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A g eolog ic map displays information on th e distribution, nature, orientation, and ag e relationsh ips of rock
and deposits and th e occurrence of structural features. Geolog ic and fault contacts are irreg ular surfaces
th at form boundaries betw een different types or ag es of units. Data depicted on th is g eolog ic quadrang le
map may be based on any of th e follow ing : reconnaissance field g eolog ic mapping , compilation of
publish ed and unpublish ed w ork, and ph otog eolog ic interpretation. Locations of contacts are not
surv eyed, but are plotted by interpretation of th e position of a g iv en contact onto a topog raph ic base map;
th erefore, th e accuracy of contact locations depends on th e scale of mapping  and th e interpretation of th e
g eolog ist(s). Any enlarg ement of th is map could cause misunderstanding  in th e detail of mapping  and may
result in erroneous interpretations. Site-specific conditions sh ould be v erified by detailed surface mapping
or subsurface exploration. T opog raph ic and cultural ch ang es may not be sh ow n due to recent
dev elopment.

Cross sections are constructed based upon th e interpretations of th e auth or made from g eolog ic mapping
and av ailable g eoph ysical and subsurface (drillh ole) data. Cross sections sh ould be used as an aid to
understanding  th e g eneral g eolog ic framew ork of th e map area, and not be th e sole source of information
for use in locating  or desig ning  w ells, building s, roads, or oth er man-made structures.

T h e New  Mexico Bureau of Geolog y and Mineral Resources created th e Open-file Geolog ic Map Series to
expedite dissemination of th ese g eolog ic maps and map data to th e public as rapidly as possible w h ile
allow ing  for map rev ision as g eolog ists continued to w ork in map areas. Each  map sh eet carries th e
orig inal date of publication below  th e map as w ell as th e latest rev ision date in th e upper rig h t corner. In
most cases, th e orig inal date of publication coincides w ith  th e date of th e map product deliv ered to th e
National Cooperativ e Geolog ic Mapping  P rog ram (NCGMP ) as part of New  Mexico’s ST AT EMAP
ag reement. W h ile maps are produced, maintained, and updated in an ArcGIS g eodatabase, at th e time of
th e ST AT EMAP  deliv erable, each  map g oes th roug h  cartog raph ic production and internal rev iew  prior to
uploading  to th e Internet. Ev en if additional updates are carried out on th e ArcGIS map data files, citations
to th ese maps sh ould reflect th is orig inal publication date and th e orig inal auth ors listed. T h e v iew s and
conclusions contained in th ese map documents are th ose of th e auth ors and sh ould not be interpreted as

M ap p ing of this q uad rangle was fund ed  b y a m atc hing-fund s grant from  the STATEM AP  p rogram  of the
National Coop erative Geologic M ap p ing Act (Fund  Num b er: G20AC00250), ad m inistered  b y the U . S.
Geological Survey, and  b y the New M exico Bureau of Geology and  M ineral Resources, (Dr. Nelia W .
Dunb ar,Director and State Geologist; Dr. J. M ic hael Tim m ons,Assoc. Director for Mapping Programs).

NEW MEXICO BU REAU  OF GEOLOGY AND MINERAL RESOU RCESA RESEARCH  DIV ISION OFNEW MEXICO INSTITU TE OF MINING AND

b y
William  R. Seag er1, Jacob  O. Th acker2, and Sh ari A. Kelley2

H ayner
Ranch
basin T onuco h orst

H ayner
Ranch /Jornada

basin

W est T onuco
fault

East
T onuco
fault

Structure of th rust
fault footw all
is speculativ e

0 feet
b elow m ean
sea level

1,000

2,000

3,000

4,000

5,000

0 m eters
b elow m ean
sea level

500

1,000

1,500

B B'
West East

Thrl

Thr=?

TrvcTpp

Trv
Tbb? Pz

Qvyf

Pz

Thr

Pz

Qvy

TQcf & Late
Pliocene
basin fill

QcpQvo

TppOe_Ob

Thrl

Tpp Tlr

=

Oe
Oe

Qca
_Ob

Qca

=

Qca

Thr

W est Selden
H ills fault

W est Selden
H ills

H ayner
Ranch
basin

Jornada basin

Jornada fault

H ang ing  w all dip
slope of H ayner
Ranch  basin

0 feet
ab ove
m ean

sea level

1,000

2,000

3,000

4,000

5,000

0 m eters
ab ove
m ean
sea level

500

1,000

1,500

C'C
EastWest

Tbt/Tbb?_Ob? Thr

Tbt/Tbb?

Oe? Tlr
=

_Ob? TrvcThr

Oe?

Trv

Tlr

Tu?

Trvc
Qvyf

Trvc

Tpp

Tbt3

Tpp

Trvc

Trv

Tpp

Qca
Trv

QcaQca

TQcf & Late
Pliocene
basin fill

TQcf Qcp

Thr

W
a
r
d

T
a
n
k

f
a
u
l
t

Middle–Late Miocene
Sierra de las U vas uplift

Middle–Late Miocene
Cab allo uplift

AncestralDoñaAnauplift

h ang i n g walldipslope

P l aya— A l l uv i al fl at s

Hayn er
Ran ch  b asi n

Rincon Valley b asin

a
n

c
e

s t r a
l

ba
s

in
a

x
is

Cedar H ills

H atch Rincon

Tonuco uplift

West Selden Hills

East Selden Hills
C H V Z

C H V Z

Description of Map
00-00-00-00-00— h eading 02— Q uaternary— Q uaternary

00-01-00-00-00— h eading 03— Anth ropog enic U nits— Anth ropog enic U nits
(Recent)— Anth ropog enic U nits
00-01-01-00-00— unit— afe— Anth ropog enic fill and excav ated g round,
undifferentiated (Recent)— Aerially extensiv e land surface areas affected by h uman
construction fill and excav ation.
00-02-00-00-00— h eading 03— Surficial U nits— Q uaternary (Q uaternary)— Surficial
U nits
00-02-01-00-00— unit— Q v a— Activ e Rio Grande alluv ium and riv er ch annel
(H olocene)— Mapped from NAIP  2018 imag ery.
00-02-02-00-00— unit— Q v y— Young er Border-V alley Alluv ium (H olocene)— Activ e
arroyo ch annel, terrace, fan, and pediment deposits g raded to w ith in a few  meters of
th e modern Rio Grande floodplain. Mostly unconsolidated, moderate to poorly
sorted sand and g rav el w ith  a few  silt/clay lenses; little to no soil dev elopment. As
much  as 21.3 m th ick.
00-02-03-00-00— unit— Q v yf— Young er V alley Floor Fluv ial facies (H olocene)— Riv er-
ch annel and ov erbank deposits of th e modern Rio Grande and its floodplain.
Interbedded sequences of w ell-sorted and w ell-rounded g rav el, sand, and silt/clay.
As much  as 21.3 m th ick.
00-02-04-00-00— unit— Q t— T rav ertine (H olocene)— Mounds of porous, banded
trav ertine, as w ell as trav ertine-cemented alluv ium, th at formed along  faults
bordering  th e T onuco uplift.
00-02-05-00-00— unit— Q l— P laya Deposits (H olocene)— Silt/clay of small playa lakes
on th e Jornada del Muerto. Ch aracterized by subtle depressions (≤2–3 m) in th e
topog raph y w ith  abundant v eg etation th at includes g rass, trees, and cactus.
T opog raph ic depressions surrounding  Q l are mostly unconsolidated sandy silt th at is
subtly finer-g rained th an nearby Q se deposits.
00-02-06-00-00— unit— Q ec— Eolian Coppice Dunes (H olocene)— Areas dominated
by 1–1.5 m tall coppice dunes, sh ow ing  eolian-dominated env ironment. Dunes cov er
approximately 50% of surface area and are commonly cov ered by mesquite bush es.
00-02-07-00-00— unit— Q s— Eolian Deposits, undifferentiated (H olocene)— Dunes
and sand sh eets th at mantle Camp Rice deposits in approximate central part of map
00-02-08-00-00— unit— Q se— Sh eetw ash  and Eolian Deposits, undiv ided
(H olocene)— Sh eet-like sand th at ov erlies Camp Rice deposits on and near th e
Jornada del Muerto; inferred to h av e mainly accumulated v ia sh eetw ash  (or sh eet-
flooding ) and, to a lesser deg ree, by eolian processes. Dark brow n to reddish -orang e
and red-brow n. Some areas consist of minor coppice dunes th at are typically ≤0.5 m
tall. In th e north east part of th e map, some deposits of Q se are elong ated ENE
subparallel to th e prev ailing  w ind direction. Forms a th in (<1 m th ick) mantle abov e
Camp Rice deposits.
00-02-09-00-00— unit— Q ca— Colluv ium (H olocene)— H illslope g rav el, sand, and soil
g raded to Q v y or Q v o surfaces.
00-02-10-00-00— unit— Q py— Young er piedmont-slope alluv ium
(H olocene)— Alluv ial deposits in south east map area th at form subtle fans north  of
th e Jornada fault.
00-02-11-00-00— unit— Q sp— Relic pedog enic carbonate (calich e) surface
(H olocene)— Mounds of unconsolidated pedog enic carbonate nodules atop th e La
Mesa surface sands. Nodules are typically pebble to cobble size and ang ular to
subrounded. Mounds sit 0.3–0.6 m h ig h er th an surrounding  Q se and scattered
pedog enic carbonate nodules cov er ≥30–50% surface area. In north ernmost Q sp
polyg on in north east part of map area, th e area is ch aracterized by abundant Q sp
w ith  intermittent Q se th at is not resolv able at scale 1:24,000. Ag g lomeration of
mounds are oriented ENE subparallel to prev ailing  w ind direction and are
interpreted to represent a relic g eomorph ic surface.
00-02-12-00-00— unit— Q bf— Basin-Floor Sediments (H olocene)— T opog raph ically
low  area th at consists of abundant and relativ ely larg e Q l (playa lakes) conspicuously
oriented subparallel to and on th e dow nth row n side of th e Jornada and East T onuco
faults. Consists of unconsolidated sandy silt.
00-02-13-00-00— unit— Q v o— Older V alley-Border Alluv ium (H olocene)— Arroyo and
fan deposits, and pediment v eneers th at form a stepped sequence of g eomorph ic
surfaces g raded to former lev els of th e Rio Grande floodplain, th e oldest of w h ich  is
approximately 76 m abov e th e modern Rio Grande. Sand and silt/clay w ith  poorly
sorted and poorly rounded g rav el; g round-w ater-cemented cong lomerate and
cong lomeratic sandstone is locally present. Stag e II–III pedog enic carbonate is
g enerally present at th e top of indiv idual morph ostratig raph ic deposits.
00-02-14-00-00— unit— Q v of— Older V alley Border Fluv ial Facies (H olocene)— Riv er
deposits of th e Rio Grande th at interfing er w ith  or are inset ag ainst Q v o or Camp
Rice deposits adjacent to th e modern Rio Grande floodplain. H ig h est preserv ed
deposits are g enerally no h ig h er th an a few  tens of meters abov e th e modern
floodplain. W ell-rounded pebbles and cobbles, tog eth er w ith  w ell-sorted sand,
comprise most of th e unit; stag e II–III pedog enic carbonate cements uppermost parts
of th e deposits. As much  as 30 m th ick.
00-02-15-00-00— unit— Q v ou— U ndifferentiated Q v o and Q v of
(H olocene)— U ndifferentiated Q v o and Q v of
01-00-00-00-00— h eading 02— Q uaternary–T ertiary— Q uaternary–T ertiary
(Q uaternary–T ertiary)— Q uaternary–T ertiary
01-01-00-00-00— h eading 03— Mineralized Deposits— Mineralized Deposits
(Q uaternary–T ertiary)— Mineralized Deposits
01-01-01-00-00— unit— T Q mn— Fault-bound mang anese deposits
(P lio–P leistocene?)— Mang anese deposits located in th e footw all of th e Jornada fault
in th e south east portion of th e map area east of I-25.
01-02-00-00-00— h eading 03— Camp Rice Formation— Camp Rice Formation
(Q uaternary–T ertiary)— Camp Rice Formation
01-02-01-00-00— unit— Q cp— U pper P iedmont-Slope Facies of th e Camp Rice
Formation (P leistocene)— Mostly distal piedmont-slope and alluv ial-flat sediments
underlying  th e La Mesa surface but g rading  to coarser-g rained sediment near th e
T onuco and Doña Ana uplifts. T h e pale red to tan, loamy siltstone, and mudstone
beds are interbedded w ith  multiple paleosols. As much  as 30 m th ick. Near th e
Jornada and East T onuco faults, Q cp in th e h ang ing  w all is notably th icker w ith
stacked paleosol h orizons. T h ese h orizons g rade out ov er 2–3 km into a sing le
paleosol h orizon north east and east of th e faults. Only one paleosol (petrocalcic)
h orizon w ith  Stag e III–IV  pedog enesis is observ ed in th e footw all of th e faults.
01-02-02-00-00— unit— T Q cf— Fluv ial Facies of th e Camp Rice Formation
(P lio–P leistocene)— Braidplain ch annel and ov erbank deposits of th e ancestral Rio
Grande. Lig h t g ray to cream or och re-colored sand and pebbly sand, sandstone, and
cong lomeritic sandstone are interbedded w ith  th in beds of pale red to g reen
mudstone and claystone. W ell-rounded siliceous pebbles, v olcanic clasts, and g ranite
frag ments from upstream sources are common. Calcareous concretions are common
and a v ariety of P leistocene mammal fossils h av e been recov ered from outcrops in
th e quadrang le. Bedding  rang es from ch annel form and crossbedded to massiv e,
multistory bodies of sand or sandstone. Cementation rang es from modest to friable.
Locally silicified near east boundary fault of T onuco uplift. Calcareous paleosols are
interbedded, especially near th e top. Constructional top of th e fluv ial facies is th e La
Mesa surface, underlain by stag e IV –V  calich e; it forms th e undissected surface of th e
Jornada del Muerto across th e eastern h alf of th e quadrang le. As much  as 90 m th ick.
01-02-03-00-00— unit— T Q cr— Alluv ial flat facies of th e Camp Rice Formation
(P lio–P leistocene)— P ale red to lig h t g ray siltstone, claystone, and mudstone
interbedded w ith  occasional paleosols. U nit is best dev eloped in south ern reach es of
Selden Canyon, interfing ering  north w ard w ith  T Q cf. U nit represents distal
piedmont-slope, alluv ial-flat, and eolian deposition adjacent to floodplains. As much
as 15 m th ick.
01-02-04-00-00— unit— T Q cc— Cong lomerate Facies of th e Camp Rice Formation
(P lio–P leistocene)— U nit includes deposits at both  th e top and base of th e Camp Rice
Formation. T h e basal cong lomerate is a th in sh eet of w ell-indurated, g round-w ater
cemented, alluv ial-fan and arroyo alluv ium containing  clasts from both  upstream
sources and underlying  bedrock; 5–15 m th ick. T h e upper cong lomerate occurs in
tw o setting s: betw een San Dieg o Mountain and th e East T onuco fault, th e
cong lomerate is a th in pediment v eneer ov erlying  P recambrian rocks; in contrast,
cong lomeratic sandstone, mapped as T Q cc adjacent to th e East T onuco fault, ov erlie
fluv ial Camp Rice (T Q cf) strata and are silicified, probably by g eoth ermal activ ity
along  th is part of th e fault. General th ickness of T Q cc in both  areas is as much  as 10
01-03-00-00-00— h eading 03— "Early Rift" Basin Deposits (H ayner Ranch  and Rincon
V alley Formations)— "Early Rift" Basin Deposits (H ayner Ranch  and Rincon V alley
Formations) (Olig o–Miocene)— "Early Rift" Basin Deposits (H ayner Ranch  and
Rincon V alley Formations)
01-03-01-00-00— h eading 04— Rincon V alley Formation— Rincon V alley Formation
(Miocene)— Formation includes alluv ial-fan and playa deposits th at record th e
culmination of filling  of th e H ayner Ranch  h alf g raben and also document th e
initiation and filling  of th e Rincon V alley h alf g raben. T h e 9.6 Ma Selden Basalt is
interbedded near th e middle (?) of th e formation.

01-03-01-00-01— unit— T rv c— Alluv ial-Fan Facies of th e Rincon V alley Formation
(Miocene)— In H ayner Ranch  Basin (T onuco U plift area), T rv c is tan or pale brow n
cong lomerate, cong lomeratic sandstone, sandstone, and minor interbedded lig h t
g ray mudstone and sandstone. Outcrops of cong lomeratic strata adjacent to th e
south ern flank of th e T onuco uplift contain poorly sorted and rounded pebbles and
cobbles of P alm P ark, Bell T op, and U v as rock units, as w ell as P aleozoic and
Cretaceous clasts th at w ere deriv ed from an ancestral Caballo uplift to th e north .
H orizontal stratification, troug h  crossbedding  and ch annel structures are common in
th e clastic strata. T h e unit is interpreted to be arroyo and sh eet-flood alluv ium
deposited in mid-fan to distal fan positions in th e H ayner Ranch  h alf g raben. T rv c is
conformable w ith  both  ov erlying  T rv  and underlying  H ayner Ranch  Formation (T h r)
in outcrops adjacent to th e T onuco uplift. Approximately 250 m th ick.— — In Rincon
V alley Basin (East and W est Selden H ills area and south  of Rio Grande Riv er), T rv c is
tan to pale-brow n cong lomerate and cong lomeratic sandstone interbedded w ith  g ray
to pink mudstone. Clasts are subang ular, poorly sorted, and include P alm P ark (T pp)
and flow -banded rh yolite (T bfr) as w ell as sedimentary and metamorph ic rocks
deriv ed from th e w estern dip slope of th e Doña Ana Mountains. Bedding  rang es
from parallel to crossbedded; ch annels are ubiquitous w ith in sandstone and
cong lomeratic strata. T h e unit w as deposited by sh eet flood and streams/arroyos on
th e distal portions of alluv ial fans th at drained w estw ard from th e Doña Ana
Mountains and eastw ard from th e Cedar H ills v ent zone and Sierra de las U v as. It
unconformably ov erlies U v as Basaltic Andesite in Selden Canyon. East of th e W est
Selden H ills fault, th e formation unconformably ov erlaps deeply eroded P alm P ark
and H ayner Ranch  strata. At least 150 m th ick, top ev eryw h ere eroded.
01-03-01-01-00— h eading 05— H ayner Ranch  Basin— H ayner Ranch  Basin
(Miocene)— H ayner Ranch  Basin
01-03-01-01-01— unit— T rv — P laya/Alluv ial-Flat Facies of th e Rincon V alley
Formation (Miocene)— P ale red, g ypsiferous mudstone, siltstone and sh ale,
w eath ering  to barren badlands. T h e deposits represent th e final stag es of filling  of
th e H ayner Ranch  h alf g raben. Interfing ers laterally and dow nw ard w ith  alluv ial-fan
deposits (T rv c). Approximately 160 m th ick, top eroded.
01-03-01-02-00— h eading 05— Rincon V alley Basin— Rincon V alley Basin
(Miocene)— Rincon V alley Basin
01-03-01-02-01— unit— T rv s— Selden Basalt of th e Rincon V alley Formation
(Miocene)— Black alkali-oliv ine basalt. One, locally tw o, flow s are typically auto
brecciated at th e base, scoriaceous at th e top, and h av e dense to v esicular interiors.
Flow s are interbedded w ith  T rv c. Each  flow  is less th an 10 m th ick.
01-03-02-00-00— h eading 04— H ayner Ranch  Formation— H ayner Ranch  Formation
(Olig o–Miocene)— T h e H ayner Ranch  Formation includes both  alluv ial-fan and
basin-floor sediments th at w ere deposited during  th e early to middle stag es of
g row th  of th e H ayner Ranch  h alf g raben. In th e Selden Canyon quadrang le th e
formation is exposed in th e T onuco uplift, as w ell as in th e north ern W est Selden
H ills.
01-03-02-02-00— h eading 05— T onuco U plift— T onuco U plift (Olig o–Miocene)— T w o
informal members are recog nized: low er member (T h rl) formerly referred to as
“transitional unit”, and upper member (T h r).
01-03-02-02-01— unit— T h r— U pper member of th e H ayner Ranch  Formation
(Miocene)— Brick-red sandstone, cong lomeratic sandstone and cong lomerate
interbedded w ith  g ray to pale red mudstone; a lig h t g ray to pale tan mudstone and
cong lomeratic sandstone tong ue occurs near th e middle of th e upper h alf of th e
member. P oorly sorted, subang ular to subrounded cong lomerate clasts are entirely
v olcanic rocks, w ith  P alm P ark andesite (T pp), Bell T op ash -flow  tuff, and U v as
basaltic andesite (T u) alw ays conspicuous. H orizontal stratification, including
laminae, predominates but troug h  crossbedding  w ith in ch annels is also common.
Like th e upper part of th e low er unit, th is conspicuously red section of cong lomeratic
strata is interpreted to h av e been deposited on mid to distal portions of alluv ial fans.
Approximately 580 m th ick; g rades upw ard into Rincon V alley Formation.
01-03-02-02-02— unit— T h rl— Low er member of th e H ayner Ranch  Formation
(Olig o–Miocene)— Brig h t-red siltstone, mudstone, sh ale, and sandstone g rading
upw ard into pale purplish -brow n to g rayish -red cong lomeratic sandstone and
cong lomerate. Siltstone and sh ale units are micaceous. Cong lomerate clasts are
entirely poorly sorted, sub ang ular to subrounded cobbles and pebbles, larg ely
deriv ed from th e P alm P ark and Bell T op formations. T h in (1 m) alg al limestone beds
are locally present. H orizontal bedding , troug h  crossbedding , and ch annels are
common w ith in cong lomeratic beds. T h is part of th e section is interpreted to
represent alluv ial-flat deposits at th e base, ch ang ing  abruptly upw ard into mid-fan to
distal-fan facies. Approximately 500 m th ick, base not exposed due to faulting ;
g rades upw ard into th e upper member.
01-03-02-03-00— h eading 05— W est Selden H ills— W est Selden H ills
(Olig o–Miocene)— Reddish -g ray boulder cong lomerate; crudely bedded. Clasts are
ang ular to subang ular flow -banded rh yolite and U v as Basaltic Andesite (T u).
U nconformably ov erlies P alm P ark Formation (T pp). U nit is interpreted to be
proximal fan deposits th at onlapped th e h ang ing  w all dip slope of th e H ayner Ranch
basin, and may be correlativ e w ith  middle strata of th e upper member of th e H ayner
Ranch  Formation exposed in th e T onuco uplift. U nconformably (?) ov erlapped by
Rincon V alley Formation (T rv c). Zero to 70 m th ick, top eroded.
01-04-00-00-00— h eading 03— U v as Basaltic Andesite— U v as Basaltic Andesite
(Olig ocene)— U v as Basaltic Andesite
01-04-01-00-00— unit— T u— U v as Basaltic Andesite (Olig ocene)— Medium to dark
g ray basaltic andesite flow s and associated pyroclastic rocks, mostly red cinder beds.
T extures rang e from v esicular and amyg daloidal to closely spaced, platy fracturing
subparallel to flow  tops; base of flow s are commonly autobrecciated. T h e formation
is only present w est of th e W est Selden H ills fault w h ere th e Rincon V alley Formation
(T rv c) is eith er inset ag ainst or locally fills deep paleocanyons cut into upper parts of
th e formation. Small dikes in th e T onuco uplift may be U v as Basaltic Andesite. At
least 75 m th ick in th e Selden Canyon quadrang le, base not exposed.
01-05-00-00-00— h eading 03— Rh yolite Breccia— Rh yolite Breccia
(Eo–Olig ocene?)— Rh yolite Breccia
01-05-01-00-00— unit— T bb— Rh yolite breccia (Eo–Olig ocene?)— P resent only in fault-
bounded outcrops on th e T onuco uplift. P ale red to pale purple or pale brow n beds
of rh yolite breccia g rading  upw ard into pale red mudstone; g enerally ch annel form
in sh ape, each  g raded bed is 5-10m th ick. Clasts are ang ular flow -banded rh yolite
w ith  minor U v as Basaltic Andesite (?), mostly pebble to cobble size. U nit is
interpreted to be a succession of mudflow  deposits, apparently deriv ed from erosion
of flow -banded rh yolite dome/flow  complexes in th e Cedar H ills v ent zone or Dona
Ana Mountains. As much  as 210 m th ick, top and bottom not exposed.
01-06-00-00-00— h eading 03— Bell T op Formation— Bell T op Formation (Eocene)— T h e
Bell T op Formation is th ickest and best exposed w est of Selden Canyon w h ere it
consist of ash -flow  tuffs (2–7), as w ell as a series of flow -banded rh yolite dome/flow
complexes, pumice cones and diatremes (Cedar H ills V ent Zone), and v arious
rew orked air-fall tuffs. In th e Selden canyon quadrang le, only small and isolated
outcrops of th e formation are present w est of th e W est Selden H ills fault: flow -
banded rh yolite (T bfr), ash -flow  tuff 3 (T bt3), and air-fall tuff (T bt). Outcrops of
rh yolite porph yry (T brp) th at occur east of th e W est Selden h ills fault are included
h ere w ith  th e Bell T op Formation because of similarities in ag e and lith olog y w ith
Bell T op units.
01-06-01-00-00— unit— T brp— Rh yolite porph yry of th e Bell T op Formation
(Eocene)— Cream to pale tan or pale pink rh yolite porph yry sills, dikes, and small
plug s exposed in th e East Selden H ills and Radium Spring s area. Sanidine
ph enocrysts are small (2–3 mm) and g enerally altered to clay. T brp rocks in th e
quadrang le are lith olog ically identical to th ick rh yolite porph yry sills of th e Robledo
Mountains. Sills and dikes are g enerally less th an 15 m th ick.
01-06-02-00-00— unit— T bfr— Flow -banded rh yolite of th e Bell T op Formation
(Eocene)— P ink to g ray rh yolite, w eakly porph yritic locally, w ith  g enerally steeply
dipping  foliation (flow  banding ). Interpreted to be th e eroded “roots” of rh yolite
dome/flow  g roups, w h ich  comprise most of th e Cedar H ills v ent zone. Larg ely
buried in th e Selden Canyon quadrang le by U v as Basaltic Andesite (T u) and Rincon
V alley Formation (T rv c). Small plug s and dikes occur in th e W est Selden H ills.
01-06-03-00-00— unit— T bt3— Ash -flow  tuff 3 of th e Bell T op Formation
(Eocene)— P ink to pale reddish -orang e pumiceous ash -flow  tuff. Moderately w elded
to nearly unw elded; pumice frag ments g enerally <3 cm long . Except as small sliv ers,
th e tuff is not present east of th e W est Selden H ills fault. Mostly buried by Rincon
V alley alluv ial fan cong lomerate (T rv c) and U v as Basaltic Andesite (T u); as much  as
10 m th ick in scattered, small outcrops.
01-06-04-00-00— unit— T bt—  (Eocene)— Lig h t g ray to w h ite fine-g rained, tuffaceous
epiclastic rocks and th in beds of air-fall tuff, g enerally associated w ith  T bt3. Less
th an 10 m th ick w ith in th e quadrang le.
01-07-00-00-00— h eading 03— P alm P ark Formation— P alm P ark Formation
(Eocene)— P alm P ark Formation
01-07-01-00-00— unit— T ppi— Andesite flow s w ith in th e P alm P ark Formation
(Eocene)— P ale g ray to pale purplish -g ray porph yritic andesite flow s. P h enocrysts of
plag ioclase and h ornblende as much  as 4mm in leng th  are altered to sausserite,
ch lorite, and iron oxides. Generally, flow s are massiv e, th ick bedded, but locally
exh ibit flow  banding  formed by alig ned ph enocrysts. Indiv idual flow s may be as
much  as 200m th ick.

01-07-02-00-00— unit— T pp— P alm P ark Formation (Eocene)— V arious sh ades of
purple, g ray, red, and brow n, epiclastic v olcanic breccia comprises most of th e P alm
P ark Formation in th e Selden Canyon quadrang le. Rang ing  up to 3 m in leng th , clasts
include a w ide v ariety of andesite and latite porph yry, w h ose ph enocrysts of
plag ioclase and mafic minerals are commonly altered to clay, epidote, sausserite, and
v arious iron oxides. Both  monolith olog ic and h eterolith olog ic breccia are
represented. Clasts are subang ular to ang ular, poorly sorted, and supported by
matrix frag ments. T h e tuffaceous matrix consists of crystal frag ments, ash , and
comminuted rock frag ments. Indiv idual beds of breccia, as much  as 35 m th ick, form
sh eets or ch annels 10s to 100s of meters w ide. In th e T onuco uplift breccia beds are
indurated, rath er resistant bodies of rock. Elsew h ere, tuffaceous matrix components
of th e breccia are less cemented, permitting  clasts to w eath er in relief or to
accumulate on h illsides as boulder fields. P orph yritic andesite/latite flow s th at g rade
laterally and v ertically into breccia beds are exposed on th e T onuco uplift, such
sequences attaining  th icknesses of 240 m. Interbedded w ith  th e breccia beds and
lav as are th in, rath er minor tuffaceous, laminated to cross-bedded sandstone and
cong lomerate beds, and minor, th in (≤1 m) air-fall ash  layers. Sandstone and
cong lomeratic strata are entirely v olcaniclastic except for one th in limestone-andesite
cong lomerate exposed on th e T onuco uplift. P oorly sorted breccia are interpreted to
be v olcanic mudflow  (lah ar) deposits, some of w h ich  apparently accompanied
emplacement of andesitic lav a flow s. Rew orking  of lah ars, locally at least, by sh eet
flood or stream runoff resulted in fluv ial sand and g rav el deposits th at ov erlie or
g rade laterally into lah ars. T h e P alm P ark Formation g rades dow nw ard into th e Lov e
Ranch  Formation; th e top is unconformable beneath  tuffs of th e Bell T op Formation.
Approximately 600 m th ick.
01-08-00-00-00— h eading 03— Lov e Ranch  Formation— Lov e Ranch  Formation
(P aleo–Eocene)— Lov e Ranch  Formation
01-08-01-00-00— unit— T lr— Lov e Ranch  Formation (P aleo–Eocene)— Reddish -brow n
to g ray cobble/boulder cong lomerate. Subang ular to ang ular clasts, as much  as 1.5 m
in diameter, include El P aso limestone (Oe), Bliss sandstone (COb), and P recambrian
g ranite and metamorph ic rocks (pC). P oorly stratified beds are betw een 1–2.5 m th ick
and ov erlie El P aso and Bliss formations w ith  ang ular unconformity, or are
nonconformable abov e P recambrian rocks. Minor beds of reddish -brow n arkosic
siltstone and sandstone are interbedded w ith  th e cong lomerate, as is a 1.5 m-th ick,
ostracod-bearing  limestone bed. Along  th e eastern edg es of th e T onuco uplift th e
formation is interpreted to be a proximal alluv ial-fan deposit th at locally may g rade
to talus. Fresh -w ater cieneg as apparently w ere part of th e fan env ironment. At th e
north w est corner of th e T onuco uplift th e Lov e Ranch  Formation is represented by
only a few  cobbles of g ranite nonconformably ov erlying  deeply eroded P recambrian
g ranite; apparently th ese represent a v eneer of colluv ium or soil only a few  meters
th ick. H ere th e Lov e Ranch  Formation appears to g rade abruptly upw ard into P alm
P ark lah ar breccia, but along  th e eastern flank of th e T onuco uplift, a minor
disconformity may separate th e tw o formations. As much  as 50 m th ick along  th e
eastern flank of th e T onuco uplift.
02-00-00-00-00— h eading 02— P aleozoic— P aleozoic

02-00-01-00-00— unit— P z— P aleozoic rocks, undifferentiated (P aleozoic)— Cross
sections only.
02-00-02-00-00— unit— P zu— U pper P aleozoic rocks, undifferentiated
(P aleozoic)— Abo, H ueco, P ennsylv anian and Lake V alley formations; cross sections
only
02-00-03-00-00— unit— P zl— Low er P aleozoic rocks, undifferentiated
(P aleozoic)— Bliss, El P aso, Montoya, Fusselman, and P erch a formation. Cross
sections only.
02-01-00-00-00— h eading 03— Early P ermian— Early P ermian (Early P ermian)— Early
P ermian
02-01-01-00-00— unit— P a— Abo Formation (P ermian)— Interbedded red to tan
sandstone, sh ale, and siltstone; g reen to g ray, to purplish -g ray sh ale; fossilferous
g ray, orang e-g ray, oliv e g ray limestone; and tan to yellow -g ray dolomicrite.
Sandstone and siltstone beds as much  as 12 m th ick are ch annel sh aped and exh ibit
ripple cross lamination, troug h  crossbedding , desiccation cracks, and plant remains
locally. Limestone beds are g enerally less th an 3 m th ick, micritic, and contain
g astropods, ech inoids, bryozoans, brach iopods, and pelecypods; mud filled burrow s
are common in some beds. Sandstone and siltstone beds are fluv ial to fluv ial-
estuarine in orig in w h ereas fossiliferous limestones represent normal to somew h at
restricted marine env ironments. Some sh ale beds containing  siltstone w ith
h ummocky stratification are probably storm deposited sediment. Dolomicrites w ere
deposited in lag oonal, intertidal, and supratidal env ironments. As much  as 81 m
th ick, top not exposed.
02-01-02-00-00— unit— P h — H ueco Formation (P ermian)— Limestone, dolomite, and
sh ale.
02-02-00-00-00— h eading 03— P ennsylv anian— P ennsylv anian
(P ennsylv anian)— P ennsylv anian
02-02-01-00-00— unit— IP — P ennsylv anian rocks, undifferentiated
(P ennsylv anian)— Interbedded th in limestone, sandy limestone, dolomite, and black
sh ale; cross sections only.
02-03-00-00-00— h eading 03— Early to Middle Mississippian— Early to Middle
Mississippian (Early to Middle Mississippian)— Early to Middle Mississippian
02-03-01-00-00— unit— M— Mississippian rocks, undifferentiated
(Mississippian)— Cross sections only.
02-04-00-00-00— h eading 03— Midd le to Late Dev onian— Middle to Late Dev onian
(Middle to Late Dev onian)— Middle to Late Dev onian
02-04-01-00-00— unit— Dp— P erch a Sh ale (Dev onian)— Dark g ray, fissile sh ale w ith
minor interbeds of yellow  to lig h t g ray siltstone and nodular, brach iopod-bearing
limestone ch aracteristic of th e Onate Formation (Middle Dev onian) of th e San
Andres Mountains. At least 20 m th ick, top not exposed.
02-05-00-00-00— h eading 03— Midd le Silurian— Middle Silurian (Middle
Silurian)— Middle Silurian
02-05-01-00-00— unit— Sf— Fusselman Dolomite (Silurian)— Massiv e, brow n to lig h t
g ray, somew h at ch erty dolomite. Sucrosic texture in places. U nit crops out in East
Selden H ills w h ere it is surrounded (onlapped ?) by P alm P ark Formation (T pp).
Fractured, faulted, and altered ov er much  of th e outcrop, th e formation probably is
autoch th onous, but a slide-block orig in is possible. At least 40 m th ick, base not
exposed.
02-06-00-00-00— h eading 03— Late Ordov ician— Late Ordov ician (Late
Ordov ician)— Late Ordov ician
02-06-01-00-00— unit— Om— Montoya Formation (Ordov ician)— Dolomite, ch erty
dolomite; cross sections only.
02-07-00-00-00— h eading 03— Early Ordov ician— Early Ordov ician (Early
Ordov ician)— Early Ordov ician
02-07-01-00-00— unit— Oe— El P aso Formation (Ordov ician)— Gray, th in to medium-
bedded, slabby limestone, correlated w ith  th e Sierrite Limestone of th e Caballo
Mountains (Kelley and Silv er,1952). Comminuted fossil debris is present in some
beds but th e limestone is notably fine-g rained, dense, and silicified ov er w ide areas.
Branch ing  burrow s are perv asiv e, g iv ing  th e limestone a mottled appearance. Filled
w ith  siliceous material, burrow s w eath er to irreg ular tubes, flakes, and
discontinuous streaks th at stand in relief. T h e formation conformably ov erlies th e
Bliss Formation (COb) and is unconformably ov erlain by Lov e Ranch  Formation
(T lr). Only th e low er 100 m of th e formation remains after Laramide (Late
Cretaceous(?) to Early Eocene) erosion.
02-08-00-00-00— h eading 03— Late Cambrian to Early Ordov ician— Late Cambrian to
Early Ordov ician (Late Cambrian to Early Ordov ician)— Late Cambrian to Early
Ordov ician
02-08-01-00-00— unit— COb— Bliss Formation (Cambro–Ordov ician)— Dark brow n to
black quartz sandstone interbedded w ith  g ray quartzite and lig h t-brow n sh ale and
siltstone. Sandstones are medium to coarse g rained, arkosic, in th e low er part, and
h ematitic; g lauconite is conspicuous in some beds. T rilobite and Ling uloid
brach iopods h av e been recov ered from th e formation, but fossils are notably sparse,
except for v ertical burrow s w h ich  are conspicuous in sev eral beds.. T h e Bliss
Formation is conformably ov erlain by th e El P aso Formation (Oe), or unconformably,
by th e Lov e Ranch  Formation (T lr). Approximately 38 m th ick.
03-00-00-00-00— h eading 02— P recambrian— P recambrian
(P recambrian)— P recambrian
03-00-01-00-00— unit— pC— P recambrian (P recambrian)— Brow n to pale reddish
brow n g ranite enclosing  many discontinuous bodies of g neiss and biotite sch ist.
Granite g rades locally into small peg matite bodies and contains pods and v eins of
quartz.

Fig ure 1— Map of th e quadrang le area and surrounding  reg ion sh ow ing  distribution of th e H ayner
Ranch  and Rincon V alley basins during  deposition of th e Rincon V alley Formation. Major faults
sh ow n and uplifts labeled. CH V Z – Cedar H ills v ent zone.
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Explanation of Map Sym b ols
01.01.01 Contact— Identity and existence are certain. Location is accurate.

01.01.02 Contact— Identity or existence are questionable. Location is
accurate.
01.01.03 Contact— Identity and existence are certain. Location is
approximate.
01.01.04 Contact— Identity or existence are questionable. Location is
approximate.
02.01.01 Fault (g eneric; v ertical, subv ertical, or h ig h -ang le; or unknow n or
unspecified orientation or sense of slip)— Identity and existence are
certain. Location is accurate.
02.01.03 Fault (g eneric; v ertical, subv ertical, or h ig h -ang le; or unknow n or
unspecified orientation or sense of slip)— Identity and existence are
certain. Location is approximate.
02.01.07 Fault (g eneric; v ertical, subv ertical, or h ig h -ang le; or unknow n or
unspecified orientation or sense of slip)— Identity and existence are
certain. Location is concealed.
02.02.01 Normal fault— Identity and existence are certain. Location is
accurate. Ball and bar on dow nth row n block.
02.02.03 Normal fault— Identity and existence are certain. Location is
approximate. Ball and bar on dow nth row n block.
02.02.05 Normal fault— Identity and existence are certain. Location is
inferred. Ball and bar on dow nth row n block.
02.02.07 Normal fault— Identity and existence are certain. Location is
concealed. Ball and bar on dow nth row n block.
02.02.08 Normal fault— Identity or existence are questionable. Location is
concealed. Ball and bar on dow nth row n block.
02.02.09 Low -ang le normal fault— Identity and existence are certain.
Location is accurate. H alf-circles on dow nth row n block.
02.02.15 Low -ang le normal fault— Identity and existence are certain.
Location is concealed. H alf-circles on dow nth row n block.
02.08.01 T h rust fault (1st option)— Identity and existence are certain.
Location is accurate. Saw teeth  on upper (tectonically h ig h er) plate.
31.08 Map neatline

Landslide

05.01.01 Anticline (1st option)— Identity and existence are certain.
Location is accurate.
05.01.03 Anticline (1st option)— Identity and existence are certain.
Location is approximate.
05.01.07 Anticline (1st option)— Identity and existence are certain.
Location is concealed.
05.03.17 Ov erturned anticline (1st option)— Identity and existence are
certain. Location is accurate. Beds on one limb are ov erturned; arrow s
sh ow  dip direction of limbs.
05.05.01 Syncline (1st option)— Identity and existence are certain. Location
is accurate.
05.09.23 Monocline, anticlinal bend (1st option)— Identity and existence
are certain. Location is concealed. Arrow s sh ow  direction of dip; sh orter
arrow  on steeper limb.
31.10 Cross section line and label

31.11 Leader to an offset label

02.11.09 Inclined fault (2nd option)— Sh ow ing  dip v alue and direction.

06.01 H orizontal bedding

06.02 Inclined bedding — Sh ow ing  strike and dip.

06.04 Ov erturned bedding — Sh ow ing  strike and dip.

06.33 Approximate orientation of inclined bedding — Sh ow ing
approximate strike and dip.
08.01.02 Inclined g eneric (orig in not know n or not specified)
foliation— Sh ow ing  strike and dip.
08.03.02 Inclined metamorph ic or tectonic foliation— Sh ow ing  strike and
dip.
09.017 Inclined slickenline, g roov e, or striation on fault surface (1st
option)— Sh ow ing  bearing  and plung e.
12.05 Fluv ial transport direction


