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BEDROCK UNITS

Browns Park Form ation (Pliocene to Oligocene?)—  Cream-colored, white to grey
to ta n , occasion a lly mottled rusty b rown , fluvia l sa n dston e in terb edded with eolia n
sa n dston e, mudston e, a n d gra vel.  Gen era lly recessive un it forms slopes a n d ledges.
Fluvia l sa n dston e is fin e to coarse-gra in ed, poorly to modera tely sorted, modera tely
cemen ted, a n d occurs in  len ticula r b eds up to ten  feet thick tha t exhib it trough cross-
b eds a n d horizon ta l pla n ar b eds; multiple cha n n el deposits ca n  b e sta cked on top of
ea ch other.  Where cross-b eddin g is well exposed, foreset orien ta tion  in dica tes a
gen era lly northwest to north curren t direction.  Eolia n  sa n dston e is medium- to fin e-
gra in ed, modera tely well-sorted, fria b le, with poor in tern a l structure or large sca le
trough cross-b eddin g.  In pla ces, white color a n d b locky texture suggests high ash
con ten t.  Exposures are rare in  eleva ted terra in , where presen ce of the un it is often
in dica ted on ly b y occurren ce of a b un da n t peb b les a n d cob b les of a b a sa l con glomerate
sca ttered on the surfa ce.  Basa l con glomerate is shown as a dashed lin e on the map
where observed.  Clasts in  the b a sa l con glomerate are well-roun ded a n d ra n ge from
peb b le size up to 6 in ches, a n d con sist of gra n ite, quartz; quartzite white a n d b la ck
gn eiss epidote-rich gn eiss a n d limeston e.  U n it thickn ess is varia b le, up to 120 feet in
this qua dra n gle.
Diabase of Breeze Mountain, (Miocene)—  Dark gra y to mottled rusty b rown
dia b a se foun d in  a t least two sills a n d a feeder dike b en ea th Breeze Moun ta in .  T he
sills are approxima tely 40 to 150 feet thick a n d dip approxima tely 15 to 20 degrees to
the n orthea st, a n d ha ve wea k column ar join ts perpen dicula r to b eddin g.  T he feeder
dike is on the n orth slope of Breeze Moun ta in  a n d is approxima tely 60 feet thick a n d
dips approxima tely 35 to 40 degrees to the south, with column a r join ts para llel to the
cliff fa ce.   T he feeder dike is in  close a lign men t with the in ferred fa ult on the n orth
fla n k of the Buck Pea k dome, suggestin g tha t it ma y ha ve in truded a lon g the fa ult.
T he texture is massive a n d n on -vesicular throughout, in dica tin g tha t the b odies are
in trusive.  L oca lly, the surroun din g L ewis Sha le has b een  metamorphosed to horn fels.
T he dia b a se is composed of a fin e-gra in ed groun dmass of pla giocla se with lesser
pyroxen e a n d a n  opaque min era l (prob a b ly ma gn etite).  Whole-rock a n a lysis in dica tes
a composition  of 48.65% SiO2, 13.9 Al2O3, 8.23% CaO, 8.38 % MgO, 3.55% N a 2O,
a n d 2.325% K2O; classifyin g this as a tra chyb a sa lt.  Ar/Ar a n a lysis b y the N ew Mexico
Geochronology L a b oratory yielded a da te of 8.757 ± 0.014 million  yea rs (Ma) (M.
Heizler, person a l commun ica tion  2013).

Tdi

Basalt (Oligocene)—  Dark gra y to dusky b luish-gra y b a sa lt in a sma ll flow foun d in  a
rota ted la n dslide b lock n orthea st of Buck Pea k.  T he flow is less tha n  5 feet thick a n d
ca ps the Browns Park Forma tion .  T he b a sa lt is vesicula r a n d is composed of a fin e-
gra in ed groun dmass of pla gioclase with lesser pyroxen e a n d opaque min era l (prob a b ly
ma gn etite).  Whole-rock a n a lysis in dica tes a composition  of 50.5% SiO2, 15.3 Al2O3,
8.81% CaO, 6.69% MgO, 3.24% N a 2O, a n d 0.99% K2O; classifyin g this as a b asa lt.
Ar/Ar a n a lysis b y the N ew Mexico Geochronology L a b oratory yielded a da te of 24.58
± 0.02 million years (Ma) (M. Heizler, person a l commun ica tion  2013) for the lower
ma in  flow.
Lance Form ation (Up p er Cretaceous)—  Gra y a n d yellow-brown  very fin e-gra in ed
to medium-gra in ed sa n dston e, in terb edded with gra y-green  a n d gra y carb on a ceous
sha le, a n d thin seams of coa l. T he un it is modera tely recessive a n d forms slopes a n d
ledges.  Sa n dston e occurs in  b eds ra n gin g in  thickn ess from less tha n  1 to over 20 feet
tha t are ta b ular as well as len ticula r a n d discon tin uous exhib itin g massive, b ioturb a ted
texture, trough cross-b eddin g, ripple cross-b eddin g, a n d occa sion a l con voluted
b eddin g.  T hin  b eds of coa l are in terb edded with sa n dston e a n d sha le n ea r the b a se a n d
give the un it a b a n ded appeara n ce in  a ir photos.  T he un it is exposed in  on ly on e
loca lity a t the n orth edge of this qua dra n gle a lon g the Moffa t a n d Routt coun ty
boun dary, where less tha t 20 feet are exposed just b elow a high terra ce capped b y
Qua tern ary gra vel of the Y ampa River (Qa yo).

Fox Hills Sandstone (Up p er Cretaceous)—  T a n  to cream-colored modera tely to
well-in dura ted sa n dston e ledge-former tha t forms the promin en t sa n dston e b luffs on
the n orth side of Cra ig.  T he un it con sists of upward-coarsen in g, very fin e to medium
gra in ed sa n d con ta in in g quartz, lesser feldspar, a n d rare b la ck gra in s of chert cemen ted
with CaCO3.  Massive to large trough cross-b edded ma in  b ody up to 60 feet in
thickn ess tha t gra des down ward to thin  horizon ta lly to hummock cross-b edded
sa n dston e b eds in terb edded with gra y marin e sha le.  T ra ce fossils are common a n d
in clude Ophiomorpha tha t often  form in tercon n ected ga lleries.  T he top is marked b y a
la tera lly con tin uous ta b ula r b ed approxima tely 1 to 4 feet in  thickn ess tha t often
appears pock-marked on the surfa ce.  Surfa ce texture ma y b e from b ioturb a tion ,
in cludin g n umerous dinosa ur tra cks or "din o-turb a tion ".  Tota l un it thickn ess is 60 to
80 feet.

Lewis Shale, m ain body—  Gra y to brown ish-gra y thin -b edded, fissile,
marin e mudston e con ta in in g thin  b eds of silt a n d fin e- to very fin e-gra in ed
sa n dston e.  It is light gra y where silt con ten t is high a n d wea thers to pa le to
modera te yellowish b rown.  T he un it is recessive, resultin g in a gen tle rollin g
la n dscape with n a tura l exposures of un disturb ed b eddin g limited primarily to
deeply eroded gullies a n d la n dslide scarps.  High b en ton ite con ten t gives this
sha le a high swell/shrin k capa city a n d the un it is pron e to la n dslidin g.
Approxima tely 2,000 to 2,200 feet of L ewis Sha le are exposed in this
qua dra n gle, however tha t thickn ess ma y b e modified b y fa ultin g.

 Lewis Shale (Up p er Cretaceous)

Dad sandstone m em ber —  Distin ctive ta n , ledge-formin g, ca lca reous
marin e sa n dston e b odies in the upper part of the L ewis Sha le. In dividua l
b odies gra de upward from thin -b edded silty sha le to fin e-gra in ed sa n d
con sistin g of quartz, min or feldspar a n d b la ck chert, with loca l rip-up clasts of
mudston e cemen ted b y CaCO3.  T a b ula r b eds exhib it pla n ar horizon ta l
b eddin g, con voluted b eddin g, hummocky b eddin g, a n d low-a n gle
crossb eddin g.  Tota l thickn ess of in dividua l b eds ra n ges from approxima tely
20 feet to over 60 feet.  On e mappa b le b ed of the Da d Sa n dston e,
approxima tely 160 to 200 feet thick, is exposed in  the mapped area b elow the
Fox Hills sa n dston e separa ted b y approxima tely 400 feet of L ewis Sha le

Klsd

Three white sandstones m em ber —  White to ta n , modera tely to well-
in dura ted sa n dston e, in terb edded with marin e a n d n on -marin e sha le with
minor coa l b eds.  Well in dura ted, formin g cliffs, distin ct ledges, a n d
“hoodoos”.  T hree distin ct, upward-coarsen in g, very fin e to medium gra in ed
sa n dston e in terva ls ca n  b e presen t, a lthough a ll three are usua lly on ly seen
together in  steep va lley wa ll exposures.  L edge-formin g sa n dston es are shown
as dashed lin es on the map.  Beds of grey marin e sha le 20 to 40 feet thick
separa te the sa n dston e b eds a n d are mapped as L ewis Sha le (Kls) in  this area.
Sa n dston e con sists of modera tely well sorted gra in s of quartz, feldspar, a n d
gra in s of b la ck chert or horn b len de,  with a CaCO3cemen t.  Beddin g gra des
upward from horizon ta lly lamin a ted thin  b eds of sa n d, silt a n d sha le, to
sa n dston e b eds up to 100 feet thick, displa yin g large-sca le, trough cross-
b eddin g, loca l hummocky cross-b eddin g, a n d massive-b ioturb a ted in terva ls.
Toward the top, b eddin g b ecomes sub -horizon ta l a n d the surfa ce is typica lly
pla n a r a n d often  pock-marked or b ioturb a ted.  Carb on a ceous sha le with
occa sion a l thin  b eds of coa l ma y cap the sa n dston e in terva ls.  Oyster shells
ca n  b e a b un da n t in  the sha le a b ove the sa n dston e b odies.  Biva lve hash ma y
a lso b e presen t in  thin  ta b ular sa n dston e b eds.  L oca lly, resista n t kn ob s of
brown  very fin e- to fin e-gra in ed irregularly b edded to ripple-b edded
sa n dston e rise a b ove more easily eroded fria b le sa n dston e.  T hese irregula r
kn ob s of more resista n t sa n dston e appear to b e cemen ted b y iron-rich ca lcite
a n d are more common in the lower-most sa n dston e in terva l, givin g it a
distin ctive appeara n ce.  Tota l un it thickn ess of the T hree white sa n dston es
memb er is 200 to 300 feet.  Region a lly, the un it b ecomes more marin e to the
ea st as the sa n dston e in terva ls thin , b ecome fin er-gra in ed, a n d n on -marin e
sha le a n d coa l b eds pin ch out.  T he un it ma y b e equiva len t to the Almon d
Formation as recogn ized in  the subsurfa ce to the n orth in  the Sa n d Wash a n d
Washa kie Basin s (Roehler, 1987).

Tongues of Lewis Shale—  T on gues of the L ewis Sha le un derlie a n d are
upwardly tra nsition a l with the  T wen tymile Sa n dston e Memb er (Kwtm), a n d
Sub-twen tymile sa n dston e memb er (Kwst) of the Willia ms Fork Forma tion ,
formin g distin ctive low-slopin g b en ches b en ea th the ledge-formin g
sa n dston es.  Ton gues are simila r in  composition  a n d b eddin g as the ma in
L ewis Sha le b ody.   T hickn ess varies from less tha n  20 feet to a lmost 200
feet.  T he ton gues ten d to thin  a n d b ecome domin a ted b y thin b eds of
sa n dston e to the west.

 William s Fork Form ation (Up p er Cretaceous)

William s Fork Form ation, up p er p ar t —  In terb edded sa n dston e, non -
marin e sha le, a n d coa l tha t form ledges a n d slopes.  Brown, rusty b rown , a n d
ta n  to gra y len ticular to ta b ula r sa n dston e b eds con sist of fin e- to medium-
gra in ed quartz a n d feldspar with b la ck gra in s of chert or horn b len d.  Beds
ra n ge from less tha n  1 to over 20 feet in  thickn ess, a n d exhib it ripple cross-
b eddin g, horizon ta l b eddin g, trough cross-b eddin g, loca l con voluted b eddin g,
a n d loca l n on-orga n ized b ioturb a ted in terva ls. Sha le b eds are grey to pa le
grey a n d ca n  b e lign itic.  Coa l b eds as thick as ten  feet comprise the U pper
Coa l Group of the Y a mpa Coa l Field.  In ma n y exposures the coa ls ha ve
n a tura lly b urn ed, b a kin g a n d fusin g a dja cen t b eds of sha le to a distin ctive
brittle red “klin ker”.  Tota l un it thickn ess is 300 to 400 feet.

Kwu

Kwtm Twentym ile Sandstone Mem ber —  Cream-white to pa le-ora n ge, well
in dura ted sa n dston e tha t forms a b a n d of distin ctive cliffs a n d ledges.  T he
sa n dston e coarsen s upward from the gra da tion a l con ta ct with the un derlyin g
slope-formin g ton gue of the L ewis Sha le (Klst), to fin e- to medium-gra in ed
sa n d a t the top.  In pla ces the un it con sists of a sin gle cliff-formin g sa n dston e
body as thick as 120 feet a n d in  other loca tion s, where it is more recessive, it
con sists of multiple sa n dston e b eds up to 15 feet thick separa ted b y thin sha le
strin gers.  Sa n d gra in s con sist of quartz, feldspar, a n d gra in s of b la ck chert or
horn b len de, cemen ted b y CaCO3.  Beddin g gra des from horizon ta lly
la min a ted thin  b eds of sa n d, silt a n d sha le, upward to massive sa n dston e tha t
ca n  often  b e structureless a n d b ioturb a ted, or ma y displa y large trough cross-
b eddin g up to 6 feet high, pla n a r b eddin g, or loca l hummocky cross b eds.
T he top is typica lly capped b y ta b ula r b eds of horizon ta lly b edded sa n dston e
less tha n  three feet thick displa yin g a rough b ioturb a ted surfa ce.  L oca lly, the
top ca n  b e in cised b y distin ct b rown , resista n t, cha n n el-shaped b odies of
trough cross-b edded very fin e- to fin e- gra in ed sa n dston e up to 10 feet thick.
Tota l thickn ess of the memb er ra n ges from 100 to 150 feet.

Tbp
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Big white sandstone m em ber(Pleistocene)—  Cream-white to pa le-ora n ge
ledge-formin g sa n dston e memb er in  the upper part of the Willia ms Fork
Formation tha t forms distin ctive cliffs in  the east side of the qua dra n gle.  It
con sists of on e or more, ama lga ma ted sa n dston e b odies tha t are la tera lly
con tin uous in  some pla ces a n d len ticular in  other pla ces.  T he b eds con ta in
hummocky a n d low-a n gle cross-b eddin g n ear the b a se a n d horizon ta l pla n a r
b eddin g n ear the top.  T he memb er is ra n ges from 0 to 80 feet in  thickn ess.

Kwtw
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Sub-twentym ile sandstone m em ber —  T a n  to light b rown  in dura ted
sa n dston e, in terb edded with sha le, overla in  a n d un derla in  b y ton gues of
L ewis Sha le (Klst), formin g ledges a n d slopes.  Sa n dston e b eds 20 to 80 feet
thick con sist of fin e- to medium-gra in ed quartz, feldspar, a n d b la ck gra in s of
chert a n d horn b len de a n d exhib it trough cross-b eddin g, hummocky cross-
b eddin g, horizon ta l pla n ar b eddin g, or ca n  appear structureless a n d
b ioturb a ted.  T ra ce fossils in clude Ophiomorpha a n d rare worm b urrows.
Beds of grey sha le up to 5 feet thick separa te the in dividua l sa n dston e b eds.
Tota l un it thickn ess is varia b le ra n gin g from 120 feet to over 200 feet.

Kwst

William s Fork Form ation, lower p ar t —  In terb edded sa n dston e, non -
marin e sha le, a n d coa l, tha t form ledges a n d slopes less resista n t tha n  the
overlyin g Sub -twen tymile sa n dston e memb er (Kwst).  Brown, rusty b rown ,
a n d ta n  to gra y, len ticular to ta b ula r sa n dston e b eds con sist of fin e- to
medium-gra in ed quartz a n d feldspar with b la ck gra in s of chert or horn b len d.
Beds ra n ge from less tha n  1 to over 20 feet in  thickn ess a n d exhib it ripple
cross-b eddin g, horizon ta l b eddin g, trough cross-b eddin g, loca l con voluted
b eddin g, a n d loca l n on -orga n ized b ioturb a ted in terva ls.  Sha le b eds are grey
to pa le grey a n d ca n  b e lign itic.  Coa l b eds as thick as 10  feet comprise the
Middle Coa l Group of the Y ampa Coa l Field.  In ma n y exposures the coa ls
ha ve n a tura lly b urn ed, b a kin g a n d fusin g a dja cen t b eds of sha le to distin ctive
brittle red “klin ker”.  Tota l un it thickn ess is 250 to 300 feet.

Kwl

Yam p a ash bed—  Cream to rose-colored tonstein in  the lower part of the
Williams Fork Formation .  T he b ed has often  b een  b a ked b y n a tura lly b urn in g
coa ls in to a distin ctive b rittle porcela n ite.  Ca n  b e massive a n d fresh
appearin g with sma ll crysta ls of b iotite,  It loca lly con ta in s casts of
gastropods, b iva lves or pla n t materia l.  T he b ed is up to 10 feet thick a n d
forms distin ctive cream or rose-colored b a n ds on slopes.  It is difficult to
distin guish from light grey sha le b eds where the b urn in g coa l has not b a ked
the b ed to porcela n ite.  A field scin tillometer in dica tes gamma-ra y ra dia tion
ca n  b e eleva ted a b ove b a ckgroun d in  this area (up to 62 mr/min  as compared
to 30 to 35 mr/min ).  T he b ed is describ ed in  deta il b y Brown field a n d
Johnson (2008).
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Trout Creek Sandstone Mem ber —  Cream, white, to ta n -colored, well
in dura ted sa n dston e tha t forms a con spicuous b a n d of cliffs b elow the
Williams Fork Formation .  It typica lly appears as a sin gle in terva l of
sa n dston e, b ut in  pla ces it ma y con sist of up to three, distin ct ledge-formin g
b eds separa ted b y thin  la yers of sha le.  It consists of sa n d con ta in in g quartz,
feldspar, a n d  gra ins of b la ck chert or horn b len de, cemen ted b y CaCO3, tha t
coarsen s upward from very fin e- to fin e-gra in ed.  Rare rip-up clasts of sha le
ca n  b e presen t in  the sa n dston e.  T he b ase is gra da tion a l with the slope-
formin g ton gue of the Ma n cos Sha le (Kmt) b en ea th.  Beddin g gra des upward
from horizon ta lly lamin a ted, thin b eds of sa n d, silt a n d sha le, to a thick b ed of
sa n dston e up to 120 feet thick, displa yin g trough cross-b eddin g, loca l
hummocky cross-b eddin g, loca l con voluted b eddin g, a n d in terva ls tha t are
structureless a n d b ioturb a ted.  T he top ma y b e capped b y ta b ula r b eds of
sa n dston e less tha n  3 feet thick, displa yin g a rough pock-marked, b ioturb a ted
surfa ce.Ophiomorpha b urrows ma y b e presen t.  Tota l thickn ess ra n ges from
100 to 150 feet.  T he un it is gen etica lly tied to the overlyin g Willia ms Fork
Formation, represen tin g eastward shorelin e progra da tion  a b ove the Ma n cos
Sha le ton gue (Kmt) a n d tra n sition  from a marin e through delta/shorelin e to
non -marin e coasta l pla in  settin g.  However, it has historica lly b een  mapped as
the upper memb er of the Iles Formation  (Bass a n d others, 1955), as shown
herein .

Iles Form ation (Up p er Cretaceous)

Kitc

Iles Form ation, up p er p art —  In terb edded well-in dura ted sa n dston e,
siltston e, carb on a ceous a n d marin e sha le, a n d min or coa l, formin g slopes a n d
ledges tha t ten d to b e more recessive tha n  the lower part of the Iles Forma tion
(Kil).  T a n  to brown , whitish to grey, a n d pa le ora n ge b eds of sa n dston e up to
25 feet thick ca n  b e len ticula r to ta b ular a n d la tera lly con tin uous, a n d con sist
of very fin e- to fin e-gra in ed quartz, feldspar, a n d gra in s of b la ck chert or
horn b len de, cemen ted b y CaCO3.  Sa n dston e b eds ca n  ha ve ripple cross-
b eddin g, trough cross-b eddin g, sub -horizon ta l pla n ar b eddin g, con torted
b eddin g, a n d structureless  b ioturb a ted in terva ls.  Sa n dston e occasion a lly has
liesega n g iron oxide b a n din g.  Rip-up clasts of mudston e ca n  b e presen t.
Where pla n a r cross b ed forests are well exposed, the orien ta tion  in dica tes
gen era l south to southea st curren t direction .  Sha le b eds are light to medium
grey to ta n .  Pa lm fron d imprin ts a n d gastropod a n d b iva lve shell fra gmen ts
ma y b e presen t in  the sa n dston e.  Fra gmen ts of light b rown  to ta n  petrified
wood ca n  a lso b e presen t.  Tota l un it thickn ess is b etween  600 a n d 700 feet.

Kidl
Double ledge sandstone m em ber —  T he uppermost distin ctive, la tera lly
con tin uous in terva l of well-in dura ted sa n dston e in  the lower part of the Iles
Formation. Forms a series of ledges a n d cliffs tha t rim the steep ca n yons of
the Williams Fork Moun ta in s.  T he sa n dston e is ta n  to pa le gra yish-ora n ge
a n d con sists of on e to three, thick, ta b ula r sa n dston e b odies separa ted b y sha le
a n d thin -b edded sa n dston e strin gers.  In pla ces, the lower-most in terva l is up
to 80 feet thick.  Sa n dston e in terva ls con sists of upward-coarsen in g, very
fin e- to fin e-gra in ed sa n d con ta in in g quartz, feldspar, a n d gra in s of b la ck
chert or horn b len de cemen ted b y CaCO3.  Beddin g ca n  b e large-sca le trough
cross-b eddin g to sub -horizon ta l pla n a r b eddin g to massive a n d b ioturb a ted.
Mud drapes a n d mud rip-up clasts ca n  b e presen t.  T he tops of ea ch ledge are
typica lly pla n a r a n d pock-marked.  Some pock marks ma y b e crude din osa ur
tra cks.  Tota l un it thickn ess is 40 to 80 feet.  T he un it is source for large-cla st
a lluvia l fa n  deposits a n d rockfa ll debris in  ca n yon  floors.

Iles Form ation, lower p ar t —  In terb edded sa n dston e, siltston e,
carb on a ceous sha le, marin e sha le, a n d min or coa l tha t forms slopes, sma ll
cliffs, a n d ledges.  A n umb er of la tera lly con tin uous, ledge-formin g in terva ls
of sa n dston e, tha t Cra b a ugh (2001) describ es as shorelin e ton gues within the
Iles clastic wedge, ma ke the lower part of the Iles Formation  more resistive to
erosion, producin g rougher topographic relief tha n  the upper part. L ight-
brown , to whitish, to very-pa le ora n ge b eds of sa n dston e up to 40 feet thick
ca n  b e len ticular to ta b ular, a n d la tera lly con tin uous, a n d con sist of very fin e
to fin e gra in ed quartz, feldspar, a n d gra in s of  b la ck chert or horn b len de.
Sa n dston e b eds ca n  ha ve ripple cross-b eddin g, trough cross-b eddin g, sub -
horizon ta l pla n a r b eddin g, hummocky cross-b eddin g, con torted b eddin g, a n d
structureless-b ioturb a ted in terva ls.  Sha le b eds are light to medium grey to
ta n .  T he coa l b eds comprise the L ower Coa l Group of the Y a mpa Coa l Field.
L oca lly, the coa ls ha ve n a tura lly b urn ed, b a kin g a n d fusin g a dja cen t b eds of
sha le to distin ctive b rittle red “klin ker”.  Tota l un it thickn ess is b etween  300
a n d 400 feet.  T he un it is a source for large-clast a lluvia l fa n  deposits a n d
rockfa ll deb ris in  the ca n yon  floors.

Tow Creek Sandstone Mem ber —  T he lowermost distin ctive, cliff-formin g,
well in dura ted sa n dston e in terva l of the lower part of the Iles Formation .  It
con sists of ta n  to cream colored to pa le ora n ge, upward-coarsen in g, very fin e
to fin e-gra in ed sa n dston e in  gra da tion a l con ta ct with the un derlyin g ton gue of
the Ma n cos Sha le (Kmt).  It consists of multi-storied b odies of sa n dston e
displa yin g sub-horizon ta l b eddin g, hummocky cross-b eddin g, large-sca le
trough cross-b eddin g, cha n n el scours, a n d thin  ta b ular b eds with ripple cross-
b eddin g.  Mud-draped surfa ces ca n  b e presen t.Ophiomorpha b urrows a n d
b iva lve fossils ca n  b e presen t.  Tota l un it thickn ess is  60 to 100 feet.
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Mancos Shale, up p er p ar t of m ain body—  Olive-gra y to pa le yellowish-
brown , non -ca lca reous, silty to sa n dy, marin e mudston e tha t forms recessive
slopes b elow the Iles Forma tion .  T hin , sheet-like, hummocky cross-b edded
sa n dston e b eds n ea r the top form sma ll ledges tha t step up to the b a se of the
steeper, cliff formin g Iles Formation.  Overa ll thickn ess is 1,250 to 1,450 feet
b ut on ly the uppermost 20 to 40 feet are foun d in  the qua dra n gle.

Mancos Shale (Up p er Cretaceous)

Tongue of the Mancos Shale—  A ton gue of the Ma n cos Sha le un derlies,
a n d is upwardly tra n sition a l with, the T rout Creek Sa n dston e memb er (Kitc).
It forms a distin ctive gen tly-slopin g b en ch b en ea th the ledge-formin g
sa n dston e.  It is similar in  composition a n d b eddin g form as the ma in  b ody.
T hickn ess ra n ges b etween  40 a n d 120 feet.  It is highly pron e to la n dslidin g,
a n d the b en ches a b ove the Iles Formation  are often sites of con spicuous earth
flows.

Contac t—Approxima tely loca ted
Fault—Dashed where in ferred, dotted where con cea led, dash-dot where
          in ferred a n d con cea led; U  on upthrown  side, D on down thrown  side

U
Reverse fault—Dashed where approxima tely loca ted, dash-dot where in ferred
           a n d con cea led; teeth shown  on overthrust b lock side of fa ult

D

Sync line—Approxima tely loca ted; a xia l arrow shows direction  of plun ge

(( (( (( ((

Monoc line—Approxima tely loca ted; a xia l arrow shows direction  of plun ge

F

M

Antic line—Approxima tely loca ted; a xia l arrow shows direction  of plun ge

S

Strike and dip  of inc lined bedding—Showin g direction  a n d a n gle of dip30o
Possible fault scar p —Ha chure in  slope direction

Scar p  above disp laced bedrock block— Bedrock is not deformed other tha n  b y la tera l or rota tion a l 
movemen t a n d ma in ta in s map symbol.  Ha chure in  slope direction

e Horizontal bedding

Landslide scarp   a b ove a la n dslide deposit (Qls) where source ma teria l is highly deformed. 
Ha chure in  slope direction
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Alignm ent of c ross sec tionA A'

DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

Artificial Fill (latest Holocene)—  Riprap, en gin eered fill, a n d refuse pla ced durin g
con struction  of roa ds, ra ilroa ds, b uildin gs, dams, a n d la n dfills.  Gen era lly con sists of
un sorted silt, sa n d, cla y, a n d rock fra gmen ts.  T he a vera ge thickn ess of the un it is
typica lly less tha n  20 feet, a lthough high emb a n kmen ts ca n  b e more.  Artificia l fill
ma y b e sub ject to settlemen t, slumpin g, a n d erosion if n ot a dequa tely compa cted or
design ed for dra in a ge con trol.

HUMAN-MADE DEPOSITS

af

Disturbed and/or rec laim ed ground (latest Holocene) —  Deposits in  areas where
the la n d has b een  disturb ed as a result of min in g, quarryin g, or oil a n d gas production .
N a tura l la n dform has b een  modified a n d surfa ce is covered b y either disturb ed loca lly
derived materia l or imported materia l.  Ma teria l ca n  b e highly varia b le from fin e sa n d
silt a n d cla y to gra vel a n d b oulders a n d ma y in clude refuse of ma n y types in cludin g
household a n d in dustria l sources.  Some loca tion s ha ve b een  con toured a n d
revegeta ted to match surroun din g n a tura l areas.  Other areas ha ve b een  a dapted to
other uses or ha ve b een  left va ca n t.

ALLUVIAL DEPOSITS
Alluvium  one of the Yam p a River (Holocene to late Pleistocene)—  T a n  to medium-
brown , poorly to modera tely sorted, poorly to modera tely con solida ted, sa n d, gra vel,
silt, a n d min or cla y a n d sparse boulders.  Deposits in  the curren tly a ctive stream
cha n n els or in  low stream-terra ce deposits less tha n  5 feet higher tha n  the curren t
stream cha n n el tha t are flooded durin g most sprin g run-off seasons are design a ted
Qa y1a a n d those b etween  5 a n d 12 feet higher tha n  the a ctive cha n n el tha t are flooded
on ly in  very high run -off seasons are design a ted Qa y1b.  Clasts are sub roun ded to well
roun ded a n d the domin a n t sedimen t is sa n d with a sa n dy silt matrix.  Deposits
associa ted with the Y ampa River consist of up to 7 feet of sa n d a n d silt over a medium
peb b le a n d cob b le gra vel of gra n ite, gra n itic gn eiss, horn b len de gn eiss, vein  quartz,
occasion a l red quartzitic sa n dston e, a n d rare vesicula r b a sa lt.  Ma ximum exposed
thickn ess of the un it loca lly exceeds 10 feet. T he un it is con n ected to modern  peren n ia l
a n d in termitten t stream courses a n d is sub ject to frequen t floodin g a n d is a source of
sa n d a n d gra vel.

Qayo Older gravel dep osits of Yam p a River (Pleistocene)—  Medium gra y to gra yish
brown , poorly sorted, fin e to coarse sa n d in terb edded with peb b le a n d cob b le gra vel.
Fin es are domin a n t a t the top of the un it a n d ma y in clude, a n d b e in distin guisha b le
from, overlappin g colluvium, mud fa n , a n d sheetwash deposits. Clasts are sub -roun ded
to well roun ded with sizes gen era lly less tha n  eight in ches, a lthough rare clasts ca n
rea ch 2.5 feet in  diameter.  Ma trix con sists predomin a n tly of quartz, feldspar, a n d lithic
fra gmen ts derived from multiple sources.  Clasts consist of gra n ite; gra y diorite; pin k,
white, a n d b la ck gn eiss; quartz; red quartzitic sa n dston e; brown  a n d gra y chert; a n d
rare vesicula r b asa lt.  Gen era lly un consolida ted, b ut occasion a lly ma y b e cemen ted
with CaCo3.  T he deposits form terra ces b etween  10 a n d 200 feet a b ove the modern
floodpla in  a n d thickn ess ca n  loca lly exceed 20 feet.  In ma n y areas the un it has b een
quarried for gra vel.  T he deposit forms a sta b le b uildin g surfa ce a n d is a poten tia l
source of sa n d a n d gra vel.

Qfsc Alluvial fan, sheetwash, and colluvial dep osits, undifferentiated (Holocene to late
Pleistocene)—  Stream cha n n el a n d flood pla in  deposits a lon g va lley floors of
ephemera l, in termitten t, a n d sma ll peren n ia l streams, sheetwash on slopes, a n d
colluvium a lon g va lley sides.   Alluvia l deposits are typica lly composed of poorly to
well-sorted, stra tified, in terb edded, peb b ly sa n d, sa n dy silt, a n d sa n dy gra vel derived
from loca l sources.  Sheetwash deposits are similar to a lluvia l deposits, b ut ma y
con ta in  more fin e-gra in ed materia l a n d are n ot foun d in  distin ct cha n n els.  Colluvium
ma y ra n ge from un sorted, clast-supported, peb b le to boulder gra vel in  a sa n dy ma trix
to matrix-supported, gra velly, cla yey sa n d.    Ma ximum thickn ess of the un it is 15 feet.

Qamf Alluvial, m ud flow and m ud fan dep osits (Holocene to late Pleistocene)—  L ight-
gra yish-reddish-b rown  to pa le-ora n ge-yellow, well to occasion a lly poorly sorted,
poorly consolida ted, cla yey to sa n dy silt deposited in  va lley-hea d a n d va lley-side
a lluvia l fa n s, trib utary stream va lleys, a n d coa lescin g fa n s in  loca l b asin s.  T he
deposits comprise a complex system of deposits tha t ma y exten d for miles a lon g
trib utary stream rea ches. T he b a sin - a n d va lley-fill sedimen ts were deposited primarily
b y muddy debris flows with occasion a l in put from sheetwash, hypercon cen tra ted
flows, a n d wa ter-flood flows. T he deposits consist of poorly defin ed silt la yers,
typica lly less tha n  a n  in ch to a few in ches thick, which record in dividua l mudflow
deposition a l even ts.  Some la yers show in cipien t soil developmen t tha t was curta iled
b y b uria l durin g sub sequen t even ts.  Areas mapped as Qamf ma y b e sub ject to future
fla sh floods a n d deb ris flow even ts, especia lly in  non -in cised va lley-hea d a n d va lley-
side areas a n d within the deeply dissected modern arroyo cha n n els.  T he deposits ma y
b e pron e to sign ifica n t colla pse from dispersion, hydrocompa ction , or slope fa ilure
when  wetted or loa ded.  Qamf deposits ha ve b een  used for a griculture as cropla n d a n d
pasture. T ypica lly, irriga tion  is required, a n d where deposits are sulfa te-rich, the
qua lity of these la n ds for a griculture ca n  b e rela tively poor.  Qamf deposits ma y
exceed 5 feet in  thickn ess in  va lley-hea d a n d va lley-side areas a n d ma y exceed 15 feet
in  thickn ess a lon g the va lley rea ches a n d in  the b a sins.  Ma n y of the trib utary-stream
mudflow deposits a n d coa lescin g fa n s ha ve b een  deeply dissected b y stream erosion
durin g the la te Holocen e, resultin g in  n a rrow, steep-wa lled arroyos tha t are 5 to 20 feet
deep a lon g the va lley b ottoms in  most areas.

Qamfo Older alluvial, m ud flow, and m ud fan dep osits (Pleistocene)—  Composition  a n d
mode of deposition  simila r to Qamf; however, the un it is approxima tely 10-15 feet
higher in  eleva tion  a b ove modern  streams tha n  the youn ger Qamf deposits.  U n it ca n
form in verted topography a n d geometry ma y b e modified b y erosion.

Qgo Older gravel dep osits (Pleistocene)—  Gra y to gra yish b rown, poorly sorted, fin e to
coarse sa n d in terb edded with peb b le, cob b le a n d b oulder gra vel.  Clasts are sub -
roun ded to well roun ded from multiple sources a n d occupy pa leo-stream va lleys tha t
are n o lon ger in  deposition a l con ta ct with modern  dra in a ges.  L arge b oulders of b a sa lt
up to 4 feet in  dia meter are common.  T he pa leo-va lleys are n ow in verted, positive
fea tures in  the la n dscape a n d ma y displa y remn a n t morphology of the origin a l
cha n n els or fa n s.  T he un it loca lly exceeds 10 feet in  thickn ess. It ca n  form a sta b le
b uildin g surfa ce a n d is a poten tia l source of sa n d a n d gra vel.

Eolian dep osits (Holocene to late Pleistocene)—  Y ellowish-brown  to reddish-
brown , fin e- to medium- gra in ed sa n d a n d silt deposited primarily b y win d.  Gra ins are
sub a n gula r to sub roun ded.  T he deposits form b la n kets, or occasion a lly drifts, tha t are
thickest on n orthea st-fa cin g slopes.  Dun e forms are n ot presen t in  the mapped area.
Dryla n d farmin g is common is areas un derla in  b y these deposits especia lly where silt
domin a tes.  T hese eolia n  deposits are modera tely compa cted a n d easily exca va ted;
however, they ca n  hold surfa ce wa ter.  U n it ma y rea ch 15 feet in  thickn ess.

EOLIAN DEPOSITS

Qcs Colluvial and sheetwash dep osits (Holocene to late Pleistocene)—  U n sorted a n d
un stra tified to stratified, reddish-b rown  to pa le b rown , peb b le to boulder size rock
fra gmen ts in  a sa n dy silt a n d cla y ma trix on slopes up to 30 percen t gra de.  U n it
con ta in s loca lly derived a n gular to sub a n gula r clasts tha t ca n  b e either clast-support, or
ma trix-support, a n d often  form wedge-shaped deposits b elow ledge-formin g b edrock.
Ma y in clude rockfa ll deb ris a n d the un it ca n  b e tra nsition a l with la n dslide deposits a n d
is differen tia ted b y the la ck of a well-defin ed scarp.  Sheetwash deposits consist of
loca l materia ls tra nsported on modera te slopes (~10 percen t gra de) b y sheetflow b ut
a lso in cludes some sedimen t delivered b y run off in  rills a n d min or gullies a n d ca n
gra de  up to colluvia l deposits. Deposits loca lly exceed 15 feet in  thickn ess. Areas
mapped as colluvium are susceptib le to future rockfa ll even ts.

MASS-WASTING DEPOSITS

Landslide dep osits (Holocene to late Pleistocene)—  Heterogen eous deposits
con sistin g of un sorted a n d un stra tified cla y, silt, a n d sa n d, a n d cob b le- a n d b oulder-
size rock fra gmen ts.  U n it in cludes rota tion a l a n d tra n sla tion a l slides a n d complex
ea rthflow mass movemen ts.  In most pla ces, la n dslides show ob vious geomorphic
expression tha t disrupts the profile of the slopes.  Gen era lly, hea d scarps (n ea r-vertica l
deta chmen t scars exposed a t the top of a n d sides of the la n dslides) are rea dily
recogn iza b le; however, some scarps ma y b e eroded or covered a n d n ot pronoun ced.
Other common dia gn ostic fea tures in clude hummocky topography, closed depressions,
sa g pon ds, fissures, terra cettes, ten sion  cra cks, a n d pressure ridges a t the toe of the
mob ilized mass.  L a n dslide areas are sub ject to future movemen t durin g episodes of
hea vy ra in  or snowfa ll or ma y b e rea ctiva ted b y huma n -ma de disturb a n ces such as
cuttin g of slopes for roa ds, quarries, gra din g for housin g developmen ts, a n d irriga tion
a n d septic systems.  L a n dslide deposits are pron e to settlemen t when  loa ded or wetted.
T he deposits ma y con ta in  expa n sive soils where derived from sha le a n d mudston e
formation s.  T hickn ess of la n dslide deposits loca lly exceeds 10 feet.
Earthflow dep osits (Holocene to late Pleistocene)—  L a n dslide deposits tha t are
comprised primarily of remob ilized sha le a n d mudston e.  Deposits displa y a lob a te
shape; ca n  b e on very low slopes;  a n d are cha ra cterized b y irregula r topography,
n umerous scarps a n d crevices, a n d tilted or deformed vegeta tion .

QTbb

Qlso Older landslide dep osits (Pleistocene)—  Heterogen eous deposits consistin g of
un sorted a n d un stra tified cla y, silt, a n d sa n d, a n d cob b le- a n d b oulder-size rock
fra gmen ts.  Foun d on ridges a n d hill-tops well a b ove modern  dra in a ges b ut la ckin g
source area scarps, a n d ha ve geometries modified b y wea therin g a n d erosion.
Basalt boulder dep osits (early Pleistocene to Pliocene? or Miocene?) —
Assemb la ges of large b asa lt b oulders ra n gin g in  size from less tha n  6 in ches to over 5
feet.  Consists of both massive a n d vesicula r b a sa lt, with occasion a l surfa ces reta in in g
origin a l flow textures.  An gula r to sub -a n gula r boulders are cla st-supported with a
ma trix of sma ller cob b les a n d b oulders a lon g with b rown  to dark b rown  orga n ic-rich
silt a n d cla y.  Fin es ma y b e win d-derived soil.  Deposits form sma ll isola ted knob s a n d
lin ea r ridges.  Boulders show little eviden ce of lon g-ra n ge tra n sport a n d ma y b e old
ta lus deposits with n o rema in in g loca l cap-rock sources.  Ar/Ar a n a lysis b y the N ew
Mexico Geochronology L a b oratory of a sample of non-vesicular b asa lt yielded a da te
of 23.11 ± 0.013 million  years (Ma) (M. Heizler, person a l commun ica tion  2013).

ALLUVIAL FAN DEPOSITS
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