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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

HUMAN-MADE DEPOSITS

ALLUVIAL DEPOSITS

A'

A

Artificia l fill a n d disturbed la n d (uppermost Holo cen e) — G ravel, sand, silt, clay, and
rock or concrete em placed to construct hum an-m ade structures; fills m ay be engineered
or uncontrolled; com position and properties vary; includes disturbed land and overburden
spoils at surface gravel pits, large ex cavations, or reclaim ed areas. T hicknesses are highly
variable.

Alluvia l deposits a lo n g tributa ry strea ms (Holo cen e) — U nconsolidated, sand, silt,
clay, and gravel on modern flood plains of tributary stream s. S edim ent type ranges from
fine-grained m ud on the floors of arroyos incised into Qam f deposits, to bouldery to
pebbly gravel and sand under canyon floors. May include colluvial deposits along canyon
m argins. U nit varies in thickness but is generally less than 10 ft. Mapped areas within
this unit are exposed to flooding and debris flow hazards.
Tributa ry a lluvium two (Upper Pleistocen e) — V alley-constrained, alluvial-fan
deposits that consist of light-brown to tan, unconsolidated, clast- to m atrix-supported
gravel in a silty to clayey, fine- to granular-sand m atrix. Clast provenance is the Book
Cliffs and the angular to sub-rounded sandstone clast sizes range from sm all boulders to
pebbles. U nit caps isolated buttes of Mancos S hale 160 ft above adjacent drainages.  T he
unit nam e was taken from the sam e deposit in the adjacent Fruita quadrangle. However,
in the Mack m ap area there are no younger Qta1deposits as described by Livaccari and
Hodge (2009).

af

Qa

Qta2

G ravel, sand, and m inor silt and clay deposited by the Colorado River. T he younger
deposits (QaC1) com prise the modern Colorado River flood plain. S everal levels of
progressively older Pleistocene deposits (QaC2to QaC7) are present as rem nants of
alluvial strath terraces that increase in age with increasing height above the modern river.
Heights listed are from the top of the deposit to the current river level. Consistent in
tex ture and com position, the gravel was deposited in aggrading, high energy, braided-
river-valley environm ents. S edim ent type is pebbly to cobbly gravel that consists of well-
rounded, ovoid pebbles, cobbles, and rare sm all boulders just over 12 in long. T he clasts
are river packed, and typically encased in a clean, coarse-grained sand to granule m atrix.
Quarry exposures reveal scour surfaces and crossbedding, clast im brications, and lenses
of clean, well sorted, coarse-grained sand. T he Colorado River gravels are an aggregate
resource and several abandoned and active quarries ex ist in the unit.

Alluvia l Deposits of the Colora do River

Old gra vel a lluvium (Upper to Middle Pleisto cen e) — V alley and canyon-constrained
gravel alluvium  deposited by flash floods along tributary canyons. S edim ent consists of
angular to subangular, unsorted, cobbles and boulders in a poorly sorted, pebbly to
gravelly sand m atrix; boulders can ex ceed 10 ft in diam eter. U nit is most conspicuous
along Devils Canyon where deposit elevations range from 8 ft above stream floor to 175-
ft-high isolated rem nants on lower canyon rim s.

Qgo

Qac Alluvia l a n d colluvia l deposits (Holo cen e) — T an to gray and reddish-tan,
unconsolidated sand, silt, and clay deposited as sheetwash and from alluvial rilling. U nit
m ay include fine-grained Qf sedim ents, reworked loess, and regolith. U nit is poorly
sorted, very weakly stratified, and consists of angular clasts that are of local origin. U nit
m ay include coarser canyon-floor deposits of m ix ed alluvium  and colluvium . T hickness
varies from 5 ft to over 25 ft. Areas m apped with this unit are potentially exposed to
flooding, debris-flow hazards, and rockfall hazards within the canyons. U nit m ay be
susceptible to ground settlem ent from soil hydrocom paction.
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Alluvium o n e of the Colora do River (Holo cen e to Upper Pleisto cen e) — U nit
includes deposits of the active river (QaC1a) and the first widespread terrace of the
current floodplain (Qag1b); includes areas of stream avulsion and gravel-bar islands;
upper surface is up to 8 ft above river level. Quarry pit depths and water well logs
indicate alluvium  ex tends to 25 ft below the current river level. Floodplain deposits
are variably m antled by overbank silty-clayey sand, topsoil, and riparian vegetation.
U pperm ost QaC1b surface is covered by more recent m ud fans (Qam f deposits) on
north side of the river near Fruita. Areas m apped with these units are susceptible to
seasonal flooding.

QaC1a

QaC1b

MUD-FLOW DOMINATED ALLUVIAL AND ALLUVIAL-FAN DEPOSITS

O lder alluvial-fan remnants deposited by stream s of Mack W ash and possibly East S alt
Creek. S edim ent type is clast supported, im bricated gravel, cobble, and sm all boulders in
a silty to clayey granule sand m atrix. Clast types are sandstones from the Book Cliffs that
are well rounded to sub-angular, with discoid, bladed, and ovoid shapes. T here are two
distinct alluvium -m antled surfaces that are more resistant than the underlying Mancos
S hale. Later downcutting and topographic inversion form ed Mack Mesa and related
ridgelines and hilltops in the northwest corner of the m ap area.

Alluvia l Deposits of Ma ck  Mesa

Alluvium two of the Colora do River (Upper Pleisto cen e) — T errace tread
rem nants 30 to 40 ft above modern river level  from 10 to 20 ft thick. U nit is likely
equivalent to Qt1in Carrara (2001).

QaC2

Alluvium three of the Colora do River (Upper Pleisto cen e) — Form s three levels
of terrace treads 50, 70, and 90 ft above the modern river level. T read rem nants
ranges from 15-22 ft thick. Highest tread is likely equivalent to unit Qt30of S cott
and others (2002) and unit Qt2of Carrara (2001).

QaC3

Alluvium four of the Colora do River (upper Middle Pleisto cen e) — T errace
tread is 155 ft above the modern river level. S oil developm ent consists of a S tage
II+ to sporadic S tage III calcic soil. Based on elevation above current river level,
unit correlates within the Qtu unit of Carrara (2001).

QaC4

Alluvium five of the Colora do River (upper Middle Pleisto cen e) — Form s 10- to
15-ft thick terrace remnants from 185 to 200 ft above river level. S urface exposures
m ay have heavy S tage IV  calcic soil developm ent. Coarse-crystalline igneous rock
are in various states of decom position. U nit is likely equivalent to the Qt60c unit of
S cott and others (2002) in G rand Junction.

QaC5

Alluvium six of the Colora do River (Middle Pleisto cen e) — T errace tread 250 ft
above river level. Many terrace rem nants are buried by Qaco deposits.QaC6

Alluvium seven  of the Colora do River (lower Middle Pleistocen e) — T he
highest terrace rem nant is 320 ft above river level. U nit is equivalent to unit Qt100
of S cott and others (2002).

QaC7

Qam1
Alluvium o n e of Ma ck  Wa sh (Upper Pleisto cen e) — U nderlies fan-surface
rem nants 80 ft above the Mack W ash floor. T he deposit has increased fines and tan
color at surface. U nit thickness is about 10 ft.

Qam2
Alluvium two of Ma ck  Wa sh (Upper Pleisto cen e) — U nderlies Mack Mesa that
is 100 ft above the Mack W ash floor and 140 ft above the East S alt Creek floor.
U nit soil developm ent includes a Bk horizon. U nit also includes thin, orange-tan
m ud deposits interbedded in the gravel. T his deposit is up to 15 ft thick and has
been historically m ined for aggregate.

Qamf Alluvia l mud-flow a n d mud-fa n  deposits (Holo cen e to Upper Pleisto cen e) — Brown-
gray to tan-gray, poorly sorted, poorly to unconsolidated, sandy clay and silt;
stratification m ay contain thin gravel-bearing lenses. T hicknesses m ay ex ceed 25 ft along
lower valley reaches and where term inal m ud fans begin to coalesce; recent deep arroyos
are typically incised into the deposit. S edim ents are principally derived from the Mancos
S hale. Deposits form by channelized to laterally unconstrained m ud flows or m ud-and-
gravel debris flows. U nit correlates with Qac m ap unit in G rand Junction (S cott and
others, 2001). W hen wetted, unit m ay be susceptible to dispersion (piping), soil collapse
and settlem ent (hydrocom paction), and/or swelling-soil hazards. Arroyo floors are
susceptible to flash flooding and m ud-flow hazards.

Alluvia l fa n  deposits (Holo cen e) — P oorly to moderately sorted, angular, cobble- to
gravel-sized rock fragm ents dispersed in a light gray-tan sand, silt, and clay m atrix. U nit
was deposited by floods and debris flows. U nit is less than 10 ft thick. Areas m apped
with this unit are prone to flooding and debris-flow hazards.

Qf

Old a lluvia l fa n  deposits (Upper Pleisto cen e) — Com position and mode of deposition
is the sam e as unit Qf. However, the deposits locally m ay contain more large rock
fragm ents and are reddish-gray to reddish-tan in color. Chalky-colored calcareous
ex posures along eroded slope edges of the deposit are likely indicative of Bk soil-horizon
developm ent. U nit m ay include ancient landslide earthflows; fans are inactive, incised,
and are bypassed by modern stream s or arroyos. W here underlain by the P ierre S hale,
unit is more resistant to weathering and, by topographic inversion, dissected remnants
now cap the higher ground between current ephem eral drainages. T hickness ranges from
5 to 30 feet.

Qfo

ALLUVIAL/EOLIAN DEPOSITS

Qaeo Old a lluvia l a n d eolia n  deposits (Upper Pleisto cen e) — Red to pinkish-tan, very fine-
grained sand and silt that m antles low hills and wide rock ledges. P rim arily deposited by
wind and reworked by sheetwash processes; dunes are occasionally present. S om e
chalky-colored exposures along eroded slope edges indicate Bk soil-horizon
developm ent. U nit thickness m ay be up to 15 ft. U nit m ay be susceptible to soil collapse
and settlem ent when wetted (hydrocom paction).

COLLUVIAL, ALLUVIAL/COLLUVIAL, AND MASS-WASTING 
DEPOSITS

Qc Colluvia l deposits (Holo cen e) — T he deposits consist of unsorted, very poorly to
unstratified, angular, bouldery rock debris deposited prim arily by gravity as rockfall from
canyon cliffs. O n less steep slopes, deposit generally has an unsorted sandy to clayey
m atrix that was transported by overland sheet flooding and rills that washed down finer-
grained m aterial. T he deposits include talus slopes along canyon walls. T hickness is
variable but m ay be up to 25 ft.  S teeper-sloped areas m apped as unit Qc are exposed to
rock fall hazards. Flatter-sloped areas m ay contain sedim ents susceptible to
hydrocom paction.

Qco Old colluvia l deposits (Pleisto cen e) — S im ilar to unit Qc, but older and eroded, thereby
creating triangular facets on steeper slopes and cliffs. Areas of this unit are exposed to
rockfall hazards.

Old a lluvia l a n d colluvia l deposits (Upper Pleisto cen e) — S im ilar to Qac deposits, but
color is red to reddish-tan to light orange-tan. Chalky-white exposures along slope breaks
that m ay indicate Bk soil horizons. U nit m antles high, gentle to moderate, slopes. T he
soil developm ent, reddish hue, level of erosion, and elevation above adjacent Qac and
drainage base levels suggests a Late Pleistocene age. T hickness varies from 5 ft to over
30 ft. Areas m apped as unit Qaco are exposed to potential rock fall hazards within
canyons and near cliff faces. U nit m ay be susceptible to ground settlem ent from soil
hydrocom paction.

Qaco

Morriso n  Forma tio n  (Upper Jurassic)

Brushy Ba sin  Member — Banded red, gray ish-purple, and green-gray m udstone,
coarse siltstone, and thin- to thick-bedded, reddish-tan, tan, to gray-white sandstone;
unit form s smooth benchy slopes. Mudstone is generally mottled and contains
swelling clays that can form popcorn tex tures in slope residuum . P aleosol horizons
are com mon, containing lum py chert and calcrete bodies, and bioturbated sandstone
beds with burrows and vertical root casts. S andstone can be fine- to coarse-grained
and occurs as lenticular channel bodies and thin, tabular beds interbedded with
shale. Discontinuous channel sandstone beds m ay be am algam ated and up to 30 feet
thick. S om e beds are lenticular, crossbedded, granule to m edium pebble (≤½ in)
conglom erate. Clasts are subrounded to subangular and com posed of reddish-
brown, gray, jade-green, and yellow chert, as well as sim ilar sized clay rip-up clasts.
U nit is well known for dinosaur fossils and several bone quarries occur in the Fruita
P aleontological Research N atural Area and Jm b exposures across the river. U nit is
prone to m ass wasting and is usually covered by landslide deposits. T hickness is
about 340 ft; structurally thinned to 100 ft at Flum e Creek monocline.

BEDROCK GEOLOGY
Ma n cos Sha le (Upper Creta ceous)— T he Mancos S hale in the Mack area contains
lithologic units that are transitional from Colorado to U tah. Many m em ber units in U tah
have been historically carried into N orthwest Colorado south of the U inta Basin, and into
the G rand V alley (Molenaar and Cobban, 1991; Cole and others, 1997). T he units used in
this m ap reflect lithostratigraphic and biostratigraphic work by the U S G S  (Merewether
and others, 2006). Recent 1:24,000-scale m apping by CG S  in nearby G rand V alley,
W hitewater, and Delta separates form al m em ber units of the Mancos S hale carried over
from the P ierre S hale equivalents along the Front Range and the Mancos/Mesa V erde
N .P. area in southwestern Colorado. T he U tah Mancos m em bers m apped near the state
border (G ualtieri, 1988; W illis, 1994; Cole and others, 1997) are shown in heading
parentheses. T he shale, where exposed, is heavily fractured with secondary gypsum
(selenite) filling. Expansive clay m ineralogy creates swelling-soil hazards in shale
bedrock and any derived sedim ent.

Tidwell Member — Interbedded, dark-gray m udstone, thin to thick (<5 ft) beds of
buff to light-gray crossbedded sandstone, and gray, hard, dense, m icritic lim estone.
Basal 3- to 4-ft thick, m edium  grained to granule-conglom eritic sandstone bed
m arks the regional J-5 unconform ity. U nit is about 140 ft thick and structurally thins
at monocline folds.

Sa lt Wa sh Member — T an-gray and red stained, m edium - to coarse-grained
sandstone beds that are conspicuous between the m udstone-rich Jm b above and the
Jm t m udstone, lim estone, and thinner sandstone beds below. T he unit is exposed as
laterally persistent, benchy cliffs of thick- to m assive-bedded, crossbedded, fluvial
sandstone with m inor thinly interbedded, mottled red to more scarce green-gray
m udstone.  U nit is about 100 ft thick.

Burro Ca n yo n  Forma tio n  (Lower Creta ceous) — S andstone, green-gray and less
com mon lavender m udstone, and pebble conglom erate. T he interbedded terrestrial unit is
bound by the K-2 and K-1 unconform ities with bedding and lithology that are laterally
discontinuous. S andstone beds are gray-tan to light-gray, non-calcareous, fine- to very
coarse-grained, moderately well sorted, thin- to very thick-bedded, and crossbedded.
Individual sandstone beds m ay be bioturbated and contain anim al burrows, quartzitic in
places, contain chert replacem ent and silcrete zones, and soft-sedim ent deform ation
structures. G reen-gray m udstone is more com mon in the upper part of the form ation and
varies between 5 and 30 ft thick with evidence of paleosol developm ent containing
irregular lum py intervals of chert, and calcic nodular and concretionary m asses. Chert-
pebble (≤2 in) conglom erate channels and lenses are moderately well sorted and occur as
crossbedded lenses in m edium - to very coarse-grained sandstone. T he base of the unit is
in disconform able contact with the underlying Morrison Form ation (K-1 unconform ity).
T hickness is about 100 ft; at Flum e Creek monocline flex ural-slip deform ation has
structurally thinned the unit to 55 ft.

Da k ota  Forma tio n  (Upper a n d Lower? Creta ceous) — S andstone, pebble
conglom erate, shale, and m inor coal. U pward in the stratigraphic section, the form ation
records a basal terrestrial depositional environm ent that transitions to estuarine and
m arine as the Cretaceous W estern Interior S eaway flooded the area. T he upper part is
buff to tan to gray, fine- to coarse-grained, thin- to very thick-bedded, com monly
crossbedded, non-calcareous, com monly bioturbated, m arine sandstone and interbedded
dark-gray shale. T he m iddle part of the unit represents estuarine to swam p environm ents
and contains thick shales and carbonaceous m udstones, fewer sandstone beds, and m inor
coal seam s. Coal exposures are best observed adjacent to Mack Ridge T railhead Road,
200 ft from the Hawkeye Road turnoff. T he lower section was deposited in a flood-plain
terrestrial environm ent and typically contains channel-form, m edium - to very coarse-
grained, crossbedded sandstone, chert-pebble (≤1 in) conglom erate, and m inor gray
m udstone; petrified wood was com monly observed. P rom inent thick sandstone beds m ay
be bleached gray ish-white, becom e friable, and stained pale yellowish-orange. Bedding,
facies, and thickness varies laterally. Basal contact is first sign of green-gray Kb
m udstone that m arks the regional K-2 unconform ity. Deform ation banding is com mon at
lim bs of monoclinal folds. U nit thickness was m easured from 94 to 125 ft.

Lower Sha le un it (Tun uck  Member), in cludes un divided Blue Hill, Co o n
Sprin g Sa n dsto n e, Bridge Creek Limesto n e, a n d Gra n eros Members —
U ndivided lower m em bers of the Mancos S hale outcrop occur as a narrow,
structurally thinned band along the tight asym m etrical synclinal lim b of the Flum e
Creek monocline. T he Blue Hill Mem ber is m edium-gray to dark-olive-gray to
black, non-calcareous shale with siltstone interlam inations, starved glauconitic-sand
ripples, and very thin beds of olive-tan to gray-brown to tan-gray, very-fine grained,
fossiliferous sandstone. T he upper surface exposures weather to light-gray to light-
yellow-gray that contrasts with the orange-brown Juana Lopez cuesta. T he Coon
S prings S andstone Mem ber is m edium- to fine-grained, wavy, thin- to m edium -
bedded, moderately calcareous, moderately well sorted m arine sandstone. U nit
transitions down section to gray, friable, bioturbated, m uddy sandstone that contains
a prom inent horizon of large concretionary sandstone m asses best exposed along
the river bluff at the BLM Lom a boat-launch ram p. Interbedded with olive-tan to
light-gray silty shale, the concretion outcrops form a traceable m arker bed. T he
Bridge Creek Lim estone Mem ber is gray-black to brownish-gray, finely fissile,
calcareous shale, siltstone, and thin beds of gray, m icritic, shaly lim estone. T his 40-
ft thick unit weathers gray-white in slope exposures.Pycnodonte newberryi fossil
oysters are abundant in this interval. T he Bridge Creek Lim estone/P. newberryi
horizon is shown on the m ap as a line trace. T he G raneros Mem ber is olive-gray,
brown-gray and dark-gray, noncalcareous, silty shale. T he conform able base of the
unit was m arked by the first occurrence of thin beds of tan to light-brown, fine-
grained sandstone interpreted to be a transgressive m arine-environm ent facies of the
Dakota Form ation.

Mo n tezuma  Va lley a n d Jua n a  Lopez (Ferro n  Sa n dsto n e) Members, un divided
— Montezum a V alley Mem ber is gray-black, finely fissile shale with scattered
sm all, rounded to discoid lim estone concretions. T he unit is poorly exposed but
visible in aerial im agery as a dark-gray band that contrasts against the gray-white
slopes of the basal Kms. T he lower Juana Lopez Mem ber is more conspicuous in
outcrop, form ing a prom inent cuesta along the steep asym m etrical synclinal lim b of
the Flum e Creek monocline. T he unit is thinly bedded to lam inated, occasionally
wavy bedded, very fine- to fine-grained, m arine fossiliferous sandstone, fossil-hash
calcarenite, and gray-black fissile shale. Less than 1-ft dia. fossilifereous
concretions and septarian nodules are com mon. Fossil-shell hash has fragm ents of
Inoceramus shells, sm allLopha lugubris oysters, coiled am m onites (Prionocyclus
sp., scaphites sp.), and rare shark teeth. In outcrop, the unit weathers to orange-
brown to orange-tan. T hickness is 120 ft at steep lim b of Flum e Creek monocline.

Smo k y Hill/Niobra ra  Member (Lower Blue Ga te Member) — Dark-gray to
gray-black, finely fissile, speckled, calcareous shale, light-gray shaly lim estone,
intervals of interlam inated very fine-grained sandstone and sporadic thin seam s (≤5
in) of bentonite. T hick-shelled, prism atic Inoceram us fossil fragm ents are com mon,
often encrusted with Pseudoperna congesta oysters, and em it a petroliferous odor
when freshly broken. Poorly preserved coiled am monite fossils were observed. U nit
is poorly exposed and covered by residuum , Qam f deposits, or obscured by
agriculture use below the G overnm ent Highline Canal. S andy intervals occur in the
lower third of the unit, which form subtle topographic hills littered with abundant
sandstone chips north of Highway 6 and 50 between Mack and Lom a. T he basal
section of the unit becom es increasingly calcareous and contains several lim estone
beds, which weather gray-white in slope exposures between Interstate 70 and the
synclinal fold of the Flum e Creek monocline. U nit exposure ex tends off m ap to the
northeast. T he thickness of the lower Blue G ate Mem ber is estim ated at about 1,900
ft in this region  (Cole and others (1997).

Qls La n dslide deposits (Holo cen e to Upper(?) Pleisto cen e) — Disturbed, chaotic m ix tures
of m udstone, shale, and sandstone rock fragm ents that form from shearing, rupturing, and
down-slope displacem ent of strata when gravitational forces ex ceed the strength of the
m aterial. T he largest landslides in the m ap area are north-facing dip-slope failures that
occur within the Jm b and Kb strata along the steep Flum e Creek monocline fold. T hese
deposits are up to 70 ft thick and m ay be Late Pleistocene in age based on erosional
smoothing and drainage incision of the landslide deposit. Areas m apped as Qls m ay be
prone to additional slope failures. Building structures in these areas should be avoided.
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Wa n a k a h Forma tio n  (Middle Jura ssic) — Red and green-gray, rare lavender-gray,
mottled, lum py thin- to m edium-bedded m udstone, siltstone, and very fine-grained
sandstone; slope-form ing unit outcrops as upper green and lower red bands. T he unit
varies between 32 ft and 36 ft in thickness. T his unit has previously been m apped as the
S um m erville Form ation across the U tah border (G ualtieri, 1988; W illis, 1994).
O 'S ullivan and P ipiringos (1983) placed it within the T idwell Mem ber of the Morrison
Form ation. T his package of strata was later reclassified the W anakah Form ation in
nearby m apping by S cott and others (2001) and work by O 'S ullivan (2004).

Jw

Preca mbria n  ro ck s, un differen tia ted (lower Proterozo ic) — Dark gray, moderately
foliated, coarse-crystalline, porphyroblastic m igm atite, m igm atitic gneiss, and schistic
gneiss. P orphyroblasts are euhedral plagioclase laths up to 3½ in long and 1 in wide, long
ax is is typically oriented parallel to foliation strike. U nit contains schistic x enoliths and
white quartz veins, pink felsic aplite dikes, and pegm atite dikes that both follow and
cross-cut foliation. Basem ent rocks are typically highly jointed with m any offset shear
zones. T he nonconform ity is typically a weathered zone, up to 10 ft thick, where the
crystalline rock is altered to grus and stained/bleached a light-gray to lavender-red color.

En tra da  Sa n dsto n e (Middle Jura ssic) — T wo m em bers of Entrada S andstone were
m apped in the Mack quadrangle: the "board beds" and the S lick Rock Mem ber. T he
"board beds" is an inform al unit, described by O 'S ullivan and P ipiringos (1983), m apped
in the Colorado N ational Monum ent (S cott and others, 2001), and described nearby by
O ’S ullivan (2004).

Wa n a k a h Forma tio n  a n d En tra da  Sa n dsto n e, un divided (Middle Jurra ssic) —
T hese undivided units are shown in cross section only.

Slick  Ro ck  Member — S almon-red to pale pinkish-cream  colored, eolian, very
fine- to m edium-grained, m edium  to well sorted, m assive, dune crossbedded,
friable sandstone that weathers to a rounded appearance form ing prom inent
smooth, 130-ft high, rounded cliffs and grottos. T he natural arches of Rattlesnake
Canyon occur in this unit. Rare, dispersed well-rounded chert clasts (≤5 in) occur
at the basal contact with the Kayenta Form ation.

"bo a rd beds" (in forma l member) — V ery light-gray to light-pinkish-gray, thin-
to m edium -bedded, very fine- to fine-grained, planar bedded sandstone deposited
by water.  Ripple m arks are com mon. S haly partings and thin m udstone interbeds
m ay separate the individual sandstone beds. T his unit is 36-ft thick and in outcrop
resem bles a stack of books or boards above the m assive S lick Rock Mem ber.

Ka yen ta  Forma tio n  (Lower Jurassic) — Lavender-red, m aroon-red, and occasional
buff to light-gray, fine- to coarse-grained, crossbedded, thin- to thick-bedded fluvial
sandstone, and lesser red-brown m udstone and channel-form ing lenses of lim estone/shale
granule to pebble conglom erate. U nit was m easured at 138 ft thick.

Win ga te Sa n dsto n e (Lower Jura ssic) — O range-red to reddish-tan, m assive, eolian
crossbedded, very fine- to fine-grained, well sorted, calcareous sandstone. T he unit form s
high cliffs within the canyons and upthrown walls of m ajor faults. U nit was m easured at
340' thick but is structurally thinned at monocline folds.

Chin le Forma tio n  (Upper Tria ssic) — Red to reddish-brown, occasionally mottled,
thinly interbedded, calcareous m udstone and m inor thinly bedded, very fine- to m edium -
grained red sandstone. Mud rip-up clasts m ay occur as lenses within crossbedding. U nit
lies on the planar nonconform ity with the underlying P recam brian rocks and was
m easured 97 ft thick.
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