s
on one limb are overturned ; arrows show d ip d irec tion of limbs.
05.03.19 Overturned  antic line (1st option)— Id entity and  existenc e are c ertain. Loc ation is approximate.
Bed s on one limb are overturned ; arrows show d ip d irec tion of limbs.
05.03.20 Overturned  antic line (1st option)— Id entity or existenc e are questionable. Loc ation is
approximate. Bed s on one limb are overturned ; arrows show d ip d irec tion of limbs.
05.03.23 Overturned  antic line (1st option)— Id entity and  existenc e are c ertain. Loc ation is c onc ealed .
Bed s on one limb are overturned ; arrows show d ip d irec tion of limbs.
05.05.01 S ync line (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.05.03 S ync line (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.05.05 S ync line (1st option)— Id entity and  existenc e are c ertain. Loc ation is

05.07.17 Overturned  sync line (1st option)— Id entity and  existenc e are c ertain. Loc ation is ac c urate. Bed s
on one limb are overturned ; arrows show d ip d irec tion of limbs.
05.07.19 Overturned  sync line (1st option)— Id entity and  existenc e are c ertain. Loc ation is approximate.
Bed s on one limb are overturned ; arrows show d ip d irec tion of limbs.
05.07.20 Overturned  sync line (1st option)— Id entity or existenc e are questionable. Loc ation is
approximate. Bed s on one limb are overturned ; arrows show d ip d irec tion of limbs.
05.07.23 Overturned  sync line (1st option)— Id entity and  existenc e are c ertain. Loc ation is c onc ealed .
Bed s on one limb are overturned ; arrows show d ip d irec tion of limbs.
17.10 Direc tion of d ownslope movement of land slid e

08.03.08 Inc lined  metamorphic or tec tonic foliation parallel to bed d ing— S h owing strike and

J

J
31.10 Cross sec tion line and

01.04.02 Inc lined  c ontac t, d ike, key bed , clay bed , c oal bed , or bed  of ec onomic ally important c ommod ity
(2nd  option)— S howing d ip value and  d irec tion.
02.11.01 Fault showing loc al normal offset (1st option)— Ball and  bar on d ownth rown bloc k.

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

U D 02.11.02L Fault showing loc al up/d own offset— U  is on the upth rown bloc k, and  D is on the
d ownth rown bloc k. G reen c olor ind ic ates Laramid e-age fault movement.

UD 02.11.03 Fault showing loc al up/d own offset— U  is on the upth rown bloc k, and  D is on the d ownth rown
bloc k.
02.11.04L Fault showing loc al right-lateral strike-slip offset— Arrows show relative motion. G reen c olor
ind ic ates Laramid e-age fault movement.
02.11.07 Fault showing loc al left-lateral oblique-slip offset— Arrows show relative motion; ball and  bar
on d ownth rown bloc k.
02.11.09 Inc lined  fault (2nd  option)— S howing d ip value and

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

02.15.04 S mall, minor sh ear fault— S howing d ip. Arrow shows left-lateral horizontal

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

04.03.03 S mall, minor vertic al or near-vertic al joint (1st option)— S howing strike.

05.10.05 Plunging fold — Large arrowhead  shows d irec tion of

06.01 Horizontal bed d ing

06.02 Inc lined  bed d ing— S h owing strike and

06.03 Vertic al bed d ing— S h owing

06.04 Overturned  bed d ing— S h owing strike and

06.13 Inc lined  bed d ing, where top d irec tion of bed s is known from loc al features— S h owing strike and
d ip.
06.15 Overturned  bed d ing, where top d irec tion of bed s is known from loc al features— S h owing strike
and  d ip.
08.03.02 Inc lined  metamorphic or tec tonic foliation— S howing strike and

09.003 Inc lined  generic (origin or type not known or not specified ) lineation or linear struc ture (1st
option)— S howing bearing and  plunge. K=kyanite, Q =quartz.
09.017 Inc lined  slic kenline, groove, or striation on fault surfac e (1st option)— S howing bearing and
plunge.
09.019 Horizontal slic kenline, groove, or striation on fault surfac e (1st option)— S howing bearing.

09.038 Inc lined  aligned -mineral lineation (2nd  generation)— S howing bearing and  plunge. K=kyanite,
Q =quartze.
09.121 Inc lined  symmetric minor fold  hinge (1st option)— S howing bearing and

12.05 Paleoc urrent

12.06 Paleoc urrent d irec tion d etermined  from

12.07 Paleoc urrent d irec tion d etermined  from c ros s-

D
12.09 Bid irec tional sed iment transport d irec tion d etermined  from c ross-bed s or ripple

16.07 S ed iment transport d irec tion d etermined  from d une

17.62 R oc k slid e, slump, bloc k-glid e land slid e, rotational land slid e or T oreva bloc k— Consisting of a
relatively intac t mass of d isplac ed  materials.
26.02.01 S pring, type

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

26.01.01 W ater well, type

31.18 Area of outc rop in surficial

31.21 S ample loc ality— S howing sample species: K=kyanite, A=and alusite,

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

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

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

The com p ilation of these six q uad rangles was fund ed  b y a m atc hing-fund s grant from  the STATEMAP
p rogram  of the N ational Coop erative Geologic Map p ing Act (Fund  N um b er: G20AC00250), ad m inistered
b y the U . S. Geological Survey, and  b y the N ew Mexic o Bureau of Geology and  Mineral Resources, (Dr.
N elia W . Dunb ar,Director and State Geologist; Dr. J. Mic hael Tim m ons,Assoc. Director for Mapping
Programs).
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De scription of Map
01-00-00-00-00— head ing01— S ed imentary R oc ks and  Deposits of the R io G rand e R ift
and  Ad jac ent Highland s— S ed imentary R oc ks and  Deposits of the R io G rand e R ift and
Ad jac ent Highland s— S ed imentary R oc ks and  Deposits of the R io G rand e R ift and
Ad jac ent Highland s
01-01-00-00-00— unit01— af— Artificial fill and  d isturbed  land — E xc avations and  areas
of human-d eposited  fill and  d ebris; shown only where aerially extensive.
01-02-00-00-00— unit01— Q al— Alluvium— G enerally brownish and /or red d ish, poorly
to mod erately sorted , angular to round ed , thinly to thic kly bed d ed , loose silt and  silty
sand  with subord inate c oarse lenses and  thin to med ium bed s of mostly loc ally
d erived  c lasts; mapped  in ac tive c h annels, flood plains, low (young) alluvial terrac es,
tributary-mouth fans, and  some valley-slope c olluvial d eposits; weak to no soil
d evelopment; a single piec e of c h arc oal from the northern fork of the upper R ito
Cieneguilla in the Carson quad rangle, about 2 m above the floor of the mod ern wash,
returned  a c onventional 14C age of 2,795 ± 50 BP; th ree c h arc oal samples from the
T rampas quad rangle yield ed  c onventional 14C ages of 3,275 ± 150 BP, 2,645 ± 125 BP,
and  1,800 ± 55 BP; estimated  at up to 7 m thic k.
01-03-00-00-00— unit01— Q c — Colluvium— M ostly loc ally d erived , light- to d ark-
brown, orange, and  rarely red d ish, poorly to mod erately sorted , angular to well-
round ed , silty to sand y c onglomerate/brec c ia with clasts loc ally to >1 m; mapped  on
hill slopes and  valley margins only where it obsc ures und erlying relations; estimated
at generally les s than 5 m thic k.
01-04-00-00-00— unit01— Q ad — Alluvium in c losed  d epressions— Light- to d ark-
brown, very thin- to med ium-bed d ed , loose, massive, sand y to silty bed s with thin,
d isc ontinuous layers of pebbles and  rare c obbles (to ≈15 c m) found  on T oreva
(rotational) bloc ks assoc iated  with land slid e c omplexes; at least several meters thic k
loc ally.
01-05-00-00-00— unit01— Q tr— T ravertine d eposits— S mall travertine d eposits loc ated
along extinc t, fault-related  springs in the R anc h os d e T aos quad rangle.
01-06-00-00-00— unit01— Q ac — Alluvial and  c olluvial d eposits— Poorly exposed  gravel
and  sand  c omposed  of T ertiary volc anic c lasts and /or granitic clasts and  gruss; overlies
T pl and  T tc+T pt in a c omplexly faulted  area in M irand a Canyon (R anc h os d e T aos
quad rangle); approximately 5 to 10(?) m thic k.
01-07-00-00-00— unit01— Q ls— Land slid es in the R io G rand e gorge and
tributaries— Poorly sorted  roc k d ebris and  sand -to-bould er d ebris transported
d ownslope; oc c urs on slopes marked  by hummoc ky topography and  d ownslope-
facing sc arps; inc lud es small earth flow, bloc k-slump, and  bloc k-slid e d eposits;
inc lud es large, rotational, T oreva slid e bloc ks within the R io G rand e and  R io Pueblo d e
T aos (T aos S W  quad rangle) gorges, whic h inc lud e large, rotated  and  d etac h ed  bloc ks
of intac t S ervilleta Basalt (T sb); south of the R io G rand e, land slid e d eposits d o not form
well-d efined  lobes, as they d o to the north, and  may be partly c olluvial; the southern
d eposits are poorly exposed , exc ept in road  c uts along the highway just north of
R inc onad a, where the d eposits are arranged  in thic k, apparently tabular bod ies with a
range of c ompositions.
01-08-00-00-00— unit01— Q lb— Land slid es of basalt— Land slid e d eposits c ontaining
intac t bloc ks of T ertiary basalt flows and  abund ant, subangular to angular basalt
bloc ks; mapped  separately only on slopes below the Oc até (Vad ito) basalt (T ob).
01-09-00-00-00— unit01— Q e— E olian d eposits— Light-c olored , well-sorted , fine- to
med ium-grained  sand  and  silt d eposits that are rec ognized  as laterally extensive, low-
relief, sparsely vegetated , mostly inac tive, sand  d unes and  sand  sh eets that overlie the
S ervilleta Basalt (T sb) on the T aos Plateau; rare gravel lag; weak to mod erate soil
d evelopment; northeast-trend ing longitud inal d une-c rest orientations ind ic ate that the
pred ominant wind  d irec tion was from the southwest; up to several meters thic k.
01-10-00-00-00— unit01— Q g— Alluvial and  minor c olluvial d eposits at high
levels— T ypic ally buff to brownish, round ed  to well-round ed , c rud ely bed d ed ,
unc emented , quartzite-ric h c onglomerate and  sand y c onglomerate; maximum c last
size up to 1 m but c ommonly about 60 c m; inc lud es both primary Q uaternary terrac e
gravels and  reworked  d eposits d erived  from them; mapped  south of the Pic uris
M ountains; two main types of Q g are present, one entirely d ominated  by quartzite
c lasts probably of the R io d e las T rampas d rainage (T rampas quad rangle), and  one
c ontaining ≈10% well-round ed , well-lithified  Paleozoic sand stone c obbles probably of
the E mbud o Creek d rainage (T rampas and  Peñasc o quad rangle); poorly exposed ,
loc ally inc lud es multiple levels of c losely spac ed , small terrac e remnants; estimated
maximum thic kness of about 10 m.
01-11-00-00-00— unit01— Q se— S lope wash and  eolian d eposits— Poorly exposed , light-
brown to tan, mod erately well-sorted  to mod erately poorly sorted , massive(?) silt, fine-
to med ium-grained  sand , and  rare pebble lenses/bed s(?); overlies old er roc ks on M esa
d e la Cejita (Velard e and  T rampas quad rangles) and  appears to be a c ombination of
mostly reworked  eolian material (silt and  fine-grained  sand ) and  loc ally d erived ,
c oarser material.
01-12-00-00-00— unit01— Q qg— Q uartzite-ric h alluvial and  c olluvial(?)
d eposits— Distinc tive d eposits c omposed  of Proterozoic quartzite c lasts from 2 m to
about 3 m in d iameter, rare Pilar Formation (Ytp) slate c lasts to about 7 c m, and
extremely rare sc hist c lasts to about 5 c m.
01-13-00-00-00— head ing02— Alluvial Fan Deposits— Alluvial Fan Deposits— Alluvial
Fan Deposits
01-13-01-00-00— unit01— Q fy— Young alluvial fan d eposits— Poorly sorted  d eposits of
silt, sand , pebbles, c obbles, and  bould ers; d eposits are typic ally c last-supported  and
poorly bed d ed ; pebble and  c obble c lasts are typic ally imbric ated ; clasts c onsist
primarily of sed imentary roc ks, quartzite, slate, sc hist, metavolc anic roc ks, granitic
roc ks, and  T ertiary granitic and  volc anic units; uppermost sed iments are c ommonly
silty sand , probably overbank d eposits; weak to mod erate ped ogenic d evelopment,
includ ing A, Bw, Bwk and  Bk soil horizons and  S tage I to II c alcium c arbonate
d evelopment; the terrac e d eposits of map unit Q ty unc onformably overlie the loc al
bed roc k and  are typic ally on valley floors of large to med ium d rainages, whereas Q fy
exists as young mountain-front fans and  valley fill in small tributaries; up to 5 m thic k.
01-13-02-00-00— unit01— Q fo— Alluvial fan d eposits, und ivid ed — Poorly sorted
d eposits of silt, sand , and  pebbles; d eposits are typic ally matrix-supported  and  poorly
bed d ed ; c lasts c onsist primarily of Paleozoic sed imentary roc ks and  Proterozoic
granitic and  metamorphic roc k types; on Pilar M esa the d eposit is d ominated  by slate
pebbles and  c obbles; between Arroyo d el Alamo (T aos S W  quad rangle) and  Arroyo
Hond o (Carson and  T aos S W  quad rangles) the d eposit is typic ally gravel remnants
preserved  on interfluves; mod erate ped ogenic d evelopment, inc lud ing A, Bt, Btk and
Bk soil horizons and  S tage III and  IV c alcium c arbonate d evelopment; upper soil
horizons are c ommonly affec ted  by surfac e erosion; exists as mountain-front fans and
probably overlaps with units Q f2 th rough Q f4, but not assigned  to other fan units
bec ause of lac k of well-d efined  age c ontrol, clear stratigraphic position, and  d istinc t
lithologic c h arac teristic s; up to 3 m thic k.
01-13-03-00-00— unit01— Q f4— Alluvial fan d eposits in c anyons and  arroyos— Poorly
sorted  silt, sand , pebbles, and  bould ers; clasts c onsist primarily of granitic and
metamorphic roc ks north of the R io Pueblo d e T aos (T aos S W  quad rangle) and
granitic, metamorphic and  sed imentary roc ks south of the R io Pueblo d e T aos; c lasts
also inc lud e basaltic roc k types along the Arroyo S ec o (Arroyo S ec o, T aos, and  Los
Cord ovas quad rangles) and  along the R io Pueblo d e T aos d ownstream of Los
Cord ovas; assoc iated  soils have S tage III to IV c alcium c arbonate d evelopment and
thic k argillic Bt soil horizons with 7.5Y R  to 10Y R  hues; the upper soil horizons may be
affec ted  by surfac e erosion; mod ified  from Kelson (1986); finer-grained  to the north,
away from the Pic uris M ountains range front; grouped  into unit Q fo northeast of the
R io G rand e d el R anc h o (R anc h os d e T aos quad rangle).
01-13-04-00-00— unit01— Q f3— Alluvial fan d eposits in c anyons and  arroyos— Poorly
sorted  silt, sand , pebbles, and  bould ers; S tage II to III c alcium c arbonate d evelopment;
clasts c onsist primarily of quartzite, slate, and  sc hist; granitic c lasts also exist east of
Arroyo d el Alamo (T aos S W  quad rangle).
01-13-05-00-00— unit01— Q f2— Alluvial fan d eposits in c anyons and  arroyos— Poorly
sorted  silt, sand , pebbles, and  bould ers; clasts c onsist primarily of granitic and
metamorphic roc ks north of the R io Pueblo d e T aos (T aos S W  quad rangle) and
granitic, metamorphic and  sed imentary roc ks south of the R io Pueblo d e T aos;
assoc iated  soils have S tage III to IV c alcium c arbonate d evelopment, thic k argillic Bt
soil horizons with 7.5Y R  to 10Y R  hues; upper soil horizons may be affec ted  by surfac e
erosion; mod ified  from Kelson (1986); finer-grained  to the north, away from the Pic uris
M ountains range front; grouped  into unit Q fo northeast of the R io G rand e d el R anc h o
(R anc h os d e T aos and  T res R itos quad rangles).
01-13-06-00-00— unit01— Q f1— Alluvial fan d eposits in c anyons and  arroyos— Poorly
sorted  silt, sand , pebbles, and  bould ers; clasts c onsist primarily of quartzite, slate, and
s c hist; granitic c lasts are also present east of Arroyo d el Alamo (T aos S W  quad rangle);
finer-grained  to the north, away from the Pic uris M ountains range front; S tage III to IV
c alcium c arbonate d evelopment, although soil horizons are c ommonly affec ted  by
surfac e erosion; Q f1 is d ifferentiated  from the Lama formation of the S anta Fe G roup
(Q T l) by larger c last size (Kelson, 1986), less oxid ation, poor sorting, absenc e of
abund ant manganese oxid e staining, and  c lasts that are less weathered ; ash probably
within Q f1 d eposits at loc ality near S takeout R oad  (R anc h os d e T aos quad rangle)
d ated  at 1.27 ± 0.02 M a (40Ar/39Ar method , W . M cIntosh, personal c ommunic ation,
1996); where exposed  to the south the unit is up to 12 m thic k.
01-14-00-00-00— head ing02— T errac e Deposits— T errac e Deposits— T errac e

01-14-01-00-00— unit01— Q ty— Young stream-terrac e d eposits— Poorly sorted  d eposits
of silt, sand , pebbles, c obbles, and  bould ers; d eposits are typic ally c last-supported  and
poorly bed d ed ; pebble and  c obble c lasts are typic ally imbric ated ; clasts c onsist
primarily of sed imentary roc ks, quartzite, slate, sc hist, metavolc anic roc ks, granitic
roc ks, and  T ertiary granitic and  volc anic units; uppermost sed iments are c ommonly
silty sand , probably overbank d eposits; weak to mod erate ped ogenic d evelopment,
includ ing A, Bw, Bwk and  Bk soil horizons and  S tage I to II c alcium c arbonate
d evelopment; the terrac e d eposits of map unit Q ty unc onformably overlie the loc al
bed roc k and  are typic ally on valley floors of large to med ium d rainages, whereas Q fy
exists as young mountain-front fans and  valley fill in small tributaries; up to 5 m thic k.
01-14-02-00-00— unit01— Q to— S tream terrac e d eposits, und ivid ed — Poorly sorted
d eposits of silt, sand , and  pebbles; d eposits are typic ally matrix-supported  and  poorly
bed d ed ; c lasts c onsist primarily of Paleozoic sed imentary roc ks and  Proterozoic
granitic and  metamorphic roc k types; on Pilar M esa the d eposit is d ominated  by slate
pebbles and  c obbles; between Arroyo d el Alamo (T aos S W  quad rangle) and  Arroyo
Hond o (Carson and  T aos S W  quad rangles) the d eposit is typic ally gravel remnants
preserved  on interfluves; mod erate ped ogenic d evelopment, inc lud ing A, Bt, Btk and
Bk soil horizons and  S tage III and  IV c alcium c arbonate d evelopment; upper soil
horizons are c ommonly affec ted  by surfac e erosion; typic ally oc c urs as isolated
remnants on rid ge c rests, and  is probably c orrelative with terrac e levels one th rough
four; up to 3 m thic k.
01-14-03-00-00— unit01— Q t4rp— S tream terrac e d eposits in c anyons and
arroyos— Poorly sorted  silt, sand , pebbles, and  bould ers; c lasts c onsist primarily of
granitic and  metamorphic roc ks north of the R io Pueblo d e T aos (T aos S W  quad rangle)
and  granitic, metamorphic and  sed imentary roc ks south of the R io Pueblo d e T aos;
c lasts also inc lud e basaltic roc k types along the Arroyo S ec o (Arroyo S ec o, T aos, and
Los Cord ovas quad rangles) and  along the R io Pueblo d e T aos d ownstream of Los
Cord ovas; assoc iated  soils have S tage III to IV c alcium c arbonate d evelopment and
thic k argillic Bt soil horizons with 7.5Y R  to 10Y R  hues; the upper soil horizons may be
affec ted  by surfac e erosion; mod ified  from Kelson (1986); finer-grained  to the north,
away from the Pic uris M ountains range front.
01-14-04-00-00— unit01— Q t3rp— S tream terrac e d eposits in c anyons and
arroyos— Poorly sorted  silt, sand , pebbles, and  bould ers; S tage II to III c alcium
c arbonate d evelopment; c lasts c onsist primarily of quartzite, slate, and  sc hist; granitic
c lasts also exist east of Arroyo d el Alamo (T aos S W  quad rangle).
01-14-05-00-00— unit01— Q t2rp— S tream terrac e d eposits in c anyons and
arroyos— Poorly sorted  silt, sand , pebbles, and  bould ers; c lasts c onsist primarily of
granitic and  metamorphic roc ks north of the R io Pueblo d e T aos (T aos S W  quad rangle)
and  granitic, metamorphic and  sed imentary roc ks south of the R io Pueblo d e T aos;
assoc iated  soils have S tage III to IV c alcium c arbonate d evelopment, thic k argillic Bt
soil horizons with 7.5Y R  to 10Y R  hues; the upper soil horizons may be affec ted  by
surfac e erosion; mod ified  from Kelson (1986); finer-grained  to the north, away from
the Pic uris M ountains range front.
01-14-06-00-00— unit01— Q t1rp— S tream terrac e d eposits in c anyons and
arroyos— Poorly sorted  silt, sand , pebbles, and  bould ers; c lasts c onsist primarily of
quartzite, slate, and  sc hist; granitic c lasts are also present east of Arroyo d el Alamo
(T aos S W  quad rangle); finer-grained  to the north, away from the Pic uris M ountains
range front; S tage III to IV c alcium c arbonate d evelopment, although soil horizons are
c ommonly affec ted  by surfac e erosion; where exposed  to the south the unit is up to 12
m thic k.
01-14-07-00-00— head ing03— T errac e Deposits of the R io G rand e— T errac e Deposits of
the R io G rand e— T errac e Deposits of the R io G rand e
01-14-07-01-00— unit01— Q trg— R io G rand e terrac e gravels— Pebble- to c obble-size
gravel d eposits preserved  as small remnants inset into Q uaternary land slid e d eposits
north and  northeast of R inc onad a; mapped  only in the T rampas quad rangle;
id entifiable as R io G rand e alluvium by the inc lusion of Proterozoic G lenwood y
Formation (Xvg) c lasts d erived  from the Pilar c liffs, just southwest of the village of
Pilar on the Carson quad rangle, and  round ed  c obbles of S ervilleta Basalt (T sb);
approximately 5 m thic k.
01-14-07-02-00— unit01— Q t2rg— S tream terrac e d eposits of the R io G rand e— Poorly
sorted  silt, sand , pebbles, and  bould ers; clasts c onsist primarily of granitic,
metamorphic, intermed iate volc anic, basalt, and  sed imentary roc ks; loc ally clasts of
T ertiary Amalia T uff may be present; associated  soils have S tage III to IV c alcium
c arbonate d evelopment, thic k argillic Bt soil horizons, and  7.5Y R  to 10Y R  hues in soil
Bt horizons; upper soil horizons may be affec ted  by surfac e erosion; may be mantled
loc ally by unit Q e; mod ified  from Kelson (1986); estimated  at 1 to 10 m thic k.
01-14-07-03-00— unit01— Q t1rg— S tream terrac e d eposits of the R io G rand e— Poorly
sorted  sand , pebbles, and  c obbles; c lasts c onsist of basalt, quartzite, slate, sc hist and
other metamorphic roc k types, volc anic roc k types, and  (rarely) sand stone and
limestone; overlies the S ervilleta Basalt (T sb) north of Pilar M esa, but is inset into T sb
on Pilar M esa in the Carson quad rangle; loc ally may c ontain c lasts of T ertiary Amalia
T uff; where preserved , as soc iated  relic t soils have S tage III to IV c alcium c arbonate
d evelopment, thic k argillic Bt soil horizons, and  7.5Y R  hues in soil Bt horizons; upper
soil horizons c ommonly affec ted  by surfac e erosion; may be mantled  loc ally by unit
Q e; estimated  at 1 to 10 m thic k.
01-14-07-04-00— unit01— Q t0rg— S tream gravel d eposited  by anc estral R io
G rand e— Poorly sorted  sand , pebbles, and  c obbles; c lasts c onsist of basalt, quartzite,
slate, sc hist, other metamorphic roc k types, and  volc anic roc k types; very rare Amalia
T uff c lasts; assoc iated  with the broad , highest terrac e west of the R io G rand e; upper
soil horizons c ommonly affec ted  by surfac e erosion; loc ally mantled  by eolian sand ;
estimated  at several meters thic k.
02-00-00-00-00— head ing01— Volc anic R oc ks— Volc anic R oc ks— Volc anic

02-01-00-00-00— head ing02— T aos Plateau Volc anic Field — T aos Plateau Volc anic
Field — T aos Plateau Volc anic Field
02-01-01-00-00— unit01— T sb— S ervilleta Basalt— Flows of d ark-gray tholeiitic basalt
c h arac terized  by small olivine and  tabular plagioc lase phenoc rysts, d iktytaxitic
texture, and  loc al vesic le pipes and  segregation veins; form s thin, fluid , wid espread
pahoehoe basalt flows of the T aos Plateau volc anic field  erupted  principally from large
shield  volc anoes in the c entral part of the T aos Plateau (Lipman and  M ehnert, 1979)
but also from several small shield s and  vents to the northwest of the map area near the
Colorad o bord er (T hompson and  M ac h ette, 1989; K. T urner, personal c ommunic ation,
2014); ad d itional buried  vents west of the R io G rand e are likely; flows typic ally form
c olumnar-jointed  c liffs where exposed , with a maximum thic kness of approximately 50
m in the R io G rand e gorge approximately 16 km northwest of T aos; loc ally subd ivid ed
into lower S ervilleta Basalt (T sbl), mid d le S ervilleta Basalt (T sbm), and  upper S ervilleta
Basalt (T sbu) by Dungan et al., (1984); flow pac kages are separated  by sed imentary
intervals as muc h as 70 m thic k in the southern part of the map area (Leininger, 1982);
40Ar/39Ar ages from basalts exposed  in the R io G rand e gorge (Cosc a et al., 2014) range
in age from 4.78 ± 0.03 M a for the lowest basalt near the G orge Brid ge (Los Cord ovas
quad rangle), to 3.59 ± 0.08 M a for the highest basalt flow at the G orge Brid ge, broad ly
c onsistent with previous results by Appelt (1998); two samples were analyzed  from the
G uad alupe M ountain quad rangle: one at the base of the upper S ervilleta Basalt lava
flow sec tion at La Junta Point yield ed  an 40Ar/39Ar age of 3.78 ± 0.08 M a (sample
10R G 05, M . Cosc a, personal c ommunic ation, 2014), whereas a lava flow at the base of
the sec tion south of Cerro Chiflo yield ed  an 40Ar/39Ar age of 3.78 ± 0.08 M a (sample
R T 08G M 02, M . Cosc a, personal c ommunic ation, 2014).
02-01-02-00-00— unit01— Tvto— R hyod ac ite of T res Orejas— Dark, phenoc ryst-poor,
loc ally flow layered  rhyod ac ite; phenoc rysts of augite and  hypersth ene are sparse and
small; S iO2 is 62 to 64% (Lipman and  M ehnert, 1979); the uppermost S ervilleta Basalt
flows loc ally overlap the flanks of T res Orejas on the Carson quad rangle.
02-02-00-00-00— head ing02— Oc até Volc anic Field — Oc até Volc anic Field — Oc até
Volc anic Field
02-02-01-00-00— unit01— T ob— Oc até (Vad ito) basalt— Dark-gray, vesic ular, olivine
tholeiite basalt flow found  on a high mesa east of the Village of Vad ito in the east-
c entral map area, and  as sc attered , isolated  remnants to the west; east-to-west trac es of
sc attered  exposures may ind ic ate the original c ourse of the basalt flow along a Plioc ene
paleovalley; 40Ar/39Ar whole-roc k d ate of 5.67 ± 0.12 M a c onfirms its time equivalenc e
to roc ks of the c a. 5.7 M a Oc até volc anic field  to the east; loc ally up to 10 m thic k.

02-03-00-00-00— head ing02— VolS anJuan— S an Juan Volc anic Field — S an Juan Volc anic
Field

02-03-01-00-00— unit01— T bo— Old er basaltic roc ks— In c ross sec tion only. W ithin the
stud y area, one well (R G -83352) penetrates a lava flow that is probably c onsid erably
old er than the S ervilleta Basalt; the d rillers log lists “basalt” from 840 to 900 ft, and
“frac tured  basalt” from 900 to 920 ft; given that the surfac e unit is the Chama-E l R ito
M ember of the T esuque Formation (T tc, M ioc ene), the 80-ft-thic k lava flow may be
Oligoc ene in age; suc h Oligoc ene lavas d o exist at the surfac e north of the stud y area,
where they are known as the Conejos Formation (c a. 30 to 29 M a) and  the Hins d ale
Formation (c a. 26 M a) (T hompson and  M ac h ette, 1989; T hompson et al., 1991); these
lavas are related  to the S an Juan volc anic field , whic h pred ates the formation of the
struc tural R io G rand e rift; approximately 24 m thic k.
03-00-00-00-00— head ing01— R io G rand e R ift and  Pre-rift Deposits— R io G rand e R ift
and  Pre-rift Deposits— R io G rand e R ift and  Pre-rift Deposits
03-01-00-00-00— unit01— T g?— High-level gravel— U nexposed , mod erately well-sorted ,
round ed  to subround ed  gravel d ominated  by quartzite c lasts with pos sibly some
T ertiary volc anic c lasts and /or Paleozoic sand stone c lasts up to about 5 c m in d iameter;
this d eposit is mapped  only on the hill north of Vad ito, and  is inferred  from float of
quartzite-ric h gravel on the north sid e of the hill; the south sid e of the hill is mantled
by relatively c oarse gravel/c obbles (up to about 50 c m) that c ontain the above c lasts
plus c ommon, subround ed  to subangular, basalt c lasts that are either mixed  with a
pre-basalt d eposit that is c oarser than the north-sid e exposures (suc h as an erod ed
gravel that post-d ates the basalt), or d erived  from an unid entified  pre-T bo basalt that
c ontributed  c lasts to T g; the inferred  gravel layer is estimated  to be 1 to 3 m thic k.
03-02-00-00-00— head ing02— S anta Fe G roup— S anta Fe G roup— Basin-fill c lay, silt,
sand , pebbles, c obbles, and  bould ers of the R io G rand e rift. In the map area, the unit is
at least 1,000 m thic k.
03-02-01-00-00— unit01— Q T g— Alluvial and  minor c olluvial d eposits at high levels of
the S anta Fe G roup— T errac e gravels and  more angular basement-d erived  alluvium
and /or c olluvium loc ated  south of the Pic uris M ountains; the alluvium and  c olluvium
has partly buried  or rarely interfingers with the terrac e gravels; gravel c omposition
varies with loc al basement c omposition and  the loc al d rainage systems; c ommonly
preserved  as relatively thin “ribbons” of gravel along rid ges, with extensive aprons of
gravel on slopes below; it is unc lear whether these roc ks represent one geomorphic
surfac e or multiple geomorphic surfac es ac ross the map area, as they have not been
c orrelated  or profiled ; the base of the gravel is not exposed  but, at maximum, is about
10 m thic k.
03-02-02-00-00— unit01— Q T l— Lama formation of the S anta Fe G roup— Poorly sorted
sand , pebbles, and  c obbles; c lasts c onsist of basalt, quartzite, other metamorphic roc k
types and  other volc anic roc k types; loc ally high perc entage of angular to subangular
quartzite pebbles and  c obbles; c ommonly c ross-bed d ed  and  stained  with blac k
manganese oxid e and  yellowish-orange iron oxid e c oatings; oxid ized ; c lasts are
typic ally weathered  or grussified ; c ontains d istinc t d isc ontinuous sand y interbed s;
c ommonly c rud ely imbric ated ; imbric ation suggests westerly flow d irec tion in the area
north of the T aos M unicipal Airport (Los Cord ovas quad rangle), and  southerly flow
d irec tion in areas north and  west of the R io Pueblo d e T aos, with northwesterly flow
d irec tion in areas southeast of the R io Pueblo d e T aos; well d rillers rec ord s in the
Q uesta area show c lay layers in the sh allow subsurfac e that are interpreted  as
lac ustrine d eposits; the unit is present between the S angre d e Cristo M ountains range
front and  the R io G rand e gorge over most of the area; c orrelative with 1) Lambert’s
(1966) two informal facies of the "S ervilleta Formation” (the “sand y gravel facies”
found  south of the R io Hond o, and  the “gravelly silt facies” found  between the R io
Hond o and  the R ed  R iver), 2) Kelson’s (1986) informal “Basin Fill d eposit,” 3) the unit
previously informally c alled  “Blueberry Hill formation” in the T aos area, and  4)
Pazzaglia’s (1989) late N eogene-Q uaternary rift fill sequenc e (unit Q 1) whic h he
informally named  the Lama formation; herein, for this stud y area, the Lama formation
is d efined  as the uppermost, pre-incision, sed imentary rift fill, and , where extant,
represents the uppermost member of the S anta Fe G roup; the unit therefore inc lud es
all of the basin fill between the old est S ervilleta Basalt at 5.55 ± 0.37 M a near Cerro
Azul (T aos Junc tion quad rangle, D. Koning, personal c ommunic ation, 2015) and  the
old est R io G rand e (and  tributary) terrac e gravels (e.g., Q t0rg, Q t0rr); the Lama
formation and  the und erlying Chamita Formation are texturally and  c ompositionally
similar and  may be ind istinguishable in boreholes, although Koning et al. (2015) noted
a c oarsening of sed iment (southwest of the map area) that roughly c oincid es with the
Chamita/Lama c ontac t in the map area; the top of the Lama formation is typic ally
marked  by a sharp unc onformity and  c olor/textural c ontrasts with overlying gravels;
the unit c ontains of several laterally variable c omponents of sed imentary fill that are
assoc iated  with various provenanc e areas related  to east- or west-flowing tributary
watersh ed s that have been fairly persistent in the late Cenozoic; loc ally c ontains teph ra
layers; reworked  teph ra from the lowermost Lama formation in a road  c ut near the
R ed  R iver Fish Hatc h ery (G uad alupe M ountain quad rangle, elevation c a. 7,160 ft) was
probably d erived  from nearby c a. 5 M a volc anic units (R . T hompson, personal
c ommunic ation, 2015); a teph ra in the uppermost Lama formation yield ed  a d ate of
≈1.6 M a based  on a c h emic al c orrelation with the 1.61 M a G uaje Pumic e Bed  in the
Jemez M ountains (elevation c a. 7,660 ft, M . M ac h ette, U S G S , personal c ommunic ation,
2008) to the southwest of the map area; thic kness ranges from zero to an exposed
thic kness of about 25 m at the southwestern end  of Blueberry Hill (T aos quad rangle),
but may be c onsid erably thic ker in other parts of the map area.
03-02-02-01-00— unit02— T c c — Clay layer in the Lama formation of the S anta Fe
G roup— Distinc tive, thin, light-gray c lay layer that is loc ally exposed  in the walls of the
R io G rand e gorge, d ownstream from the c onfluenc e with the R io Pueblo d e T aos; the
c lay is c omposed  of very small (20 to 50 mic rons), well-sorted  c rystals of quartz and
feld spar in a c lay matrix that most likely formed  in a lake that existed  behind  a basalt-
d ammed  anc estral R io G rand e; the c lay lies within the c lastic bed s of the Lama
formation (Q T l), above the lowermost S ervilleta Basalt; this clay layer has hyd rologic
signific anc e between the T aos Junc tion brid ge and  Pilar, as on the north slope of the
gorge, as it is spatially related  to a series of small springs and  seeps that exist at
elevations of approximately 6,200 ft; the clay layer extend s d ownstream, where it hosts
a number of larger springs that emerge from the north gorge wall d ownstream from
Pilar; the known, exposed  lateral extent of the layer is a minimum of 17 km (11 mi) in
the gorge; ad d itionally, the c lay likely extend s up the R io Pueblo d e T aos, where it is
observed  in several of the wells used  in this stud y; estimated  to be 1 to 3 m thic k. S ee
the E xplanation of M ap S ymbols for the symbology used  in the map.
03-02-03-00-00— head ing03— Chamita Formation— Chamita Formation of the S anta Fe
G roup— Chamita Formation of the S anta Fe G roup
03-02-03-01-00— unit01— T c — Chamita Formation of the S anta Fe G roup,
und ivid ed — S ed imentary d eposits between the lowest S ervilleta Basalt and  the
T esuque Formation; typic ally round ed  to subround ed  pebble- to c obble-size c lasts in a
sand  to silt matrix; thic k sec tions to the south reflec t Proterozoic c last provenanc e and
are d ominated  by sc hist, quartzite, and  amphibolite with lesser volc anic c lasts d erived
from the Latir volc anic field ; loc ally, thin interbed s are typic ally d ominated  by pebble-
size c lasts in a fine sand  to silt matrix and  c ommonly inc lud e the roc k types above in
ad d ition to subangular and  subround ed  volc anic c lasts d erived  loc ally from ad jac ent
volc anic highland s of the T aos Plateau volc anic field ; the top of T c is herein d efined  as
the sed iments below the youngest S ervilleta Basalt flows.
03-02-03-01-01— unit02— T c pm— Pilar M esa member of the Chamita Formation, S anta
Fe G roup— Very pale-brown to light-yellowish-brown, mod erately to well-sorted ,
subangular to round ed , mostly tabular, thin- to thic k-bed d ed , loose to weakly(?)
c emented , very fine to c oarse sand  and  silty sand  interbed d ed  with d ark-c olored ,
mod erately to very poorly sorted , angular to subround ed  (often platy), med ium- to
thic k-bed d ed , mostly c last-supported  lenses and  bed s of sand y c onglomerate;
c onglomerates c ontain clasts of Proterozoic quartzite, T ertiary volc anic roc ks, Pilar
Formation slate (Ytp), Paleozoic sand stone, siltstone, and  limestone, granitic roc ks, and
rare amphibolite, c arbonate nod ules, and  rip-ups of fines resembling ad jac ent
sand stone interbed s; this unit was informally d esc ribed  as the Cieneguilla member of
the T esuque Formation by Leininger (1982); approximately 230 m thic k.
03-02-04-00-00— head ing03— Chamita and  T esuque Formations— Chamita and
T esuque Formations of the S anta Fe G roup— Chamita and  T esuque Formations of the
S anta Fe G roup
03-02-04-01-00— unit01— T c+T to— Chamita Formation and  Ojo Caliente S and stone
M ember of the T esuque Formation, S anta Fe G roup, und ivid ed — In c ross sec tion only.
T c and  T to und ivid ed , see d esc riptions of ind ivid ual units.
03-02-05-00-00— head ing03— T esuque Formation— T esuque Formation of the S anta Fe
G roup— R io G rand e rift related  basin-fill d eposits of clay, silt, sand , pebbles, c obbles,
and  bould ers.
03-02-05-01-00— unit01— T tbc — Cejita M ember of the T esuque Formation, S anta Fe
G roup (Lithosome B)— V ery pale-brown (10 Y R 7/4), well- to mod erately well-sorted ,
subround ed  to round ed , loose to mod erately well-ind urated  sand stone; this unit is a
d istinc tive eolian sand  d une d eposit sourc ed  from the southwest (G alush a and  Blic k,
1971); d ominant grain size is fine sand ; CaCO3 c onc retions are abund ant, brown, and
1.3 to 5.0 c m thic k; Q FL proportions near Dixon (Velard e, N M ) average 62% quartz,
28% feld spar, 10% lithic s and  LvLsLm ratio averages 82% Lv, 8% Ls, and  10% Lm
(S teinpres s, 1980); thin red d ish-brown, finely laminated  siltstone horizons exist loc ally;
tabular c ros s-bed s are c ommon, with sets over 4 m in height; the best exposures are in
road c uts along N M -68, northeast of Pilar; in the map area, this unit und erlies the Pilar
M esa member (T c pm) of the Chamita Formation (T c) below an interfingering(?)
c ontac t, and  some of the sand  in the Pilar M esa member is probably reworked  Ojo
Caliente S and stone M ember and /or sand  d erived  from the same sourc e d uring Pilar
M esa member time; age range of 13.5 to 10.9 M a is based  on regional relationships
(Koning et al., 2005); approximately 250 m thic k.
03-02-05-02-00— unit01— T to— Ojo Caliente S and stone M ember of the T esuque
Formation, S anta Fe G roup— Buff to greenish, mod erately to poorly sorted , med ium-
to thic k-bed d ed , sand y c onglomerate to pebbly sand stone and  subord inate c oarse- to
fine-grained  silty sand stone c ontaining round ed  to subangular c lasts of Proterozoic
quartzite, Paleozoic sand stone, siltstone, and  limestone, and  T ertiary volc anic c lasts;
overlies both the Ojo Caliente S and stone M ember and  Dixon member of the T esuque
Formation; Lithosome B refers to the lithologic d esignations of Cavazza (1986), also see
Koning and  Aby (2003); age range of 13.2 to 7.0 M a based  on regional relationships
(Koning and  Aby, 2005).
03-02-05-03-00— unit01— T tqa— Q uartzite-ric h unit of the T esuque Formation, S anta Fe
G roup— M ostly light-c olored  (buff to very pale-brown), mod erately(?) to poorly
sorted , loose to weakly c emented , med ium to thic k-bed d ed (?), silty sand stone(?) to
sand y c obble c onglomerate c omposed  of quartzite and  <25% granitic c lasts; this unit is
more granitic-ric h to the south on the T ruc h as quad rangle where teph ra layers, high in
the stratigraphic sec tion in the western part of the quad rangle, yield ed  40Ar/39Ar ages
of 11.7 and  11.3 M a (S mith et al., 2004); in the T ruc h as quad rangle the lower sec tion is
probably old er than 15 M a based  on provisional c orrelations to strata in ad jac ent
quad rangles (S mith et al., 2004); in the T ruc h as quad rangle the total thic kness is
approximately 500 m.
03-02-05-04-00— unit01— T td — Dixon member of the T esuque Formation, S anta Fe
G roup— R ed , tan, beige, and  loc ally green, sand y to c layey silt and  silty c lay bed s
about 0.1 to 6(?) m thic k, interbed d ed  with tan, brownish, red d ish, and
c h arac teristic ally greenish, mod erately to very poorly sorted , often preferentially
c arbonate-c emented , thinly to thic kly bed d ed  c onglomerates and  fine- to c oarse-
grained , arkosic sand stones between ≈0.5 and  ≈5 m thic k; c onglomerates c ontain
abund ant, poorly to mod erately well-round ed  c lasts of Proterozoic quartzite and
Paleozoic sand stone, limestone, and  siltstone; sed imentary features other than plane
lamination are not c ommon but inc lud e ripple marks, c ross-bed s, and  lateral ac c retion
(point-bar) foresets; c ontac ts between bed s are typic ally abrupt and  the bases of
sand stones and  c onglomerates are c ommonly sc oured  with from 0.01 to 1 m of relief;
imbric ation of c lasts is loc ally mod erately well d eveloped ; paleoc urrent ind ic ators
(imbric ations and  the strikes of c h annel walls) ind ic ate transport primarily from the
south, east, and  northwest; sand stones and  c onglomerates are preferentially c emented
with c alcium c arbonate; c arbonate c ement loc ally forms a sparry white matrix between
grains; in this area, S mith et al. (2004) d emonstrated  that the Dixon member and  Cejita
M ember of the T esuque Formation are ind istinguishable in the field  where not
separated  by the Ojo Caliente S and stone; age of ≈13 to 11.8 M a (latest Barstovian) is
based  on fossils (T ed ford  and  Barghoorn, 1993); minimum of 250 m thic k.
03-02-05-05-00— unit01— T tc u— U pper part of the Chama-E l R ito M ember of the
T esuque Formation, S anta Fe G roup— Very pale-brown to light-yellowish-brown,
mod erately to poorly sorted , subangular to subround ed , thinly to thic kly bed d ed ,
tabular, loose to mod erately c arbonate-c emented , fine- to c oarse-grained , silty
sand stone interbed d ed  with mod erately to poorly sorted , subangular to subround ed ,
med ium- to thic k-bed d ed , tabular to broad ly lentic ular(?), sand y c onglomerate
c omposed  of variable amounts of Proterozoic quartzite, Pilar Formation slate (Ytp),
sc hist, T ertiary volc anic roc ks, Paleozoic sand stone, limestone and  siltstone, granitic
roc ks, and  rare rip-up c lasts; the lower c ontac t is grad ational (interfingering?) with the
rest of Chama-E l R ito M ember (T tc); the lower c ontac t is d rawn at approximately 10%
Paleozoic c lasts; the upper c ontac t is not exposed  but is probably grad ational and
interfingering with the Ojo Caliente S and stone M ember (T to); largely c overed  by
Q uaternary alluvium, however, some mod erately good  exposures overlie T tc in Agua
Caliente Canyon; some bed s of T tc near the c ontac t c ontain anomalously high numbers
of sand stone and  granitic clasts and  some Pilar Formation slate whic h is similar to the
Pilar M esa member (T c pm); these bed s und erlie the Ojo Caliente S and stone, whic h
d efines the top of the T esuque Formation of G alush a and  Blic k (1971) in the Carson
quad rangle, so they are inc lud ed  in T tc here rather than d efining a separate member
for these roc ks; age range of 14 M a to 11 M a is based  on the age of overlying and
und erlying units; where unfaulted  the unit is at least 200 m thic k.
03-02-05-06-00— unit01— T tc — Chama-E l R ito M ember of the T esuque Formation, S anta
Fe G roup— Buff, whitish, pink, red  and  brownish, mod erately to very poorly sorted ,
subangular to subround ed , tabular to lensoid al(?), thinly to very thic kly bed d ed ,
massive, plane-bed d ed , or c ross-bed d ed , loose to c arbonate-c emented  mud d y siltstone
to silty, very fine to very c oarse sand stone interbed d ed  with mod erately to poorly
sorted , mostly subround ed , med ium- to very thic k-bed d ed  tabular bed s and  broad
lenses of silty/sand y and  sand y pebble c onglomerate; clasts c onsist mostly of T ertiary
volc anic roc ks and  quartzite with lesser amounts of Paleozoic sand stone, granitic
roc ks, Pilar Formation (Ytp) slate, sc hist, and  rare amphibolite; ranges in age
regionally from pos sibly >22 M a to ≈13 M a (Aby, 2008); thic kness unknown, but is
expec ted  to range c onsid erably in the subsurfac e.
03-02-06-00-00— head ing03— Other Deposits of the S anta Fe G roup— Old er Deposits of
the S anta Fe G roup— Old er Deposits of the S anta Fe G roup
03-02-06-01-00— unit01— T bc a— Basal c olluvial and  alluvial d eposits of the S anta Fe
G roup— Alluvial and  c olluvial material und erlying T tc, T td , and  T ptc in many
loc ations; c last c ompositions are variable but are primarily d erived  from loc al
Proterozoic units; a ≈20-c m-thic k teph ra bed  sampled  from a road  c ut in the town of
T rampas (13S  432003mE  3998789mN , N AD83) yield ed  a plagioc lase 40Ar/39Ar d ate of
22.7 ± 0.4 M a; approximately 3 to 30 m thic k.
03-02-07-00-00— head ing03— T esuque and  Pic uris Formations— T esuque Formation of
the S anta Fe G roup and  Pic uris Formation— T esuque Formation of the S anta Fe G roup
and  Pic uris Formation
03-02-07-01-00— unit01— T tc+T pt— Chama-E l R ito M ember of the T esuque Formation,
S anta Fe G roup and /or tuffac eous member of the Pic uris Formation,
und ivid ed — Interbed d ed  and /or c omplexly faulted , poorly exposed , sparse outc rops of
tuffac eous and  pumic eous silty sand stones (T pt) and  volc anic lastic sand stone and
c onglomerate (T tc); stratigraphic/temporal relations between the tuffac eous members
of the Pic uris Formation (T pt) and  the Chama-E l R ito M ember (T tc) are d isc ernible
(and  c learly ‘layer c ake’) in the southern Pic uris M ountains, however, loc ally the
tuffac eous member is either absent or not exposed  along most of the range front; along
the northeastern ed ge of the map area are poorly exposed , and  possibly c omplexly
faulted , outc rops of both tuffac eous and  volc anic lastic roc ks that ind ic ate possible
interfingering of the two units; elsewhere, these roc ks were referred  to as the mid d le
tuffac eous member of the Pic uris Formation (Aby et al., 2004); age is less than ≈25 M a
based  on abund ant c lasts of 25 M a Amalia T uff, but minimum age is unknown;
thic kness in the map area is unknown.
03-03-00-00-00— head ing02— Pic urisFm— Pic uris Formation— Pic uris

03-03-01-00-00— unit01— T p— Pic uris Formation, und ivid ed — In c ross sec tion only. In
the Pic uris M ountains area (Aby et al., 2004) c onsists of an upper member of
tuffac eous and  pumic eous silty sand stones and  volc anic lastic sand stone and
c onglomerate; a member of buff to white and /or pinkish, silty sand stone to fine c obble
c onglomerate and  non-friable to strong, very fine-lower- to very c oarse-upper-grained ,
very poorly to mod erately sorted , round ed  to subangular, thinly to thic kly bed d ed ,
silic a-c emented  silty to pebbly sand stone that loc ally c ontains a basal portion of poorly
sorted  pebbly/gravelly sand stone and /or c obble/bould er c onglomerate c omposed
exc lusively of Proterozoic c lasts; a member of light-buff, yellowish, and  loc ally white,
ash-ric h, quartzose, silty, fine sand  to pebbly, pumic eous sand stone; a lower member of
red , greenish, and  yellowish, mod erately to very poorly sorted , subangular to
subround ed , pebbly/silty sand stone and  mud stone c ontaining very thic k(?) to thin
bed s and /or lenses and /or isolated  c lasts of subangular to round ed  Proterozoic
quartzite (up to 3 m ac ross) and  massive quartzite c onglomerate; paleo-flow
measurements ind ic ate sourc e to the north (R eh d er, 1986); age range is from at least
34.5 M a to less than 25 M a; thic kness unknown, but at least 450 m thic k in the Pic uris

03-03-02-00-00— unit01— T pt— T uffac eous member of the Pic uris Formation— Light-
buff, yellowish, and  loc ally white, ash-ric h, quartzose, silty, fine-grained  sand  to
pebbly, pumic eous sand stone; very friable to somewhat friable, mod erately to very
poorly sorted , c ommonly bimod al, and  massive; very thic kly to thinly bed d ed  with
loc ally well-d eveloped  fining upward  sequenc es; most sand stone bed s c ontain a small
perc entage of med ium-lower- to c oarse-upper-grained  sand  of Pilar Formation (Ytp)
slate and  quartzite; thin to thic k (5 cm to 1.5 m) interbed s and  c h annel-fills of buff to
blac k, friable, mod erately to poorly sorted , subangular to subround ed  Pilar Formation
slate and  quartzite-ric h and /or T ertiary pumic e-ric h c onglomerate; the lower portion,
just west of Cerro Blanc o (T rampas quad rangle) and  just east of the granitic highland
in S ec tion 29, T 023N  R 012E , is poorly sorted , fine- to c oarse-grained , grussy, pebbly
sand ; small-sc ale fining upward  sequenc es ind ic ative of fluvial d eposition are exposed
on the slopes of Cerro Blanc o; near the aband oned  power substation in S ec tion 32,
T 023N  R 012E  the d eposit c ontains rare pebbly/gravely c h annels that are ric h in granite,
epid ote, slate, amphibolite, and  sc hist(?), and  a single exposure of bould er
c onglomerate c omposed  of Peñasc o quartz monzonite porphyry, quartzite, and
amphibolite; exposures north of the R io Pueblo d rainage c ontain white ash bed s (15 to
65 c m); some ash layers are d istinc tly bioturbated ; some c onglomerate bed s c ontain
abund ant, round ed  T ertiary pumic e lapilli; lapilli in lower portions of the unit are
white or pink, mafic-poor, with phenoc rysts of quartz and  plagioc lase; near, and  at, the
upper c ontac t is a biotite-ric h pumic e; the lower c ontac t is not exposed  in the map
area; the upper c ontac t is mapped  as the base of the first silic a-c emented  bed  in the
sec tion; a primary Amalia T uff ash fall id entified  within the mid d le member at Cerro
Blanc o and  similar ash bed s exists on the hill just northwest of Pic uris Pueblo (Peñasc o
quad rangle); pumic e from the Amalia T uff eruption has been id entified  at several
plac es along the southeastern ed ge of the Pic uris M ountains; two ad d itional
populations of pre- and  post-c ald era pumic e at 23 M a and  27 M a have been id entified ;
based  on 40Ar/39Ar geoc h ronology, this unit was d eposited  starting about 28 M a in
the northern Pic uris M ountains (based  on the age of the Llano Q uemad o brec c ia) and
starting about 25 to 26 M a in the southern Pic uris M ountains (based  on the age of an
ash that is low in the sec tion); d eposition end ed  by at least 18.6 M a in the northern
Pic uris M ountains and  by 19.8 M a in the southern Pic uris M ountains based  on ages of
basalt c lasts in T tc (Aby et al., 2004; Bauer et al., 2005); approximately 125 m thic k.
03-03-02-01-00— unit02— T ptc — Cemented  part of the tuffac eous member of the Pic uris
Formation— Buff to white and /or pinkish, silty sand stone to fine c obble c onglomerate
and  non-friable to strong, very fine-lower- to very c oarse-upper-grained , very poorly
to mod erately sorted , round ed  to subangular, thinly to thic kly bed d ed , silic a-c emented
silty to pebbly sand stone; loc ally c ontains a basal portion of poorly sorted
pebbly/gravelly sand stone and /or c obble/bould er c onglomerate c omposed  exc lusively
of Proterozoic c lasts; in exposures along N M -76 between Chamisal and  Peñasc o (the
‘Chamisal exposures’ of Aby et al., 2004) the lowest, exposed , c emented  part of the
tuffac eous member is at least 13 m of mod erately well-sorted , thic kly bed d ed , sub-
round ed  to angular, c obble and  bould er c onglomerate c omposed  of Proterozoic
granite (46%), quartzite (26%), amphibolite (26%), phyllite (1%), and  sc hist (1%); the
upper c ontac t is plac ed  at the top of the last silic a-c emented  bed , and  loc ally d isplays
flame struc tures; rare paleoc urrent ind ic ators show transport from the northwest,
north, and  northeast; age is probably between about 23 M a and  20 M a based  on
40Ar/39Ar ages of pumic e c lasts in this unit, and  a basalt c last in the overlying roc ks
(Aby et al., 2004); approximately 10 to 35 m thic k.
03-03-03-00-00— unit01— T plq— Llano Q uemad o brec c ia member of the Pic uris— Light-
gray to red , monolithologic volc anic brec c ia of d istinc tive extremely angular, poorly
sorted , light-gray, rec rystallized  rhyolite c lasts in a generally red d ish matrix; rhyolite
c lasts c ontain phenoc rysts of biotite, sanid ine, and  quartz; highly lithified  d ue to
partial weld ing of the matrix rather than silic a or c arbonate c ement; rid ge-former; the
unit shows both clast and  matrix support; the bed s are generally 1 to 8 m thic k; c lasts
are up to 15 c m in d iameter and  overall clast size d ec reases southward ; less than 1% of
c lasts are Proterozoic slate and  weathered  T ertiary volc anic roc ks; the brec c ia is
interpreted  as a series of flows from a now-buried , nearby rhyolite vent (R eh d er, 1986);
40Ar/39Ar d ate on sanid ine from a rhyolite c last c ollec ted  1 km southwest of Ponc e d e
Leon S prings is 28.35 ± 0.11 M a; apparent thic knesses of 5 to 45 m, although subsurfac e
extent is unknown.
03-03-04-00-00— unit01— T pa— And esitic porphyry of the Pic uris Formation— Poorly
exposed , red d ish-gray, and esitic porphyry that is exposed  only in a single small
exposure in northern M irand a Canyon where it appears to und erlie T plq; age
unknown, although it may be related  to the volc anic c omponent of the T plq.
03-03-05-00-00— unit01— T pl— Lower member of the Pic uris Formation— M ostly
poorly exposed , red , greenish, and  yellowish, mod erately to very poorly sorted ,
subangular to subround ed , pebbly/silty sand stone and  mud stone c ontaining very
thic k(?) to thin bed s and /or lenses and /or isolated  c lasts of subangular to round ed
Proterozoic quartzite (up to 3 m ac ross) and  mas sive quartzite c onglomerate;
c ommonly highly weathered  with frac tured  c lasts; most available exposures c onsist of
very well-c arbonate-c emented  quartzite pebble and  c obble c onglomerate intervals
exposed  near mapped  faults; the lower c ontac t is plac ed  at the first ac c umulation of
d iverse Proterozoic c lasts (quartzite, Pilar Formation slate [Ytp], ± sc hist); the upper 10
m in Agua Caliente Canyon (Carson to Peñasc o quad rangles) is a well-exposed  bed  of
well-sorted , quartzite-c obble c onglomerate (Figure 7 of Aby et al., 2004); the
orientation of 95 well-imbric ated  c lasts in this interval suggest d erivation from the
northeast (average paleo-transport d irec tion is 143°), at od d s with a previous
interpretation that this unit was d erived  from the Pic uris M ountains to the southeast
(Leininger, 1982); this unit was informally named  the “Brad ley c onglomerate member”
of the T esuque Formation (Leininger, 1982) for exposures near the Village of Pilar, but
that name has been aband oned ; this unit has also been referred  to as the “lower
c onglomerate member” of the Pic uris Formation (Aby et al., 2004) but, loc ally, muc h of
the unit is fine-grained ; near the top(?) of the sec tion in Agua Caliente Canyon is an
ash layer d ated  at 34.5 ± 1.2 M a by 40Ar/39Ar (Aby et al., 2004); regionally, this unit
c ontains variable amounts of intermed iate-c omposition volc anic roc ks (d ated  by
40Ar/39Ar at 32.4 to 28.8 M a; Aby et al., 2007), and  fluvially reworked  Llano Q uemad o
brec c ia (28.35 M a); the old est ash es are d ated  at 35.5 M a and  35.6 M a (Aby et al., 2004),
but the maximum age of the unit is unknown; where not faulted  the unit is at least 250
m thic k.
03-04-00-00-00— head ing02— Old er T ertiary U nits— Old er T ertiary U nits— Old er
T ertiary U nits
03-04-01-00-00— unit01— T h— Old er T ertiary roc ks— In c ross sec tion only. Volc anic,
volc anic lastic, and  c lastic roc ks that pred ate the T esuque Formation; may inc lud e the
Hinsd ale Formation, Los Pinos Formation, and  similar units.
04-00-00-00-00— head ing01— S ed imentary R oc ks of the T aos T rough— S ed imentary
R oc ks of the T aos T rough— S ed imentary R oc ks of the T aos T rough
04-01-00-00-00— unit01— IPu— Pennsylvanian sed imentary roc ks of the T aos T rough,
und ivid ed — Poorly exposed ; greenish, red d ish, yellowish, buff, tan, blac k, and  brown;
very friable to firm; sand y to c layey; thinly to thic kly bed d ed ; poorly to mod erately
well-c emented (?), sand y to c layey siltstone, mud stone, and  sh ale interbed d ed  with
mostly greenish and  brownish, firm to very strong, poorly to mod erately well-sorted ,
poorly to mod erately well-round ed , thin- to very thic kly bed d ed , mod erately to very
well-c emented , quartzose, feld spathic, and  arkosic, silty to pebbly sand stone and
sand y c onglomerate and  les s c ommon thin- to thic k-bed d ed , grayish and  blac kish
limestone of the Alamitos and  Flec h ad o Formations; c ontains a ric h assortment of
fossils; sand stones c ommonly c ontain plant fragments that have been altered  to
limonite(?); c ontac ts between bed s are generally sharp, rarely with minor sc our (les s
than ≈20 cm); the lower c ontac t is sharp, planar(?), and  d isc onformable(?) where it
overlies M ississippian roc ks; the lower c ontac t is mapped  at the top of the Del Pad re
S and stone M ember (M d p) or highest M ississippian c arbonate, or at the base of the
lowest sed imentary bed  where M ississippian roc ks are absent; c onglomeratic layers in
the lower part of the unit loc ally c ontain rare, sometimes band ed , c h ert pebbles;
equivalent to the S and ia, M ad era, and  La Posad a Formations to the south; c olluvial
d eposits have not been mapped  on the T res R itos quad rangle, but most of the
Pennsylvanian roc ks are c overed  by brown to nearly blac k, loose, very poorly sorted ,
round ed  to angular, massive- to very c rud ely bed d ed , sand y to silty c onglomerate and
pebbly to silty sand ; this material is c learly c olluvial based  on its land s c ape position
and  the rand om orientation of larger c lasts within a matrix of usually d ark, organic-
ric h fines; wind th row (movement of soil by toppling of trees) is thought to be an ac tive
proc ess in the map area, and  is probably responsible for the pervasive c olluvial mantle;
fusulinid s c ollec ted  in the T aos quad rangle are Desmoinesian in age (Bruc e Allen,
personal c ommunic ation, 2000); M iller et al. (1963) measured  an inc omplete sec tion of
1,756 m along the R io Pueblo near the Comales Campground  (T res R itos quad rangle),
and  an aggregate thic kness of Pennsylvanian strata in the map area of >1,830 m.

04-02-00-00-00— unit01— IPlst— Limestone, Pennsylvanian sed imentary roc ks of the
T aos T rough— Light-gray limestone in sc attered  d isc ontinuous layers; fossiliferous to
non-fossiliferous; fossils inc lud e phylloid  algae, c rinoid s, brac hiopod s, and  other sh ell
fragments; well-bed d ed  to poorly bed d ed ; outc rops are typic ally highly weathered
and , loc ally, are highly frac tured ; limestone represents a very small perc entage (<1%)
of the volume of Pennsylvanian roc k in the map area.
04-03-00-00-00— unit01— IPbs— Basal sand stone, Pennsylvanian sed imentary roc ks of
the T aos T rough— M ostly white with some yellowish, brownish, and /or red d ish
streaks and  staining, very hard , mod erately well-sorted , angular to mod erately well-
round ed , med ium- to thic k-bed d ed (?), well to very well-silic a-c emented  quartz
sand stone, pebbly sand stone, and  minor brec cia(?); this well-ind urated  unit c an be
d iffic ult to d istinguish from the Ortega Formation (X ho) quartzite, as both roc k types
break ac ross grains; this unit is also similar to the Del Pad re S and stone (M d p,
M ississippian) as they oc c upy similar stratigraphic positions and  are virtually id entic al
in some hand  samples; however, the basal sand stone has slightly more matrix, sparse,
altered  feld spar grains, generally poorer round ing of grains, and  a less d iverse range
of c olors than the Del Pad re S and stone; the lower c ontac t is mapped  at the top of
Proterozoic roc ks; the upper c ontac t is mapped  at the top of the highest well-c emented
sand stone; partial erosion of M ississippian c arbonates regionally makes it likely that
the Pennsylvanian basal sand stone d irec tly overlies the Del Pad re S and stone in plac es;
in suc h c ases the two units would  be ind istinguishable as mappable units, and  the Del
Pad re S and stone would  be inc lud ed  within the basal Pennsylvanian sand stone on the
map.
04-04-00-00-00— head ing02— Arroyo Peñasc o G roup— Arroyo Peñasc o G roup— Arroyo
Peñasc o G roup
04-04-01-00-00— unit01— M u— S ed imentary roc ks of the Arroyo Peñasc o G roup,
und ivid ed — In c ross sec tion only. U nd ivid ed  sed imentary M ississippian roc ks of the
T aos trough.
04-04-02-00-00— unit01— M t— T ererro Formation of the Arroyo Peñasc o G roup— N ear
Ponc e d e Leon S prings; c onsists of 1 to 2 m of basal stromatolitic, limy sand stone
overlain by about 7 m of d olomitic limestone, overlain by about 12 m of c alcitic
d olomite with stromatolites and  bed d ed  and  nod ular c h ert (Armstrong and  M amet,
1990); approximately 20 m thic k.
04-04-03-00-00— unit01— M c — E spiritu S anto Formation and  T ererro Formation
c arbonates, Arroyo Peñasc o G roup— W here rarely exposed , the c arbonate-ric h roc ks at
the top of the Del Pad re S and stone (M d p) grad e into overlying T ererro Formation (M t)
c arbonate sed imentary roc ks; on the R anc h os d e T aos quad rangle near Ponc e d e Leon
S prings, the T ererro Formation c onsists of 1 to 2 m of basal stromatolitic, limy
sand stone overlain by about 7 m of d olomitic limestone, overlain by about 12 m of
c alcitic d olomite with stromatolites and  bed d ed  and  nod ular c h ert (Armstrong and
M amet, 1990); E spiritu S anto and  T ererro roc ks (M es) are lumped  d ue to their thinness,
poor exposure, and  the d isagreements among published  d es c riptions and  stratigraphic
sec tions (M iller et al., 1963; Armstrong and  M amet, 1979; Baltz and  M eyers, 1999);
thic kness is approximately 20 m.
04-04-04-00-00— unit01— M es— E spiritu S anto Formation of the Arroyo Peñasc o
G roup, und ivid ed — T h e basal Del Pad re S and stone M ember (M d p) is c omposed  of a
thin basal c onglomerate, quartz sand stone, and  minor limestone bed s at top; an upper,
c arbonate-ric h sec tion grad es into overlying T ererro Formation.
04-04-04-01-00— unit02— M d p— Del Pad re S and stone M ember of the E spiritu S anto
Formation, Arroyo Peñasc o G roup— W hite, tan, yellowish, green, red , and /or mottled ,
fine-upper- to very c oarse-upper-grained , strong-to-very strong, mod erately to very
well-sorted , well-round ed  to subangular, thinly to very thic kly bed d ed , mostly
horizontally laminated  to low angle c ross-bed d ed , quartz-overgrowth c emented
sand stone, pebbly sand stone, sand y c onglomerate, and  minor brec c ia(?); c ontac ts are
generally sharp and  parallel, although minor (<20 c m) sc ouring exists loc ally; jointing
is prominent; exposures are good  relative to other Paleozoic roc ks d ue to its resistanc e
to erosion, but is variable in general; lic hens typic ally obsc ure sed imentary features
and  bed d ing even where exposure is relatively good ; unc onformably overlies
Proterozoic roc ks in muc h of the S angre d e Cristo M ountains of northern N ew M exic o
(Armstrong and  M amet, 1979); M iller et al. (1963) reported  an unusually thic k (≈50 m)
sec tion of the Del Pad re north of the R io Pueblo in Osha Canyon (Peñasc o quad rangle)
just west of the mic a mine, however, a similar exposure reported  by M iller et al. (1963)
c ontains Pennsylvanian fossils (Cather, et al., 2007), and  therefore the exposures in
Osha Canyon, may also be Pennsylvanian; d ifferentiating the Del Pad re S and stone
from the Pennsylvanian basal sand stone is not feasible in areas of poor exposure;
however, the presenc e or absenc e of the E spiritu S anto c arbonates c an be useful in
d istinguishing the two; the basal c ontac t of the Del Pad re is herein mapped  at the
lowest id entifiable c lastic bed s, although suc h a selec tion c an be problematic where the
Del Pad re overlies the Ortega Formation (X ho) quartzite, as the two are similar; the
upper c ontac t is mapped  at the top of the highest strongly c emented  sand stone bed ; in
the R io Pueblo sec tion at Comales Campground , reported  thic knesses are ≈19.5 m
(M iller et al., 1963), ≈17 m (Armstrong and  M amet, 1979) and  ≈8 m (Baltz and  M eyers,
1999); this mapping supports the higher estimates.
05-00-00-00-00— head ing01— M etamorphic and  Plutonic R oc ks of the Pic uris
M ountains— M etamorphic and  Plutonic R oc ks of the Pic uris
M ountains— M etamorphic and  Plutonic R oc ks of the Pic uris M ountains
05-01-00-00-00— unit01— brec cia— M ixed  fault brec c ia— Fault brec c ia c omposed  of a
mixture of Proterozoic Hond o G roup (X hu), Vad ito G roup (Xvu), and  granitic roc k
along the T ertiary Pic uris-Pec os fault; the unit is a d istinc t rid ge former where the
brec c ia is strongly solid ified .
05-02-00-00-00— head ing02— Plutonic & M etaplutonic R oc ks— Plutonic &
M etaplutonic R oc ks— Plutonic & M etaplutonic R oc ks
05-02-01-00-00— unit01— Z d — Diorite d ike— Dark-green-gray quartz d iorite d ikes
intrud ed  into Proterozoic roc ks; d ikes are vertic al, with strikes c lustered  around  an
azimuth of 150°; c omposed  of pale-green c linopyroxene (Cr-d iopsid e?), zoned
plagioc lase (labrad orite?), and  minor quartz, magnetite, and  ilmenite; c ommonly
altered  to c hlorite and  c lay; pyroxene and  feld spar show normal plutonic textures;
loc ally, d ikes are lac ed  with c arbonate veins; generally less than 1 m wid e; c ontac ts
between d iorite and  c ountry roc k are sh arp and  c ommonly c ontain zones of
brec c iation and  faulting; faults are sub-vertic al with d ip-slip fault striations; d ikes are
parallel to the Pilar-Vad ito fault and  other southeast-striking faults of the Pic uris
M ountains. S ee the E xplanation of M ap S ymbols for the symbology used  in the map.
05-02-02-00-00— unit01— Yp— Pegmatite— Inc lud es both simple (quartz-K-feld spar-
plagioc lase-musc ovite) pegmatites and  c omplex zoned  pegmatites c ontaining rare
minerals in the T rampas quad rangle; simple pegmatites are by far the most abund ant
in the map area; pegmatite bod ies typic ally are d ikes or lenses, loc ally aligned  parallel
to c ountry roc k foliation; 2 c m to 15 m thic k; no apparent spatial relationship exists
between pegmatite bod ies and  plutonic bod ies, and  no evid enc e exists to suggest that
pegmatites are c onnec ted  to plutons at d epth; more than one generation of pegmatite
formation is represented , and  at least one generation is younger than the youngest
granite at 1,450 M a (Long, 1976). S ee the E xplanation of M ap S ymbols for the
symbology used  in the map.
05-02-03-00-00— unit01— Y hp— Hard ing pegmatite— Complex, asymmetric ally zoned
pegmatite bod y in the sc hists and  amphibolite of the V ad ito G roup (Xvu, Jahns and
E wing, 1976) in the southern Pic uris M ountains; the d isk-sh aped  bod y is elongate
d own-d ip and  inc lined  in a plane that d ips 10° to 15° south; the bod y is about 350 m
long, and  its thic kness ranges from 1 m at the ed ge to about 25 m at the c ore; major
minerals inc lud e quartz, albite, mic roc line, musc ovite, lepid olite, and  spod umene;
principal ac c essory minerals are beryl, garnet, mic rolite, and  tantalite-c olumbite; about
40 other minerals have been id entified  (Jahns and  E wing, 1976); lath-sh aped
spod umene c rystals are up to 5 m long; in general, from top to bottom, the eight
lithologic units of the bod y are beryl zone, quartz zone, quartz-lath spod umene zone,
“spotted  roc k” unit, rose musc ovite-c leaveland ite unit, c leaveland ite unit, perthite
zone, and  aplite zone; replac ement features are c ommon; N orth rup and  M awer (1990)
c onc lud ed  that the pegmatite is internally d eformed , probably syntec tonic ally as the
melt was emplac ed  in loc ally d ilatant extension frac tures that d eveloped  late in the
brittle-d uc tile shearing history; an age of 1,366 M a based  on R b-S r of whole-roc k
samples and  mineral separates (Brookins et al., 1979) c ould  be c onsid ered  a minimum
age for c rystallization.
05-02-04-00-00— unit01— Ypqm— Peñasc o quartz monzonite— Biotite quartz monzonite
to granod iorite; c omposed  of quartz, plagioc lase, mic roc line, and  biotite; euhed ral 1
mm sphene c rystals are c ommon; ac c essory minerals are musc ovite, allanite, epid ote,
magnetite-hematite, apatite, and  zirc on; loc ally c ontains tabular megac rysts of
Carlsbad -twinned  mic roc line up to 9 c m in length; myrmekite and  albite rims on
plagioc lase are c ommon; massive to weakly foliated , exc ept loc ally along c ontac ts
where the foliation is well d eveloped ; generally c onc ord ant with c ountry roc k c ontac ts
and  foliation; no c ompositional bord er zone; mafic mic rogranitoid  inc lusions are
c ommon, especially near bord ers; intrusive into the R ana quartz monzonite (X rqm); U -
Pb zirc on isotopic age of about 1,450 M a (Bell, 1985); Daniel et al. (2013) c alc ulated  a
mean 207Pb/206Pb zirc on age of 1,450 ± 10 M a.
05-02-04-01-00— unit02— Yppqm— Pegmatitic phase of the Peñasc o quartz
monzonite— Coarse-grained , quartz, K-feld spar, and  plagioc lase granitic bod y with
pronounc ed  myrmekitic texture; d istinc tive intergrowth of plagioc lase and  vermic ular
quartz is c ommon; no visible foliation; loc ated  in the southeastern c orner of the
T rampas quad rangle, and  probably represents a high-level phase of the Peñasc o quartz
monzonite (Ypgm).

05-02-05-00-00— unit01— Xmg— M irand a granite— E xposed  east of the Pic uris-Pec os
fault only; typic ally c onsists of pink to white, med ium-grained , mic a-ric h, granitic roc k
with euhed ral megac rysts of feld spar; these granitic roc ks are everywhere weathered
looking, fairly equigranular, and  c ommonly c rumbly; appears to intrud e the R io
Pueblo S c hist (Xvrp) along its southern c ontac t; pegmatites are loc ally voluminous;
c ontains at least one tec tonic foliation; th ree c losely spac ed , orthogonal joint sets c ause
this roc k to weather into small, angular bloc ks; age unknown, but it is similar in
oc c urrenc e and  texture to the c a. 1.6 G a T res Pied ras G ranite of the east-c entral T usas
M ountains to the northwest of the map area.
05-02-06-00-00— unit01— X rqm— R ana quartz monzonite— M ed ium-grained , biotite
quartz monzonite to granod iorite; c omposed  of quartz, plagioc lase, mic roc line, and
lesser amounts of biotite and  magnetite-hematite; ac c essory minerals are sphene,
allanite, zirc on, apatite, and  epid ote; plagioc lase is extensively altered  to sericite,
epid ote, and  c linozoisite; generally well-foliated  roc k with loc al areas of weak foliation
and  zones of d uc tile shearing; foliation is generally parallel to the d ominant foliation
in the c ountry roc k; c ontac t with the Puntiagud o granite porphyry (Xpgp) is a d uc tile
sh ear zone; c ontains a d isc ontinuous, fine-grained  bord er zone of leuc oc ratic
musc ovite granite; in general, strongly d isc ord ant with c ompositional layering in the
c ountry roc k; U -Pb zirc on isotopic age of 1,674 ± 5 M a (Bell, 1985).
05-02-06-01-00— unit02— X rqmb— Bord er phase of the R ana quartz
monzonite— Inc lud es fine-grained  porphyritic granite of quartz-musc ovite-
plagioc lase-mic roc line, and  med ium-grained  musc ovite granite and  quartz monzonite;
ac c essory minerals are allanite, epid ote, zirc on, hematite, biotite, and  garnet; d istinc tly
more leuc oc ratic than the main bod y of R ana quartz monzonite; c ontac t with X rqm is
grad ational; bord er-zone roc ks c ommonly projec t out into c ountry roc ks as d ikes or
tongues; well-d eveloped  foliation is c onc ord ant with the regional foliation trend .

05-02-07-00-00— unit01— Xpgp— Puntiagud o granite porphyry— Q uartz monzonite to
granod iorite; phenoc rysts of Carlsbad -twinned  mic roc line (< 1 c m) and  round ed
quartz in fine- to med ium-grained  matrix of plagioc lase, K-feld spar, biotite, and
musc ovite; ac c essory minerals are epid ote, allanite, sphene, and  zirc on; d isplays a
loc al, narrow, fine-grained  bord er zone; d isplays a sharp, d isc ord ant c ontac t with
Vad ito G roup (Xvu) sc hists; loc ally, thin d ikes of fine-grained  roc k projec t into the
c ountry roc k; the c ontac t with the R ana quartz monzonite (X rqm) is a zone of intense
d uc tile shearing; a pervasive, mod erately to well-d eveloped  foliation is parallel to
regional foliation; U -Pb zirc on isotopic age of 1,684 ± 1 M a (Bell, 1985).
05-02-08-00-00— unit02— X gp— Pic uris Pueblo granite— Loc ated  on the west sid e of the
Pic uris-Pec os fault only; med ium- to c oarse-grained  granitic roc ks that show a variety
of loc al textures ranging from c oarse-grained , pink, feld spar-ric h roc k to white, quartz-
ric h roc k; in thin sec tion these roc ks show interloc king mosaic s of mic roc line,
plagioc lase, quartz, biotite, and  iron-oxid e minerals; most samples exhibit c onsid erable
alteration of feld spars and  mic a; these granitic roc ks are intimately interlayered  with
suprac rustal Vad ito G roup (Xvu) c ountry roc k; bloc ks of orthoquartzite within the
plutonic roc k suggest an intrusive relationship between the two, although south-
d ipping d uc tile faults may exist as well; c ontac ts between granitic roc k and
suprac rustal roc k invariably trend  east, parallel to bed d ing in the c ountry roc k; this
name supersed es the informally named  G ranite of Pic uris Peak of Bauer (1988); Daniel
et al. (2013) c alc ulated  a mean 207Pb/206Pb zirc on age of 1,699 ± 3 M a.
05-03-00-00-00— head ing02— M etased imentary R oc ks— M etased imentary
R oc ks— M etased imentary R oc ks
05-03-01-00-00— head ing03— M arqueñas Formation— M arqueñas
Formation— M arqueñas Formation
05-03-01-01-00— unit01— Ym— M arqueñas Formation, und ivid ed — Fine- to med ium-
grained , grayish, texturally immature, sc histose quartzite; c ross-bed s are small-sc ale
features d efined  by blac k mineral laminae; also inc lud es a variety of
metac onglomerates c ontaining d ominantly round ed  quartzose c lasts in a quartz-mic a
matrix; previously c onsid ered  to be part of the c a. 1,700 M a Vad ito G roup (Xvu), but
U -Pb analyses of d etrital zirc ons from a metac onglomerate were interpreted  to
c onstrain the basal unit to be less than about 1,450 ± 7 M a in d epositional age (G ray et
al., 2015).
05-03-01-02-00— unit01— Ym3— N orthern metac onglomerate of the M arqueñas
Formation— Pred ominantly c omposed  of flattened  quartzite pod s; mic ac eous quartzite
matrix c ontains sc attered  c lasts, up to 10 cm long, of metased imentary quartzite (66%),
felsic sc hist (34%), and  trac es of vein quartz; alternating lithologic layers that might
ind ic ate original bed d ing are absent; grad ational with the M arqueñas Formation
quartzite (Ym2) to the south; 207Pb/206Pb analyses on d etrital zirc ons yield ed  peak
ages of 1,716 M a and  1,457 M a (Daniel et al., 2013); on the T rampas quad rangle this
unit is approximately 150 to 180 m thic k.
05-03-01-03-00— unit01— Ym2— Q uartzite of the M arqueñas Formation— Fine- to
med ium-grained , grayish, texturally immature, sc histose quartzite; c an be sub-d ivid ed
into a lower massive gray quartzite and  an upper c ross-laminated  quartzite (S c ott,
1980); c ontains abund ant c ross-bed s that range from small-sc ale features d efined  by
blac k mineral laminae to large festoons with c ross-laminations several c entimeters
thic k; c ross-bed s c onsistently young to the north; pebble-ric h layers also d efine
bed d ing; c ontac ts with ad jac ent metac onglomerates are grad ational; 207Pb/206Pb
analyses on d etrital zirc ons yield ed  peak ages of 1,711 M a, 1,697 M a and  1,471 M a
(Daniel et al., 2013); where exposed  0.5 km east of Cerro d e las M arqueñas (T rampas
quad rangle) the unit is approximately 200 m thic k.
05-03-01-04-00— unit01— Ym1— S outhern metac onglomerate of the M arqueñas
Formation— Polymic tic metac onglomerate c ontaining round ed  c lasts of quartzite
(54%), silicic metavolc anic roc k and  quartz-musc ovite sc hist (40%), and  white vein
quartz in a musc ovite quartzite matrix; c lasts are flattened  and  c onstric ted  in the
d ominant foliation; aspec t ratios average 1:2:3 to 1:2:6, with extremes of 1:2:16 or
greater; in general, c last size inc reases southward  and  westward ; quartzite c lasts are
up to 1 m long; the matrix averages about 30% of the volume of the roc k; minor phases
in the matrix inc lud e ilmenite, biotite, magnetite, hematite, zirc on, and  tourmaline; the
c ontac t with V ad ito G roup (Xvu) roc ks may represent a 250 million-year-old  angular
unc onformity (G ray et al., 2015); 207Pb/206Pb analyses on d etrital zirc ons yield ed  peak
ages of 1,716 M a and  1,472 M a (Daniel et al., 2013); U -Pb analyses of zirc ons in a
metarhyolite c last yield ed  an age of 1,450 ± 7 M a, interpreted  as a maximum
d epositional age for the base of Ym1 (G ray et al., 2015); 0.5 km east of Cerro d e las
M arqueñas (T rampas quad rangle) the unit is approximately 150 m thic k.
05-03-02-00-00— head ing03— T rampas G roup (Informal)— T rampas G roup
(Informal)— T rampas G roup (Informal)
05-03-02-01-00— unit01— Ytu— T rampas group, und ivid ed — In c ross sec tion only.
S c hist, quartzite, metac onglomerate, phyllite, and  slate d eposits of the Pied ra Lumbre
(Ytpl) and  Pilar Formations (Ytp); previously c onsid ered  to be part of the c a. 1,680 to
1,700 M a Hond o G roup; this informal group name was proposed  by Daniel et al.
(2013) based  principally on ages of d etrital zirc ons in the Pied ra Lumbre and  Pilar
Formations.
05-03-02-02-00— unit01— Ytpl— Pied ra Lumbre Formation of the T rampas
group— Inc lud es several d istinc tive roc k types: 1) quartz-musc ovite-biotite-garnet-
staurolite phyllitic sc hist with c h arac teristic sh een on c renulated  c leavage surfac es;
euhed ral garnets are 1 mm, biotite books are 2 mm, and  sc attered  anhed ral staurolites
are up to 5 mm in d iameter; 2) finely laminated  light-gray phyllitic quartz-mus c ovite-
biotite-garnet sc hist and  d arker bluish-gray fine-grained  biotite quartzite to
metasiltstone; quartzite layers are 1 cm to 1 m thic k; and  3) light-gray to gray garnet
sc hist with lenses of quartzite to metasiltstone; c alc-silic ate layers exist loc ally; original
sed imentary struc tures inc lud ing grad ed  bed d ing are preserved ; well-d eveloped
c leavage parallel to both layering and  axial surfac es of small intrafolial isoc linal fold s;
d ominant layering in muc h of this unit is transpositional; in the c ore of the Hond o
sync line, the unit is thic ker, c ontains a greater variety of roc k types, and  is grad ational
with the Pilar Formation; U -Pb analyses of d etrital zirc ons from a quartzite in the
upper part of the sec tion (unit Ytplq?) were interpreted  to c onstrain the unit to be less
than about 1,470 M a in d epositional age (Daniel et al., 2013); apparent thic knes s is 200
to 400 m.
05-03-02-02-01— unit02— Ytplq— Q uartzite of the Pied ra Lumbre Formation, T rampas
group— M assive to layered , light-c olored , c ross-bed d ed  mic ac eous quartzite; loc ally
garnet-bearing; approximately 25 m thic k.
05-03-02-02-02— unit02— Ytplp— Phyllite of the Pied ra Lumbre Formation, T rampas
group— Dark-gray to blac k, fine-grained , garnet-bearing phyllite; c rops out in the c ore
of the Hond o sync line east of the Pilar-Vad ito fault.
05-03-02-03-00— unit01— Ytp— Pilar Formation of the T rampas group— Dark-gray to
blac k, c arbonac eous phyllitic slate; extremely fine-grained  homogeneous roc k exc ept
for rare, 1- to 2-cm-thic k, light-c olored  band s of quartz and  musc ovite that may
represent original sed imentary bed d ing; in thin sec tion, the fine-grained  matrix
c onsists of quartz (50 to 70%), musc ovite (15 to 30%), and  prominent streaky areas of
graphitic material; lentic ular porphyroblasts (0.1 to 0.5 mm) are altered  to yellow-
brown limonite; pervasive slaty c leavage is loc ally c renulated ; d isplays small isoc linal
fold s loc ally; basal 1.5-m-thic k, blac k to blue-blac k, med ium-grained , garnet quartzite
is d istinc tive; garnet porphyroblasts are anhed ral, oxid ized , and  red -weathered ;
grad ational with the Pied ra Lumbre Formation (Ytpl); Daniel et al. (2013) c alc ulated  a
mean 207Pb/206Pb zirc on age of 1,488 ± 6 M a for a 1- to 2-m-thic k, white, sc histose
layer that was interpreted  as a metamorphosed  tuff, and  therefore represents the
d epositional age of the sed imentary protolith; thic kness unknown d ue to extreme
d uc tile d eformation.
05-03-03-00-00— head ing03— Hond o G roup— Hond o G roup— Hond o

05-03-03-01-00— unit01— X hu— Hond o G roup, und ivid ed — S c hist and  quartzite units
of the Ortega (X ho) and  R inc onad a Formations (X h r).
05-03-03-02-00— head ing04— R inc onad a Formation— R inc onad a
Formation— R inc onad a Formation
05-03-03-02-01— unit01— X h r— R inc onad a Formation of the Hond o G roup,
und ivid ed — U nd ivid ed  sc hists and  quartzites near the Pilar-Vad ito fault in the Carson
quad rangle that are pervasively frac tured  and  faulted ; U -Pb analyses of d etrital
zirc ons from two quartzite units were interpreted  to c onstrain the unit to be less than
about 1,700 M a in d epositional age (Daniel et al., 2013).
05-03-03-02-02— unit01— X h r6— R 6 sc hist member of the R inc onad a Formation, Hond o
G roup— T an, gray, silver quartz-musc ovite-biotite-staurolite-garnet sc histose phyllite
interlayered  with fine-grained , garnet-bearing, musc ovite quartzite; euhed ral
staurolites (<5 cm) abund ant in some layers; small euhed ral garnets (<2 mm)
th roughout; strong parting along well-d eveloped  foliation; sharp c ontac t with the Pilar
Formation (Ytp) might represent a signific ant unc onformity; approximately 90 m thic k.
05-03-03-02-03— unit01— X h r5— R 5 quartzite member of the R inc onad a Formation,
Hond o G roup— V ariety of white to blue med ium-grained  quartzites interlayered  with
fine-grained  sc histose quartzites and  quartzose sc hists; measured  sec tion by Hall
(1988) from top to bottom: 1) tan to white, friable, thinly layered , c ross-bed d ed
mic ac eous quartzite; 2) blue, med ium-grained , thic kly layered , resistant sac c h aroid al
quartzite; loc ally c ross-bed d ed ; 3) white to tan, friable sc histose quartzite layered  with
blue, med ium-grained  sac c h aroid al quartzite; thin layers of fine-grained  quartz-
musc ovite-biotite sc hist; basal 1.5 m massive blue med ium-grained  quartzite; 4) tan,
thinly layered , mic ac eous quartzite layered  with quartz-ric h musc ovite sc hist;
abund ant c ros s-bed d ing; 5) blue and  white streaked , thic kly bed d ed , med ium-grained
quartzite with abund ant c ross-bed d ing; and  6) tan, thinly layered , mic ac eous quartzite
interlayered  with quartz-ric h quartz-musc ovite sc hist; abund ant c ross-bed d ing;
grad ational c ontac t with X h r6; approximately 75 m thic k.
05-03-03-02-04— unit01— X h r4— R 4 sc hist member of the R inc onad a Formation, Hond o
G roup— M ed ium- to c oarse-grained , silvery gray, quartz-musc ovite-biotite-staurolite-
garnet s c hist c ontaining one or more d istinc tive 0.5- to 2.0-m-thic k layers of glassy blue
quartzite; rusty red -weathering garnetiferous white quartzite; massive, extremely
hard , red -weathering, olive-brown biotite-staurolite-garnet-orthoamphibole roc k;
white, glassy, hornblend e quartzite; gray biotite-hornblend e c alc-sc hist; mylonitic blue
to pink and  blue glas sy quartzite; and  white to gray c alcite marble. T he latter four roc k
types are not present on the south limb of the Copper Hill antic line, but are present in
the T rampas quad rangle on both the upright and  overturned  limbs of the Hond o
sync line in S ec tions 7, 8, 9 and  10, T 023N  R 011E ; a well-exposed  referenc e sec tion of
this thic ker X h r4 sequenc e c an be found  on the south-facing slope and  c rest of the
rid ge making up the northern half of the S W  quarter of S ec tion 8, T 023N  R 011E  in the
T rampas quad rangle (Hall, 1988); sharp c ontac t with X h r5; about 50 to 175 m thic k.

05-03-03-02-05— unit01— X h r3— R 3 quartzite member of the R inc onad a Formation,
Hond o G roup— Interlayered  c ross-bed d ed  quartzites and  pelitic sc hists; a d istinc tive
marker layer near the c enter of the unit is a 25-m-thic k, white, thinly bed d ed , rid ge-
forming quartzite; sharp c ontac t with X h r4; approximately 75 m thic k.
05-03-03-02-06— unit01— X h r3q— R 3 c ross-bed d ed  quartzite member of the R inc onad a
Formation, Hond o G roup— W hite, gray, bluish-green, and  blue, med ium-grained ,
thinly to thic kly bed d ed , resistant quartzite with abund ant c ross-bed s.
05-03-03-02-07— unit01— X h r3s— R 3 sc hist member of the R inc onad a Formation,
Hond o G roup— Loc ally inc lud es two mappable layers of pelitic sc hist that resemble
X h r4 and  upper X h r1/2.
05-03-03-02-08— unit01— X h r1/2— R 1/R 2 sc hist member of the R inc onad a Formation,
Hond o G roup— Lower unit of fine- to med ium-grained , tan to silver, quartz-
musc ovite-biotite sc hist with small euhed ral garnets (<2 mm) and  sc attered  euhed ral
staurolite twins (<1.5 cm); near the base are blac k biotite books (<2 cm) and  on the
upright limb of the Hond o sync line in S ec tion 7, T 023N  R 011E  are spec tac ular,
and alusite porphyroblasts up to 8 c m ac ross; an upper unit of gray to tan, red -
weathering, c oarse-grained  quartz-musc ovite-biotite-staurolite-albite-garnet sc hist
c ontains interlayers of 1 to 10 c m, red -, gray-, or tan-weathering, fine-grained ,
musc ovite-garnet quartzite; abund ant staurolites are twinned , euhed ral, and  up to 3
cm in d iameter; abund ant garnets are euhed ral and  small (<2 mm); the unit shows
strong parting along foliation planes; sharp to grad ational c ontac t with X hr3; lower
and  upper unit have previously been subd ivid ed  into R 1 and  R 2 members,
respec tively, based  on mineralogy (N ielsen, 1972); approximately 265 m thic k.
05-03-03-03-00— head ing04— Ortega Formation— Ortega Formation— Ortega
Formation
05-03-03-03-01— unit01— X ho— Ortega Formation of the Hond o G roup,
und ivid ed — G ray to grayish-white, med ium- to c oarse-grained  quartzite; generally
massive and  highly resistant to weathering; loc ally well-c ross-bed d ed , with kyanite or
sillimanite c onc entrated  in thin, sc histose, musc ovite-ric h horizons; c ross-bed s are
d efined  by c onc entrations of blac k iron-oxid e minerals; c ommon ac c essory minerals
are ilmenite, hematite, tourmaline, epid ote, musc ovite, and  zirc on; grad ational c ontac t
with the R inc onad a Formation (X h r); U -Pb analyses of d etrital zirc ons from two
quartzite layers were interpreted  to c onstrain the unit to be les s than about 1,700 M a in
d epositional age (Daniel et al., 2013); 800 to 1,200 m thic k.
05-03-03-03-02— unit01— X ho6— And alusite quartzite of the Ortega Formation, Hond o
G roup— Clean, white to tan, sugary quartzite interlayered  with lenses and  layers of
massive, foliated , grey knobby and alusite quartzite; layers range from c entimeters to
meters thic k; fine musc ovite and  sc attered  kyanite, sillimanite, and  fuc h site are present
in the quartzite; and alusites are large, lentil-shaped , poikiloblastic grains, with up to
50% quartz inc lusions, mantled  by c oarse musc ovite c rystals; matrix is fine quartz,
c oarse kyanite, fine musc ovite, euhed ral rutile, and  minor hematite and  tourmaline;
equivalent to Oq3 of W illiams (1982); mapped  only on Copper Hill in the T rampas
quad rangle where the unit is several meters thic k.
05-03-03-03-03— unit01— X ho5— Kyanite quartzite of the Ortega Formation, Hond o
G roup— S ugary to vitreous quartzite c h arac terized  by kyanite blad es and  d istinc tive
opalesc ent quartz eyes; bed d ing-parallel, kyanite-ric h layers give unit a vague
foliation; fine musc ovite grains are sc attered  between quartz grain bound aries; rutile is
the pred ominant heavy mineral; on Copper Hill, a foliated  iron-stained  roc k
c ontaining kyanite and  staurolite grains (<0.5 cm), overlies the kyanite quartzite;
equivalent to Oq2 of W illiams (1982); mapped  only on Copper Hill in the T rampas
quad rangle where the unit ranges from 3 to 5 m thic k.
05-03-03-03-04— unit01— X ho4— M assive gray quartzite of the Ortega Formation,
Hond o G roup— M assive, light- to d ark-gray, vitreous quartzite with d ark layers of
rutile, hematite, and  ilmenite that d efine c ross-bed d ing; fine musc ovite is c ommonly
present on quartz grain bound aries and  kyanite is c ommonly assoc iated  with d ark
layers; this unit is host to muc h of the frac ture-filling, oxid ized  c opper mineralization
on Copper Hill and  La S ierrita on the T rampas quad rangle; mineralization is related  to
upward  migration of host fluid s d uring Proterozoic retrograd e metamorphism
(W illiams and  Bauer, 1995); upper part is equivalent to Oq1 of W illiams (1982);
mapped  only on Copper Hill in the T rampas quad rangle where the unit is
approximately 30 m thic k.
05-03-03-03-05— unit01— X ho3— M ixed  quartzites of the Ortega Formation, Hond o
G roup— Various quartzites inc lud ing red d ish c oarse-grained  quartzite, brown
med ium-grained  quartzite, gray quartzite, garnet-bearing d ark quartzite, and  tan
c ross-bed d ed  quartzite; mapped  only on La S ierrita rid ge (T rampas and  Peñasc o
quad rangles), where the unit is approximately 250 m thic k.
05-03-03-03-06— unit01— X ho2— Blac k quartzite of the Ortega Formation, Hond o
G roup— Dark-gray to blac k, massive, med ium-grained  quartzite; c ommonly c ross-
bed d ed , and  generally c ontains a well-d eveloped  extension lineation d efined  by
kyanite; mapped  only on La S ierrita rid ge (T rampas and  Peñasc o quad rangles);
approximately 200 m thic k.
05-03-03-03-07— unit01— X ho1— Laminated  sc hist of the Ortega Formation, Hond o
G roup— R ed d ish to orange-brown to white quartz-musc ovite sc hist c ontaining thin
interlayers of light quartz-ric h and  d arker mic a-ric h sc hist; exposed  only in a small
area in the c ore of the Copper Hill antic line (T rampas and  Peñasc o quad rangles); base
is unexposed .

05-03-03-03-08— unit01— X how— M assive white quartzite of the Ortega Formation,
Hond o G roup— M assive, white to light-gray, vitreous quartzite with d ark layers of
rutile, hematite, and  ilmenite that d efine c ross-bed d ing; fine musc ovite is c ommonly
present on quartz grain bound aries, and  kyanite c ommonly is assoc iated  with the d ark
layers; northeast of the Pilar-Vad ito fault, most of the Ortega Formation c onsists of this
unit plus the und erlying red d ish quartzite (X hor).
05-03-03-03-09— unit01— X hor— R ed d ish quartzite of the Ortega Formation, Hond o
G roup— R ed d ish, c oarse-grained  quartzite; probably equivalent to some of the
X ho2/X ho3 sec tion southwest of the Pilar-Vad ito fault; generally sharp c ontac t with
X how.
05-03-03-03-10— unit01— X hos— Q uartz-mic a sc hist of the Ortega Formation, Hond o
G roup— W hite to pink, quartz-musc ovite sc hist with quartz eyes; typic ally c ontains
kyanite and  and alusite; this unit has mineralogy and  textures that are transitional
between the Vad ito G roup feld spathic sc hist (Xvf) and  the Hond o G roup (X hu)
quartzites.
05-03-03-03-11— unit01— X hosq— S c histose quartzite of the Ortega Formation, Hond o
G roup— T hin horizon of white, musc ovite-ric h, well-bed d ed  quartzite loc ated
northeast of the Pilar-Vad ito fault, west of Pic uris Canyon (T aos S W  and  Peñasc o
quad rangles); may be equivalent to part of the quartz-mic a sc hist of the Ortega
Formation (X hos).
05-03-03-03-12— unit01— X hog— G ray quartzite of the Ortega Formation, Hond o
G roup— M ed ium-gray, fine-grained , vitreous quartzite with well-d eveloped , south-
plunging, kyanite extension lineation; muc h of this unit is a quartz mylonite, with
abund ant evid enc e for grain size red uc tion and  d ynamic rec rystallization; shearing is
spatially related  to the ad jac ent Plomo fault; loc ated  northeast of the Pilar-Vad ito fault,
near Pic uris Canyon (T aos S W  and  Peñasc o quad rangles).
05-04-00-00-00— head ing02— M etased imentary and  M etaigneous
R oc ks— M etased imentary and  M etaigneous R oc ks— M etased imentary and
M etaigneous R oc ks
05-04-01-00-00— head ing03— Vad ito G roup— Vad ito G roup— Vad ito

05-04-01-01-00— unit01— Xvu— Vad ito G roup, und ivid ed — Vad ito G roup
metavolc anic, metavolc anic lastic, and  metased imentary roc ks; U -Pb analyses of
d etrital zirc ons from a sc hist and  a c onglomerate layer were interpreted  to c onstrain
the unit to be less than about 1,700 M a in d epositional age (Daniel et al., 2013).
05-04-01-02-00— unit01— Xvf— Felsic sc hist of the Vad ito G roup, und ivid ed — Inc lud es
a variety of quartz-musc ovite-plagioc lase sc hists; c oarser-grained  felsic roc ks are tan to
pinkish, quartz-plagioc lase-musc ovite-biotite, opaque, slightly sc histose units with
polyc rystalline quartz eyes (2 to 8 mm); eyes are slightly flattened  in foliation and
probably represent relict phenoc rysts of felsic volc anic roc ks; trac e minerals inc lud e
sphene, apatite, and  tourmaline; finer-grained  felsic roc ks are similar in mineralogy to
c oarser units, but lac k the abund ant quartz eyes; small, red , id ioblastic garnets are
rare; small, lensoid al bod ies of tan to orange-red , garnet-bearing, quartz-musc ovite,
opaque s c hist are found  loc ally; many of the felsic s c hist bod ies appear to be intrusive
into Vad ito G roup sc hists.
05-04-01-03-00— unit01— Xvg— G lenwood y Formation of the Vad ito
G roup— Feld spathic quartz-musc ovite sc hist and  quartzose sc hist exposed  in isolated
exposures along the northern flank of the Pic uris M ountains and  in the Pilar c liffs;
white, light-gray, pink, or green; c ommonly c ontains megac rysts of feld spar and
round ed  and  flattened  quartz in a fine-grained  matrix of quartz, musc ovite and
feld spar; c ontac t with overlying Ortega Formation (X ho) is a south-d ipping d uc tile
sh ear zone; pervasive extension lineation in sc hist plunges south; upper 40 m of sc hist
is pinkish, and  c ontains anomalous manganese and  rare earth elements, and  unusual
minerals suc h as piemontite, thulite, and  manganese-and alusite (virid ine); L.T. S ilver
reported  a preliminary U -Pb zirc on age of c a. 1,700 M a (Bauer and  Polloc k, 1993); may
be equivalent to the R io Pueblo S c hist (Xvrp) and  the c a. 1,700 M a Burned  M ountain
Formation of the T usas M ountains; base unexposed ; minimum of about 200 m thic k.
05-04-01-04-00— unit01— Xvrp— R io Pueblo S c hist of the Vad ito G roup— E ast of the
Pic uris-Pec os fault only; well-bed d ed , white, gray, and  pink feld spathic quartz-
musc ovite quartz-eye sc hist; loc ally c omposed  of up to 40% c oarse, white musc ovite
flakes in a matrix of granular quartz and  feld spar; quartz-eyes are abund ant and  are
c onsistently flattened  in the d ominant foliation plane; the M irand a granite (Xmg)
intrud es and  c ross c uts layering in the sc hists; along the southern c ontac t with a
massive gray quartzite; a manganese-ric h horizon oc c urs stratigraphic ally below the
quartzite; piemontite and  altered  porphyroblasts that might be pseud omorph s after
manganese-and alusite are found  along the sc hist-quartzite c ontac t; this mineralized
horizon is similar to that exposed  in the G lenwood y Formation (Xvg) of the Pilar c liffs
in the Carson and  T rampas quad rangles.
05-04-01-04-01— unit02— Xvrpw— M usc ovite member of the R io Pueblo S c hist, Vad ito
G roup— W ell-bed d ed , white, musc ovite-quartz sc hist exposed  in isolated  patc h es in
the mic a mine area of the T res R itos quad rangle; c omposed  of c oarse, white musc ovite
flakes in a matrix of granular quartz and  feld spar; probably a highly altered  part of the
R io Pueblo S c hist; hosts the best mic a d eposits and  all of the major mic a mines;
thic kness unknown.
05-04-01-05-00— unit01— Xvht— T ransitional roc ks of the V ad ito G roup— E xposed  on
the east sid e of Pic uris Canyon (T aos S W  and  Peñasc o quad rangles); inc lud es a variety
of roc k types intermed iate in mineralogy and  texture between the metavolc anic roc ks
of the V ad ito G roup and  metased imentary roc ks of the Hond o G roup (X hu);
c onglomeratic sc histose quartzite, white quartz-musc ovite feld spathic sc hist, gray
quartzite and  metac onglomerate, c onglomeratic quartzite and  s c histose quartzite with
c lasts of bull quartz, quartzite, and  fine-grained  blac k roc k, sc histose
metac onglomerate, and  quartz-eye c onglomerate; grad ational eastward  along strike
with feld spathic s c hists (Xvf) of the V ad ito G roup; might be equivalent to part of
transitional sec tion south of Kiowa M ountain (Las T ablas quad rangle) in the T usas
M ountains (Bauer and  W illiams, 1989), however, in this map area it has been d isrupted
by the Plomo fault.
05-04-01-06-00— unit01— Xvq— M ic ac eous quartzites and  metac onglomerates of the
Vad ito G roup, und ivid ed — Inc lud es both lentic ular mic ac eous quartzite bod ies and
s c attered  metac onglomerates; mic ac eous quartzites are variably c olored , and  c onsist
mainly of granoblastic quartz grains, aligned  musc ovite grains, and  layered
c onc entrations of opaque minerals; loc al c onglomerate horizons d elineate bed d ing; the
major metac onglomerate units in the area c rop out southwest of Cerro Alto (T rampas
quad rangle, referred  to as the E mbud o Creek quartzite by Bell, 1985) and  in the
southeastern Pic uris M ountains; the metac onglomerate c onsists of round ed ,
pred ominantly quartzite c lasts in a quartz-musc ovite matrix; sed imentary features
suc h as c ross-bed s and  ripple marks are well preserved ; numerous thin lenses of
quartzite and  metac onglomerate, too thin to subd ivid e, are also found  sc attered  within
the amphibolite and  sc hist units of the Vad ito G roup; a c ros s-bed d ed , feld spathic
quartzite in the southeastern Pic uris M ountains yield ed  a d etrital zirc on age peak of
1,715 M a (sample CD10-10 of Daniel et al., 2013); d etrital zirc ons c ollec ted  from a
quartz pebble metac onglomerate near the Hard ing Pegmatite M ine yield ed  a peak age
of 1,707 M a (sample J10-PIC7 of Daniel et al., 2013).
05-04-01-07-00— unit01— Xvqb— Q uartz-biotite roc k of the V ad ito G roup— Lenses and
d isc ontinuous layers of gray, quartz-biotite roc k found  in sc hist and  amphibolite; light-
to med ium-gray, fine-grained  quartz-biotite-(± musc ovite) roc k with loc al green
epid ote pod s and  veins; other minerals visible in thin sec tion inc lud e plagioc lase,
mic roc line, sphene, garnet, hematite, and  ilmenite; these roc ks are similar to sills of the
Cerro Alto metad ac ite (Xvc am).
05-04-01-08-00— unit01— Xvc am— Cerro Alto metad ac ite of the V ad ito G roup— G ray
metad ac ite c omposed  of fine-grained  quartz, plagioc lase, mic roc line, biotite, and
musc ovite; relic t phenoc rysts of quartz and /or feld spar are <4 mm long; ac c essory
minerals are epid ote, allanite, sphene, magnetite, and  zirc on; the main mass of
metad ac ite is a stoc k-like bod y with sharp intrusive c ontac ts with the c ountry roc k,
especially along the western margin; abund ant isolated  sills are c ontained  in ad jac ent
amphibolites; the unit is c ross c ut by other plutonic roc ks, and  found  as xenolith s
within them; a mod erately well-d eveloped  foliation is parallel to the regional trend ;
this bod y may be the remnant of a larger subvolc anic c omplex originally emplac ed  at a
fairly shallow level within the Vad ito G roup; Daniel et al. (2013) c alc ulated  a mean
207Pb/206Pb zirc on age of 1,710 ± 10 M a that is interpreted  to represent the age of
c rystallization.
05-04-01-09-00— unit01— Xvs7— Fine-grained  quartz-mus c ovite-c hlorite sc hist of the
Vad ito G roup— Inc lud es several varieties of s c hist; fine-grained  quartz-musc ovite
sc hist with sc attered  porphyroblasts of staurolite and  biotite (<3 c m); grad es to fine-
grained , pale olive-green quartz-musc ovite-c hlorite sc hist with 1 to 2 mm garnets, 2 to
25 mm staurolites, and  0.5 to 2 mm biotites; loc ally shows c ompositional layers of 1-
mm-thic k, gray quartz-ric h roc k and  <6-mm-thic k, greenish, quartz-musc ovite-c hlorite
sc hist; small grains (0.1 mm) of tourmaline, apatite, and  sphene or monazite.

05-04-01-10-00— unit01— Xvs6— And alusite phyllitic sc hist of the Vad ito
G roup— S ilver-blue to silver-green, quartz-musc ovite-c hlorite s c hist with 4 c m
round ed  knots of and alusite c ores and  alteration rims; 3 mm biotite porphyroblasts are
rand omly oriented ; loc al c ompositional layers, 0.5 to 2 c m thic k, of white quartzite and
silver-blue phyllitic s c hist; 20- to 40-c m-long elongate pod s of granular quartz, c hlorite,
musc ovite, and  minor c opper oxid es are aligned  in the foliation.
05-04-01-11-00— unit01— Xvs5— S treaky sc hist of the Vad ito G roup— Dark-gray to
green, fine-grained  quartz-musc ovite-biotite, opaque sc hist; streaky look results from
1- to 2-mm-thic k, lens-sh aped  bod ies of white quartz-plagioc lase-musc ovite sc hist and
gray, biotite-quartz-musc ovite-c hlorite, opaque sc hist; loc ally, <2 mm biotite
porphyroblasts are present; lenses are strongly fold ed  and  transposed ; mic rosc opic
garnets have overgrown the foliation; a quartz-ric h sc hist in the southwestern Pic uris
M ountains yield ed  a d etrital zirc on peak age of 1,705 M a (sample CD12-1 of Daniel et
al., 2013).
05-04-01-12-00— unit01— Xvs4— S treaky knotty phyllitic sc hist of the V ad ito
G roup— S ilver-gray to silver-green, very fine-grained  to phyllitic, quartz-musc ovite-
c hlorite sc hist interlayered  with white, quartz-ric h layers; layering is d is c ontinuous
and  probably transposed ; c ontains altered  knots of musc ovite and  green c hlorite, and
d istinc tive pod s of fine- to med ium-grained  granular quartz; grad ational c ontac t with
streaky sc hist.
05-04-01-13-00— unit01— Xvs3— And alusite-biotite phyllitic s c hist of the V ad ito
G roup— S ilver-blue to gray-green, very fine-grained , quartz-musc ovite-c hlorite
phyllitic sc hist with blac k, biotite porphyroblasts and  c oarse-grained , and alusite knots;
c ompositional layering is d efined  by lenses and  layers of light and  d ark phyllite and
white quartzitic sc hist; and alusites are 1 to 20 c m, d ark-gray-blue, unaltered  masses
th at are slightly flattened  in the plane of foliation, and  c ontain inc lud ed  internal
foliation trails; blac k, rand omly oriented  biotite porphyroblasts average 4 mm in
d iameter; minerals suc h as staurolite, plagioc lase, and  garnet are present loc ally; a
d istinc tive marker horizon of c ord ierite-bearing, quartz-musc ovite s c hist is present
near the main amphibolite bod y; c ord ierite porphyroblasts are gray, up to 20 cm long,
and  typic ally exhibit an orthorh ombic (pseud oh exagonal) c rystal habit; the foliation
wraps around  the c ord ierite porphyroblasts; in thin sec tion, c ord ierites are optic ally
c ontinuous, and  c ontain abund ant quartz inc lusions that d efine two relic t inc lud ed
foliations; grad ational with Xvs1 to the northeast.
05-04-01-14-00— head ing04— KnotS c hist— Knotty quartz-musc ovite-(±biotite) sc hist
(Xvs2) of the Vad ito G roup— Common roc k type is d ivid ed  into th ree mappable sub-
units (Xvs2a, Xvs2b, Xvs2c,), eac h d isplaying grad ational c ontac ts with the others.
05-04-01-14-01— unit01— Xvs2a— Knotty quartz-musc ovite-(±biotite) sc hist of the
Vad ito G roup— Light-gray, fine-grained , quartz-musc ovite, phyllitic sc hist with blac k
spec kles of biotite and  opaque minerals; the most phyllitic unit in Xvs2; in general,
these roc ks bec ome more quartzose and  less phyllitic from northwest to southeast; all
units c ontain altered  knots of fine-grained  musc ovite, c hlorite, and  quartz.
05-04-01-14-02— unit01— Xvs2b— Knotty quartz-musc ovite-(±biotite) sc hist of the
Vad ito G roup— Contains a variety of fine-grained , quartz-musc ovite-biotite sc hists
with ubiquitous sc attered , round ed , and  elongate, altered  porphyroblast knots.
05-04-01-14-03— unit01— Xvs2c — Knotty quartz-musc ovite-(±biotite) sc hist of the
Vad ito G roup— S imilar to Xvs2b with the exc eption of less abund ant knots of altered
musc ovite-c hlorite-quartz; knots may be altered  c ord ierite porphyroblasts.
05-04-01-15-00— unit01— Xvs1— Pelitic sc hists of the Vad ito G roup,
und ivid ed — Inc lud es a variety of pelitic to semi-pelitic s c hists; relatively massive,
light-gray, fine-grained , quartz-musc ovite sc hist with sc attered  flakes of blac k biotite (<
1 mm) and  c ompositional layers d efined  by alternating quartz-ric h and  mic a-ric h
horizons that are 1 to 25 mm thic k; quartz-musc ovite sc hist with porphyroblasts of
biotite, garnet, and  and alusite; fine-grained  quartz-musc ovite sc hist with sc attered
porphyroblasts of biotite; also inc lud es loc al horizons of interlayered  amphibolite.
05-04-01-16-00— unit01— Xvsa— And alusite sc hist of the V ad ito G roup— Distinc tive,
blac k, biotite sc hist c ontaining large knobs of and alusite; this unit is only a few meters
thic k and  appears to pinc h out laterally in both d irec tions.
05-04-01-17-00— unit01— X ag— Amphibolite in granite of the V ad ito G roup— Inc lud es
a variety of amphibolite bod ies, lenses, and  layers within the M irand a granite (Xmg);
the pred ominant roc k type is fine- to med ium-grained , d ark-gray-green to blac k,
weakly foliated  amphibolite c omposed  of blue-green to olive-green hornblend e,
interstitial quartz and  plagioc lase, sphene, and  epid ote; faint c ompositional layering is
formed  by 1- to 2-mm-thic k white layers; epid ote veins and  zones are c ommon.
05-04-01-18-00— unit01— Xva— Amphibolite of the Vad ito G roup— Inc lud es a wid e
variety of amphibolite bod ies, lenses, layers, and  textures; the large amphibolite bod y
south and  east of the Hard ing pegmatite is a c omplex unit c ontaining metamorphosed
and  d eformed  volc anic, sed imentary, and  volc aniclastic roc ks; the pred ominant roc k
type is fine- to med ium-grained , d ark-gray-green to blac k, weakly foliated  amphibolite
c omposed  of blue-green to olive-green hornblend e (0.1 to 0.7 mm), interstitial quartz
and  plagioc lase (0.1 mm), sphene, and  epid ote; faint c ompositional layering is formed
by 1- to 2-mm-thic k white layers; epid ote veins and  zones are c ommon, especially near
pluton margins; fragmental amphibolites c ontaining white felsic fragments and  gray
lithic fragments, elongated  and  flattened  in the foliation of the fine-grained  hornblend e
matrix, exist loc ally; subangular, gray, quartzite clasts, blac k, basaltic fragments, and
epid ote c lasts also exist within the matrix; other roc k types within the large
amphibolite bod y inc lud e biotite sc hist, metad ac ite, felsic sc hists, quartzite,
metagabbro, and  various sc hists; smaller layers and  lenses sc attered  th roughout the
Vad ito sc hists are mainly fine- to med ium-grained  amphibolites that range
c onsid erably in texture and  mineralogy.
05-04-01-19-00— unit01— Xvb— Fragmental biotite sc hist of the Vad ito G roup— Dark,
sc histose matrix of biotite-quartz-plagioc lase c ontains varying perc entages of c lasts of:
1) white, gray, red , and  blac k subround ed  quartzite pebbles (1 to 15 c m); 2) d ark-olive-
green to brown, fine-grained , lithic fragments that are strongly flattened  in foliation; 3)
white, felsic fragments that are extremely flattened  in foliation; and  4) bould er-sized ,
d ark-green-blac k, fine-grained  amphibolites; this unit also c ontains lensoid al bod ies of
metad ac ite.
05-04-01-20-00— unit01— Xvmix— M ixed  metavolc anic roc ks of the Vad ito
G roup— U nd ivid ed  amphibolites, fragmental amphibolites, biotite sc hist, fragmental
biotite sc hist, and  various felsic to mafic sc histose units.
05-04-01-21-00— unit01— Xvd — G neiss of the Vad ito G roup— G neissic d ioritic roc k
with interlayered  quartz-biotite gneiss, felsic gneiss, and  quartz-musc ovite-biotite
sc hist; grad es into more sc histose roc k in the southern area of exposure; c oarse
pegmatites are c ommon; exposed  only in the southeastern T rampas quad rangle, where
it is intrud ed  by R ana quartz monzonite.
05-05-00-00-00— head ing02— Proterozoic — Proterozoic— Proterozoic

05-05-01-00-00— unit01— X Yu— Proterozoic roc ks, und ivid ed — S uprac rustal
metamorphic roc ks and  plutonic and  metaplutonic roc ks.
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02.11.16 Fault in c ross sec tion showing loc al up/d own offset— T h e arrows show the relative motion
along the fault plane.
02.11.17 Fault in c ross sec tion showing loc al up/d own offset— T h e arrows show the relative motion
along the fault plane.
02.11.21 S trike-slip fault (in c ross sec tion) (2nd  option)— Plus, away from observer; d ot, toward  observer.

05.10.12 Fold  axial trac e in c ross sec tion.— Id entity and  existenc e are c ertain. Loc ation is ac c urate.

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

03.01.03 Bound ary loc ated  by gravity survey

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

J

J
31.02.26 W ell loc ation (in c ros s sec tion)— T h e projec ted  loc ation and  d epth of a well used  to establish
stratigraphy and  geologic unit d epth.
01.01.18 G rad ational c ontac t— Id entity or existenc e are questionable. Loc ation is ac c urate.

05.10.13 Fold  axial trac e in c ross sec tion.— Id entity and  existenc e are c ertain. Loc ation is approximate.

02.11.16L Fault in c ross sec tion showing loc al up/d own offset— T h e arrows show the relative motion
along the fault plane. G reen c olor ind ic ates Larad mid e-age fault movement.
02.11.21L S trike-slip fault (in c ross sec tion) (2nd  option)— Plus, away from observer; d ot, toward
observer. G reen c olor ind ic ates Larad mid e-age fault movement.
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