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Geologic Map of the Echo Amphitheater
7.5-Minute Quadrangle, Rio Arriba

County, New Mexico

by
Scott B. Aby

Muddy Spring Geology, P.O. Box 488,
Dixon, New Mexico 87527

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

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

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

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: G19AC00226), a d m inis te re d  by the U. S.
Ge ologica l Surve y, a nd  by the N e w 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).
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Description of Map
01-00-00-00-00— he ad ing01— Q uate rnary S e d im e nts— Q uate rnary
S e d im e nts— Q uate rnary S e d im e nts
01-00-01-00-00— unit— Q al— Q uate rnary alluvium — Ge ne rally poorly e xpose d ; light to
d ark brown and /or d ark gre y and /or orangish; loose  to friable ; fine  to coarse -graine d ;
poorly sorte d , m e d ium to thick-be d d e d , som e tim e s we akly calcite  ce m e nte d ; claye y,
silty, pe bbly sand  and  sand y silt. Clasts are  com pose d  mostly of local T riassic through
Cre tace ous rocks, som e tim e s with variable  am ounts of quartzite  clasts. P e bble s and
sm all cobble s of gypsum are  particularly d istinctive  d ownstre am of T od ilto F orm ation
outcrops. T he  unit includ e s se d im e nt in the  active  channe ls and  valle y bottom s,
ad jace nt ‘valle y-fill,’ tributary alluvium grad e d  to within ≈2 m of the  pre se nt rive r le ve l,
and  active  stre am te rrace s and  grave l bars. O n this quad rangle , Q al also includ e s som e
are as of active  alluvium found  at highe r e le vations (such as within land slid e s), but
the s e  are  only mappe d  whe re  the y are  particularly e xte nsive  and /or cle arly active .
Q uate rnary alluvium is only mappe d  whe re  it is cle arly >2m thick and /or it obscure s
large  are as of be d rock units and /or unit contacts. Che stnut (writte n communication,
2020) obtaine d  a calibrate d  rad iocarbon age  of 978 ± 39 ybp for a te rrace  1.4 m above  the
R io Cham a on the  Laguna P e ak Q uad rangle  (imm e d iate ly to the  W e st of the  Echo
Amphithe atre  Q uad ). Ge ne rally, the  unit is 1–10 m thick but possibly thicke r be ne ath
the  R io Cham a and  Canjilon Cre e k.
01-00-02-00-00— unit— Q f— Q uate rnary fans— P oorly e xpose d ; light to d ark brown
and /or blackish or orangish; loose  to friable ; fine  to coarse -graine d ; poorly sorte d ;
m e d ium to thick-be d d e d ; som e tim e s we akly calcite  ce m e nte d ; claye y, silty, pe bbly-to-
cobbly sand  and  sand y silt. T his unit includ e s Q uate rnary fans of multiple  age s/he ights
above  grad e . T he s e  fans like ly have  a sim ilar origin to Q al/Q f, but base -le ve l fall and
the  subse que nt incision has le ft the m above  curre nt grad e . S om e  sub-map scale
(ge ne rally ≤75 m wid e ) fans and  fan re mnants have  not be e n mappe d . Q f d e posits
som e tim e s grad e  up-slope  into Q ls and  have  ofte n be e n d e rive d  from the m. ≈2–25(?) m
thick.
01-00-03-00-00— unit— Q ls— Q uate rnary land slid e s— Land slid e  d e posits consisting of a
chaotic, non-be d d e d , friable  asse m blage  of ve ry poorly sorte d  grave l, sand , silt, and
clay d e rive d  mostly from Cre tace ous rocks and  Jurassic rocks younge r than the  Entrad a
S and stone  and  se m i-intact blocks of Jurassic rocks up to se ve ral te ns of m e te rs across.
T e rrace  grave ls are  som e tim e s found  on/in the  lowe r parts of land slid e  d e posits e ve n
whe n no te rrace  re m nants are  pre se rve d . Land slid e s commonly have  the  form of
T ore va blocks (rotational slumps) whe re  the y ove rlie  Cre tace ous and  Jurassic R ocks
above  the  T od ilto F orm ation. Be low the  T od ilto F orm ation, the y ofte n appe ar to be
e arthflows. T he  surface  of the  land slid e s is comm only litte re d  with large  blocks of
Cre tace ous sand stone . Earthflow(?) d e posits som e tim e s se e m to have  a rough
stratigraphy consisting of (from bottom to top): chaotic mate rial occasionally includ ing
gypsum blocks and  slabs up to 100± m; a m id d le  zone  of sand stone  bould e rs and
d e form e d -to-re lative ly intact m asse s of Jsb and  Jmb, and  an uppe r laye r characte rize d
by large  bould e rs of Cre tace ous sand stone  from the  Dakota and  Burro Canyon
F orm ations in a poorly sorte d , tan to gre yish matrix of grave l, sand , silt, and  som e  clay.
N ot all of the s e  laye rs are  pre se nt e ve rywhe re , and  ne ar the  e d ge s of mappe d  d e posits
(e spe cially in land slid e s be low the  T od ilto F orm ation), the  uppe rm ost laye r is ofte n the
only one  pre se nt and /or e xpose d . Erosion of the  uppe rmost laye r ofte n prod uce s
hood oos (bould e r-cappe d  pe d e stals) be twe e n <1 and  ≈10 m high along the  m argins of
land slid e s.
01-00-04-00-00— unit— Q c— Q uate rnary colluvium — Light-tan to brownish; loose  to
friable ; coarse  to fine -graine d ; ve ry poorly sorte d ; massive (?); som e tim e s we akly calcite
ce m e nte d ; sand y, silty, pe bble  to bould e r conglom e rate  and  pe bbly silty sand .
Colluvium is mappe d  only whe re  it obscure s be d rock units and /or unit
contacts— m ostly within the  d rainage  of the  Canad a De l P otre ro, which is at a re lative ly
high e le vation and  be ne ath P ond e rosa P ine  fore st. Contacts be twe e n Q ls and  Q c in the
Canad a d e l P otre ro are  som e what arbitrary as no e xposure s are  available , and  the s e
two units pre se nt ve ry sim ilar surface s. Although includ e d  in Q ls as mappe d ,
colluvium/talus is re lative ly comm on along the  uppe r contact of land slid e  d e posits
be low Dakota and /or Burro Canyon outcrops and  on the  ste e p slope s above  the  he ad s
of land slid e s.
01-00-05-00-00— unit— Q g— Q uate rnary grave l— Grave l d e rive d  from te rrace  d e posits
but found  on slope s that are  e ithe r ste e pe r than te rrace  surface s or in topographic
positions that m ake  an origin as true  te rrace  grave ls unlike ly. T his unit re pre se nts
re lative ly large  are as of re grad e d  te rrace  grave l and  sm all and /or thin, poorly pre se rve d
te rrace  re mnants(?). O nly the  thicke st/m ost e xte nsive  parts of the s e  ‘aprons’ of grave l
be low e rod ing te rrace  grave ls are  shown. Commonly the  unit is 2–10(?) m thick.
01-00-06-00-00— unit— Q tp— Q uate rnary te rrace s from ne ar P e d e rnal pe ak— T e rrace
d e posits found  in the  southe rn part of the  m ap and  com pose d  of a high pe rce ntage  of
basalt clasts and  variable  amounts of P e d e rnal Che rt, ind icating the y are  d e rive d  from
within the  R io P ue rco d rainage  (from ne ar Ce rro P e d e rnal) to the  south.
01-00-07-00-00— unit— Q t— U nd ivid e d  Q uate rnary te rrace s— Ge ne rally poorly e xpose d ;
loose  to friable ; m e d ium to thick-be d d e d ; m od e rate ly to m od e rate ly we ll-sorte d ; m ostly
subangular; fine  to coarse -graine d  sand , sand y grave l, and  cobble  conglom e rate . O fte n
includ e s 1–4 m of ‘ove rbank’ sand  and  silty sand  at the  top of te rrace  d e posits and  clast-
supporte d  cobble  conglom e rate  in the  first fe w m e te rs above  strath. T op of som e
d e posits m ay have  be e n re worke d  (by e olian(?), she e twash, and  sm all-scale  fluvial
proce ss e s). Grave l is com pose d  of pe bble s through bould e rs. Clasts are  d om inate d  by
quartzite  with variable  amounts of sand stone  and /or lim e stone , sm all amounts of
Brazos Basalt within the  R io Cham a te rrace s (and  possibly som e  Jarita Basalt from the
Los P inos F orm ation) and  m e tam orphic clasts. T his unit includ e s all te rrace s be low 13
m and  those  that d o not fall into the  strath he ight range s d e fine d  by Koning e t al.
(2006). ≈2–10 m thick.
01-01-00-01-00— unit— Q tgh— U nd ivid e d  high le ve l te rrace s— A sand y grave l unit that
is pre se nt at se ve ral re lative ly high topographic le ve ls and  d om inate d  by quartzite
clasts. F or this quad rangle , rathe r than constructing an e ntire ly ne w te rrace  hie rarchy,
we  have  m appe d  all te rrace s above  Q tch1/Q tca1 le ve l (≈80m) as Q tgh. T he  d ivid ing line
be twe e n Q tgh grave l d e rive d  from an ance stral R io Cham a (those  with basalt clasts)
and  that d e rive d  from an ance stral Canjilon Cre e k is found  along the  rid ge  that d e fine s
the  northwe st e d ge  of the  Llano De l Vad o (in the  e ast-ce ntral part of the  quad ).
Howe ve r, som e  Canjilon Cre e k grave l has be e n re worke d  from this rid ge  and
re d e posite d  as unit Q g to the  we st of this rid ge . Grave l consists of pe bble s through
bould e rs. In ad d ition to quartzite , the re  are  subord inate  clasts of Me sozoic se d im e ntary
rocks and  Prote rozoic m e tam orphic clasts. In d e posits d e rive d  from the  R io Cham a
Drainage , Brazos Basalt (and  possibly som e  Jarita Basalt from the  Los P inos F orm ation)
form s ≈1–10% of te rrace  d e posits. T he  d e posit is 2–10(?) m thick.
01-01-01-01-00— unit— Q tch1— R io Cham a T e rrace  le ve l1— S trath is locate d
approxim ate ly 72–80 m above  the  mod e rn stre am grad e . Comparison of this strath
he ight with Koning e t al. (2011, table  3 and  figure s 5–6) and  corre lations of Gonzale s
(1993) would  sugge st an age  range  of 330–470? ka (Koning e t al., 2006).
01-01-01-02-00— unit— Q tch2— R io Cham a T e rrace  le ve l2— S trath is locate d  40–55 m
above  the  mod e rn stre am grad e . Comparison of this strath he ight with Koning e t al.
(2011, table  3 and  figure s 5–6) and  corre lations of Gonzale s (1993) would  sugge st an age
range  of 200–380? ka (Koning e t al., 2006).
01-01-01-03-00— unit— Q tch3— R io Cham a T e rrace  le ve l3— S trath is locate d  27–30 m
above  the  mod e rn stre am grad e . Grad e s into unit Q tca3 on the  northwe st shore s of
Lake  Abiquiu (Koning e t al., 2006). Comparison of this strath he ight with Koning e t al.
(2011, table  3 and  figure s 5–6) and  corre lations of Gonzale s (1993) would  sugge st an age
range  of 100–280? ka (Koning e t al., 2006).
01-01-01-04-00— unit— Q tch4— R io Cham a te rrace  le ve l4— S trath is locate d  22–26 m
above  the  mod e rn stre am grad e  and  mostly subm e rge d  by the  wate rs of Lake  Abiquiu.
Base d  on its strath he ight, it may corre late  to the  20–40 m te rrace  d e posit of Koning e t
al. (2011) and  have  an age  of 100–160 ka (Koning e t al., 2006). Howe ve r, Che stnut
(writte n communication, 2020) more  re ce ntly obtaine d  calibrate d  rad iocarbon age s for
te rrace s be twe e n 19 and  22 m above  the  R io Cham a that range s from ≈22–41 ka.
01-01-01-05-00— unit— Q tch5— R io Cham a T e rrace  le ve l5— S trath is locate d  16–20 m
above  the  mod e rn stre am grad e . Comparison of this strath he ight with Koning e t al.
(2011, te xt, table  3, and  figure s 5–6) would  sugge sts an age  range  of 20–100 ka.
Howe ve r, Che stnut (writte n communication, 2020) more  re ce ntly obtaine d  calibrate d
rad iocarbon age s for te rrace s be twe e n 19 and  22 m above  the  R io Cham a that range s
from ≈22–41 ka.
01-01-02-01-00— unit— Q tca1— Canjilon Cre e k te rrace  le ve l1— S trath is locate d
approxim ate ly 70–85 m above  the  mod e rn stre am grad e . Koning e t al. (2006) sugge st a
possible  corre lation with a high te rrace  along the  lowe r R io Cham a that contains the
620 ka lava Cre e k B ash.
01-01-02-02-00— unit— Q tca2— Canjilon Cre e k te rrace  le ve l2— S trath is locate d
approxim ate ly 50 m above  the  mod e rn stre am grad e . R e lative ly e xte nsive  d e posit.
Comparison of this strath he ight with Koning e t al. (2011, table  3 and  figure s 5–6) and
corre lations of Gonzale s (1993) would  sugge st an age  range  of 200–380? ka (Koning e t
al., 2006).
01-01-02-03-00— unit— Q tca3— Canjilon Cre e k te rrace  le ve l3— S trath is locate d  22–27 m
above  the  mod e rn stre am grad e . Comparison of this strath he ight with Koning e t al.
(2011, table  3 and  figure s 5–6) and  corre lations of Gonzale s (1993) would  sugge st an age
range  of 100–280? ka (Koning e t al., 2006). Howe ve r, Che stnut (writte n communication,
2020) obtaine d  calibrate d  rad iocarbon age s for te rrace s be twe e n 19 and  22 m above  the
R io Cham a that range  from ≈22–41 ka.
01-01-02-04-00— unit— Q tca4— Canjilon Cre e k te rrace  le ve l4— S trath is locate d  15–22 m
above  the  mod e rn stre am grad e  ne ar Highway 84, but this he ight incre ase s to 27 m ne ar
the  conflue nce  with the  R io Cham a. Com parison of this strath he ight with Koning e t al.
(2011, te xt, table  3, and  figure s 5–6) would  sugge st an age  of 100–160 ka. Howe ve r,
Che stnut (writte n communication, 2020) more  re ce ntly obtaine d  calibrate d  rad iocarbon
age s for te rrace s be twe e n 19 and  22 m above  the  R io Cham a that range  from ≈22–41 ka.

01-01-02-05-00— unit— Q tca5— Canjilon Cre e k te rrace  le ve l5— S trath is locate d  13–17 m
above  the  mod e rn stre am grad e . A comparison of this strath he ight with Koning e t al.
(2011, te xt, table  3, and  figure s 5-6) would  sugge sts an age  range  of 20–100 ka (Koning
e t al., 2006).
02-00-00-00-00— he ad ing01— Cre tace ous R ocks— Cre tace ous R ocks— Cre tace ous
stratigraphy on the  Echo Amphithe atre  quad rangle  follows that of O we n e t al. (2005)
and  Koning e t al. (2006). An e xce lle nt ge ologic history of this part of the  Cham a Basin
has be e n provid e d  by Ke lle y e t al. (2006).
02-01-00-00-00— unit— Kd pc— P aguate  and  Clay Me sa Me m be rs of Dakota
S and stone — T he  P aguate  Me m be r is com pose d  of ye llowish to tan; Mod e rate ly strong
to strong; mod e rate ly we ll-sorte d ; subround e d ; m e d ium to thick-be d d e d ; ve ry fine - to
m e d ium-graine d ; commonly burrowe d ; arkosic quartz sand stone . S and stone s are
m ostly coarse -graine d  ne ar the  base , and  m e d ium-graine d  at top. R are  pe le cypod  and
fragm e ntary ammonite  fossils have  be e n found  (Lucas e t al., 2009). T he  P aguate  is
inte rpre te d  as m id d le  and  oute r shore face  sand s (O we n e t al., 2005). Hand  sam ple s are
d ifficult to d istinguish from the  Cube ro S and stone .— — S om e  thin, loose  Q uate rnary
sand  pre sum ably d e rive d  from we athe ring of the  P aguate  Me m be r is pre se nt on the
Me sa d e  los V ie jos, but this m ate rial is nowhe re  e xpose d  and  se e m s to be  ge ne rally le ss
than 1 m thick. V e ry rare  quartzite  pe bble s we re  obse rve d  within this loose  sand  in
S e ction 1 T 24N :R 3E and  would  se e m to ind icate  the  form e r pre se nce  of m ore  e xte nsive
Q uate rnary cove r. — — T he  und e rlying Clay Me sa T ongue  is a ve ry poorly e xpose d
shale  and  siltstone (?) that som e tim e s form s a narrow be nch be ne ath the  P aguate
Me m be r. T he  Clay Me sa T ongue  is not pre se nt in the  “Highway 84 S e ction” of O we n e t
al. (2005) a fe w mile s north of Echo Amphithe atre  (in the  northe ast part of this
quad rangle ). Howe ve r, the  Clay Me sa T ongue  is id e ntifie d  in the  we ste rn half of this
quad rangle  base d  on uncommon e xposure s of shale  at the  base  of cliffs form e d  by the
P aguate  Me m be r and  is te ntative ly infe rre d  in the  e aste rn part, off the  quad rangle ,
base d  on a slope  bre ak at the  base  of the  P aguate  Me m be r in som e  locations. T he  Clay
Me sa T ongue  is approxim ate ly 2–3 m thick whe re  e xpose d . T he  total thickne ss of Kd pc
≈18 m thick.
02-02-00-00-00— unit— Kd e oc— Cube ro, Encinal Canyon, O ak Canyon and  Cube ro
Me m be rs of Dakota S and stone — Mostly poorly e xpose d ; tan to ye llow-brown
quartzose  sand stone , d ark-gray and  brown carbonace ous shale , and  m inor gre e nish-
gray mud stone  and  be ntonite . Includ e s, from old e st to younge st: the  Encinal Canyon,
O ak Canyon, and  Cube ro Me m be rs.— — T he  Encinal Canyon Me m be r is highly variable
in thickne ss, ranging from 2–24 m and  ave raging 8 m re gionally (O we n e t al., 2005).
T his tan, cross-be d d e d  quartz sand stone  with thin- to m e d ium-be d d ing, som e tim e s
contains carbonize d  plant fragm e nts. T he  O ak Canyon Me m be r is a black, mud d y
siltstone  inte rbe d d e d  with thin (<1 m) be d s of le d gy and  ofte n le nticular, white  to
orange , cross-be d d e d , bioturbate d  sand stone . T he  “A be ntonite ” is found  in the  lowe r
part of the  O ak Canyon Me m be r and  re ce ntly provid e d  a d ire ct age  of 98.1 ± 2.4 Ma
(P e te rs, 2004). T he y we re  inte rpre te d  as offshore  marine  d e posits (O we n e t al., 2005).
T he  Cube ro Me m be r is a som e tim e s we ll-e xpose d ; ye llowish to tan; mod e rate ly strong
to strong; mod e rate ly we ll- to we ll-sorte d ; subround e d  to round e d ; m e d ium- to thick-
be d d e d ; ve ry fine  to fine ; commonly burrowe d ; quartz sand stone  with m inor silt and
shale  approxim ate ly 10–15(?) m thick. Be d d ing fe ature s are  commonly oblite rate d  by
burrowing. Lowe r contact is sharp to grad ational ove r about 1 m. U ppe r contact
usually sharp. T he  e ntire  thickne ss of Kd e oc is ≈40–56 m.
02-03-00-00-00— unit— Kbc— Burro Canyon F orm ation— W hitish to tan; mod e rate ly
strong to strong; poorly to mod e rate ly sorte d ; subround e d ; m e d ium- to thick-be d d e d ;
fine  to m e d ium, som e tim e s pe bbly; cross-lam inate d  and  plane -lam inate d ; som e tim e s
pe bbly to cobbly sand stone  and  re d  and /or gre e n; som e tim e s mottle d ; lam inate d  or
massive  clay and  siltstone . S m all-scale  trough cross-be d d ing is associate d  with the
conglom e ratic channe ls, which are  more  common ne ar the  base  of the  unit in the  Echo
Amphithe atre  are a. Conglom e rate  clasts are  mostly varicolore d  quartzite  and  che rt
pe bble s with le ss common sand stone  and  lim e stone (?) clasts. Clasts are  usually < 3 cm
in d iam e te r but occasionally up to 20 cm. Lam inar, low-angle  we d ge , and  high-angle
planar we d ge  cross-be d d ing is comm on in the  sand ie r portions of the  unit re gionally.
T his unit is only rare ly e xpose d  ne ar the  top of land slid e s along the  e d ge  of the  Me sa d e
los V ie jos and  in a fe w othe r are as, and  is inte rpre te d  as coastal plain, braid e d  stre am
d e posits (O we n e t al., 2005). T he  unit is up to ≈50(?) m thick.
03-00-00-00-00— he ad ing01— Jurassic R ocks— Jurassic R ocks— Jurassic stratigraphy on
the  Echo Amphithe atre  quad rangle  follows Lucas e t al. (2005a), which is base d  on the
re gional stratigraphy of And e rson and  Lucas (1992, 1994, 1995, 1996, 1997) and  Lucas
and  And e rson (1997, 1998). An e xce lle nt ge ologic history of this part of the  Cham a
Basin has be e n provid e d  by Ke lle y e t al. (2006).
03-01-00-00-00— unit— Jmb— Brushy Basin Me m be r of Morrison F orm ation— T he  unit is
a varie gate d  pale -gre e nish-gray, grayish, ye llow-gre e n, pale -olive , ye llowish-brown,
and  pale -re d d ish-brown be ntonitic mud stone  with a fe w be d s of trough-crossbe d d e d
pe bbly sand stone . Locally, the  base  of the  Morrison F orm ation is a thin (up to 8 m thick)
inte rval of trough-crossbe d d e d  sand stone  and  inte rbe d d e d  mud stone . Above  that
inte rval, the  form ation is mostly mud stone . Gre e nish-white , m e d ium-be d d e d
sand stone s with cross-be d d ing and  mud -rip-up clasts and  thin tabular sand stone s are
pre se nt in a fe w place s ne ar the  top of the  unit. T he  basal sand y inte rval is like ly
corre lative  to the  S alt W ash Me m be r of the  Morrison F orm ation to the  we st and  south.
Howe ve r, this inte rval is ne ithe r thick e nough, pe rsiste nt e nough, nor lithologically
d istinctive  e nough to se parate  from the  Brushy Basin Me m be r he re . Gastroliths (be lly-
stone s), found  mostly on the  surface  of unit Q ls, are  thought to be  d e rive d  from this,
41–68 m thick unit.
03-02-00-00-00— unit— Jsb— S um m e rville  F orm ation and  Bluff S and stone — T he
S umm e rville  F orm ation is thinly and  cyclically-be d d e d  and  com pose d  of the  following:
maroon, grayish re d  and  ye llowish gray siltstone ; sand y siltstone ; fine  gypsife rous
sand stone ; and  mud stone . In the  Cham a Basin, the  S umm e rville  F orm ation is re ad ily
d ivid e d  into two inform al m e m be rs, lowe r and  uppe r. T he  lowe r m e m be r is 12 to 15 m
thick and  is re pe titive ly-be d d e d  gypsife rous sand stone  and  siltstone  that form s a
ribbe d  cliff or slope . It is the  sam e  unit that Gold m an and  S pe nce r (1941) te rm e d  the
“Bilk Cre e k S and stone  Me m be r” in southwe ste rn Colorad o. T he  uppe r m e m be r is 61 to
96 m of siltstone  and  thinly-inte rbe d d e d  gypsife rous sand stone  and  mud stone  that
form s a thick, grayish re d  and  white , band e d  slope . S trata we  te rm Summ e rville
F orm ation we re  assigne d  to the  Morrison F orm ation by Sm ith e t al. (1961) and  R id gle y
(1977), though R id ge ly (1989) d id  assign the  lowe r m e m be r of the  Summ e rville
F orm ation to the  W anakah F orm ation.— — It is ofte n d ifficult to te ll if e xpose d
S umm e rville /Bluff F orm ation outcrops are  in place  or have  be e n d isrupte d  by
land slid e s (se e  also Jtl, Jtg, and  Q ls d e scriptions). Dire ctly above  the  T od ilto F orm ation,
be d s of the  S umm e rville  are  ofte n contorte d , and  this m ay be  d ue  to mass move m e nts.
Alte rnative ly, this d e form ation may be  re late d  to d e wate ring of the  gypsum in the
und e rlying T od ilto F orm ation (se e  also T od ilto F orm ation d e scription for othe r possible
m ass move m e nt fe ature s) or d issolution of gypsum within the  T od ilto (Ke lle y e t al.,
2006). W e  have  includ e d  m any e xposure s of S umm e rville  rocks d ire ctly above  the
T od ilto in Q ls d e posits. “W ind ows” of Summ e rville  rocks surround e d  by unit Q ls have
only be e n mappe d  as Jurassic be d rock whe re  the  e le vation of contacts and  re lative ly
und isturbe d  be d d ing (not contorte d  and  conform able  with the  low re gional d ip)
ind icate  the y have  not be e n d isplace d . Be cause  the re  are  multiple  possible  cause s for
d e form ation of the s e  units, the  d istinction be twe e n d isturbe d  and  und isturbe d  outcrops
is som e tim e s a little  arbitrary. Som e  ‘wind ows’ are  too sm all to show at m ap scale , and
m any are  que rie d  (i.e ., Jsb?) whe re  m ass move m e nts m ay have  d isplace d  the m. T he
unit is 74–111 m thick.— — T he  ove rlying Bluff S and stone  is a light gray or pinkish, ve ry
fine -graine d , we ll-sorte d , crossbe d d e d  sand stone . T his unit consists of two m e m be rs
not mappe d  se parate ly. T he  lowe r, Junction Cre e k Me m be r, com prise s most of the
form ation (30–40 m thick) and  is m ostly pale -ye llowish-gre e n and  light-olive -gray, ve ry
fine -graine d , we ll-sorte d  sand stone  with crossbe d s in thick se ts. T he s e  are  prim arily
e olian d e posits sim ilar to the  type  se ction of the  Junction Cre e k Me m be r ne ar Durango,
Colorad o (Gold m an and  S pe nce r, 1941). T he  ove rlying R e capture  Me m be r is 6–14 m
thick and  is mostly maroon, pale -brown, grayish-re d , and  light-gre e nish-gray
gypsife rous siltstone , fine -graine d  sand stone , and  mud stone . R e capture  Me m be r strata
re se m ble  und e rlying Summ e rville  strata (Lucas and  And e rson, 1997, 1998; Lucas e t al.,
2005) and  is 44–47 m thick.
03-03-00-00-00— unit— Jtg— T od ilto F orm ation d om inate d  by gypsum — T he  T od ilto
F orm ation consists of a lowe r, Luciano Me sa Me m be r compose d  mostly of lim e stone
and  commonly ove rlain by the  T onque  Arroyo Me m be r, an inte rval compose d  mostly
of gypsum (Lucas e t al., 1985, 1995; Kirkland  e t al., 1995). T he  ≈30 m thick, T onque
Arroyo Me m be r, consists of white  to light-gray-gypsum inte rbe d d e d  with carbonate
that form s a prom ine nt white  cliff in this re gion. T he  Luciano Me sa Me m be r is not
always pre se nt in Jtg, but such are as we re  not mappe d  se parate ly. In at le ast one  are a
whe re  the  T od ilto F orm ation se e m s to have  slid  ove r the  top of the  Entrad a S and stone
and  burie d  Q uate rnary hillslope  d e posits (se e  be low), the  Luciano Me sa Me m be r may
have  be e n re move d  by mass move m e nts. Any are a whe re  gypsum is pre se nt has be e n
m appe d  as Jtg (Koning e t al., 2006; Ke lle y e t al., 2006). T he  unit is up to 38 m
thick.— — *Actually anhyd rite  but commonly re fe rre d  to as ‘gypsum’ he re  and  in the
lite rature .

03-04-00-00-00— unit— Jtl— T od ilto F orm ation d om inate d  by lim e stone — In som e  are as,
the  T onque  Arroyo Me m be r of the  T od ilto F orm ation is not pre se nt e ithe r d ue  to
nond e position, e rosion, or che m ical d issolution (Koning e t al., 2006; Ke lle y e t al., 2006).
T he  Luciano Me sa Me m be r is 1–8 m thick* and  consists mostly of thinly lam inate d ,
d ark-gray or ye llowish-gray, ke roge nic lim e stone . Be d s ne ar the  base  of the  m e m be r are
usually sand y, and  m icrofold ing of the  thin lim e stone  lam inae  is com mon. Although
the  Luciano Me sa Me m be r is thin and  commonly e xpose d  in cliffs, we  have  som e tim e s
e xagge rate d  its thickne ss (i.e ., the  wid th of outcrop) in ord e r to show its pre se nce . S om e
sm all are as whe re  only the  Luciano Me sa Me m be r is pre se nt have  be e n lum pe d  into Jtg
be cause  the y are  not able  to be  m appe d  at scale  and /or re lations are  not cle ar (e.g.,
whe re  the  T onque  Arroyo m ay be  pre se nt but burie d  by Q ls).— — W e  suspe ct that in
som e  are as, the  T onque  Arroyo Me m be r has be e n re move d  by m ass move m e nts
(le aving only the  Luciano Me sa Me m be r), but it has not be e n possible  to prove  this.
Large  (up to 100 m+) ‘slabs’ of T onque  Arroyo Me m be r Gypsum are  som e tim e s found
within land slid e s and  particularly ne ar the  base  of land slid e s.— — In at le ast one  are a
(in the  e aste rn half of se ction 11 T 24N :R 3E) it can be  se e n that the  T od ilto F orm ation has
m ove d  e n m ass d ownslope  ove r Q uate rnary(?) hillslope  d e posits (F igure  1) and  large
slabs of gypsum are  se e n at the  base  of land slid e  d e posits be low this point. T he  Luciano
Me sa Me m be r is not pre se nt he re  and  may have  be e n re move d  by mass move m e nts.
T his slid ing of the  T od ilto F orm ation se e m s to have  occurre d  ove r at le ast a half
kilom e te r of the  outcrop. T his re lationship le ad s us to be lie ve  that the  base  of the
T onque  Arroyo Me m be r and /or the  Luciano Me sa Me m be r may have  acte d  as the
‘bre akaway’ surface  for som e  land slid e s in the  are a. If this inte rpre tation is corre ct, the n
all of the  Jurassic se ction above  the  T od ilto he re  is like ly also d isplace d  by mass
m ove m e nts. Howe ve r, we have  m appe d  ‘wind ows’ of the  Summ e rville /Bluff and
Morrison F orm ations above  he re  as in-place  be d rock be cause  the y are  not obviously
tilte d  re lative  to othe r be d rock units and  are  no more  d isturbe d  than many othe r such
wind ows above  locations whe re  the  T od ilto is not obviously d isplace d .— — *An
e xce ption to the  2 m minim um thickne ss of units has be e n mad e  for the  Luciano Me sa
Me m be r in som e  locations.
03-05-00-00-00— unit— Je — Entrad a F orm ation— W e ll-e xpose d ; comm only re d d ish and
ye llowish but som e tim e s light-brown, orange , whitish or grayish-orange ; cross-be d d e d ;
cross-lam inate d ; ve ry fine - to m e d ium-graine d ; mod e rate ly we ll-sorte d  and  ripple
lam inate d , e olian sand stone  that commonly form s a prom ine nt cliff. T ransport
d ire ction at ind ivid ual outcrops is variable , but the  re gional transport d ire ction is
toward  the  south and  southwe st (T anne r, 1965). T he  unit is 60–76 m thick.
04-00-00-00-00— he ad ing01— T riassic R ocks— T riassic R ocks— All T riassic strata on the
Echo Amphithe atre  quad rangle  are  assigne d  to the  U ppe r T riassic Chinle  Group
(Lucas, 1993). T riassic stratigraphy follows Lucas and  Hunt (1992) and  Lucas e t al.
(2003, 2005b). An e xce lle nt ge ologic history of this part of the  Cham a Basin has be e n
provid e d  by Ke lle y e t al. (2006).
04-01-00-00-00— he ad ing02— Chinle  Group (U ppe r T riassic)— Chinle  Group (U ppe r
T riassic)— Chinle  Group (U ppe r T riassic)
04-01-01-00-00— unit— T R cr— R ock P oint F orm ation— P oorly to we ll-e xpose d ; re d d ish-
brown to ye llowish-re d  be d s of siltstone  and  ve ry fine - to fine -graine d ; massive  or thin
to m e d ium, tabular be d d e d  sand stone  and  re d d ish-brown mud stone . W he re  d e e ply
we athe re d (?), the  R ock P oint F orm ation form s an orange  slope  (slightly le ss re d  than
the  und e rlying P ainte d  De se rt Me m be r of the  P e trifie d  F ore st F orm ation). T he  lowe r
contact of the  R ock P oint is mappe d  at the  first pe rsiste nt be d  of sand stone  above  the
mud stone  of the  P ainte d  De se rt Me m be r or at the  above -note d  color change . T he  top of
the  R ock Point is a sharp, unconform able  contact with ove rlying Entrad a S and stone .
W id th of the  outcrop is som e tim e s e xagge rate d  whe re  e xpose d  in or at the  base  of ste e p
cliffs. T he  unit is up to 70 m thick.
04-01-02-00-00— unit— T R cpp— P ainte d  De se rt Me m be r of the  P e trifie d  F ore st
F orm ation— P oorly to we ll-e xpose d ; brick-re d  to re d d ish-brown; thin- to thick-be d d e d ;
be ntonitic(?) mud stone  and  claystone  inte rcalate d  with m inor gre e nish-gray to light-
gre e nish-gray, pe bbly sand stone . Local re d uction of the  mud stone  has re sulte d  in cm-
to-d e cim e te r scale  mottle s, fracture  linings, stre aks, and  m e te r-scale  be d s of light-gray,
gre e nish-gray, and  light-gre e nish-gray mud stone . Locally the re  are  thin inte rvals of
ripple -lam inate d  to planar-lam inate d , ve ry fine - to fine -graine d  sand stone . T he
mud stone  is in thick to ve ry thick, tabular be d s, with m inor thin to m e d ium, tabular
be d s. T he  gre e nish pe bbly sand stone  bod ie s are  le nticular, have  up to 2.5 m of re lie f at
the ir base , and  may be  as much as 3 m thick. T he  pe bble s in the s e  channe l fills are
com pose d  of light-gray to ve ry d ark-gray lim e stone  or calcre te (?) pe bble s (or
concre tions?) with ve ry minor mud stone  rip-up clasts. P e bble s are  up to 2 cm in
d iam e te r. P e bble s and  sand  grains are  in a gre e nish, mud d y m atrix that im parts an
ove rall gre e nish color. A fe w m e asure d  tre nd s of channe ls in the  are a are  W -E and  S W -
N E (Koning e t al., 2006). T he  mud stone  is we ll consolid ate d  but we akly ce m e nte d ; the
coarse r channe l-fills are  locally ce m e nte d  by calcium carbonate . T he  base  of the  unit is
m appe d  at the  highe st, pe rsiste nt sand stone  le d ge  of the  Me sa Montosa Me m be r,
although som e  re d d ish sand stone  le nse s(?) or be d s are  found  in the  lowe st part of the
P e trifie d  F ore st Me m be r and  caution must be  use d  to d istinguish the s e  from the
und e rlying Me sa Montosa Me m be r. T he  unit is up to 180 m thick.
04-01-03-00-00— unit— T R cpps— sand stone  bod y within the   P ainte d  De se rt Me m be r of
the  P e trifie d  F ore st F orm ation— An isolate d  bod y of m e d ium to coarse  sand stone  is
found  within the  P ainte d  De se rt Me m be r in the  south-ce ntral part of the  m ap. T his
bod y is approxim ate ly 25-30 m thick at its north e nd  and  se e m s to have  a ste e p buttre ss
unconform ity on its e aste rn sid e . As this sand stone  is trace d  to the  south, it thins, and
ne ar its southe rn te rm inus, it is a be d  of sand stone  within T rcpp. An ad d itional be d  of
sand stone  in a sim ilar stratigraphic position(?) was also obse rve d  just south of the  R io
Cham a Campground  on the  Laguna P e ak Q uad rangle  (imm e d iate ly north of the  Echo
Amphithe atre  Q uad ). T his bod y may re pre se nt an ‘axial’ stre am portion of the  P ainte d
De se rt Me m be r. Hand  sam ple s of this sand stone  are  supe rficially sim ilar to the
sand stone  of the  Me sa Montosa Me m be r and  the  P ole o F orm ation and  could  be
m istake n for e ithe r.
04-01-04-00-00— unit— T R cpm — Me sa Montosa Me m be r of the  P e trifie d  F ore st
F orm ation— P oorly to we ll-e xpose d ; ve ry fine - to fine -graine d  sand stone , siltstone , and
mud stone . S iltstone  range s in color from re d d ish-brown to light-re d d ish-brown.
S and stone  be d s are  ve ry thin to m e d ium, tabular, and  ripple -lam inate d , wavy-
lam inate d , or planar-horizontal-lam inate d . R ipple -m arks and  troughs com monly give  a
northwe st-to-southwe st pale oflow d ire ction (Koning e t al., 2006). T his unit re pre se nts a
grad ational facie s be twe e n the  P ole o F orm ation and  the  P ainte d  De se rt Me m be r of the
P e trifie d  F ore st F orm ation. T he  unit is 5–20(?) m thick.
04-01-05-00-00— unit— T rcpo— P ole o F orm ation— W e ll-e xpose d ; tan to ye llowish;
strong; m e d ium to thick-be d d e d ; fine - to ve ry coarse -graine d ; mod e rate ly we ll-sorte d ;
cross-lam inate d  m icace ous lithare nite  and  m inor pe bble -conglom e rate . T rough cross-
stratification commonly give s a northwe stward  to we stward  pale oflow d ire ction
(Koning e t al., 2006). T he  P ole o F orm ation has a sharp, scoure d  contact on the
und e rlying S alitral F orm ation. It grad e s upward  into the  ove rlying P e trifie d  F ore st
F orm ation thru the  Me sa Montosa m e m be r. U p to 41 m-thick.
04-01-06-00-00— unit— T R csc— S alitral and  S hinarum p F orm ations— T he  S alitral
F orm ation som e tim e s form s a slope  be twe e n the  cliff-form ing sand stone s of the
S hinarump and  P ole o F orm ations. T he  S alitral F orm ation has be e n d ivid e d  into two
m e m be rs that are  not m appe d  se parate ly he re  (Lucas e t al., 2003, 2005b). T he  lowe r,
P ie d ra Lumbre  Me m be r is com pose d  of re d d ish-brown to light gray mud stone  with a
pe rsiste nt sand stone  be d  (the  El Ce rrito Be d ) at its top. T he  uppe r, Youngsville  Me m be r
is mostly compose d  of re d d ish-brown mud stone . T he  lowe r contact of the  S alitral
F orm ation is a sharp surface  whe re  mud stone  re sts d ire ctly on sand stone  or
conglom e ratic sand stone . T he  uppe r contact is a sharp, scoure d  surface  whe re
conglom e rate /sand stone  at the  base  of the  P ole o is incise d  into the  S alitral F orm ation.
T he  unit is approxim ate ly 10 m thick.— — T he  S hinarump F orm ation consists of
quartzose  sand stone  and  silice ous conglom e rate . T his form ation has pre viously be e n
calle d  the  Agua Z arca F orm ation (e.g., W ood  and  N orthrop, 1946; Dubie l, 1989; Lucas
and  Hunt, 1992). Above  this is a mottle d  ye llow, orange , re d , purple , and  white ; thin;
cross-be d d e d  sand stone  that appe ars nod ular in place s. Conglom e rate  consists of
pe bble s of quartz in a fine - to m e d ium-graine d  quartz sand stone  m atrix. T he  basal
contact is a sharp e rosional scour on the  und e rlying Cutle r Group. T he  unit is 6–7 m
thick.
05-00-00-00-00— he ad ing01— P e nnsylvanian–P e rm ina R ocks— P e nnsylvanian–P e rm ina
R ocks— P e nnsylvanian–P e rm ina R ocks
05-01-01-00-00— unit— P ca— Arroyo d e l Agua F orm ation— W e ll-e xpose d ; m ostly brick-
re d ; thin- to thick-be d d e d ; fine  to m e d ium arkosic sand stone , mud d y sand stone , and
brick-re d  mud stone . Also, it contains som e  thick be d s of ye llowish-re d  and  re d
mud stone  that are  commonly bioturbate d  and  locally re d uce d  to light-gre e nish-gray to
light-gray colors. T he  unit is up to 130 m thick re gionally.
06-00-00-00-00— he ad ing01— Cross S e ction O nly U nits— Cross S e ction O nly
U nits— Cross S e ction O nly U nits
06-01-00-00-00— unit— ^crpp— Com bine d  R ock P oint F orm ation and  P e trifie d  F ore st
Me m be r of the  P ainte d  De se rt F orm ation— Com bine d  R ock P oint F orm ation and
P e trifie d  F ore st Me m be r of the  P ainte d  De se rt F orm ation
06-02-00-00-00— unit— ^cpmo— Com bine d  Me sa Montosa Me m be r of the  P e trifie d
F ore st F orm ation and  P ole o F orm ation— Com bine d  Me sa Montosa Me m be r of the
P e trifie d  F ore st F orm ation and  P ole o F orm ation
06-03-00-00-00— unit— ^cscP a— Com bine d  S alitral, S hinarump and  Arroyo d e l Agua
F orm ations— Com bine d  S alitral, S hinarump and  Arroyo d e l Agua F orm ations
06-04-00-00-00— unit— *P ce — El Cobre  Canyon F orm ation— Brown siltstone , sand stone
and  e xtraform ational conglom e rate  that ove rlie s P rote rozoic base m e nt in the
subsurface  and  is conform ably ove rlain by the  Arroyo d e l Agua F orm ation. S iltstone
be d s of the  El Cobre  Canyon F orm ation contain num e rous rhizoliths and  com prise
re lative ly thin, slope -form ing units be twe e n multistorie d  sand stone  be d s that are
arkosic, micace ous, coarse  graine d  and  trough cross-be d d e d . O n the  Arroyo d e l Agua
quad rangle , uppe r part contains num e rous ve rte brate  fossils, prim arily of Early
P e rm ian amphibians and  re ptile s (e .g., Langston, 1953; Be rm an, 1993; Lucas e t al.,
06-05-00-00-00— unit— *gb— Guad alupe  Box F orm ation— De fine d  by Kraine r e t al.
(2005) ( =U ppe r arkosic lim e stone  m e m be r of the  Mad e ra Group of N orthrop and  W ood
(1946)).  Inte rbe d d e d  re d  to gre e n m icace ous, arkosic sand stone , gray sand y, arkosic
lim e stone , gray, fossilife rous, sand y arkosic, cross-be d d e d  lim e stone , and  re d , gre e n,
and  black shale  and  siltstone .  Most com mon fossils are  crinoid  columnals. S om e
arkosic clasts are  up to 2 cm in d iam e te r and  are  angular. U ppe r contact grad ational
with clastic re d  be d s of the  ove rlying Cutle r Group; lowe r contact not e xpose d .
06-06-00-00-00— unit— =— Base m e nt R ock— Base m e nt

Correlation of Map Units

Explanation of Map
01.01.01 Contact— Id e ntity and  e xiste nce  are  ce rtain. Location is accurate .

01.01.03 Contact— Id e ntity and  e xiste nce  are  ce rtain. Location is approxim ate .

01.01.05 Contact— Id e ntity and  e xiste nce  are  ce rtain. Location is infe rre d .

01.01.07 Contact— Id e ntity and  e xiste nce  are  ce rtain. Location is conce ale d .

01.01.11 Inte rnal contact— Id e ntity and  e xiste nce  are  ce rtain. Location is approxim ate .

02.01.03 F ault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or unspe cifie d
orie ntation or se nse  of slip)— Id e ntity and  e xiste nce  are  ce rtain. Location is
approxim ate .
17.12 He ad  or main scarp of land slid e — Active , sharp, d istinct, and  location is accurate .
Hachure s point d own scarp.

31.08 Map

17.10 Dire ction of d ownslope  move m e nt of

06.01 Horizontal

06.02 Incline d  be d d ing— S howing strike  and  d ip.

12.07 S e d im e nt transport d ire ction d e te rm ine d  from cross-

J

J 31.10 Cross se ction line  and  labe l


