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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

HUMAN-MADE DEPOSITS

ALLUV IAL DEPOSITS

MUD FLOW, DEBRIS FLOW, AND ALLUV IAL FAN DEPOSITS

MASS-WASTING DEPOSITS

Qrg
Rock glacier deposits (Holocene to late Ple istocene — Medium -orange, angular blocks of m onzonite
porphyry, form ing undula ting surfa ces with visible flow lobes.  The rock blocks are com m only up to 6
feet in length.  They have been roughly size-sorted by freeze-tha w processes and m ovem ents of
interstitia l ice.  Finer m a trix m a teria ls are typica lly not present at the surfa ce, but m a y occur deeper
within the deposits.  The rock gla ciers form  at the base of ta lus cones, and are ba sica lly ta lus m a teria l
tha t has been rem obilized.  The conta ct between the ta lus and rock gla cier deposits is m arked by a
change in color and sorting.  The toes of the rock gla cier deposits are typica lly well form ed, with steep,
rounded, term ina l slopes.  It is unknown whether there is still interstitia l ice rem a ining within the rock
gla ciers, or whether they are a ctively m oving.  Thickness is poorly known, but m a y range from  5 to 30
feet.

Qls
Landslide deposits (Holocene to middle? Pleistocene) — Heterogeneous deposits of unsorted to
poorly sorted clay, silt, sand, gravel, and boulders.  The deposits record the fa ilure of a hill slope and the
down-slope m ovem ent of debris, either within an individua l landslide or a larger landslide com plex.  The
m a trix and rock types, com positions, and sizes of fra gm ents reflect the properties of the loca l source
area s.  The landslide debris m ay conta in bodies of rela tively undisturbed rock or soil.  In m ost pla ces, the
landslides show obvious geom orphic expression that disrupts the profile of the slopes.  Hea d scarps and
interna l scarps (the near-vertica l deta chm ent scars exposed a t the top of and interna lly within the
landslides) are often rea dily recogniza ble, and are shown on the m ap.  Many of the m apped scarps are
ina ctive and have been erosiona lly degra ded, while other scarps are distinct, sharp, and indica tive of
recent landslide m ovem ents.  Other com m on dia gnostic features include hum m ocky topography, closed
depressions, sa g ponds, fissures, terra cettes, tension cra cks, and pressure ridges.  There are three m a in
types:  1) Landslides rooted in Mancos S ha le, which are a bundant and widesprea d throughout the
qua drangle and m ay conta in very large blocks of displa ced, weathered sha le bedrock.  2) Landslides on
Fruitland Mesa in the western part of the qua drangle, which m ost com m only form  in Mowry S ha le a top
the Dakota S andstone dip slope.  3) Y ounger (Holocene to late Pleistocene) landslides on strea m -
dissected flanks of older, breccia-block landslide deposits (Qlbr), which are com prised of rem obilized
andesitic breccia m a teria l.  Landslide area s are subject to future m ovem ent during episodes of heavy
ra infa ll or snowm elt.  They m a y be rea ctivated by hum an-m a de disturbances such as cutting of slopes for
roa ds, quarries, gra ding for housing developm ents, agricultura l and household irriga tion, and septic
system s.  Landslide deposits m ay be prone to settlem ent when loa ded or wetted.  The deposits m ay
conta in expansive soils where derived from  sha le form ations.  Thickness is highly varia ble, and typica lly
ranges from  10 to m ore than 50 feet.

Older alluvial fan deposits (late Ple istocene) — Com position and m ode of deposition is sim ilar toQf.
TheQfo deposits occupy a slightly higher position on the landscape and are typica lly not in depositiona l
conta ct with the m odern strea m  va lleys.  Thickness m a y loca lly exceed 10 feet.

Surficial gravel lag deposits (late to middle? Pleistocene) — R em nant deposits of sandstone,
m onzonite porphyry, or andesite gravels tha t are too sm a ll in extent to m ap as polygons.  The deposits
m ay m ark the courses of form er strea m s, or they m ay be eroded from  other, older gravel deposits and
redeposited.   Thickness is typica lly 5 feet or less.

af
Artificial fill (late Holocene) — Gravel, sand, silt, cla y, and rock or concrete debris pla ced to construct
da m s, em bankm ents, or other hum an-m a de structures.  Fills m ay be engineered (built with controlled
com pa ction) or com pletely uncontrolled.  Their com positions and properties are varied.  Thickness is
typica lly less than 20 feet.

dr Disturbed and/or reclaimed ground (late Holocene) —Disturbed land includes area s such as surfa ce
gra vel pits or other large excava tions, and associa ted stockpiled or spoil m a teria ls.  R ecla im ed area s are
covered with fill or overburden m a teria ls tha t consist of gravel, sand, silt, clay, or rock debris, sim ilar to
unitaf.  Thickness of fill, overburden, stockpiled, or spoil m a teria ls is typica lly less than 20 feet.

Alluvial deposits (Holocene to late Ple istocene) — Light- to dark-gray to grayish-purple, poorly to
m oderately sorted, poorly consolida ted, sand, gravel, silt, and cla y, com prising the m odern floodpla in of
perennia l tributary strea m s.  The floodpla in consists of a ctive, low-sinuosity, poorly sorted sandy to
gravelly channel deposits, and finer-gra ined overbank deposits.  The unit m a y include colluvia l deposits
a long the va lley m argins.  It is som etim es partia lly overla in by a lluvia l fan (Qf) or m ud fan (Qamf)
deposits.  The gravel clasts inQadeposits a long Little Coa l and S econd Creeks consist prim arily of
m onzonite porphyry.  W ithin the canyons of the Clear Fork, Doug and Muddy Creeks, the gravel consists
prim arily of andesite and andesitic breccia.  S m ith Fork conta ins a m ix of m onzonite and andesite gravel
cla sts.  Iron Creek, in Iron Canyon, conta ins a m ix of andesite and sandstone gravel clasts.  Thickness is
poorly known but genera lly less than 15 ft.

Qa

Qamf Alluvial, mud flow and mud fan deposits (Holocene to late Pleistocene) —Light-gray to pa le-orange,
well to occa siona lly poorly sorted, poorly consolida ted, clayey to sandy silt deposited in va lley-hea d and
va lley-side a lluvia l fans, tributary strea m  va lleys, and coa lescing fans in loca l basins.  The deposits
com prise a com plex system  of deposits tha t m ay extend for m iles a long tributary strea m  rea ches.Qamf
sedim ents were deposited prim arily by m uddy debris flows with occa siona l input from  sheetwa sh,
hyperconcentrated flows, and wa ter-flood flows. The deposits consist of poorly defined silt la yers,
typica lly less than an inch to a few inches thick, which record individua l m ud flow depositiona l events.
Som e la yers show incipient soil developm ent.  Occa siona l lenses of m uddy gravel are present, especia lly
near the ba se of the unit.  The gravel cla sts consist of subround to angular m onzonite porphyry, andesite,
or sandstone.  Areas m apped asQamf m a y be subject to future flash floods and m ud flow events,
especia lly in non-incised area s, and within the deeply dissected m odern arroyo channels.  The deposits
m ay be prone to significant collapse from  dispersion, hydrocom pa ction, or slope fa ilure when wetted or
loa ded.  Thickness m a y exceed 5 feet in thickness in va lley-hea d and va lley-side area s and m a y exceed
15 feet a long the va lley rea ches and in the basins.  S om e of the deposits ha ve been deeply dissected by
strea m  erosion during the la te Holocene, resulting in narrow, steep-wa lled arroyos that are 5 to 10 feet
deep a long the va lley bottom s.

Qamfo Older alluvial, mud flow, and mud fan deposits (late Pleistocene) — Com position and m ode of
deposition is sim ilar toQamf.  The unit form s a series of poorly form ed terra ce deposits on the tops or
flanks of low hills, prim arily within the south-centra l part of the qua drangle.  The deposits increa se in
a ge at progressively higher terrace eleva tions.  W e interpret tha t they are rem nants of form er m ud fans
and va lley fills tha t ha ve been m ostly eroded awa y.  The deposits occupied pa leo-strea m  va lleys and
ba sins tha t are no longer in depositiona l conta ct with m odern dra ina ges.  They are now inverted, positive
fea tures in the landscape.  Som e of the deposits conta in concentrations of ba sa l gravel, consisting in m ost
cases of subround to angular andesite pebbles and cobbles.  The deposits m ay be prone to collapse from
dispersion, hydrocom pa ction, or slope fa ilure when wetted or loa ded.  Thickness is varia ble, but in
genera l ranges from  5 to m ore than 15 feet.

Qf
Alluvial fan deposits (Holocene) — R eddish-brown to light-brown, well-sorted to loca lly poorly sorted,
poorly consolida ted, sandy silt to sandy bouldery gravel deposited in a lluvia l fans at the m ouths of
strea m s, and as fan aprons a long the ba se of sandstone-capped hills.  The deposits typica lly have a fan-
shaped m orphology.  S edim ents are loca lly derived and are deposited prim arily as sheetwa sh, debris
flows, and hyperconcentrated flows.  The deposits consist of well- to poorly defined sand, silt, and gravel
la yers, typica lly severa l inches thick, which record individua l depositiona l events.  S tringers and lenses
of loca lly reworked gravel and sand m a y be present.  Depending on source m ateria l, cobbles and
boulders can be a bundant.  Areas m apped as a lluvia l fans are subject to future fla sh floods and debris
flow events.  The deposits m a y be prone to significant collapse from  dispersion, hydrocom pa ction, or
slope fa ilure when wetted or loa ded.  Thickness m ay loca lly exceed 10 feet.

Qfo

Kms
Smoky Hill and Fort Hays (Niobrara) Members, undivided — These two m em bers are a ge-
equiva lent to the Niobrara Form ation of centra l and ea stern Colora do.  The S m oky Hill Mem ber
m a kes up m ost of the m ap unit.  It consists m a inly of dark-gray to light-gray, slightly ca lcareous
to ca lcareous sha le.  It wea thers to a distinctive pa le yellowish orange or very pa le-brown color,
known loca lly as “Mancos blonde.”  The S m oky Hill Mem ber is distinguished by the presence of
thick-shelled Inoceramus fra gm ents (including I. platinus and Magadiceramus subquadratus),
often encrusted with Pseudoperna congesta oysters.  Freshly exposed bedding planes are
speckled with sm a ll, white, fora m s and coccoliths.  There are occasiona l lim estone beds (peloid-
rich m udstone or packstone) up to 1 foot thick.  Fra cture-filling sea m s of fibrous gypsum  are
present throughout the unit.  The Fort Hays Mem ber form s the ba sa l strata of the Niobrara
interva l, and overlies a regiona l unconform ity.  It consists of thinly interbedded lim estone, m arl,
and sha le beds, and is a bout 50 feet thick.Kmsoutcrops are often covered by thin residuum .
The undivided m ap unit is partia lly exposed in the m iddle-a ltitude areas of the m ap, where it is
often covered by different landslide deposits (Qls and Qlbr).  Thickness of the undivided S m oky
Hill and Fort Hays Mem bers is a bout 700 feet.

Jm Morrison Formation (Upper Jurassic) — The Morrison Form a tion unit consists of three m em bers,
from  youngest to oldest, the Brushy Basin, S a lt W a sh, and Tidwell Mem bers.  The Brushy Basin
Mem ber consists of non-ca lcareous sha le with occa siona l lenses of sandstone.  The S a lt W ash Mem ber is
sim ilar to the Brushy Basin Mem ber, but it conta ins m ore a bundant lenticular sandstone bodies.  The
Tidwell Mem ber conta ins beds of gypsiferous sha le, gypsum , and ta bular to lenticular sandstone.  Only
the upperm ost 100 feet of the Brush Basin Mem ber is exposed in the qua drangle.  It occurs in Iron
Canyon, in the canyon to the north of Crawford Da m , and on the eastern and northern flanks of S a ddle
Pea k.  The undivided Morrison Form a tion is 660 to 690 feet thick, and is shown in the cross section on
Pla te 2.
Wanakah Formation and Entrada Sandstone of the San Rafae l Group, undivided (Middle
Jurassic) — S hown on cross section only.  The W ana ka h Form ation conta ins rela tively la tera lly
continuous beds of sha le, gypsum , thinly bedded sandstone, and m inor lim estone.   The Entra da
S andstone consists of very fine to fine gra ined sandstone with eolian cross bedding, horizonta l planar
bedding, and m a ssive fa brics.  It is the oldest sedim entary form a tion in the area.  The W ana ka h
Form ation is 45 to 55 feet thick.  The Entra da S andstone is 50 to 100 feet thick.
Precambrian Rocks (Proterozoic) — S hown on cross section only.  The Preca m brian crysta lline
ba sem ent rocks of the Gunnison Uplift include m ica schist, quartzitic and m igm a titic gneiss,
a m phibolite, granodiorite, and pegm a tite.  The top-of-Preca m brian surfa ce is a m a jor nonconform ity.

Kmj Montezuma V alley and Juana Lopez Members, undivided — The Montezum a V a lley Mem ber
is a m edium - to dark-gray, sha ly m udstone.  The sub-unit form s hill-capping outcrops on top of
the Juana Lopez hogba ck.  It is poorly exposed and is m ost often used as grassy pasture land.  The
outcrops are weathered and consist of brownish-gray residuum .  Light-gray lim estone concretions
are found in the upper 15 feet.  Thickness of the Montezum a V a lley Mem ber is 110 to 120 feet.
The underlying Juana Lopez Mem ber is m edium  gray to bla ck.  In outcrop, it m a y weather to
light red to m odera te reddish orange.  It consists of 1- to 6-inch thick interbeds of rippled
ca lcarenite and organic-rich sha le.  The ca lcarenite beds conta in shell hash and broken pieces of
inocera m ids (I. Dimidius), sm a ll oysters (Lopha lugubris), and coiled a m m onites (Prionocyclus
macombi).  The beds are seldom  observed in pla ce; they are usua lly strewn as a thin, colluvia l
cover of angular ca lcarenite fra gm ents a cross the outcrop. The Juana Lopez Mem ber is well- to
poorly exposed a cross the centra l m ap area, where it form s extensive, low-angle hogba cks and dip
surfa ces.   The Juana Lopez Mem ber is 45 to 50 ft thick.  Thickness of the undivided unit is 160
to 170 feet thick.

Kmb Blue Hill Member —Medium -gray to bla ck, gla uconitic, pyritic, non-ca lcareous sha le.  The unit
is m ostly non-fossiliferous.  The upper part consists of pla ty, silty sha le with sea m s of fibrous
gypsum  a long bedding planes and fra ctures.  The bedding surfa ces often conta in coatings of
yellow residue, presum a bly rela ted to sulfide (pyrite) oxida tion.  Disc-shaped septarian
concretions and starved gla uconitic-sand ripples occur in the upperm ost 50 feet.  The m iddle part
is fissile sha le with distinct bedding planes.  The conta ct between the upper and m iddle parts
conta ins two zones of a bundant, m odera te-red concretions up to 5 feet in dia m eter.  The
concretions have septarian structure and cloudy white ca lcite crysta ls a t their cores, surrounded by
outward-radia ting carbonate m a teria l (possibly siderite?) with cone-in-cone structure.  The lower
part of the unit is slightly silty, wavy-bedded, fissile sha le.  It becom es brownish-bla ck near its
ba se.  The Blue Hill Mem ber form s low benches, slopes, and ridges in the centra l part of the
qua drangle.  Along with severa l sheets and sills of m onzonite porphyry, it form s the bulk of the
Y oungs Pea k m assif, north of the town of Cra wford.  Thickness of the entire unit is 160 to 200
feet.

Kml Mancos Shale, lower part, undivided — This unit includes severa l m em bers of the Mancos
S ha le tha t ha ve been m apped in deta il by CGS in nearby qua drangles.  From  youngest to oldest,
they are the Fairport, Bridge Creek, and Hartland-Graneros Mem bers.  The unit conta ins interva ls
of ca lcareous to non-ca lcareous sha le.  Certa in interva ls conta in ca lcarenite beds (Fa irport) or
abundant concretion horizons (Bridge Creek).  The unit form s low ridges and gentle slopes.  It is
poorly exposed and is m ost often used as grassy pasture land.  The thickness of the undivided unit
is 200 to 250 feet.

Kdb
Mowry Shale, Dakota Sandstone, and Burro Canyon Formation, undivided (Upper and Lower
Cretaceous) — The Mowry S ha le consists of clayey to silty sha le with thin interbeds of silica-cem ented
siltstone and very fine-gra ined sandstone.  Bedding thickness is on the sca le of m illim eters to a few
inches.  It is a transitiona l unit between the Dakota S andstone and Mancos S ha le.  Most of the pasture
land a top Fruitland Mesa, in the western part of the study area, is in Mowry S ha le tha t overlies the
resistant Da kota dip slope.  The Da kota S andstone consists of interbedded sha le and silica-cem ented
sandstone.  The upper part conta ins m ostly m arine sha le with thin zones or lenses of very fine to fine
gra ined, rippled to hum m ocky cross-stratified sandstone.  The lower part conta ins lenticular to ta bular
bodies of fine to m edium  gra ined sandstone, carbona ceous sha le, and coa l, and is varia ble in thickness.
Its lower conta ct with the Burro Canyon Form ation is unconform a ble.  The Burro Canyon Form ation
conta ins lenticular bodies of chert-pebble conglom erate, conglom era tic sandstone, sandstone, and m inor
sha le.  It is highly varia ble in thickness.  The thickness of the undivided Mowry-Dakota-Burro Canyon
interva l varies from  150 to 200 feet.

Jwe
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A note a bout m ap sha ding: The m ap has a sha ded relief underlayer that genera lly
enhances the appearance of the topography, but can m a ke the geologic unit colors
darker or lighter in areas of steep topography.

MAP SYMBOLS

Contact — Approxim a tely loca ted

Fault — Dashed where inferred, dotted where concea led; 
          U on upthrown side, D on downthrown side

Alignment of cross sectionA A'

Syncline — Dashed where approxim a tely loca ted

Monocline, lower fold axis 

Strike and dip of inclined bedding — S howing direction
          and angle of dip

Lobe crest in landslide deposit 

Landslide scarp — Top of scarp; tic m arks point downhill

Monocline, upper fold axis 

Strike and dip of fracture sets — S howing direction and 
          angle of dip

Strike and dip of joint sets — S howing direction and angle of dip
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Anticline — Dashed where approxim a tely loca ted

Qg1
Qg2 Qg5

Qgo

Qg5

Qg4

Qg3

Qg2

Qg1
Gravel deposit one (Holocene) —
Gravel deposit two (late Pleistocene) —
Gravel deposit three (late Pleistocene) —
Gravel deposit four (middle Ple istocene) —
Gravel deposit five (middle Ple istocene) —
Older gravel deposits (late to middle? Ple istocene) —
Light- to m edium -brown to light-reddish-brown to grayish-purple, poorly to m oderately sorted,
m oderately to well-consolida ted gravel, boulders, cla y, silt and sand.  The deposits are com m only m atrix-
supported gravels with a m uddy m a trix, with occasiona l lenses and la yers of m odera tely sorted sand or
sandy gravel.  W e interpret them  to be debris flow deposits with m inor a lluvia l deposits, associated with
m odern or form er va lley-fill or fan system s, or as rock-ava lanche deposits on high benches surrounding
steep-sided la ccoliths.       deposits occur at m odern strea m  levels.  The olderQg-series deposits typica lly
occur as m esa- or ridge-capping deposits, approxim a tely 20 to 600 feet higher than the m odern strea m s.
Deposits       to      are progressively older and higher in eleva tion and occupy sim ilar landscape
elevations as those m apped by CGS  in the nearby Hotchkiss qua drangle, rela tive to strea m  terraces of the
North Fork Gunnison R iver (Noe and R odgers, 2014).  The Qgo deposits are quite varia ble with regard
to the m ode of origin for ea ch deposit.  They occupy a num ber of different eleva tions and levels, but no
system a tic differentia tion of eleva tion levels was a ttem pted.Qgo deposits capping the chaotic, breccia-
block landslide deposits (Qlbr) in the centra l and eastern parts of the qua drangle m a y m ark loca tions
where form er strea m s reworked portions of the landslides.  In genera l, the degree of weathering and
presence of clayey and ca lcic soil developm ent (Bt and Bk) increases with increa sing a ge of the deposits.
Thickness is approxim a tely 10 to 20 feet.

Qt
Talus deposits (Holocene to late Ple istocene) — Light- to dark-gray, angular blocks and fra gm ents of
m onzonite porphyry, with a varia bly distributed m a trix of sand-, gravel-, and silt-sized m a teria l of the
sa m e com position.  The rock blocks are com m only up to 6 feet in length, but occasiona lly blocks of up
to 20 feet in length are present.  Ta lus cones and aprons form  a long the steep sides of la ccolith pea ks,
sheets, and plugs, as com posite aprons or at the m ouths of rock chutes.  They are prim arily deposited by
rockfa ll or snow-ava lanche processes.  Thickness is poorly known, but m ay range from  5 to 100 feet.

Mancos Shale (Upper Cretaceous)
W e recognize eleven m em bers or sub-form ations of the Mancos S ha le in the qua drangle, distinguished
on the ba sis of com position, color, and fossil assem bla ges.  Their conta cts are conform a ble unless
indicated.  S om e of the thinner m em bers are grouped together, or with other, thicker m em bers, as
undivided m ap units on the geologic m ap.  All of the m em bers conta in expansive cla y m inera ls, to
different degrees.  Houses and other engineered infrastructure built on the sha le m ay experience
da m a ging ground-heave m ovem ents.  Mancos S ha le is susceptible to landsliding and other types of slope
fa ilures, especia lly where the sha le is overla in by perm ea ble, ground-wa ter-bearing Qua ternary deposits.

MESOZOIC SEDIMENTARY ROCKS

MINERAL SPRING DEPOSITS

BEDROCK UNITS
TERTIARY IGNEOUS ROCKS

Qlbr Breccia-block landslide deposits comprised of West Elk Breccia (late to early? Ple istocene) —
Heterogeneous deposits of grayish-purple, unsorted, chaotic breccia.  The breccia m a teria l consists of
andesite and m inor latite, as subround to angular clasts in an andesitic m a trix.  The deposits are derived
from  the W est Elk Breccia (Tbr), which is present in extensive outcrops just to the east of the
qua drangle, a long Mendicant R idge (see unitTbrfor m ore deta iled rock descriptions).Qlbrdeposits
are nearly identica l toTbrin term s of com position and texture; however, they are located far too low in
the landscape and are thus too young to be in-pla ce W est Elk Breccia deposits.  W e interpret that the
Qlbrdeposits were em pla ced as m a ssive landslide fa ilures from  Mendicant R idge, which swept down
and filled the existing va lleys, and a lso as large-sca le earthflow deposits within the landslide com plex.  It
appears that huge blocks of inta ct breccia, up to over 1,000 feet in length, were pulled apart from  ea ch
other as they were carried a long with the slide m ovem ents, resulting in a block-and-gap topography.
Based on landscape position of the ba se of the deposits, we identify possibly three episodes of large-
sca le fa ilures.  S ubsequent erosion of the landslide com plex has produced a deeply dissected landscape,
including the deep canyons of Clear Fork and Doug Creek.  In certa in eroded exposures, we found
form er Mancos S ha le hills and va lley side-wa lls, a ll buried beneath breccia m a teria l.  Som e of the
deposits m ay approach 500 feet in thickness, coincident with the deepest parts of the pa leova lleys into
which they flowed as landslides.  Exposures of eroded and weathered Qlbrdeposits are com m only
peppered with extrem ely large, resistant breccia blocks, som e of which can be as large as a house.  Areas
m apped asQlbrare susceptible to landsliding and loca lized rockfa ll (blockfa ll) and debris ava lanche
events.

Tbr West Elk Breccia (Oligocene) — Light-purplish-red to light-brownish-purple andesite and m inor
a m ounts of  light-gray latite as coarse, fra gm enta l breccia clasts within an andesitic m a trix of sim ilar
color and com position.  The andesite fra gm ents are som ewhat porphyritic, with sm a ll (0.046 in - 0.078
in), euhedra l to broken crysta ls of pla gioclase and hornblende in a groundm ass that is m ostly pla giocla se.
The hornblende is often weathered and partia lly repla ced by iron oxides.  Tra ce a m ounts of pyroxene and
quartz are present.  The latite fra gm ents consist of fine-gra ined crysta ls of pla giocla se and hornblende in
a groundm a ss of pla gioclase and potassium  feldspar.  The breccia conta ins fra gm ents of a ll sizes, from
sand-sized gra ins to sm a ll, boulder-sized cla sts to gigantic, re-transported breccia blocks tha t m a y be up
to severa l hundred feet a cross in size.  The individua l rock pieces range from  subround to angular and
irregular in shape.

The W est Elk Breccia form s an extensive, 4,000-foot-thick a ccum ula tion of volcanicla stic deposits to the
east of the Crawford qua drangle (Gaskill, 1977).  In-pla ceTbrdeposits are found in only one loca tion
within the qua drangle, on a high ridge a bove the northea stern hea dwa ters of Muddy Creek, where it is
a bout 400 feet thick.  This concurs with the westward extent of the W est Elk Breccia a s it was m apped by
Gaskill (1977).  UnitTbris the source for breccia-block landslide deposits (unitQlbr) tha t occur
extensively in the southeastern part of the qua drangle.   Area s m apped asTbr, and area s downhill from
Tbroutcrops, m a y be prone to rockfa ll, debris ava lanche, and landslide ha zards.

Qtuf Limestone tufa deposits (Holocene to late Ple istocene) — Light-brown, roughly textured lim estone
with indistinct to distinct bedding planes.  Beds are a few inches to a few feet thick, and genera lly dip
gently in the downhill direction.  The overa ll form  is that of a m inera l spring seep and its resultant,
shield- or m ound-like sinter deposit.  The seeps appear to be ina ctive.  The deposits occur within
landslide terra in, and are located just down-dip from  a m onoclina l fold. Thickness is 5 to 12 feet.

Limestone tufa deposits (Holocene to late Ple istocene) — S a m e a s a bove, but the individua l tufa
m ounds are too sm a ll in extent to m ap as polygons at this m ap sca le.

Gypsum deposits (Holocene to late Pleistocene) — Loca lized deposits of white to light-gray gypsum
form ing dom es and m ounds upon the ground surfa ce.  The m ounds are located either within landslide
terra in, or in close associa tion with a m onzonite porphyry sill.  There appears to be a ctive seepa ge
occurring at a few m ounds.  The individua l gypsum  m ounds are too sm a ll in extent to m ap as polygons
at this m ap sca le.  Thickness is 5 to 10 feet.

Kmu
Mancos Shale, upper part — Olive-gray to pa le-yellowish-brown, non-ca lcareous, silty to sandy
sha le.  The unit is present in a few sm a ll outcrops in the upper rea ches of the Muddy Creek basin,
in the southwestern part of the qua drangle.  There, the unit is m ostly covered by landslides.  Only
the lowerm ost 200 feet of the unit is exposed benea th a body of W est Elk Breccia.  Overa ll unit
thickness (from  oil-and-gas well logs to the north, in the Piceance Basin) is around 2,000 feet.

Kmss
Sharon Springs Member — Dark-gray to bla ck, organic-rich, cla y sha le.  In outcrop, it weathers
to m ottled pa le to m odera te red to grayish red.  This rela tively thin unit is loca lly exposed in one
loca tion, in the upper part of the Muddy Creek basin.  It occurs at the side of an earthflow
landslide, in a slide eva cuation zone.  The exposure is rela tively fresh and conta ins a num ber of
white to orange bentonite beds (0.5 to 6 inches thick), discontinuous, som etim es lenticular-shaped
concretions, and a bundant hea led fra ctures.  The bentonite beds are occa siona lly loca lly sheared
and folded.  The top or bottom  of the unit could not be positively identified, and so the entire
exposure wa s m apped as the S haron Springs Mem ber.  The unit is a bout 100 to 120 feet thick.

Kmp
Prairie Canyon Member — Light- to m edium -gray to pa le-yellowish-brown, silty to sandy
sha le.  In outcrop, it wea thers grayish orange to grayish yellow.  This unit crops out in the
highlands around S econd Creek R idge and in the southea stern part of the qua drangle.  Mostly, it
is covered by landslide deposits (Qls and Qlbr).  The Prairie Canyon Mem ber occasiona lly
conta ins sm a ll, rounded discs of very fine, bioturba ted sandstone.  The discs appear to be
individua l sand ripples that wea ther out of the sha le.  Fossils are sparse and consist of thin
Inoceramus fra gm ents.  The upper conta ct is covered.  The lower conta ct is m arked by a
transition from  ca lcareous sha le to non-ca lcareous, sandy sha le.  It is a bout 60 feet a bove the
highest lim estone bed in the underlying S m oky Hill Mem ber.  Thickness is a bout 1,000 to 1,200
feet.

Monzonite porphyry (Oligocene) — Light to m edium  gray when fresh, m edium  orange to light
reddish-brown to whitish when wea thered, m edium -gra ined m onzonite porphyry to hornblende-rich
m onzonite porphyry.  The rock is densely dotted with light gray to whitish and brown to bla ck
phenocrysts.  The light-colored phenocrysts are pla gioclase feldspar as equant to sub-equant, euhedra l to
irregular, broken or partia lly digested crysta ls, up to 1/8 inch in length.  The dark-colored phenocrysts are
prim arily hornblende as elongate crysta ls up to 1/8 inch in length tha t are com m only cra cked or broken,
which in som e sa m ples ha ve been partia lly a ltered to ferrous oxide com pounds.  There are som e opa que
m inera ls, possibly m a gnetite, and possibly occasiona l pyroxene and biotite.  Quartz is exceedingly rare,
and occurs as solitary, very fine gra ins that ha ve a rounded form  and partia lly digested m argins.  The
m a trix typica lly m a kes up about 60% of the rock and consists of a m ixture of m icrocrysta lline a lka li
feldspar and sm a ll fra gm ents of pla gioclase (based on feldspar sta ining of thin sections).  W e did not
recognize quartz as a m a trix com ponent.  The overa ll feldspar-quartz com position of the rock from
severa l la ccoliths and intrusive sheets is estim a ted to be 60-65% pla giocla se and 35-40% a lka li feldspar,
with only a tra ce of quartz, which identifies the rock as a m onzonite.  One of the rock sa m ples, from
Y oungs Pea k, conta ined an abundance of a lka li feldspar and could be cla ssified as a hornblende-rich,
syenite/m onzonite porphyry.

The rock form s intrusive la ccoliths, sheets, sills, dikes, and plugs.  North and South S a ddle Pea k and
S econd Creek R idge are la ccoliths with exposed m a gm a-body relief of 600 to 1,800 feet.  They ha ve
steep sides tha t are draped in pla ces by m oderately dipping sedim entary rocks, which were upturned
during the em pla cem ent of the m a gm a bodies.  The S econd Creek la ccolith appears to have satellite
sheets of intrusive rock to the south and east.  Y oungs Pea k appears to be a sm a ll la ccolith, connected to
or flanked by intrusive sheets to the northwest and southeast; these sheets underlie m ost of the Y oungs
Pea k m a ssif and crop out a long its edges.  Needle R ock, a near-vertica l, com pa ct plug, has previously
been interpreted as a conduit that wa s benea th a now-eroded and rem oved la ccolith (Gaskill, 1977).
However, ba sed on our field work, we propose an a lternate interpretation of Needle R ock as the crown of
a buried la ccolith (seeSTRUCTURAL GEOLOGYsection, on Pla te 2, for a m ore deta iled description
of the m orphology of these la ccoliths and their rela tionships with bounding sedim entary rocks).  The
intrusive sheets, sills, and dikes closely resem ble the la ccolith intrusions in term s of rock com position
and fa bric.

A nota ble exception occurs inTi intrusions in an area of discontinuous to interconnected sills and dikes
a long the va lley of Doug Creek.  There, the intrusive rock is typica lly pa le gray to pa le yellow, and
conta ins m icro- to large-sca le flow la m ina e that are distinguished by darker flow bands.  This rock
conta ins bim oda l-sized pla giocla se, as phenocrysts and very fine broken particles, an a lka li feldspar
m a trix, and fine-gra ined quartz crysta ls.  Hornblende wa s not observed.  The darker la m ina e conta in
disa ggrega ted particles and xenoliths of sha le tha t ha ve been m eta m orphosed to hornfels.  Som e of the
quartz m ay be derived from  silt gra ins tha t are a bundant in the sha le hornfels.  Based on petrographic
ana lysis, we classify this rock as quartz m onzonite.  The lowerm ost 3-4 feet of som e of the sills conta ins
a breccia of intrusive rock fra gm ents within a m a trix of rem obilized sha le hornfels.  Other loca tions
where poorly exposed sills of this type and com position are present include “S ha le Hill,” a solitary point
of Mancos S ha le (S m oky Hill Mem ber) a long Cottonwood Creek R oa d, and a long a fin-like hill to the
west of Needle R ock.  In both loca tions, the sills consist of a light-colored intrusive rock tha t has a
distinctive, “shotgun-bla st” fa bric tha t incorporates dissem ina ted shards of sha le hornfels.  The chaotic
breccia s at those loca tions could be classified as peperite, a rock resulting from  explosive m ingling of
m a gm a and country rock sedim ents in the subsurfa ce.

Areas m apped asTi, and area s downhill from Ti outcrops, m ay be prone to rockfa ll, debris ava lanche,
and snow ava lanche ha zards.  Som e of the rockfa ll chutes and ta lus fans m ay be susceptible to debris
flows. The draping or bounding sedim entary rocks around these intrusions m a y be prone to landslide
ha zards.

Ti

Oil/Gas well, abandoned

Older alluvial deposits (late to middle? Ple istocene) — Light- to dark-gray to grayish-purple, poorly
to m oderately sorted, well-consolida ted gravel, sand, silt, clay, and m inor boulders in strea m  terra ce
deposits approxim a tely 20 to m ore than 800 feet higher than the m odern strea m s.  There are at least 10
levels of relict river terra ces, with older deposits occurring at progressively higher terrace elevations.  In
genera l, the degree of weathering and presence of cla yey and ca lcic soil developm ent (Bt and Bk
pa leosol horizons) increases with increa sing a ge of the deposits.  May be overla in by older a lluvia l fan
deposits (Qfo), older debris-flow gravel deposits (Qg-series), or m a y be capped by unm apped, eolian
loess.  In cases where it is m ostly obscured by overlying deposits, we show Qao a s a dashed red line
a long the exposed fa ce of the a lluvia l gravel.  The deposits form  rela tively sta ble building surfa ces, and
are potentia l sources of sand and gravel.  Avera ge thickness of the deposits within ea ch terrace level
varies from  10 to 20 feet.  An unusua lly thick (100+ feet) gravel deposit caps the fla t hill to the west of
Cra wford Da m .  This deposit conta ins m ostly m onzonite porphyry gravel cla sts on its north side, and
m ostly andesite cla sts on its south side.  It appears to be the confluence between two different strea m
system s during a period of gla cia l outwash runoff.  R elict deposits associa ted with the form er courses of
Iron Creek are strewn across the gentle, upper slopes of Fruitland Mesa in the southwestern part of the
qua drangle.

Qao


