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A ge ologic map 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. G e 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  may re sult in
e rrone ous inte rpre tations. S ite -spe cific cond itions should  be  ve rifie d  by d e taile d  surface  m apping or
subsurface  e xploration. T opographic and  cultural change s m ay not be  shown d ue  to re ce nt d e ve lopm e nt.

Cross se ctions are  constructe d  base d  upon the  inte rpre tations of the  author 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  map 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-mad e  structure s.

T he  Ne w Me xico Bure au of G e ology and  Mine ral R e source s cre ate d  the  O pe n-file  G e ologic Map S e rie s to
e xpe d ite  d iss e m ination of the se  ge ologic m aps and  m ap d ata to the  public as rapid ly as possible  while
allowing for map re vision as ge ologists continue d  to work in m ap are as. Each m ap she e t carrie s the  original
d ate  of publication be low the  map as we ll as the  late s t re vision d ate  in the  uppe r right corne r. In most
cas e 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  National
Coope rative  G e ologic Mapping P rogram (NCG MP ) as part of Ne 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 ArcG IS  ge od atabas e , 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  ArcG IS  m ap d ata file s, citations to the se  m aps
should  re fle ct this original publication d ate  and  the  original authors liste d . T he  vie ws and  conclusions
containe d  in the se  m ap d ocum e nts are  those  of the  authors and  should  not be  inte rpre te d  as ne ce ssarily
re pre s e nting the  official policie s, e ithe r e xpre ss e d  or im plie d , of the  S tate  of Ne w Me xico, or the  U .S .

Map p ing of this q uad rangle was fund ed  b y a m atc hing-fund s grant from  the STATEMAP p rogram  of the
N ational Coop erative Geologic Map p ing Act (Fund  N um b er: G19AC00226), ad m inistered  b y the U . S.
Geological Survey, and  b y the N ew Mexic o Bureau of Geology and  Mineral Resources, (Dr. N elia W .
Dunb ar,Director and State Geologist; Dr. J. Mic hael Tim m ons,Assoc. Director for Mapping Programs).

NEW  MEXICO BUREAU OF GEOLOGY AND MINERAL RESOURCESA RES EARCH DIV IS IO N O FNEW  MEXICO INSTITUTE OF MINING AND TECHNOLOGY

Daniel J.
Koning

Geoffrey
C. Rawling

Mappin g Re spon sibilitie s

 Corre lation  of Map Un its

Ge ologic Cross Se ction  A–A'

01.01.25 U nconformable  contact— Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .

02.11.16 Fault in cross se ction showing local up/d own offs e t— T h e

02.11.17 Fault in cross se ction showing local up/d own offs e t— T h e

02.11.21 S trike -slip fault (in cross se ction) (1st option)— Minus, away

De scription  of Map Un its
01-00-00-00-00— he ad ing01— Q uate rnary— Q uate rnary— Q uate rnary

01-01-00-00-00— he ad ing02— Anthropoge nic De posits— Anthropoge nic
De posits— Anthropoge nic De posits
01-01-01-00-00— unit— afd — Artificial fill and  re late d  ground
d isturbance — Excavate d  sand , silt, and  clay that we re  locally move d .
G e ne rally associate d  with be rm s, d am s, highways, and  e xploratory
d rilling proje cts. T he  thickne ss is 1–6 m.
01-02-00-00-00— he ad ing02— Eolian and  S he e tflood  De posits— Eolian and
S he e tflood  De posits— Eolian and  S he e tflood  De posits
01-02-01-00-00— unit— Q e — Eolian sand — Eolian sand  on rid ge  tops or
sand  ramps on the  le e  (commonly northe ast) sid e s of rid ge s or m e sas. T he
d e posit is m assive . T he  sand  is light-brown to re d d ish-ye llow, fine - to
m e d ium-graine d , mostly fine -uppe r to m e d ium-uppe r (fU –m U ), with
0.5–1% scatte re d  coarse  sand , mostly subround e d , we ll-sorte d , and
com pose d  of quartz, about 10–25% fe ld spar, and  1–10% lithic and  mafic
grains. T he  d e posit is loose  and  1–3 m thick.
01-02-02-00-00— unit— Q s— S lope wash and  she e tflood  d e posits— Massive
sand  and  claye y–silty sand  with local horizontal-planar-lam inations or
ve ry thin to thin be d s. T he  proportion of pe bbly le nse s is typically <10%.
T he  sand  is brownish, ve ry fine - to m e d ium-graine d  (up to 5% coarse r
sand ), and  we ll- to mod e rate ly sorte d . T he  d e posit occupie s wid e
topographic lows ne ar the  base  of ste e pe r slope s. It is infe rre d  to be
d e posite d  by unconfine d  flow (e.g., slope wash). T he  thickne ss is 1–6 m.
01-02-03-00-00— unit— Q se — S lope wash and  she e tflood  d e posits
re working e olian mate rial— V ague ly be d d e d  (mostly m e d ium to thick) or
massive , fine - to m e d ium-graine d  sand  ove rprinte d  by pale osols with
stage  I to II calcic horizons. T he  be d s are  inte rnally massive  or locally
lam inate d . T he  d e posit is found  on low-re lie f, low slope -angle  hillslope s.
It is infe rre d  to be  d e posite d  by she e tflood s or slope wash that re worke d
e olian sand  as we ll as othe r uphill lithologic units. T he  thickne ss is 0.5–5
01-02-04-00-00— unit— Q e s— Eolian sand  and  high-le ve l she e tflood
d e posits re working e olian mate rial — V e ry fine - to m e d ium-graine d  sand
com pose d  of e olian sand  she e ts and  m inor d une s on m e sa tops or ge ntly
sloping ge om orphic surface s. T he  sand  is light-brown to re d d ish-ye llow to
strong-brown, subround e d , and  we ll-sorte d . T he  d e e pe r sand  is we akly to
mod e rate ly consolid ate d  and  in vague , m e d ium to ve ry thick, tabular be d s
ove rprinte d  by pale osols with stage  I to II calcic horizons. T he  thickne ss is
1–6 m.
01-02-05-00-00— unit— Q se o— O ld e r slope wash and  she e tflood  d e posits
re working e olian mate rial — Massive , light-colore d , mod e rate ly to we ll
consolid ate d , ve ry fine - to fine -graine d  sand  like ly corre lating to the
d e e pe r parts of unit Q se . T he  sand  is light-gray to white , ve ry fine  to fine -
graine d , mostly subround e d , and  we ll sorte d , T he  se d im e nt has 0–5%
clay–silt, minor (1–5%) scatte re d  calcium carbonate  nod ule s, and  is locally
ove rprinte d  by we ak pale osols. U p to s e ve ral m e te rs thick.
01-03-00-00-00— he ad ing02— Alluvial De posits— Alluvial
De posits— Alluvial De posits
01-03-01-00-00— unit— Q fr— R e ce nt alluvial fans at the  mouths of gullie s
— Lobe s of sand  and  grave l d e posite d  at the  mouths of gullie s. T he  unit
lacks surface  soil d e ve lopm e nt and  is like ly we ll-stratifie d . T he  d e posit is
loose  and  1–3(?) m thick.
01-03-02-00-00— unit— Q fyr— Younge r alluvium form ing d istinctive
alluvial fan d e posits — S im ilar to unit Q asyr, but form s alluvial fans as
se e n in ae rial im age ry. T he  d e posit consists of massive  sand  with 3–5%
scatte re d  pe bble s and  1–3% ve ry thin to thin, le nticular, sand y pe bble
be d s. T he  sand  is pale -brown to light-ye llowish-brown (10Y R 6/3–4) and
fine - to m e d ium-graine d  with 5–10% scatte re d  coars e  to ve ry coarse  sand .
T he  sand  com monly ove rprinte d  by we ak calcic soils (S tage  I
morphology). P robably ≈5–6 m thick.
01-03-03-00-00— unit— Q asyr— Younge r and  re ce nt alluvium and
she e tflood  d e posits und e rlying valle y floors— Brownish sand  and
claye y–silty sand  that form s massive  or ve ry thin to thick, tabular to
le nticular be d s (locally horizontal-planar-lam inate d  or cross-lam inate d ).
T he re  are  m inor ve ry thin to m e d ium, le nticular, pe bbly be d s. T he  sand  is
m os tly fine - to m e d ium-graine d . Burie d  soils are  characte rize d  by pe d
d e ve lopm e nt and  S tage  I calcic horizons. S m ooth surface  e xce pt for
localize d  lobe s of re ce nt d e position. U p to 6 m of e xpose d  thickne ss.
01-03-04-00-00— unit— Q fo— O ld e r alluvial fan d e posits— S and , pe bbly
sand , and  sand y pe bble s in ve ry thin to thick, le nticular to tabular be d s.
T he  unit und e rlie s grave lly ge om orphic surface s ne ar the  base  of ste e p
slope s in the  southe ast corne r of the  quad rangle . T he s e  surface s are  ≈2 m
highe r than ad joining Q fyr surface s. T he  thickne ss is 1–3(?) m.
01-03-05-00-00— unit— Q ao— O ld e r alluvium — S and  and  pe bbly sand  with
m inor sand y pe bble s, silty fine  sand , and  silt–clay. T he  sand  and  pe bbly
sand  m ay be  m assive  or horizontal-planar-lam inate d  to thinly be d d e d ;
sand y pe bble s are  in ve ry thin-thin be d s. P e bble s are  com pose d  of che rt,
sand stone , iron oxid e  fragm e nts, quartz and  quartzite , granite , and
T e rtiary volcanic rocks. S and  is fine - to ve ry coarse -graine d . W e akly
consolid ate d . 1–10 m thick.
01-03-06-00-00— unit— Q aof— Fine -graine d  old e r alluvium — S and , silty
fine  sand , minor silt–clay and  ve ry m inor pe bble s; d e posite d  by tributarie s
to the  Cañad a d e  O jo (se e  d e scription for Q aot) but also contains e olian
sand  inte rvals. T he  e olian sand  is light-ye llowish-brown (10YR 6/4),
mostly fine -graine d , we ll-sorte d , and  re lative ly cle an (lacks silt–clay).
W e akly consolid ate d . 1–10 m thick.
01-03-07-00-00— unit— Q aoco— O ld e r alluvium d e posite d  by Cañad a d e
O jo— S and  inte rbe d d e d  with subord inate  sand y pe bble s and  pe bbly sand
that are  lam inate d  to thinly be d d e d  (le nticular or cross-stratifie d ). T he
pe bble s com pose d  m ainly of sand stone  and  Fe O  fragm e nts. T he  sand  is
tan and  fine - to ve ry coarse -graine d . T he  unit may inte rfinge r locally with
sid e -stre am d e rive d  alluvium (Q ao). Fine  sand  ne ar top. W e akly
consolid ate d . At le ast 4 m thick, thinning away from Cañad a d e  O jo.
01-03-08-00-00— unit— Q aocoh— High-le ve l old e r alluvium d e posite d  by
Cañad a d e  O jo— S and  with variable  grave l that lie s above  unit Q aoco. T he
grave l consis ts of ve ry fine  to ve ry coarse  pe bble s with 1–5% cobble s that
are  subangular to subround e d . T he  grave l are  com pose d  mostly of tan
sand stone  and  iron oxid e  fragm e nts (sid e rite ) with 1–3% m afic rocks,
0.5–10% che rt, 0.5–5% quartz, and  trace  to 3% pe trifie d  wood . 1–8 m thick.
01-03-09-00-00— unit— Q aorpw— O ld e r alluvium of the  R io P ue rco and
associate d  we ste rn tributarie s— P e bbly sand  and  sand  inte rbe d d e d  with
subord inate  sand y pe bble s. S and  is light-ye llowish-brown to ve ry pale -
brown and  fine - to ve ry coarse -graine d . T he  pe bble s are  com pose d  of
che rt and  sand stone  with 1–10% quartz and  quartzite , 1–10% re d  granite ,
1–20% inte rm e d iate  to basaltic and e site  rocks, 0.5–5% basaltic rocks, and
1–15%% Fe O  fragm e nts. Contains Lava Cre e k B ash. W e akly consolid ate d .
3–30 m thick.
02-00-00-00-00— he ad ing01— Ce nozoic Basin fill of the  S anta Fe
G roup— Ce nozoic Basin Fill of the  S anta Fe  G roup— Ce nozoic Basin Fill of
the  S anta Fe  G roup
02-01-00-00-00— he ad ing02— Ce rro Cone jo and  Arroyo O jito
Formations— Ce rro Cone jo and  Arroyo O jito Form ations— Ce rro Cone jo
and  Arroyo O jito Formations

02-01-01-00-00— unit— T ccw— Ce rro Cone jo Formation, we ste rn-d e rive d
d e posits — Light-orangish sand  inte rbe d d e d  with 10–25% pe bbly
inte rvals. S and  be d s typically contain 0.5–10% scatte re d  pe bble s and  are
thick, tabular, and  inte rnally m assive  to horizontal-planar-lam inate d .
P e bble s are  com pose d  of che rt, 3–15% quartz and  quartzite , and  15–25%
volcanic clasts d om inate d  by fe lsic tuffs. V e ry minor be d s of claye y sand .
W e akly to mod e rate ly consolid ate d  and  non-ce m e nte d . >60 m thick.
02-01-02-00-00— unit— T on— Navajo Draw Me m be r of the  Arroyo O jito
Formation— T an, we ll-be d d e d  sand  with subord inate  be d s of silty fine
sand  and  clay. T he  be d s are  ve ry thin to thick, tabular and  the  sand  be d s
are  lam inate d  (horizontal-planar- or cross-lam inate d ). T he  sand  is ve ry
fine - to m e d ium-graine d  and  we ll-sorte d . T he  claye y be d s are  brown and
m ay be  m ixe d  with sand . T he  se d im e nt was d e posite d  on a basin floor by
a southward -flowing ance stral R io P ue rco. O ccurs as a 5–10 m thick
tongue  within unit T ccw.
02-02-00-00-00— he ad ing02— Z ia Formation— Z ia Form ation— Z ia
Formation
02-02-01-00-00— unit— T zu— U ppe r Z ia Formation— P ink to tan sand stone
with sparse  paste l colors and  1–3% re d d ish-brown mud stone  be d s. T he
strata are  in thin to thick, tabular be d s that are  inte rnally horizontal-
planar-lam inate d  to ve ry thinly be d d e d . T he  sand  size  range s from ve ry
fine -lowe r- to coarse -lowe r-graine d . T he  unit includ e s a paste l-colore d
sand stone  inte rval se ve ral m e te rs thick, ≤1% gre e nish sand  be d s, and  ≤1%
lim e stone  be d s. >20 m thick.
02-02-02-00-00— unit— T zcm — Cham isa Me sa Me m be r of the  Z ia
Formation— S and stone , silty–claye y sand stone , and  1–10% siltstone  in
m e d ium to thick, tabular be d s that are  inte rnally massive , bioturbate d
(with pale oburrows), or horizontal-planar-lam inate d . Minor inte rvals (fe w
m thick) of cross-stratifie d  sand stone . Compare d  to T zpp, T zcm is pinke r,
contains ve ry fine  sand  and  claye y–silty sand , and  sand  grain size  is
m os tly fU –m U  rathe r than fL–mL. 20–25(?) m thick.
02-02-03-00-00— unit— T zpp— P ie d ra P arad a Me m be r of the  Z ia
Formation— P ale -brown to white  sand  stone  inte rbe d d e d  with 1–5%
pe bbly be d s. T he  sand stone  is in thick to ve ry thick, tabular be d s that are
cross-lam inate d , massive , or pale o-burrowe d . T he  sand  is fine  to coarse -
graine d  (mostly fine -uppe r to m e d ium-uppe r). T he  pe bble s com pose d  of
che rt, 10% quartz and  quartzite , and  5–30% inte rm e d iate  volcanic rocks.
T he  basal contact is wavy (m e te r-scale  re lie f) and  unconform able . ≈15 m
thick.
03-00-00-00-00— he ad ing01— Late  Cre tace ous— Late  Cre tace ous— Late
Cre tace ous
03-01-00-00-00— unit— Km e — Me ne fe e  Form ation— Fine -graine d
flood plain d e posits with subord inate  sand stone  channe l-fills (thick to ve ry
thick, ribbon form s or am algam ate d , broad ly le nticular bod ie s) that are
comm only cross-stratifie d . Flood plain se d im e nt com pose d  of grayish
mud stone , siltstone , and  ve ry fine - to fine -graine d  sand stone ; 0.5–2% coal
be d s. Local pe trifie d  wood  and  fragm e nte d  iron oxid e  concre tions.
T hickne ss is ≈550 m.
03-02-00-00-00— he ad ing02— Cre vasse  Canyon Formation and  P oint
Lookout S and stone — Cre vass e  Canyon Formation and  P oint Lookout
S and stone — Cre vas s e  Canyon Formation and  P oint Lookout S and stone
03-02-01-00-00— unit— Kcus— U ppe r sand -d om inate d  unit in the  Cre vasse
Canyon Form ation — S and stone -d om inate d  strata ove rlying the
pre d om inate ly fine -graine d  strata of Kcg. S and stone  bod ie s are  typically
2–10 m thick and  in tabular, thin to thick be d s that are  inte rnally m assive ,
horizontal-planar-lam inate d , or cross-lam inate d . T he  sand  is white  to
ye llowish to tan and  fine - to m e d ium-graine d . S ubord inate  mud stone s
and  ve ry fine -graine d  sand stone s sim ilar to those  in Kcg are  pre se nt.
P ossibly corre lative  to the  P oint Lookout S and stone , cross-se ction is
d rawn assum ing this is the  case  and  unit is labe lle d  as Kcus+Kp. 30–85 m
03-02-02-00-00— unit— Kpu— U ppe r T ongue  (Main Bod y) of the  P oint
Lookout S and stone  — W hite , cliff-form ing sand stone  that is cross-
stratifie d  (fore se ts up to one  m tall) to horizontal-planar-lam inate d . S and
is mostly fine -uppe r- to m e d ium-uppe r-graine d  and  subangular. Locally
(<1%), the re  are  late rally d iscontinuous, fine -graine d  inte rvals consisting
of horizontal-planar-lam inate d  mud s tone  or claye y fine  sand . T he  lowe r
contact is sharp and  scoure d . Mod e rate ly to we ll-ce m e nte d . T he  thickne s s
is ≈60 m. U nit d e scription and  thickne ss from the  He rre ra quad rangle  to
the  north. Id e ntification of this unit in d isconne cte d  outcrops in the
southwe st portion of the  quad rangle  is te ntative .
03-02-03-00-00— unit— Kph— Hosta T ongue  of the  P oint Lookout
S and stone  — T ongue  of white  to light-gray to ye llow, fine - to m e d ium-
graine d  sand stone  that form s a le d ge  above  Kcg. T abular be d s and
bioturbation are  m ore  com mon in the  lowe r half, and  cross-stratification is
m ore  abund ant in the  uppe r half (fore s e ts up to 30 cm tall). T he  top
surface  m ake s a be nch, and  within 10–20 cm be low the  uppe r contact the
sand stone  is orange -re d  and  burrowe d . T he  unit d e scription is from the
He rre ra quad rangle  to the  north. Id e ntification of this unit from sparse
outcrops in a d e e ply incise d  arroyo found  in the  e xtre m e  southwe st
portion of the  quad rangle  is te ntative . G e ne rally 6–8 m thick (locally up to
12 m).
03-02-04-00-00— unit— Kcg— G ibson Coal-be aring Me m be r of the  Cre vasse
Canyon Form ation — Dark-colore d , fine -graine d  swam p and  flood plain
d e posits with subord inate  fine - to m e d ium-graine d  sand stone  bod ie s up
to 5 m thick. Fine -graine d  d e posits contain 1–5% coal or organic-rich
mud stone  be d s but ge ne rally consist of mud stone , siltstone , and  ve ry fine
sand stone  having horizontal-planar to wavy lam inations. Local Fe O
(sid e rite ?) pre cipitation. T he  thickne s s is 80–85 m.
03-02-05-00-00— unit— Kcd a— Dalton S and stone  Me m be r of the  Cre vasse
Canyon Form ation — Bipartite , coarse ning-upward  sand stone  bod y. T he
lowe r unit is ye llowish and  in m e d ium to ve ry thick, tabular be d s that are
inte rnally massive  with subord inate , vague , horizontal-planar-
lam inations. T he  uppe r unit is m ore  white  and  cross-stratifie d  than the
lowe r unit, with subord inate  horizontal-planar-lam inations; fore se ts are
up to 0.8 m tall. Mod e rate ly to we ll-ce m e nte d  by silica or clays. 27–50 m
thick. T he  unit d e scription is from the  He rre ra quad rangle  to the  north.

03-02-06-00-00— unit— Kcd i— Dilco Me m be r of the  Cre vasse  Canyon
Formation — G ray to brown sand stone , shale , mud stone  and  im pure  coal.
Lowe rmost sand stone s are  light-gray to grayish-brown and  clay-rich and
grad e  into ve ry d ark-gray to brown sand y mud stone s and  shale y
sand stone s. G ray to brown fissile  shale  and  thin-be d d e d  black impure  coal
are  pre se nt. P rom ine nt uppe r sand s tone s be d s are  gray to white  to re d
whe re  oxid ize d , quartzose , and  re sistant, with m e d ium to thick paralle l
be d s. T he s e  are  highly variable  in thickne ss and  m ay be  abse nt. 0–30 m
thick.
03-03-00-00-00— he ad ing02— Mancos S hale — Mancos S hale — Mancos S hale

03-03-01-00-00— unit— Kmmu— Mulatto T ongue  of the  Mancos S hale
— Ye llowish, sand y marine  strata consisting of ve ry fine - to fine -graine d
calcare ous sand stone  and  siltstone  inte rbe d d e d  with sube qual to
subord inate  shale  and  claystone . T he  strata are  lam inate d  to ve ry thinly
be d d e d , horizontal-planar to slightly wavy to (in the  sand ) hummocky
ripple d . T he re  are  5% le nticular to tabular, thin to m e d ium be d s of light-
gray sand stone . T hin-be d d e d  to lam inate d  fossilife rous sand stone  of the
Juana Lope z Me m be r is pre se nt north of Cañoncito. T race  to 1% lam ina to
ve ry thin be d s of gypsum. 75–100 m thick.

03-03-02-00-00— unit— Kmm i— Mid d le  P art of Mancos S hale  be twe e n the
G allup S and stone  and  Two W e lls S and stone  T ongue  of the  Dakota
S and stone  — P oorly e xpose d , gray to light-ye llowish-brown to pale -
brown, fissile  mud s tone  (clay>silt) and  shale  in lam inate d  to ve ry thin,
tabular to slightly wavy be d s (<1 cm of re lie f). Local gray and  gre e nish
colors. T he  uppe r 1 m grad e s into the  ove rlying G allup S and stone  (Kg),
be low this transition lie s ve ry fine -sand y shale . S parse  bould e r-size
concre tions ce m e nte d  by CaCO 3. 160–180 m thick.
03-03-03-00-00— unit— Kmwd t— W hite wate r Arroyo T ongue  of the
Mancos S hale  and  T wowe lls Me m be r of the  Dakota S and stone , und ivid e d
— Cross-se ction only. S e e  ind ivid ual d e scriptions of Kmw and  Kd t.
03-03-04-00-00— unit— Kmw— W hite wate r Arroyo T ongue  of the  Mancos
S hale  — P oorly e xpose d  d ark-grayish-brown to light-gray, fissile  shale  and
ye llowish-brown to ve ry pale -brown, massive  silty shale . 18–25 m thick.
03-03-05-00-00— unit— Km cd c— Clay Me sa T ongue  of the  Mancos S hale
and  Cube ro Me m be r of the  Dakota S and stone , und ivid e d  — Mappe d  in
are as whe re  the  two units cannot be  illustrate d  se parate ly at the  scale  of
the  m ap. S e e  ind ivid ual d e scriptions of Km cm and  Kd c.
03-03-06-00-00— unit— Km cm — Clay Me sa T ongue  of Mancos
S hale — Light- to d ark-gray to ve ry pale -brown, paralle l and  ve ry thin- to
thin-be d d e d , fissile  shale  and  silty shale  with thin lim e stone  laye rs and
concre tions. T he  unit be com e s m ore  silty and  sand y upward s as it grad e s
into the  ove rlying P aguate  S and stone  T ongue  (Kd p). It is usually poorly
e xpose d  and  cove re d  by colluvium and  rubble  of the  P aguate  S and stone
T ongue , e xce pt in ve rtical cliffs. 10–15 m thick.
03-04-00-00-00— unit— Kg— G allup S and stone — Lowe r, le d ge -form ing,
calcare ous, quartzose  sand stone  that is fine - to m e d ium-graine d  (locally
coarse  to ve ry coarse ) and  pale -tan to re d d ish-brown, m e d ium to ve ry
thick, tabular be d d e d  and  trough cross-be d d e d . U ppe r non-cliff-form ing,
white  to pale -gray, compose d  of friable , fine - to coarse -graine d , non-
calcare ous quartzose  sand stone  that is trough cross-be d d e d . 35–40 m
thick.
03-05-00-00-00— he ad ing02— Dakota S and stone — Dakota
S and stone — Dakota S and stone
03-05-01-00-00— unit— Kd t— T wowe lls S and stone  Me m be r of the  Dakota
S and stone  — Coarse ning-upward  shale y sand stone  and  sand stone .
Lowe rmost be d s: gray, fine -to m e d ium-graine d , non-calcare ous, quartz
sand stone  with a clay matrix; le nse s of d ark shale  a fe w cm-thick; thin to
m e d ium, tabular be d s. U ppe rmost be d s: light-gray to pale -brown, fine - to
m e d ium-graine d , quartzose  sand stone ; thin- to m e d ium-be d d e d  with
prom ine nt local cross-be d d ing (planar fore se ts). G lauconite  is pre se nt and
d istinctive . 5–15 m thick.
03-05-02-00-00— unit— Kd u— P aguate  Me m be r of the  Dakota S and stone ,
Clay Me sa T ongue  of Mancos S hale , Cube ro Me m be r of the  Dakota
S and stone , and  O ak Canyon Me m be r of the  Dakota S and stone ,
und ivid e d — Cross-se ction only. S e e  ind ivid ual d e scriptions of Kd p,
Kmcm, Kd c, and  Kd oc.
03-05-03-00-00— unit— Kd p— P aguate  S and stone  Me m be r of the  Dakota
S and stone  — Massive , cliff-form ing sand stone  com pose d  of white  to pale -
tan, fine -graine d  (locally ve ry fine -graine d ), cle an, quartzose  sand stone .
Abund ant pale o-burrows and  concre tions are  pre se nt. T he  bas e  of the  unit
is usually som e what grad ational, but the  uppe r contact is sharp. 6–15 m
thick.
03-05-04-00-00— unit— Kd c— Cube ro S and stone  Me m be r of the  Dakota
S and stone — W hite  to m e d ium gray le d ge -form ing sand stone  com pose d  of
non-calcare ous quartzose  sand stone ; paralle l- and  thin-be d d e d  to
m e d ium-be d d e d . T he  lowe r contact is grad ational with Kd oc, the  uppe r
contact is sharp. ≈10 m thick.
03-05-05-00-00— unit— Kd oc— O ak Canyon Me m be r of the  Dakota
S and stone — Le d ge -form ing brown sand stone  ove rlain by poorly e xpose d
shale  and  probable  siltstone  be d s. T he  basal sand stone  is usually 1–2
m e te rs thick, pale -brown, brownish-ye llow, and  d ark-ye llowish-brown,
quartzose , and  not calcare ous. O ne  thick to thre e  d istinct but thinne r be d s
m ay be  pre se nt d ue  to late ral facie s variations. T he  shale  is usually
significantly we athe re d  back from the  basal sand stone  le d ge  and  form s
rubble -cove re d  slope s. 18–23 m thick.
04-00-00-00-00— he ad ing01— Late  Jurassic— Late  Jurassic— Late

04-01-00-00-00— he ad ing02— Morrison Formation— Morrison
Formation— Morrison Form ation
04-01-01-00-00— unit— Jmbb— Brushy Basin Me m be r of the  Morrison
Formation — S lope -form ing gre e n, re d , and  gray be ntonitic mud stone  and
m e d ium- to coarse -graine d  pe bbly cross-be d d e d  fluvial sand stone . ≈60–75
m thick.
04-01-02-00-00— unit— Jm sw— S alt W ash Me m be r of the  Morrison
Formation— Mod e rate ly friable  pale -ye llow to pale -olive  (5Y 7/4 to 5Y 6/3)
m e d ium- to coarse -graine d  sand stone  with broad  trough cross-be d s to
locally massive  inte rnal structure  with no d istinct be d d ing. T he  unit only
occurs in the  southwe st corne r of the  quad rangle  and  thins out to the
north. 0–25 m thick.
04-02-00-00-00— unit— Jbs— Bluff S and stone  and  S umm e rville  Form ation,
und ivid e d  — Cross-se ction only. S e e  ind ivid ual d e scriptions of Jb and  Js.
04-03-00-00-00— unit— Jb— Bluff S and stone — R e d  and  band e d  re d  and
white  slightly calcare ous quartz sand stone . O utcrops form a d istinct cliff
with a round e d  top. 60 m thick.
04-04-00-00-00— unit— Js— S umm e rville  Formation— S lope -form ing,
re d d ish-brown, mud stone  and  le ss e r fine  sand stone  and  siltstone , ofte n
cove re d  with rubble  and  colluvium. 27 m thick.
04-05-00-00-00— unit— Jt— T od ilto Form ation— W hite  to light-gray
gypsum. 18–27 m thick.
04-06-00-00-00— unit— Je — Entrad a Formation— Cross-se ction only.
S and stone  and  siltstone . 61 m thick.
05-00-00-00-00— he ad ing01— T riassic and  P e rm ian— T rias sic and
P e rm ian— T riassic and  P e rm ian
05-01-00-00-00— unit— ^c— Chinle  Formation— Cross-se ction only.
Mud stone , siltstone , and  channe l sand stone . 460 m thick.
05-02-00-00-00— unit— ^P u— Agua Z arca S and stone  Me m be r of the  Chinle
Formation and  Moe nkopi Formation, S an And re s Lim e stone , G lorie ta
S and stone , and  uppe r part of the  Ye so Formation, und ivid e d — Cross-
se ction only. S and stone , siltstone , mud stone , lim e stone , shale , and
gypsum. Contains multiple  unconform itie s. 210 m thick.

06-00-00-00-00— he ad ing01— P e rm ian— P e rm ian— P e rm ian

06-01-00-00-00— unit— P ym — Me se ta Blanca S and stone  Me m be r of the
Ye so Formation — Cross-se ction only. S iltstone  and  sand stone . 174 m thick.

06-02-00-00-00— unit— P a— Abo Formation — Cross-se ction only.
Mud stone  and  arkosic sand stone  162 m thick.
07-00-00-00-00— he ad ing01— P e nnsylvanian— P e nnsylvanian— P e nnsylv...

07-01-00-00-00— unit— *m s— Mad e ra G roup and  S and ia Formation,
und ivid e d  — Cross-se ction only. Lim e stone , shale , arkosic lim e stone , and
sand stone . 380 m thick.
08-00-00-00-00— he ad ing01— P rote rozoic— P rote rozoic— P rote rozoic

08-01-00-00-00— unit— X Y — Igne ous and  m e tam orphic rocks— Cross-
se ction only. Igne ous and  m e tam orphic rocks.

Explan ation  of Map Sym bols
01.01.01 Contact— Id e ntity and  e xiste nce  are  ce rtain. Location is accurate .

01.01.02 Contact— Id e ntity or e xiste nce  are  que stionable . Location is
accurate .
01.01.03 Contact— Id e ntity and  e xiste nce  are  ce rtain. Location is
approxim ate .
01.01.04 Contact— Id e ntity or e xiste nce  are  que stionable . Location is
approxim ate .
01.01.17 G rad ational contact— Id e ntity and  e xiste nce  are  ce rtain. Location
is accurate .
01.01.19 G rad ational contact— Id e ntity and  e xiste nce  are  ce rtain. Location
is approxim ate .
01.01.20 G rad ational contact— Id e ntity or e xiste nce  are  que stionable .
Location is approxim ate .
02.01.01 Fault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or
unspe cifie d  orie ntation or se nse  of slip)— Id e ntity and  e xiste nce  are
ce rtain. Location is accurate .
02.01.02 Fault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or
unspe cifie d  orie ntation or se nse  of slip)— Id e ntity or e xiste nce  are
que stionable . Location is accurate .
02.01.03 Fault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or
unspe cifie d  orie ntation or se nse  of slip)— Id e ntity and  e xiste nce  are
ce rtain. Location is approxim ate .
02.01.04 Fault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or
unspe cifie d  orie ntation or se nse  of slip)— Id e ntity or e xiste nce  are
que stionable . Location is approxim ate .
02.01.07 Fault (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 conce ale d .
02.01.08 Fault (ge ne ric; ve rtical, subve rtical, or high-angle ; or unknown or
unspe cifie d  orie ntation or se nse  of slip)— Id e ntity or e xiste nce  are
que stionable . Location is conce ale d .
02.02.01 Normal fault— Id e ntity and  e xiste nce  are  ce rtain. Location is
accurate . Ball and  bar on d ownthrown block.
02.02.02 Normal fault— Id e ntity and  e xiste nce  are  que s tionable . Location
is accurate . Ball and  bar on d ownthrown block.
02.02.03 Normal fault— Id e ntity and  e xiste nce  are  ce rtain. Location is
approxim ate . Ball and  bar on d ownthrown block.
02.02.04 Normal fault— Id e ntity or e xiste nce  are  que stionable . Location is
approxim ate . Ball and  bar on d ownthrown block.
02.02.07 Normal fault— Id e ntity and  e xiste nce  are  ce rtain. Location is
conce ale d . Ball and  bar on d ownthrown block.
02.02.08 Normal fault— Id e ntity or e xiste nce  are  que stionable . Location is
conce ale d . Ball and  bar on d ownthrown block.
02.06.01 S trike -slip fault, right-late ral offse t— Id e ntity and  e xiste nce  are
ce rtain. Location is accurate . Arrows show re lative  motion.
02.06.03 S trike -slip fault, right-late ral offse t— Id e ntity and  e xiste nce  are
ce rtain. Location is approxim ate . Arrows show re lative  m otion.
02.06.07 S trike -slip fault, right-late ral offse t— Id e ntity and  e xiste nce  are
ce rtain. Location is conce ale d . Arrows show re lative  motion.
02.06.09 S trike -slip fault, le ft-late ral offse t— Id e ntity and  e xiste nce  are
ce rtain. Location is accurate . Arrows show re lative  motion.
02.06.10 S trike -slip fault, le ft-late ral offse t— Id e ntity or e xiste nce  are
que stionable . Location is accurate . Arrows show re lative  motion.
02.06.11 S trike -slip fault, le ft-late ral offse t— Id e ntity and  e xiste nce  are
ce rtain. Location is approxim ate . Arrows show re lative  m otion.
02.06.15 S trike -slip fault, le ft-late ral offse t— Id e ntity and  e xiste nce  are
ce rtain. Location is conce ale d . Arrows show re lative  motion.
02.06.16 S trike -slip fault, le ft-late ral offse t— Id e ntity or e xiste nce  are
que stionable . Location is conce ale d . Arrows show re lative  motion.
02.07.05 O blique -slip fault, right-late ral offse t— Id e ntity and  e xiste nce  are
ce rtain. Location is infe rre d . Arrows show re lative  motion; ball and  bar on
d ownthrown block.
02.07.07 O blique -slip fault, right-late ral offse t— Id e ntity and  e xiste nce  are
ce rtain. Location is conce ale d . Arrows show re lative  motion; ball and  bar
on d ownthrown block.

02.07.09 O blique -slip fault, le ft-late ral offs e t— Id e ntity and  e xis te nce  are
ce rtain. Location is accurate . Arrows show re lative  motion; ball and  bar on
d ownthrown block.
02.07.10 O blique -slip fault, le ft-late ral offs e t— Id e ntity or e xiste nce  are
que stionable . Location is accurate . Arrows show re lative  motion; ball and
bar on d ownthrown block.
02.07.13 O blique -slip fault, le ft-late ral offs e t— Id e ntity and  e xis te nce  are
ce rtain. Location is infe rre d . Arrows show re lative  motion; ball and  bar on
d ownthrown block.
02.07.15 O blique -slip fault, le ft-late ral offs e t— Id e ntity and  e xis te nce  are
ce rtain. Location is conce ale d . Arrows show re lative  motion; ball and  bar
on d ownthrown block.
02.07.16 O blique -slip fault, le ft-late ral offs e t— Id e ntity or e xiste nce  are
que stionable . Location is conce ale d . Arrows show re lative  motion; ball
and  bar on d ownthrown block.
31.08 Map ne atline

, 05.01.01 Anticline  (1st option)— Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .
, 05.01.03 Anticline  (1st option)— Id e ntity and  e xiste nce  are  ce rtain.
Location is approxim ate .
, 05.05.03 S yncline  (1st option)— Id e ntity and  e xiste nce  are  ce rtain.
Location is approxim ate .
, 05.06.01 S ynform (1st option)— Id e ntity and  e xiste nce  are  ce rtain.
Location is accurate .
, 16.01 Dune  cre st

, 01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain. Location is
accurate .
G rave lly strike -rid ge  marke r be d , 01.02.01 Ke y be d — Id e ntity and
e xiste nce  are  ce rtain. Location is accurate .
Lava Cre e k B ash be d , 01.02.01 Ke y be d — Id e ntity and  e xiste nce  are
ce rtain. Location is accurate .
T on, 01.02.01 Ke y be d — Id e ntity and  e xiste nce  are  ce rtain. Location is
accurate .

J

J
31.10 Cross se ction line  and  labe l

02.11.08 Incline d  fault (1st option)— S howing d ip value  and  d ire ction.

02.11.10 V e rtical or ne ar-ve rtical fault (1st option)

02.15.01 S m all, minor incline d  fault— S howing strike  and  d ip.

04.03.02 S m all, minor incline d  joint (1st option)— S howing strike  and  d ip.

06.01 Horizontal be d d ing

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

09.018 Incline d  slicke nline , groove , or striation on fault surface  (2nd
option)— S howing be aring and  plunge .
12.05 S e d im e nt transport d ire ction d e te rm ine d  from channe l tre nd .

12.06 P ale ocurre nt d ire ction d e te rm ine d  from im brication.

12.07 P ale ocurre nt d ire ction d e te rm ine d  from crossbe d s.

16.09 S e d im e nt transport d ire ction d e te rm ine d  from e olian cross-be d d ing
in ve rtical or ne ar-ve rtical se ction
26.07.10 Dire ction of ground -wate r flow (1st option)— Location is
approxim ate .


