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Ge ologic Map of the  La Joya 7.5-Min ute
Quadran gle , Socorro Coun ty, Ne w  Me xico

by
Maarte n  de  Moor1, Austin  Sin sse r1, Karl Karlstrom 1, Richard Cham be rlin 1, Se an  Con n e l l 1, an d Adam  Re ad1

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

87801

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. Geologic and  fault c ontac ts are irregular surfac es
that form bound aries between d ifferent types or ages of units. D ata d epicted  on this geologic quad rangle
map may be based  on any of the following: rec onnaissanc e field  geologic mapping, c ompilation of
publish ed  and  unpublish ed  work, and  photogeologic interpretation. L oc 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. Site-specific c ond itions should  be verified  by d etailed  surfac e mapping
or subsurfac e exploration. Topographic and  c ultural c h anges may not be shown d ue to rec ent
d evelopment.

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

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

This d raft geologic map is preliminary and  will und ergo revision. It was prod uc ed  from either sc ans of
hand -d rafted  originals or from d igitally d rafted  original maps and  figures using a wid e variety of software,
and  is c urrently in c artographic prod uc tion. It is being d istributed  in this d raft form as part of the bureau's
O pen-file map series (O FGM ), d ue to high d emand  for c urrent geologic map d ata in these areas where
S TATEM AP  quad rangles are loc ated , and  it is the bureau's polic y to d isseminate geologic d ata to the public
as soon as possible.

After this map has und ergone review, ed iting, and  final c artographic prod uc tion ad h ering to bureau map
stand ard s, it will be released  in our Geologic M ap (GM ) series.  This final version will rec eive a new GM
number and  will superc ed e this preliminary open-file geologic map.

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

NEW  MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCESA R ESEAR CH D IV ISIO N  O F NEW  MEXICO INSTITUTE OF MINING AND TECHNOLOGY

De scription  of Map
01-01-01-00-00 — unit — Q rp — R io Grand e alluvium, und ivid ed  —
U nc onsolid ated  to poorly c onsolid ated  c oarse-grained  sand  and
gravel with lensoid al interbed s of fine-grained  sand , silt, and  c lay.
F orms the lowest inset fluvial d eposit of the inner valley and
flood plain of the R io Grand e. L oc ally d ivid ed  into c hannel (Q rpc)
facies from available aerial photography. Base not exposed  but
lithologic d ata from a d rill-hole about 8 km southwest of the map
area (S ec tion 36, T1S, R W , L emitar 7.5-minute quad rangle) ind ic ates
about 24 m of sand  and  gravel (Borehole D W -2-1(b), (Hawley and
W hitworth, 1996)). The R io Grand e flood plain alluvium is d ivid ed
into four subunits based  on aerial photographic work of P earc e and
K elson (2004)) using 1935-vintage aerial photograph s, and  aerial
photographic analysis using 1996-vintage photograph s in this stud y.

01-01-01-01-00 — subunit — Q rpc — M od ern c h annel facies —
U nc onsolid ated  sand  and  gravel within the ac tive c hannel of the
R io Grand e. Generally c orrespond s to unit W 35 of P earc e and
K elson (2004).
01-01-01-02-00 — subunit — Q rpb — Instream-bar d eposits — S and
and  gravely sand  forming instream d epositional bars and  island s.
Correspond s to unit R ib of P earc e and  K elson (2004).
01-01-01-03-00 — subunit — Q rpm — M eand er-bend  d eposits —
D eposits preserved  along aband oned  and  ac tive meand er bend s.
Correspond s to unit R c s of P earc e and  K elson (2004).
01-01-01-04-00 — subunit — Q rps — S c roll-bar d eposits — S and
and  gravelly sand  forming d epositional bars. Correspond s to unit
R sb of P earc e and  K elson (2004).
01-01-02-00-00 — unit — Q ry — R io Grand e alluvium, terrac e
d eposits  — Very pale-brown (10Y R  7/3), poorly c onsolid ated ,
med ium- to very c oarse-grained  sand  with sc attered  pebbly sand
bed s. Inset against old er R io Grand e terrac e d eposits and  represents
lowest preserved  terrac e d eposit. F orms d isc ontinuous low-lying
terrac e along margin of mod ern R io Grand e Valley. U nit is
c ommonly overlain by younger and  intermed iate stream- valley
alluvium. Base is not exposed , but unit is at least 6 m thic k.
01-02-01-00-00 — unit — Q ri — R io Grand e alluvium, und ivid ed
intermed iate — R io Grand e alluvium, und ivid ed  intermed iate;
inc lud es Q rig, Q ris, and  Q rise.
01-02-02-00-00 — unit — Q rig — R io Grand e alluvium, intermed iate
terrac e gravel — W hite to pale-brown (10Y R  8/2-8/3), poorly
c onsolid ated , mod erately sorted , pebbly to c obbly sand .
U nc onformably overlies slightly tilted  c onglomerate of unit Q Tsp.
Contains abund ant round ed  orthoquartzite and  polished  c h ert
pebbles and  c obbles with very sparse round ed  obsid ian pebbles.
Also c ontains well c emented  elongate c onc retions exposed  in P alo
D uro W ash (and  S alas Arroyo). Top of d eposits are less than 35 m
above the R io Grand e c hannel. F orms the most laterally extensive
terrac e d eposit in the map area.
01-02-02-01-00 — unit — Q ris — R io Grand e alluvium, intermed iate
sand y fluviul d eposits — Very pale-brown to light-gray (10Y R  7/3-
7/1), poorly to mod erately c onsolid ated , loc ally well c emented ,
mod erately sorted , med ium to thic k bed d ed , med ium- to very
c oarse-grained , trough-c ross bed d ed  sand stone with sc attered
med ium-bed d ed  pebble c onglomerate and  mud stone (rip-up)
intrac lasts. Gravels c ontain abund ant round ed  orthoquartzite and
minor round ed  polish ed  c hert and  subround ed  granite. O verlies
slightly tilted  c onglomerate and  c onglomeratic sand stone of the
Sierra L ad rones F ormation. P robably represent thic k aggrad ational
suc c ession of sand  laid  d own d uring aggrad ation of the anc estral
R io Grand e. O verlain by gravelly terrac e d eposit of unit Q rig, whic h
likely d eposited  c oevally with this unit. L oc ally overlies D eposit
thic kness is variable, and  ranges from 3 m to over 20 m.
01-02-02-02-00 — subunit — Q rise — R io Grand e alluvium, eolian
sand  of intermed iate fluvial d eposits  — Yellowish-red  (5Y R  4/6),
mod erately c onsolid ated , well sorted , fine- to med ium-grained
c lean sand  lying beneath sand  and  gravel of unit Q ris exposed  just
northwest of L a Joya c emetery along north sid e of S alas Arroyo.
Base not exposed , but unit is at least 2 m thic k.
01-02-03-00-00 — unit — Q ro — R io Grand e alluvium, und ivid ed
old est terrac e d eposits — Brown (7.5Y R  5/4), poorly c onsolid ated ,
pebbly to c obbly sand . U nc onformably overlies slightly tilted
c onglomerate of the Sierra L ad rones F ormation. Gravels are
generally smaller than 3 c m d iameter, but a few c lasts are up to 15
cm in d iameter. Gravel c ount (n=269) on terrac e exposed  on hill just
north of Cañad a Anc h a yield ed  43% quartz and  round ed
orthoquartizte, 29% polished  c hert, 20% volc anic roc ks, 3% blac k
and  white c halc ed ony and  c h ert that resembles the O ligo-M ioc ene
P ed ernal M ember of Abiquiu F ormation (see Connell, 2004), 3%
granite, 2% limestone roc k types. Very sparse round ed  pebbles of
blac k obsid ian are also found  near this gravel-c ount loc ality.
D eposits site between 30 and  90 m above the floor of the R io
Grand e. D eposits are approximately 5 to 22 m thic k.
01-02-03-01-00 — subunit — Q ro2 — R io Grand e alluvium, younger
subunit — P oorly c onsolid ated , pebbly to c obbly sand . D eposits sit
approximately 30 to 65 m above the R io Grand e c h annel.

01-02-03-02-00 — subunit — Q ro1 — R io Grand e alluvium, old er
subunit — P oorly c onsolid ated , pebbly to c obbly sand . D eposits sit
between 58-100 m above the R io Grand e c hannel.
01-03-01-00-00 — unit — Q a — S tream alluvium, und ivid ed   —
P oorly to mod erately sorted , poorly c onsolid ated  pebble- to c obble
c onglomerate and  fine-to c oarse-grained  sand  with loc al
ac c umulations of c obbles and  small bould ers. U nd erlies narrow to
broad  streams and  is inset against low terrac e d eposits. Inc lud es
ac tive alluvium of the R io S alad o and  R io P uerc o. Correspond s to
unit Q t7 of Tread well (1996) and  portions of units Hc h and  Hc l of
P earc e and  K elson (2004). D eposits are generally thin and  range
from less than 1 m thic k to over 2 m in thic kness.
01-03-02-00-00 — unit — Q ay — S tream alluvium, und ivid ed  young
d eposits — L ight red d ish-brown (5Y R  6/4), poorly to mod erately
sorted , poorly c onsolid ated  light- brown and  light red d ish-brown to
gray-brown pebble and  c obble c onglomerate and  sand  with minor
ac c umulations of bould ers. D eposit surfac es are less than 5 m above
loc al base level near mouth s of tributary d rainages, but sit less than
0.5 m above loc al base level upstream. S oils are weakly d eveloped .
L oc ally d ivid ed  into two subunits based  on inset relationships
within major tributary d rainages, suc h as P alo D uro W ash (S alas
Arroyo).
01-03-02-01-00 — subunit — Q ayy — S tream alluvium, younger
subunit — L ight red d ish-brown (5Y R  6/4) silty sand  and  gravel.
Correspond s to unit Q t6 of Tread well (1996). Tread well (1996)
reports that a similar d eposit at an arc h aeologic al site yield ed  a
rad ioc arbon d ate of 1635±60 yrs. BP  (W inter (1982) cited  in
Tread well, 1996). D eposit is about 3 m thic k.
01-03-02-02-00 — subunit — Q ayo — Stream alluvium, old er
subunit — Silty sand  and  gravel. Inset against old er terrac e d eposit
of the anc estral R io Grand e. D eposit surfac e c ontains weakly
d eveloped  soil with S tage II ped ogenic c arbonate morphology.
D eposit sits about 9 m above loc al base level. Correspond s to unit
Q t5 of Tread well (1996) and  c orrelates to unit Q 8 of Connell (1996).
D eposit is about 2 m in thic kness.
01-03-03-00-00 — unit — Q am — Stream alluvium, und ivid ed
intermed iate d eposits — W eakly c onsolid ated  sand  and  gravel
assoc iated  with first inset d rainages east of R io Grand e. Inset
against old er stream alluvium and  loc ally d ivid ed  into three
subunits.
01-03-03-01-00 — subunit — Q am3 — Stream alluvium, younger
subunit — Brown (7.5Y R  5/4), weakly c onsolid ated , poorly exposed ,
sand  and  pebbly sand  associated  with inset d rainages east of R io
Grand e. S oils are weakly d eveloped  and  exhibit S tage I+ ped ogenic
c arbonate morphology. S outh of P alo D uro Canyon, these d eposits
loc ally overlies well d eveloped  soil formed  on old er stream
alluvium (Q ao) and  intermed iate R io Grand e terrac e d eposits (Q rig,
Q ris).

01-03-03-02-00 — subunit — Q am2 — Stream alluvium,
intermed iate subunit — W eakly c onsolid ated  sand  and  gravel
assoc iated  with first inset d rainages east of R io Grand e. S oils are
mod erately d eveloped  and  exhibit S tage III ped ogenic c arbonate
morphology.
Correspond s to unit Q t4 of Tread well (1996). Tread well (1996)
d ivid ed  this d eposit into three subunits. D eposits range from 17-23
m in thic kness.W eakly c onsolid ated  sand  and  gravel assoc iated
with first inset d rainages east of R io Grand e. S oils are mod erately
d eveloped  and  exhibit S tage III ped ogenic c arbonate morphology.
Correspond s to unit Q t4 of Tread well (1996). Tread well (1996)
d ivid ed  this d eposit into three subunits. D eposits range from 17-23
m in thic kness.W eakly c onsolid ated  sand  and  gravel assoc iated
with first inset d rainages east of R io Grand e. S oils are mod erately
d eveloped  and  exhibit S tage III ped ogenic c arbonate morphology.
Correspond s to unit Q t4 of Tread well (1996). Tread well (1996)
d ivid ed  this d eposit into three subunits. D eposits range from 17-23
m in thic kness.
W eakly c onsolid ated  sand  and  gravel associated  with first inset
d rainages east of R io Grand e. S oils are mod erately d eveloped  and
exhibit S tage III ped ogenic c arbonate morphology.
Correspond s to unit Q t4 of Tread well (1996). Tread well (1996)
01-03-03-03-00 — subunit — Q am1 — Stream alluvium, old er
subunit — L ight red d ish-brown (5Y R  6/4), mod erately c onsolid ated
sand  and  gravel. Gravels c onsist of limestone, granitic and
metamorphic, and  red  sand stone roc k types. D eposit surfac e
exhibits well d eveloped  soils with S tage III+ ped ogenic c arbonate
morphology. Correspond s to unit Q t3 of Tread well (1996). D eposits
are approximately 2 m thic k and  sit about 29 m above loc al base
level.
01-03-04-00-00 — unit — Q ao — Stream alluvium, und ivid ed  old er
d eposits — M od erately c onsolid ated  sand  and  gravel assoc iated
with a valley bord er fan that buries paleo-bluffs formed  by initial
incision and  early d evelopment of the anc estral R io Grand e Valley.
Gravels are subangular to subround ed  pebbles and  c obbles of
limestone, sand stone, granitic, metamorphic and  sparse volc anic
roc k types ind ic ating d erivation from d rainages d erived  from
upland s to the east. Inset against the Sierra L ad rones formation.
L oc ally d ivid ed  into th ree subunits based  on inset relationships.
U nd ivid ed  alluvium is d elineated  in P asc ual Arroyo pend ing future
work on ad jac ent Abeytas quad rangle.
01-03-04-01-00 — subunit — Q ao3 — Stream alluvium, younger
subunit — P ink to red d ish-yellow (7.5Y R  6/4-7/4), mod erately
c onsolid ated , poorly stratified  sand  and  pebbly sand . D eposit
surfac e is loc ally stripped  and  soils exhibit S tage III+ ped ogenic
c arbonate morphology. O verlies intermed iate terrac e d eposit of the
anc estral R io Grand e (Q ris) and  is loc ally overlain by intermed iate
stream alluvium. Inset against unit Q f2 of Tread well (1996) and
overlies old er anc estral R io Grand e alluvium. D eposit is 3 to 10 m
thic k.
01-03-04-02-00 — subunit — Q ao2 — Stream alluvium, intermed iate
subunit — R ed d ish-yellow to brown (5Y R  4/6-5/6 and  7.5Y R  5/3-
7/4), mod erately c onsolid ated , poorly stratified  sand  and  gravel
with red  (2.5Y R  5/6) mud . D eposits are associated  with a valley
bord er fan that buries a paleo-bluff formed  by a terrac e d eposit of
the anc estral R io Grand e. Contains lenses of white (10Y R  8/2)
mod erately sorted  sand  and  pebbly sand  of anc estral R io Grand e
terrac e d eposits. S oil d eveloped  on d eposit surfac e is partly
stripped , but plugged  by c arbonate, suggesting the presenc e of
S tage III+ or IV ped ogenic c arbonate morphology. D eposit sits about
38 m above loc al base level.
W ell exposed  in P alo D uro W ash where it is inset against the old est
inset terrac e of the anc estral R io Grand e (Q ao). Correspond s to unit
Q f2 of Tread well (1996).
Thic kness is variable and  ranges between 17-33 m. This thic kness
variation is probably the result of burial of incised  paleotopography.
01-03-04-03-00 — subunit — Q ao1 — Stream alluvium, old er
subunit — W eakly c onsolid ated  sand  and  gravel assoc iated  with
first inset d rainages east of R io Grand e. P oorly exposed .
D eposit surfac e is partially stripped  and  soils exhibit S tage III+
ped ogenic c arbonate morphology. F orms highest preserved  inset
tributary stream d eposit east of the R io Grand e Valley. Correspond s
to unit Q t1 of Tread well (1996). D eposit ranges from 5 to more than
15 m thic k.
01-04-01-00-00 — unit — af — Artificial fill  — D umped  fill and
areas affec ted  by human d isturbanc es.
M apped  where d eposits are areally extensive and  c ommonly
inc lud es levees and  small earth-fill d ams.
01-04-02-00-00 — unit — Q e — Eolian sand  and  stream alluvium,
und ivid ed  — U nc onsolid ated  to very poorly c onsolid ated ,
mod erately to well sorted , light brown sand . F orms extensive sheets
and  low d unes. Common north of R io S alad o and  west of R io
Grand e. D eposits range from less than 1 m to more than 3 m in
thic kness.
01-04-03-00-00 — unit — Q ae — Eolian sand  and  stream alluvium,
und ivid ed  — U nc onsolid ated  to very poorly c onsolid ated ,
mod erately to well sorted , light red d ish- brown to light-brown,
fine- to med ium-grained  sand  and  silty sand  with sc attered  pebbles
that c ommonly forms a relatively thin, d isc ontinuous mantle over
broad  upland  areas.
01-04-04-00-00 — unit — Q c a — Colluvium and  alluvium,
und ivid ed  — P oorly c onsolid ated , poorly sorted  and  stratified , fine-
to c oarse-grained , c last- and  matrix- supported  d eposits d erived
from a variety of mass-movement hill-slope proc esses, inc lud ing
d ebris flow, sh allow slump and  c reep. Clasts are typic ally angular
and  c omposition generally reflec ts loc al provenanc e. Colluvium is
c ommon on hillslopes, but is only d ifferentiated  where areally
extensive.
02-01-01-00-00 — unit — Q Tsp — Sierra L ad rones F ormation —
P ink to red d ish-yellow (7.5Y R  6/6-7/3), well c onsolid ated  and
mod erately well c emented , poorly to mod erately sorted
c onglomerate and  c onglomeratic sand stone. Bed d ing is
subh orizontal to gently d ipping and  d eposits form a westward -
thic kening wed ge that overlies mod erately tilted  volc anic roc ks.
Geologic mapping on the ad jac ent M esa d el Yeso quad rangle to the
south (Cather, 1996) ind ic ates that these gently d ipping d eposits
overlie mod erately d ipping bed s of the M ioc ene P opotosa
F ormation (Cather et al., 1994). D eposit surfac e is c ommonly
mantled  by thic k (less than 0.5 to more than 1 m thic k) poorly
c onsolid ated  c olluvium, alluvium, and  eolian d eposits. N o fossils
have been reported , however, similar strata mapped  to the south in
Valle d e la P arid a yield ed  P lioc ene-aged  mammal fossils (S ealey et
al., 2001).
Interfingers with fluvial d eposits of the anc estral R io Grand e
(Q Tsa), whic h c ontain very sparse round ed  obsid ian, suggesting a
late P lioc ene or early P leistoc ene age. D eposit surfac e is preserved
along the eastern margin of the map area, where a strongly
d eveloped  soil is exposed . This soil exhibits S tage III+ to possibly
S tage IV ped ogenic c arbonate morphology and  represents a loc al
d epositional top to the S anta F e Group basin fill. Tread well (1996)
reported  soil-profile d evelopment of S tage V to VI on the P ino
surfac e, relic t pied mont-slope surfac es loc ally preserved  on the
ad jac ent Bec ker S W  quad rangle. Gravels are d ominated  by
sand stone, limestone, granitic, and  volc anic roc k types ind ic ating
d erivation from the Joyita Hills and  southern L os P inos M ountains.
P aleoc urrent d ata, measured  from pebble imbric ations, c h annel
margins, and  c ross bed s, ind ic ate a generally northwesterly to
westerly paleoflow d irec tion, whic h supports d erivation from the
east. N o d irec t age c ontrol is presently known for d eposits on this
quad rangle, however, similar d eposits exposed  south near Valle d e
la P arid a (D eBrine et al., 1963; Cather, 1996) c ontain P lioc ene fossils
(S ealey et al., 2001). An obsid ian pebble was rec overed  from these
d eposits in P asc ual Arroyo, suggesting either a P lioc ene or early
P leistoc ene maximum age. Correspond s to unit Q p of Tread well
(1996). Tread well (1996) c onsid ered  the upper several meters of this
unit to represent a younger inset unit, however, mapping ind ic ates
that the uppermost gravels that und erlie the broad , west- sloping
surfac es along the northwestern margin of the map area are part of
the aggrad ational suc c es sion of the S anta F e Group basin fill. U nit
thic kens to the west and  ranges from about 10 m to well over 300 m
in exposed  thic kness. D ivid ed  into th ree textural facies using the
approac h of Cather (1997): a proximal, and  typic ally upper,
c onglomeratic unit (Q Tspc), a c onglomerate and  sand stone unit
(Q Tspc s), and  a sand stone-d ominated  unit (Q Tsps).

02-01-01-01-00 — subunit — Q Tspc — Sierra L ad rones F ormation,
c onglomeratic pied mont d eposits — P ink to red d ish- yellow (7.5Y R
6/6-7/3), well c onsolid ated  and  mod erately well c emented , poorly
sorted  c onglomerate with minor, thin to med ium bed d ed  sand stone
interbed s.
02-01-01-02-00 — subunit — Q Tspc s — Sierra L ad rones F ormation,
c onglomeratic-sand stone pied mont d eposits — P ink to red d ish-
yellow (7.5Y R  6/6-7/3), well c onsolid ated  and  mod erately well
c emented , poorly sorted  c onglomerate with minor, thin to med ium
bed d ed  sand stone interbed s. Contains thin to med ium bed d ed
sand stone bed s that are c ommonly c apped  by pale- c olored
paleosols. S and stone bed s tend  to c omprise 30-50% of the unit.
02-01-01-03-00 — subunit — Q Tsps — Sierra L ad rones F ormation,
sand stone-d ominated  pied mont d eposits — R ed d ish- yellow (5Y R
6/6), mod erately c onsolid ated  and  c emented , mod erately sorted
tabular sand stone with sc attered , minor pebbly sand stone and
c onglomeratic sand stone lenses. Bed s c ommonly form upward -
fining sequenc es with a basal c onglomerate that fines upward  into
sand stone that is c ommonly c apped  by c alcic paleosols and  thin
rhizoc onrec tionary bed s. Gravel bed s c omprise about 10-30% of
exposures. The proportion of gravel to sand stone inc reases
upsec tion and  to the east. U nit inc lud es parts of the transitional
axial-pied mont facies of Cather (1996). Exposed  thic kness is greater
than 5 m. U nit is exposed  just east of the axial-fluvial facies of unit
Q Tsa.
02-01-02-00-00 — unit — Q Tsa — Sierra L ad rones F ormation, axial-
fluvial d eposits — Gravels c ontain abund ant volc anic (~40%),
granite (25%), round ed  orthoquartzite (20%) and  polished  round ed
c h ert (15%) and  d iffer in c omposition from the more angular,
volc anic and  sed imentary d ominated  c lasts found  in the pied mont
facies. M ay inc lud e d eposits of unit Q ris exposed  east of the R io
Grand e Valley, near the northern part of the map. Base not exposed ,
but unit is at least 5 m thic k.
02-01-03-00-00 — unit — Tc — Ceja F ormation — P inkish-gray to
light-brown (7.5Y R  6/4-7/3), mod erately c onsolid ated , mod erately to
well sorted  sand stone with interbed d ed  mud stone, led ge-forming,
well c emented  sand stone bed s and  c obbly sand stone and
c onglomerate interbed s. P aleoc urrent observations from c ross
bed d ing and  gravel imbric ations ind ic ate a southerly to
southwesterly flow d irec tion. Gravels c ontain abund ant volc anic
roc k types with lesser amounts of granite and  sparse c hert,
sand stone, and  limestone. The pred ominanc e of volc anic roc k types
suggests a sourc e from the paleo-R io S alad o, whic h head s into
volc anic terrain. Connell et al. (2001) interpreted  these d eposits to
have been d eposited  by east-flowing streams, rather than by west
flowing streams d raining the Joyita Hills and  L os P inos M ountains
as suggested  by M ac hette (1978). U nit is provisionally c orrelated  to
the Ceja F ormation.
02-01-04-00-00 — unit — Tp — P opotosa F ormation — U nit is
shown on c ross sec tion only. M od erately tilted , volc anic-bearing
c onglomerate and  sand stone. Inc lud es Broken Tank and  Bear
Canyon basalts. The c ontac t between the P opotosa and  Sierra
L ad rones formations is an unc onformity that ranges in angularity
from a few d egrees to as muc h as 30° (Cather, 1996a). U nit is not
exposed  in the map area, but is exposed  to the south. The P opotosa
F ormation is more than 2000 m thic k west of the map area (see
d isc ussion by Connell, 2004).
02-02-01-00-00 — unit — Tlp5 — L a Jara P eak Basaltic And esite,
tongue 5 — M ostly med ium gray to purplish gray, massive and
platy to vesic ular basaltic and esite lavas c harac terized  by
mod erately abund ant (5–10%) fine- to med ium-grained  phenoc rysts
of olivine, usually altered  to red d ish brown id d ingsite. P h enoc rystic
plagioc lase is typic ally absent. Thin flows (3-6m) c ommonly exhibit
vesic ular tops and  red d ish basal brec cia zones. Tlp5 is old er than
S outh Canyon Tuff and  younger than the L emitar Tuff. M aximum
thic kness 210 m. (N ote: Tlp4, between Tl and  Tvp, is loc ally absent
in the L a Joya quad ).
02-02-02-00-00 — unit — Tl — L emitar Tuff, upper member —
D ensely weld ed , red  to grayish red , phenoc ryst-ric h (30–45%),
d acitic to rhyolitic ignimbrite. Contains sparse to abund ant,
med ium- grained  (1-4 mm) phenoc rysts of quartz, sanid ine,
plagioc lase, and  biotite with trac es of augite and  sphene. L ower
third  of upper member is relatively quartz poor (<5%) c ompared  to
upper two third s, whic h is quartz ric h (10–15%). Sparse,
phenoc ryst-ric h pumic e and  small (<1 cm) grayish red  “magma
c lots” of d acite/and esite porphyry are c ommon near top. Erupted
from the Hard y R id ge c ald era in the west-c entral M agd alena
M ountains (G. R . O sburn oral c ommun. 1997, Chamberlin et al,
2004). M ean 40Ar/39Ar age of bulk sanid ine separate is 28.00 ± 0.08
M a; paleomagnetic polarity is normal (M cIntosh and  others, 1991).
Thic kness 0-30m; wed ges out against paleotopographic high formed
by footwall of East Joyita fault.
02-02-03-00-00 — unit — Tvp — Vic ks P eak Tuff — Cliff-forming,
brown to light brownish gray and  light gray, phenoc ryst poor,
pumic eous, d ensely weld ed  rhyolite ignimbrite. D istinc tive aspec ts
inc lud e c raggy c liff-forming c harac ter, pervasive well d eveloped
c ompac tion foliation, and  large “sand y” (vapor phase) pumic e
lapilli up to 30 c m long. Contains 1–5 perc ent phenoc rysts of
sanid ine and  sparse quartz. Erupted  from the N ogal Canyon
c ald era in the southern S an M ateo M ountains (O sburn and  Chapin,
1983). M ean 40Ar/39Ar age is 28.56 ± 0.06 M a; paleomagnetic
polarity is reverse (M c Intosh and  others, 1991). Correlation based
on lithology and  relative stratigraphic position. Thic kness, 0-60m,
wed ges out against paleotopographic high formed  by L aramid e
c ompression (“L os Alamos” monoc line) near the East Joyita fault.
02-02-04-00-00 — unit — Tlp3 — L a Jara P eak Basaltic And esite,
tongue 3 — M ed ium gray to purplish gray, basaltic and esite lavas
c harac terized  by sparse small red d ish brown phenoc rysts of
“id d ingsite” (oxid ized  and  hyd rated  olivine). L oc ally represents
stac ked  flows. Tlp3 is old er than the Vic ks P eak Tuff and  younger
than the L a Jencia Tuff. Thic kness is about 20-30m; loc ally d raped
(appears fold ed ) against the paleotopographic high of the L a Joyita
Hills monoc line.
02-02-05-00-00 — unit — Tlj — L a Jencia Tuff — L ight gray, pale red
and  grayish red , phenoc ryst poor, rhyolite ignimbrite, c harac terized
by gray massive basal zone and  a med ial zone of d ensely weld ed
rh eomorphic (flow band ed ) ignimbrite. Flow-band ed  c ore grad es to
eutaxitic ignimbrite near base and  top. Flow band ed  zone is absent
north of O jo d el P ad re. Contains sparse (3–5%) phenoc rysts of
sanid ine and  quartz with rare plagioc lase and  biotite. L oc ally
inc lud es thin tuffac eous sand stone bed s at top of unit. Erupted  from
S awmill Canyon c ald era in the west-c entral and  eastern M agd alena
M ountains (O sburn and  Chapin, 1983). M ean 40Ar/39Ar age from
bulk sanid ine separate is 28.85 ± 0.04 M a; paleomagnetic polarity is
reverse (M c Intosh et al., 1992).
Thic kness is 120-150m. L oc ally appears d raped  against the early rift
L a Joyita Hills monoc line.
02-02-06-00-00 — unit — Tzt — Tuff of L uiz L opez F ormation —
L ight brownish gray to light gray, nonweld ed  to poorly weld ed ,
pumic eous, lithic-ric h to lithic-poor, rhyolitic ignimbrite. Contains
mod erately abund ant pumic e (mostly aphyric), and  sparse to
mod erately abund ant small lithic fragments in c rystal-poor rhyolitic
matrix. L ithic fragments c onsist primarily of and esite porphyries
and  rare c rystal-ric h Hells M esa Tuff c lasts. Erupted  from a small
c ollapse struc ture in the north ern Chupad era M ountains
(Chamberlin et al., 2004). S amples from Chupad era M ountains yield
mean single-c rystal sanid ine 40Ar/ 39Ar age of 30.04± 0.16 M a.
Thic kest (30m) near arroyo R osa d el Castillo. Generally absent north
of Canad a Anc h a d rainage, exc ept for 10m thic k exposure north of
O jo d el P ad re.
02-02-07-00-00 — unit — Tlp2 — L a Jara P eak Basaltic And esite,
tongue 2 — M ed ium gray to purplish gray, basaltic and esite lavas
c harac terized  by sparse small red d ish brown phenoc rysts of
“id d ingsite”. Tlp2 is old er than the Tuff of L uis L opez F ormation
and  younger than the Hells M esa Tuff.
R estric ted  to area near O jo d el P ad re; thic kness about 10-30m.
Absent near L os Alamos S pring and  Arroyo R osa d el Castillo.
Although stratigraphic ally lower, this unit is lithologic ally
equivalent to tongues of basaltic and esite lava previously assigned
to the L a Jara P eak Basaltic And esite (O sburn and  Chapin, 1983).

02-02-08-00-00 — unit — Thm — Hells M esa Tuff — P ale red d ish
gray to light gray, mostly d ensely weld ed , phenoc ryst-ric h
(40–50%), quartz-ric h, rhyolite ignimbrite. Typic ally c ontains
abund ant med ium grained  (1–3 mm) phenoc rysts of sanid ine,
plagioc lase, quartz and  minor biotite. Q uartz is minor c omponent
(1-2%) in thin basal zone, whic h is loc ally vitrophyric. M ean 40Ar/
39Ar age (bulk sanid ine) is 32.06 ± 0.1 M a; paleomagnetic polarity is
reverse (M c Intosh et al. 1991). Erupted  from S oc orro c ald era
(Chamberlin et. al, 2004; M c Intosh et. al., 1991). Thic kness ranges
from 120 to150 m. A nonweld ed  upper zone (unc onsolid ated , c layey
c rystal-ric h ash), approximately 30 m thic k, is anomalously
preserved  on the north sid e of O jo d el P ad re.
02-02-09-00-00 — unit — Tbc p — Basaltic c onglomerate bed s at O jo
d el P ad re (new name, informal) — Cobble to bould er c onglomerates
and  d ebris-flow d eposits c h arac terized  by abund ant basaltic
and esite c lasts, similar to Tlp1, and  minor c lasts of and esite
porphyry, similar to Tav. D ebris-flow bed s are c h arac terized  by red
c layey matrix. Thic kness ranges from 0-30m. R estric ted  to the area
north and  south of O jo d el P ad re; abruptly d isappears northwest of
the L os Alamos S pring fault and  southwest of "Ernie's fault "(U TM :
0333680 E, 3793050 N ). M ap relationships require Ernie's fault to
pred ate the 32 M a Hells M esa Tuff. P reviously assigned  to the
regional volc anic lastic apron of the S pears F ormation ("Tsp-ac" of
S prad lin, 1976; "Tsp" of Bec k, 1993). Coarse grain size, c last
lithologies similar to immed iately und erlying lavas, abrupt
trunc ation by the L os Alamos S pring fault and  restric ted  extent
imply this unit was loc ally d erived  from the “L os Alamos”
monoc line. Thus it is here tentatively reassigned  to the S anta F e
Group.
Alternatively, Tbc p c ould  be c lassified  as U pper S pears Group, but
this would  be c ontrary to its observed  loc al extent and  inferred  fault
bloc k sourc e, sinc e the U pper S pears Group is d efined  as a regional
02-02-10-00-00 — unit — Tlp1 — L a Jara P eak Basaltic And esite,
tongue 1 — M ed ium gray to purplish gray, massive and  platy to
vesic ular basaltic and esite lavas c h arac terized  by mod erately
abund ant (5– 10%) fine- to med ium-grained  phenoc rysts of olivine,
usually altered  to red d ish brown id d ingsite. P henoc rystic
plagioc lase is typic ally absent. Chemic ally this unit is a slightly
alkaline trac h ybasalt or basaltic trac hyand esite that c ontains 50-52%
SiO 2 and  4-8 % M gO  (R . M . Chamberlin, unpublish ed  d ata). Thin
flows (3-6m thic k) c ommonly exhibit vesic ular tops and  basal flow
brec c ias. Tlp1 is old er than Hells M esa Tuff and  younger than the
Blue Canyon Tuff. L oc ally erupted  from a N E-striking basaltic
and esite feed er d ike east of O jo d el P ad re (U TM : 0385380E, 3794900
N ). A 10m-wid e segment of a narrow (1-4m wid e) EN E-trend ing
basaltic and esite d ike southeast of Arroyo R osa d el Castillo also
probably represents a vent for this unit (U TM : 0334050E, 3791280N ).
Tlp1 is 0-120m thic k and  thic kens southward  from the feed er d ike at
O jo d el P ad re. Tlp1 is absent north of this feed er d ike. Tlp1 is
stratigraphic ally old er than tongues of basaltic and esite lava
previously assigned  to the L a Jara P eak Basaltic And esite (O sburn
and  Chapin, 1983).
02-02-11-00-00 — unit — Tlpt1 — L a Jara P eak Basaltic And esite,
tongue 1–teph ra facies — P oorly c onsolid ated , c rud ely bed d ed ,
d ark to med ium gray, basaltic and esite teph ras. Inc lud es large
sph eroid al bombs of id d ingsite-bearing basaltic and esite in a gray
to yellowish-brown aphanitic matrix. P yroc lasts range c hemic ally
from 52-55 SiO 2 (basaltic trac h yand esite to trac hyand esite),
suggesting initial eruption was c ompositionally zoned  (R .M .
Chamberlin unpublished  d ata).
Thic kness is 0-20m; only present immed iately north of feed er d ike
near O jo d el P ad re. O c c upies same stratigraphic position as Tlp1.
02-02-12-00-00 — unit — Tbc — Blue Canyon Tuff — L ight gray,
partially to d ensely weld ed , mod erately phenoc ryst-ric h (10-15%),
rhyolite ignimbrite. Contains med ium-grained  phenoc rysts (1-3mm)
of sanid ine, plagioc lase, biotite and  minor quartz. Also c ontains 1-
2% med ium-gray d ac itic (plagioc lase-biotite phyric) pumic e
fiamme' and  minor and esitic lithic fragments. L oc ally inc lud es thin
bed s of pale red  tuffac eous sand stone. Correlation based  on relative
stratigraphic position and  lithologic similarity. P ossibly erupted
from a largely c overed  c ald era southwest of D atil (R atte et al., 1994).
Thic kness ranges from 0-15m; absent north of O jo d el P ad re. Bulk
sanid ine 40Ar/39Ar age is 33.66 ± 0.03 M a and  magnetic polarity is
reverse (M c Intosh et.al, 1991).
02-02-13-00-00 — unit — Trh — R oc k House Canyon Tuff and
assoc iated  tuffac eous sand stones — L ight gray poorly weld ed  to
nonweld ed , mod erately pumic eous, phenoc ryst-poor, rhyolitic
ignimbrite and  slightly younger tuffac eous sand stones (pumic eous
tuff red istributed  by streams). Tuff c ontains sparse (1-2%), small
phenoc rysts of sanid ine, plagioc lase, biotite and  trac es of quartz.
L entic ular tuff (0-5m thic k) fills shallow paleovalleys in upper
S pears F ormation. O verlying tuffac eous sand stones are more
laterally c ontinuous and  form a d istinc tive light gray marker bed  in
the upper S pears F ormation. S ourc e unknown; more proximal
outflow sheet near D atil yield s mean 40Ar/ 39Ar age of 34.42 ± 0.12
M a, magnetic polarity is reverse (M c Intosh et al. 1991). Correlation
based  on lithology and  relative stratigraphic position. 0-10m thic k.
02-02-14-00-00 — unit — Tav — And esite flow at El Valle d e L a Joya
(new name, informal) — P urplish gray to med ium gray, massive to
vesic ular (amygd aloid al), c oarsely porphyritic, and esite lava flow.
Contains mod erately abund ant (20-25 %) c oarse (2-5mm)
phenoc rysts of plagioc lase and  blac k pyroxene. U nit represents a
single lava flow as muc h as 20m thic k. Interbed d ed  in the upper
S pears F ormation; appears to be slightly old er than the R oc k House
Canyon Tuff. S ourc e is unknown; mafic d ikes in the area are
aphyric and  lac k the phenoc rystic plagioc lase d istinc tive of this
unit. Chemic ally, the porphyritic lava is a slightly alkaline
trac hyand esite that c ontains 55- 56% SiO 2 and  about 2% M gO  (R .M .
Chamberlin, unpublished  d ata). Thic kness ranges from 0- 20m.
D istal margin wed ges out to south near east end  of O jo d el P ad re.
U nit appears to terminate abruptly against the footwall of the L os
Alamos S pring fault at its north ern extent.
02-02-16-00-00 — unit — Tb — Bac a F ormation — R ed d ish gray to
light brown c onglomerates, sand stones and  mud stones of fluvial
origin; loc ally d erived  from L aramid e uplifts. Conglomerates
c ontain pebbles to bould ers of limestone and  sand stone d erived
primarily from P aleozoic formations with minor c lasts of M esozoic
affinity. And esitic porphyries loc ally c omprise 5-10 % of c lasts in the
uppermost Bac a c onglomerates S W  of Arroyo los Alamos.
P roterozoic-type c lasts are generally rare to absent. Cobbly
c onglomerates are poorly ind urated  and  c ommonly form gravel
lags on mod erate to gentle slopes. East of the East Joyita fault, the
Bac a F ormation is 45- 90m thic k and  unc onformably overlies U pper
Cretac eous formations; paleoc urrents here are generally to the east.
W est of the East Joyita fault, the Bac a F ormation is 0-20m thic k and
d isc onformably overlies Triassic to P ermian strata. N ear Arroyo los
Alamos (eastern sec tor), the Bac a F ormation lies in slight angular
unc onformity or erosional unc onformity on the U pper Cretac eous
Crevasse Canyon F ormation At the east ed ge of the quad rangle
(U TM : 0338890 E, 3793550 N ), a well ind urated  pebble c onglomerate
bed  of the basal Bac a F ormation lies in angular unc onformity on the
top of the U pper Cretac eous D akota S and stone. L ag gravels d erived
from poorly ind urated  Bac a c onglomerates also mantle the D akota
S and stone at this loc ality.
02-03-01-00-00 — unit — Tir — Intrusive rhyolite — L ight gray to
pale red d ish gray, mod erately phenoc ryst- ric h (5-15%), flow
band ed , rhyolite d ikes and  plugs. N N E-trend ing d ikes south of L os
Alamos S pring are 20-100m wid e. Flow fold s and  lineations ind ic ate
vertic al to subhorizontal flow path s along d ike margins. R hyolite
d ikes preferentially intrud e preexisting faults suc h as the East Joyita
fault. Hyd rothermal alteration is pervasive, exc ept near margins of
the d ikes. Coarse-grained  feld spars (4-6mm) are c ommonly altered
to soft c lay; large euh ed ral holes are typic al of rain washed  surfac es
on the altered  rhyolite. Biotite in the argillized  rhyolite is notably
fresh. P otassium metasomatized  roc ks in the S oc orro region
typic ally c ontain fresh biotite and  argillized  plagioc lase. U naltered
d ike margins c ontain fine- to med ium-grained  (1-4mm) phenoc rysts
of plagioc lase, sanid ine, biotite and  quartz. The youngest formation
c ut by a rhyolite d ike is the Hells M esa Tuff. Ald ric h et al. (1986),
report a K -Ar age of 31.3 ± 1.2 M a for the kilometer long d ike south
of L os Alamos S pring

02-03-02-00-00 — unit — Tib — Basaltic and esite d ikes — M ed ium
to d ark gray, basaltic and esite d ikes; c ommonly aphyric (lac k
phenoc rysts) or c ontain sparse (2-5%) mic ro phenoc rysts (< 1mm) of
greenish olivine. O livine is often altered  to red d ish-brown
id d ingsite. S ome mafic d ikes c ontain sparse small c rystals of blac k
pyroxene and  trac es of plagioc lase. Small c alcite-filled  vesic les are
oc c asionally present. Basaltic and esite d ikes are usually 1 to 4 m
wid e and  loc ally d isplay c urb-like c hilled  margins against a
weathered  c ore zone. M ost basaltic d ikes strike N E or EN E; N N E-
striking d ikes are less c ommon and  ESE-striking d ikes are least
c ommon. M ost mafic d ikes are nearly vertic al (d ips > 80º). N N E-
striking d ikes typic ally exhibit easterly d ips of 50-70º, ind ic ating
they have been tilted  to the west along with the host strata. W here
d ikes intersec t, the more easterly striking (or southeasterly striking)
d ike typic ally c uts the more north erly striking d ike (note: d ilational
offset of one d ike by another is exaggerated  on the map). A N E-
striking d ike near O jo d el P ad re (U TM : 0385380 E, 3794900 N )
represents a feed er d ike for the ad jac ent basaltic-and esite lava (Tlp
1) and  a c ogenetic basaltic teph ra unit (Tlpt1). This feed er d ike
flares out rapid ly upward s toward  the vent (thic kens from 1 -5 m,
up sec tion within the west-tilted  S pears bed s). A similar flared  out
portion of an EN E-trend ing d ike (~10 m wid e) near Arroyo d el
Castillo (U TM : 0334050 E, 3791280 N ) is interpreted  as a vent for
basaltic and esite lavas (Tlp1) that oc c ur about 160 meters
stratigraphic ally above the inferred  c ond uit, as presently exposed . A
resistant knob of c ontac t metamorphosed  S pears bed s, ad jac ent to
the flare out, ind ic ates greater magma flux along this segment of the
basaltic and esite d ike. Chemic ally, the feed er d ike at O jo d el P ad re
is a slightly alkaline basaltic trac h yand esite c ontaining about 52%
SiO 2 and  7% M gO  (R .M . Chamberlin, unpublish ed  d ata).
S tratigraphic relationships with regional tuffs ind ic ate the two
feed er d ikes (d esc ribed  above) are younger than 33.7 M a and  old er
than 31.9 M a. W ithin the L a Joya quad rangle, no mafic d ikes have
been observed  in, or above, the 31.9 M a Hells M esa Tuff. Tib
inc lud es a small mafic plug SE of L os Alamos S pring; this plug and
nearby rad iating d ikes may represent a vent, but ad d itional stud y is
need ed  here.

02-02-15-00-00 — unit — Tsp — S pears F ormation — L ight gray and
light brownish gray volc anic lastic c onglomerates, sand stones,
siltstones and  red d ish mud stones d erived  from intermed iate
c omposition volc anic highland s, primarily to southwest of Joyita
Hills. S ubround ed  to subangular d ac ite and  and estite porphyry
c lasts range from bould ers to pebbles; they are c ommon in
lentic ular to tabular 1-3m thic k c onglomeratic bed s. D ac itic c lasts
are c h arac terized  by sparse to abund ant phenoc rysts of plagioc lase,
hornblend e and  biotite; and esitic c lasts are typic ally plagioc lase-
pyroxene porphyries. M atrix supported  c lasts are c ommon and
ind ic ate d eposition as d ebris flows or hyper-c onc entrated  mud
flows. Sparse c obbles and  pebbles of gray limestone and  red
siltstone loc ally oc c ur in basal c onglomerates (lowest 30m). Calcite
and  pinkish c lays are d ominant c ements. S pears bed s are loc ally
silicified  and  c ontac t metamorphosed  ad jac ent to flared -out
segments of basaltic and esite d ikes (e.g. U TM : 0334050 E, 3791280
N ). Age range from K /Ar d ates of volc anic c lasts and  interbed d ed
tuffs is approximately 39-33 M a (O sburn and  Chapin, 1983). Basal
c ontac t with the Bac a F ormation is c onformable and  grad ational, or
inter- tonguing. A south d ipping and esitic mud flow bed , 2-3m
thic k, oc c urs within non-volc anic Bac a c onglomerates near the head
of Arroyo los Alamos (U TM : 0336200 E, 3792250 N ). East of the East
Joyita fault (hanging wall bloc k) the S pears F ormation is
approximately 700-800 m thic k, whereas west of the East Joyita fault
(footwall bloc k) it is 30-90m thic k. Immed iately south of the L a Joya
quad , Cather et. al, 2004, have d ivid ed  volc anic lastic sed imentary
intervals below the Hells M esa Tuff into an U pper S pears Group
and  a L ower S pears Group, based  on d ominant c last lithology. S uc h
subd ivision d oes not appear to be possible in the L a Joya
quad rangle; thus the term S pears F ormation is used  here.

02-03-03-00-00 — unit — Tims — M afic sill — M ed ium gray, loc ally
mottled  to light gray, mafic sill (U TM : 0338420 E, 3793550 N ).
Contains ~ 5% fine-grained  (0.5-1 mm) blac k pyroxene in a felted
matrix of plagioc lase mic rolites with sparse interstitial grains (1-
2mm) of water c lear analcite. W hite fibrous natrolite (in rad ial
sheaves) and  c lear analcite fill large vesic les and  c avities near the
c enter of the sill. Tentatively c lassified  as a fine-grained  pyroxene
d iorite or gabbro. Sill is about 0-2m thic k.
Silicified  and  bleac hed  bed s of the M anc os sh ale loc ally d efine its
gently southwest d ipping upper c ontac t; base is not exposed .
Similar mafic sills oc c ur in the lower M anc os shale to the southeast
of this loc ality (Bec ker S W  7.5' quad rangle)
03-01-00-00-00 — unit — K  — U nd ivid ed  upper Cretac eous units —
und ivid ed  K c c, K g, K th, K ml, K d ; interstratified , well-sorted
sand stones, siltstones, shales, and  thin c oal bed s. U Init
approximately 396 m thic k.
03-02-00-00-00 — unit — K c c — Crevasse Canyon F ormation —
N on-marine and  minor brac kish-water sand stone, sh ale, and  c oal-
bearing unit. Basal c ontac t is sh arp and  upper c ontac t is an
erosional unc onformity. Thic kness is unc ertain d ue to faulting and
erosion; thic kness estimated  from the c ross sec tion of Cather et al.
(2004) is 60-120 m. Crassostrea solenisc us (M eek) and  O strea
elegantula (W hite) oc c ur as c oquinas in a 1–2 m sand stone bed
about 30 m above the Gallup and  10 m above the c oal on the Bec ker
S W  7.5' quad rangle. S ee D arton (1928, p.75) and  Baker (1981,
p. 48) for d etails.) Crassostrea solenisc us (M eek) probably also
oc c urs in brac kish water bed  near the mid d le of the formation. The
uppermost 30-40 m of Crevasse Canyon bed s east of Arroyo los
Alamos are d istinc tly red d ened . Baker (1981) erroneously mapped
these hematitic sand stones and  interbed d ed  purplish gray to yellow
brown mottled  mud stones of the upper Crevasse Canyon
F ormation as the Bac a F ormation. L arge silicified  logs are present in
the hematitic zone. W hite sand stone bed s exposed  below gravel-
c apped  mesa in SE c orner of the quad rangle are of unc ertain
c orrelation (K c c?).
03-03-00-00-00 — unit — K g — Gallup S and stone — Fine grained ,
marine, regressive, c oastal barrier sand stone normally about 4-10 m
thic k. L ight gray to yellowish gray and  poorly ind urated  where
relatively thic k. Thinner sec tions form led ges and  are often
c onc retionary or fossiliferous. L ower c ontac t is grad ational and
upper c ontac t is sharp. Conc retionary sand stones c ommonly yield
O strea elegantula (W hite) and  P leurioc ard ia (D oc hmoc ard ia)
c urtum (M eek and  Hayd en).
Cremnoc eramus erec tus (M eek) was c ollec ted  near the SE c orner of
the L a Joya quad rangle (S.H. Hook, oral c ommun).
03-04-00-00-00 — unit — K md  — D -Cross Tongue of the M anc os
S h ale — N onc alc areous, med ium gray, marine sh ale unit. Contains
two thin c alarenites about 3–6 m above the Tres Hermanos
F ormation. Also c ontains a med ial hummoc ky sand stone about 1.5
m thic k (K md s), and  fossiliferous c onc retions near the top. This
slope-forming unit, about 110 m thic k, exhibits a sharp basal c ontac t
and  a grad ational upper c ontac t.  Basal c alc arenites c ontain
P rionc yc lus wyomingensis (M eek) and  S c aphites warreni M eek and
Hayd en. Conc retions sometimes yield  P rionc yc lus novimexic anus
(M arc ou). M ed ial sand stone (K md s) c ontains F orresteria sp., L opha
sannionis (W hite), and  sparse O strea elegantula (W hite).
03-05-00-00-00 — unit — K th — Tres Hermanos F ormation —
S and stone and  sh ale unit about 76-82 m thic k.
F orms a regressive-transgressive wed ge of nearshore marine and
non-marine d eposits. Basal c ontac t is grad ational and  top c ontac t is
sharp. Consists of th ree members.
03-05-01-00-00 — subunit — K thf — Fite R anc h S and stone M ember
— Intensely bioturbated , c oastal barrier sand stone; c oarsens
upward  from very fine grained  to lower fine grained .
S and stones are light gray, but normally weather light to d ark
brown. U ppermost sand stones are usually d ark brown. M ember
typic ally forms a 10–13 m thic k rid ge c ap with sh arp top and
grad ational base. Contains L opha bellaplic ata novamexic anum
K auffman. N ear the SE c orner of the quad rangle (U TM : 0337380 E,
3792400 N ), a red  hematitic zone loc ally c uts ac ross the Fite R anc h

03-05-02-00-00 — subunit — K th c — Carthage M ember — M arine,
marginal marine, and  non- marine sand stone and  shale slope-
forming unit ranging from 58–64 m thic k. Contains thin, fine-
grained  sand stone bed s (palud al-lac ustrine or c revasse splay) and
lentic ular c ross-bed d ed  c hannel sand stones in lower 2/3 of unit.
U pper third  is marine shale with fossiliferous c onc retions and
P rionoc yc lus hyatti (Stanton).
03-05-03-00-00 — subunit — K tha — Atarque S and stone M ember —
R egressive c oastal barrier sand stones, c ommonly weather light gray
to d ark brown or buff. L ower sand stones are transitional with
und erlying shale and  c onstitute a 5–7 m thic k, rid ge-forming unit
that has very fossiliferous lenses and  c onc retionary sand stone
bod ies with P leurioc ard ia (D oc hmoc ard ia) pauperc ulum (M eek)
and  Gyrod es spp. U ppermost bed  is c ommonly a brac kish water
c oquina of Crassostrea solenisc us (M eek).
03-06-00-00-00 — unit — K ml — M anc os S h ale, lower — Calc areous
and  nonc alc areous, gray, marine, slope-forming sh ale. P oorly
exposed  in the L a Joya quad rangle. U ppermost 10 m of lower
M anc os S hale is loc ally well exposed  east of Arroyo los Alamos
(U TM :0337200 E, 379 3100 N ). Thin sand stone bed s oc c ur near base
and  top. W here well exposed , unit d isplays a sharp basal c ontac t a
grad ational upper c ontac t, numerous thin bentonite bed s and  a
c alc areous shale in upper part that weathers to a lighter gray. U pper
shale c ontains abund ant P yc nod onte newberryi (S tanton). Thin
sand stones in basal 15 m c ontain c ommon O strea beloiti L ogan. In
the M esa d el Yeso quad rangle, Baker (1981, p. 16) reported
Conlinoc eras tarrantense (Ad kins) (as Calyc oc eras gilberti Cobban
and  S c ott) from 25 cm above the base.
03-07-00-00-00 — unit — K d  — D akota S and stone — U pper 8 m is a
rid ge-forming, fine-grained , bioturbated , gray sand stone that
weathers brownish gray. A basal sand stone, about 2 m thic k,
c ontains pebbly lenses. P ebbly bed s are separated  from the upper
sand stone by about 5 m of med ium gray, silty sh ale. O nly trac e
bod y fossils have been found  in the D akota in the L a Joya
quad rangle.
04-01-00-00-00 — unit — ̂d  — D oc kum F ormation — M aroon,
c rossbed d ed  siltstone and  sh ale in upper bed s. M id d le bed s are red ,
c rossbed d ed , fine-grained  sand stone that forms led ges. The lower
bed s are greyish-red  to red  siltstone and  fine-grained  sand stone.
L oc ally exposed  in mapped  area, thic kness ranges from 70 to 260 ft.

05-01-00-00-00 — unit — P s — S an And res L imestone — U pper
bed s are red d ish-brown siltstone and  fine- grained  sand stone, may
be gypsiferous near the top. The bulk of the S an And res is light-
gray, brown-gray to pale orange fetid  limestone, with sand y lower
bed s. P inkish-gray to grayish orange well sorted  fine- to med ium-
grained  quartz sand stone near mid d le (mod ified  from M yers et al.,
1986). U nc onformable overlain by Triassic D oc kum F ormation. U nit
thic kness ranges from 235 to 520 ft.
05-02-00-00-00 — unit — P g — Glorieta S and stone — Cliff forming
red d ish-brown, grayish-orange, and  yellowish-orange, fine- to
med ium-grained , well-sorted  quartz sand stone (mod ified  from
M yers et al., 1986). Thic kness is between 250 and  500 ft.
05-03-00-00-00 — unit — P y — Yeso F ormation — F ormation
c onsists of orange sand stone and  siltstone; white gypsum; and
yellowish-gray gypsiferous limestone and  sand stone.
05-03-01-00-00 — subunit — P yjc — Joyita S and stone and  Cañas
Gypsum M embers — R ed  to grayish-orange mud stones, siltstones,
and  fine-grained  sand stones. L ower bed s of the Joyita S and stone
are gypsiferous and  the lower c ontac t is grad ational into the Cañas
Gypsum member (mod ified  from M yers et al., 1986; Arend t, 1968),
whic h is poorly exposed , absent in parts of the area, and  less than
10 ft thic k. The Cañas member is therefore mapped  with the Joyita
S and stone as a single unit. The Joyita S and stone is between 100 and
180 ft thic k.
05-03-02-00-00 — subunit — P ym — M eseta Blanc a S and stone
M ember — P inkish red , to pale orange siltstone and  fine-to
med ium- grained  c liff- and  led ge- forming ripple-marked  and
c ross-bed d ed  sand stone. Conformably and  grad ationally overlies
the Abo F ormation (mod ified  from M yers et al., 1986). U nit is
between 250 and  350 ft thic k.
05-03-03-00-00 — unit — P yt — Torres M ember — Interbed d ed
red d ish-brown to buff siltstone and  c laystone, pinkish-brown to
yellowish-orange gypsiferous siltstone and  fine-grained  sand stone,
and  grayish-orange to yellowish brown rid ge forming gypsiferous
limestone. Siltstone is more abund ant at the base, while limestone is
pred ominant at the top of the unit (W ilpot et al., 1946; M yers et al.,
1986; Arend t, 1968). About 350 - 400 ft thic k.
05-04-00-00-00 — unit — P a — Abo F ormation — U pper bed s are
interbed d ed  pinkish and  pinkish orange siltstones and  greenish-
gray fine-grained  sand stones. M id d le and  lower bed s are pinkish-
red  to red d ish-gray lentic ular and  c ross-bed d ed  siltstones and  fine-
grained  sand stones (mod ified  from M yers et al., 1986). The unit is
345 to 363 ft thic k.
05-05-00-00-00 — unit — P b — Bursum F ormation — Interstratified
red  and  greenish gray arkosic shales, mud stones and  brec c ias, with
lesser, d isc ontinuous limestone horizons. Immature, proximal
d eposits d erived  und erlying P ennsylvanian and  P roterozoic roc ks
shed  from loc al uplift (Bec k, 1993). U nit is thic kened  and  c oarse
grained  west of the P rec ambrian exposures. U nit is about 30 ft thic k.

06-01-00-00-00 — unit — *m — M ad era F ormation — Cliff forming
c herty, bloc k, and  fossiliferous bed d ed  limestones and  subord inate
fine-grained  sed iments. L ower sequenc e d ominated  by massive
limestones, while the upper sequenc e c ontains interbed d ed
argillac eous limestones, c alc areous, fossiliferous shales and
mic rites, and  red , arkosic sh ales and  mud stones (Bec k, 1993). U nit is
0 to 250 ft thic k.
06-02-00-00-00 — unit — *s — S and ia F ormation — Cliff- to steep
slope forming pale brown to orangish fine- to c oarse- grained
fossiliferous arkosic c rossbed d ed  sand stone and  c onglomerate.
S ubord inate slope forming bed s of yellowish gray fine-grained
sand stone and  siltstone. M inor bed s of med ium gray c alc arenite
and  yellowish-brown sand y c alc arenite. Contains orthoquartzitic
quartz-pebble basal c onglomerate up to 18 ft thic k (mod ified  after
M yers et al., 1986). U nit is 0-160 ft thic k.
07-01-00-00-00 — unit — = — Augen gneiss — red d ish-orange
quartz + K -feld spar ± biotite gneiss with up to 2-c m mic roc line
porphyroc lasts; inc lud es zone of 1-30 m thic k amphibolite and  less
c ommon pegmatite and  aplite d ikes.

Corre lation  of Map Un its

Ge ologic Cross Se ction  A–A'

Explan ation  of Map Sym bols
02.11.01 F ault showing loc al normal offset (1st option)—Ball and  bar on
d ownth rown bloc k.

UD 02.11.02 F ault showing loc al up/d own offset—U  is on the upthrown bloc k,
and  D  is on the d ownth rown bloc k.
02.11.08 Inc lined  fault (1st option)—S howing d ip value and  d irec tion.

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

05.10.05 P lunging fold —L arge arrowhead  shows d irec tion of plunge.

05.11.04 S mall, minor antic line, vertic al or near-vertic al axial surfac e (1st
option)—S howing strike.
05.11.24 S mall, minor sync line, vertic al or near-vertic al axial surfac e (1st
option)—S howing strike.
06.02 Inc lined  bed d ing—S howing strike and  d ip.

06.04 O verturned  bed d ing—S howing strike and  d ip.

08.03.02 Inc lined  metamorphic or tec tonic foliation—S howing strike and
d ip.
09.001 Approximate plunge d irec tion of inc lined  generic (origin or type
not known or not specified ) lineation or linear struc ture (1st option)
05.01.01 Antic line (1st option)—Id entity and  existenc e are c ertain.
L oc ation is ac c urate.
05.05.01 S ync line (1st option)—Id entity and  existenc e are c ertain. L oc ation
is ac c urate.
05.05.03 S ync line (1st option)—Id entity and  existenc e are c ertain. L oc ation
is approximate.
05.06.03 S ynform (1st option)—Id entity and  existenc e are c ertain. L oc ation
is approximate.
01.01.01 Contac t—Id entity and  existenc e are c ertain. L oc ation is ac c urate.

01.01.02 Contac t—Id entity or existenc e are questionable. L oc ation is
ac c urate.

01.01.03 Contac t—Id entity and  existenc e are c ertain. L oc ation is
approximate.
01.02.01 K ey bed —Id entity and  existenc e are c ertain. L oc ation is ac c urate.

01.03.01 D ike (1st option)—Id entity and  existenc e are c ertain. L oc ation is
ac c urate.
01.03.02 D ike (1st option)—Id entity and  existenc e are c ertain. L oc ation is
approximate.
02.01.01 F ault (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. L oc ation is ac c urate.
02.01.03 F ault (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. L oc ation is approximate.
02.01.07 F ault (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. L oc ation is c onc ealed .
02.02.01 N ormal fault—Id entity and  existenc e are c ertain. L oc 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. L oc 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. L oc ation is
c onc ealed . Ball and  bar on d ownth rown bloc k.
02.05.01 R otational or sc issor fault, reverse-slip offset—Id entity and
existenc e are c ertain. L oc ation is ac c urate. R ec tangles on upth rown bloc k.
02.06.03 S trike-slip fault, right-lateral offset—Id entity and  existenc e are
c ertain. L oc ation is approximate. Arrows show relative motion.
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. L oc ation is ac c urate. Hac hures point d ownsc arp.
02.14.04 F ault-brec cia zone or zone of broken roc k around  fault

31.08 M ap neatline


