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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

HUMAN-MADE DEPOSITS

Artificial fill (up p erm ost Holocene)— G ravel, sand, silt, and clay
em placed by h um an activities. Artificial fills locally m ay include
engineering m aterial and (or) uncontrolled and unsorted fill placed for road
em bankm ents, reservoirs dam s, and coal-m ine reclam ation sites.

af

ALLUVIAL DEPOSITS

Alluvial dep osits (Up p er Holocene)— T an-gray, poorly sorted, boulder-to-
pebbly gravel, sand, silt, and clay th at are typically deposited by seasonal
flash  flooding. S ubangular to rounded clasts are typically Neogene basaltic
rocks (Nb unit) of th e G rand Mesa V olcanic Field (G MV F), rew orked from
rocky debris-flow  and landslide deposits. Many sandstone clasts are present
in th e unit w h ere Dirty G eorge Creek flow s across exposures of W illiam s
Fork Form ation (Kw ) and Rollins S andstone (Kir). T h ickness is h igh ly
variable but likely does not exceed 5 to 7 ft (1.5 to 2 m ). Deposits typically
occurs along th e floors of m any incised creek ch annels but th e unit is too
narrow  (<40 ft (12 m ) w ide) to be m apped. Areas of th is unit along creek
bottom s, ravines, and ch annels are exposed to dangerous flash  flooding.
Alluvium  and alluvial-fan dep osits (Holocene to Up p er (?) Pleistocene)
— V alley-fill deposits of coalesced, tan-gray to brow n-gray alluvium ,
alluvial-fan, and slopew ash  sedim ents. At h igh er altitudes, th e deposit is
derived from  basalt regolith  and glacial till, and form s a cobbly to bouldery
gravel com posed of angular to subangular, pockm arked, edge-w orn basaltic
rocks in a clayey to pebbly sand m atrix. At low er elevations of th e m ap area,
th e deposit is derived from  older landslide deposits and clay-rich  bedrock
w h ere finer-grained alluvial sedim ents w ere transported dow n tributary
ch annels and creeks onto gentle to m oderate slopes. T h is low er-elevation
deposit contains only scattered sm aller boulder- to cobble-sized basaltic
rocks dispersed in a very dark-brow n poorly sorted, poorly stratified, silty to
sandy clay m atrix; a deposit m ore typical of slopew ash  in low -gradient
areas. V ery recent, sh allow  gullies and ch annels h ave incised 6 to 20 ft (2 to
6 m ) into th is unit. Flash  flooding and debris flow s m ay occur from  th e
m any tributary ch annels th at disch arge onto th is unit.

Qa

Qaf

Alluvial m udflow and m ud-fan dep osits (Holocene)— Ligh t-gray to pale-
tan-gray, poorly sorted, poorly to m oderately consolidated, gravelly to sandy
clay and silt deposited in valley-h ead and valley-side alluvial fans, tributary
stream  valleys, and coalescing fans in local drainage basins underlain by th e
Km u unit in th e south east corner of th e m ap area. S edim ents w ere deposited
prim arily by m uddy debris flow s w ith  occasional input from  slopew ash , and
h yperconcentrated w ater-flood sources. T h e deposits consist of
interlam inated m ud to th icker gravelly beds th at record individual m udflow
depositional events. S om e layers h ave incipient Bt-soil h orizons, w h ich
suggest perh aps a few  th ousand years of non deposition and soil
developm ent prior to burial. Lenses of m uddy gravel are locally present,
especially near th e base of th e unit. T h e gravel clasts consist of rew orked
sub-rounded to sub-angular basaltic and rew orked alluvial pebbles and
cobbles. T h is unit h as been dissected up to 17 ft (5 m ) by recent stream
erosion. T h ickness from  w ater-w ell logs is about 30 ft (9 m ).

Qamf

Debris-flow dep osits (Holocene)— Brow n-gray to sligh tly reddish  tan-
gray, clast-supported, poorly sorted, poorly stratified, bouldery deposits
form ed from  episodic transport of rock in a viscous to h yperconcentrated
debris-laden flow . S ources of th ese debris-flow  deposits are predom inantly
earth -flow  landslide deposits. T h e deposit m atrix is unsorted pebble-gravel,
sand, silt, and clay. Clasts are m ostly subangular-to-rounded basaltic rocks of
th e G MV F th at m ay be up to 10 ft (3 m ) in long dim ension. Much  less
com m on are sm aller boulder- to cobble-sized sandstone and clinker clasts
from  th e Kw  unit and, rarer still, sm aller cobble- to pebble-sized clasts of
calcareous sandstone, ch ert, and lim estone eroded from  th e G reen River
Form ation(:g). T h e surface m orph ology of th is deposit, as revealed in
lidar h illsh ade im agery, suggest braided and ch annelized, valley-confined,
debris-fan m odes of deposition. T h e top of th is unit is 40 to 20 ft (12 to 6 m )
above th e creek floor w h ere th e Dirty G eorge Creek exits th e m ap area.
T h ickness is unknow n but at a 1000 ft (333 m ) off m ap, w ater-w ell data
indicates a th ickness of about 40 ft (12 m ).

Gravel dep osit three (Up p er Pleistocene)— T h e top of th e deposit
surface is about 100 ft (30.5 m ) above th e adjacent valley floor underlain
by th e Qam f unit. Deposit caps local m esas and ridgelines of dissected
paleovalleys w ith in th e Mancos S h ale. T h e ligh t-gray to gray-tan poorly
stratified unit w as deposited predom inately as m ud w ith  pebble-to
boulder-sized clasts, ranging from  dispersed and m atrix-supported to th in
(3-10 cm ) gravelly beds and lenses. U nit is 5 to 10 ft (1.5 to 3 m ) th ick.

Gravel dep osit seven (lower Middle Pleistocene)— T h is unit is very
sim ilar to Qg6but th e surface elevation is 250 ft (76 m ) h igh er, or 660 ft
(201 m ) above th e confluence of T ongue and Dirty G eorge creeks.
Com pared to th e Qg6 unit, th is unit h as sligh tly h igh er content of
sandstone and red clinker clasts of th e Iles (Kir, Kicz) and W illiam s Fork
(Kw ) form ations, and noticeably m ore w ell-rounded polylith ic pebbles
and cobbles (rew orked from  th e O h io Creek Form ation(:Koc) and
possibly W asatch  Form ation(:w). U nit w as m easured at 40 ft (12 m )
th ick at a road cut and th ins to 9 to 10 ft (3 m ) th ick at th e east end of th e
m esa rem nant.

Mixed Alluvial and Debris-Flow Gravel Dep osits (Pleistocene)— U pland gravel
deposits of various ages are scattered th rough out th e south eastern parts of th e quadrangle
w h ere th ey form  erosional rem nants of coalesced debris-flow  fans, outw ash , and valley-
fill sedim ents. T h ese gravel deposits h ave also been referred to as "pedim ent deposits"
(S innock, 1978; Cole and S exton, 1981). T h rough  topograph ic inversion, th ey now  form
a series of elevated and dissected, gravel-capped, relatively flat-lying m esa and h illside
rem nants th at h ave terrace to fan-like geom etries th at extends upslope to th e landslide-
com plex source areas along th e h igh er-elevation flanks of G rand Mesa. From  younger to
older, th e rem nants are at progressively h igh er elevations. T h ree m ajor types of deposits
are present: 1) tan to tan-gray, non-stratified, debris-flow  deposits containing very poorly
sorted, sub-angular pebbles to very large boulders in an unsorted sandy-m ud m atrix; 2)
olive-gray to tan-gray, fine-grained, th inly bedded to interlam inated m udflow  deposits
w ith  scattered dispersed m atrix-supported pebbles to sm all boulders; and 3) gray riverine
alluvial deposits containing im bricated sub-rounded to w ell-rounded pebbles to sm all
boulders, densely packed in a w ell-sorted sand m atrix. Cut-and-fill ch annels are present,
typically filled w ith  th e debris-flow  deposits. G ravel clasts in th e deposit are com posed
nearly entirely of Nb basaltic rocks of th e G MV F. Minor (<5%) am ounts of sandstone,
siltstone, clinker, ch ert, carbonate concretions, and w ell-rounded polylith ic pebbles and
cobbles m ay be present. T h ese m inor clasts constituents are rew orked from  U pper
Cretaceous to Miocene-aged bedrock fragm ents w ith in th e landslide com plexes. T h e
th ickness of th e deposits varies w ith in individually m apped gravel units. T h e degree of
w eath ering and presence of calcic soil developm ent (Bk h orizon) increases w ith
increasing age of th e deposits. T opsoil for th e older units is also typically reddish -brow n
to reddish -tan. S ignificant erosion and w eath ering of th e ground surfaces h as also
typically occurred. In m any areas th e norm al reddish -brow n topsoil h as a pinkish -w h ite
ch alky appearance from  erosion into th e w ell-developed Bk calcic h orizon. T h is h orizon
is best exposed along th e m esa rim s of th e deposit. T ransported basaltic boulders,
exposed on th e surface to long-term  w eath ering, are h eavily stained, fractured, and h igh ly
pockm arked w ith  deep w eath ering pits. S edim ents are typically m ore consolidated and
orange-tan to red-brow n, and blue-gray m ineral staining is com m on. In certain basal
zones, th e older deposits h ave sufficient calcite cem ent to form  conglom erate th at
outcrop as subtle, th in ledges. S ide slopes and sw ales eroded into th e older units are
typically m antled w ith  old colluvial deposits (Qco). G ravel-deposit enum eration follow s
th at of Noe and Zaw aski (2013) and Noe and oth ers (2015). Four elevation levels of
gravel occur in th e m ap area.

Gravel dep osit six (Middle Pleistocene)— T h e top of th e deposit
surface is about 400 ft (122 m ) above th e valley floor (at th e confluence
of T ongue and Dirty G eorge creeks) underlain by th e Qam f unit.
T h ickness w as m easured at 46 and 60 ft (14 and 18 m ) w h ere w ell
exposed at recent landslide scarps. V ery large basalt blocks, alm ost 50 ft
(15 m ) w ide, occur along m esa edges form ed in th is unit. T h eir size
suggests lone rem nants m oved during th e early P leistocene by earth-flow
landslides th at h ave subsequently eroded aw ay. North ernm ost deposits of
th e m ap unit h ave an irregular topograph ic surface, unlike typical fan
m orph ology, and appear m ore as debris-flow  deposits th at m ay locally
contain earth flow s.

Old debris-flow dep osits (Up p er Pleistocene)— Late P leistocene debris-
flow  deposits com m only occur w h ere creek ch annels exit steeper-slope
landslide regions and sedim ents fan out and aggrade to form  broader valleys.
Deposits and surface m orph ology are sim ilar to Qdf deposits, but th e surface
color is m ore reddish -tan. U nit includes tw o elevations. T h e m ajor deposit is
w ith in th e valleys of Dirty G eorge Creek and its tributary, S and Creek. O th er
nearby older debris-flow  fan rem nants are 85 to 110 ft (26 to 34 m ) h igh er.
T ransported basaltic blocks, exposed on th e surface, are abundantly
fractured, pockm arked, and lich en covered. W ell-rounded quartzite pebbles
and cobbles are also present in th e deposit; likely, th ey are rew orked from
:Koc unit conglom erates. U nit th ickness w as m easured at 13 ft (4 m ) th ick
w h ere it overlies sandstone of th e Kir unit. How ever, it is th icker in oth er
areas w h ere th e present Dirty G eorge Creek ch annel h as incised up to 26 ft
(8 m ) into th e deposit. Deposits of th is unit, near th e base of older undivided
landslide (Qlsu) and interm ediate earth  flow  (Qefi) units, m ay lie w ith in
potential run-out zones for future debris flow s and earth-flow  landslides.

Qdf

Qdfo

Qg3

Qg6

Qg7

Gravel dep osit five (up p er Middle Pleistocene)— O nly a rem nant of
th is gravel surface lies in th e m ap area. T h e top of th e deposit surface
form s a m esa rem nant th at, off m ap to th e east, is about 305 ft (93 m )
above th e Dirty G eorge Creek valley floor.

Qg5

GLACIAL DEPOSITS

Glacial till one (Up p er Pleistocene)— T an to tan-brow n, unsorted,
unconsolidated, angular boulder- to pebble-sized basaltic clasts in a pebble-
gravelly loam  th at w as deposited during th e last m ajor glacial period of th e
Central Rocky Mountains (P indale G laciation). U nit is discontinuous, and
m ay locally include periglacially sh attered zones of G MV F Nb unit regolith
above th e G rand Mesa rim . Deposits are th ickest (up to 50 ft (15 m )) at th e
outside edge of th e term inal m oraine. T h e Qgt1unit correlates w ith  off-m ap
till of th e G rand Mesa Form ation of Yeend (1969). Below  th e G rand Mesa
rim , glacial till deposits h ave been disturbed and m obilized by landsliding
and h ave been incorporated into landslide deposits.

Glacial till two (up p er Middle Pleistocene)— O range-tan to tan-brow n,
unsorted, unconsolidated, boulder to pebbly gravel dispersed in a granule-to-
clayey gravel m atrix. Clasts are subrounded to subangular and com posed
entirely of G MV F basaltic rocks (Nb unit). T h e unit is poorly exposed on th e
Flow ing P ark Lobe of G rand Mesa as a flattened topograph ic band in front
of th e Qgt1 term inal m oraine. T h is deposit is likely a term inal-m oraine
rem nant of th e Bull Lake G laciation of th e Central Rocky Mountains.
T h ickness is estim ated by th e elevation rise of about 30 ft (9 m ) from  th e
adjacent Nb unit bedrock surface exposures. T h e rinds of basalt rocks on th e
surface of th e deposit h ave been stained orange-brow n. T h is glacial unit
could not be discerned below  th e G MV F rim  and is likely incorporated into
landslide deposits.

Talus dep osits (Holocene)— Dark-gray, blocky to angular rock fragm ents
th at h ave fallen from  m esa-rim  exposures com posed of jointed G MV F basalt
flow s (Nb unit) and accum ulated at th e angle of repose (35 to 45 degrees) on
relatively undisturbed bedrock. T h e broken rock blocks typically h ave sh arp
edges, are lich en covered, and up to 8 ft (2.4 m ) in long dim ension. W h ere
talus boulder fields h ave been disturbed and m obilized by subsequent
landsliding of underlying Neogene and P aleogene sedim entary rocks, th ose
slopes are included in Qslu and undivided m ass-m ovem ent (QNm u)
landslide units. T h icknesses are variable but likely do not exceed 15 to 20 ft
(4.5 to 6 m ). T alus deposit slopes are very steep and prone to rockfall.

MASS-WASTING DEPOSITS

Qgt1

Qgt2

Qt

Colluvial dep osits (Holocene)— O live-gray to tan-gray rocky sedim ents
on slopes and sw ales of m esas and ridgelines, deposited prim arily by gravity
w ith  lim ited additions of slopew ash  sedim ents. T h e unconsolidated deposit
is typically rocky, poorly sorted, and poorly stratified. It is derived from  th e
erosion of older gravel, debris flow , and landslide units. T h e rew orked,
basaltic, boulder-to-pebble sized clasts are dispersed in a sandy clay m atrix
derived from  th e underlying sh ale bedrock. Deposit th ickness likely does not
exceed 10 ft (3 m ) w ith  som e m ap areas ranging from  less th an 5 ft (1.5 m )
to a stony residuum  on w eath ered bedrock slopes.

Old colluvial dep osits (Up p er to Middle Pleistocene)— O ld colluvial
deposits th at m antle h illslopes and sw ales. T h is unit is m apped in tw o
different environm ents. T h e alpine environm ent above th e G rand Mesa rim
contains rocky slopes w ith in th e S h eep Creek valley near th e Flow ing P ark
Reservoir w h ere angular, basaltic, boulder-sized rocks h ave been locally
transported dow nslope from  sh attered Nb unit ledges and unm apped block-
field deposits. T h is deposit is sim ilar to talus (Qt) but th e slopes are flatter,
vegetated, and th e deposit h as a finer-grained m atrix and very dark-brow n to
reddish -brow n, stony, loam  topsoil. In low er, m ore arid, elevations in th e
south east quadrant of th e th e m ap area, old colluvial deposits, rew orked
from  Middle P leistocene gravel (Qg6and Qg7) and landslide (Qlsu) deposits,
m antle dow nslope h illsides and sw ales. T h ese reddish -tan to ligh t-tan-gray,
poorly to unsorted, m oderately consolidated deposits m ay also contain
slopew ash  sedim ents th at w ash ed dow n from  both  th e exposed Mancos
S h ale and th e rocky deposits th at cap th e slopes above. T h e typical deposit is
unstratified, containing abundant subangular to subrounded, basaltic clasts in
a gravelly clay m atrix. W ell-developed, th ick, calcic (Bk h orizon) soils
im part a ch alky-w h ite appearance to th e deposit w h ere it is exposed. V ery
w eath ered basaltic boulders exposed on th e surface are h eavily stained,
pockm arked, and fractured. Deposit th ickness likely does not exceed 10 ft (3
m ) w ith  som e m apped areas less th an 5 ft (1.5 m ), predom inantly only a
veneer of rocks cem ented in a w eath ered Bk-h orizon m atrix th at extends into
th e underlying sh ale bedrock.

Recent earthflow dep osits (Up p er to Middle Holocene)— V ariably
colored, unsorted landslides com posed of very soft, clay-rich , disturbed
sedim entary rock, plastically deform ed m udstone fragm ents, and silt and
clay w ith  abundant pebble to m assive boulder-sized G MV F basaltic rocks.
Contains landform s th at indicate recent earth -flow  m ovem ents th at h ave re-
m obilized older Qlsu and Qefi landslide deposits. O bserved landform s
include flow  path s, flow  banding, h um m ocks, sinuous lateral side-sh ear
furrow s and levees, soil ripples, and lobate toes of th e deposit th at overth rust
and spread over th e preex isting ground surface. Boundaries of th is unit w ere
predom inantly interpreted from  1-m  resolution lidar im agery. Recent earth -
flow  path w ays h ave undergone little erosion or subsequent ground-
m ovem ent disturbance. O n som e of th e m ost recent flow s, ruptured, torn,
and contorted ground surfaces h ave not yet revegetated. T h ickness is
unknow n but likely h igh ly variable. Lateral levee and lobate toes w ere
m easured up to 105 ft (32 m ) h igh er th an th e interior earth-flow  path  and
undisturbed ground below  th e toe. T h ese deposits m ay be susceptible to
creep and reactivation during periods of h igh  precipitation. Deposits of unit
Qefr are very unstable, susceptible to continued m ovem ent, and sh ould be
considered to be potentially active.

Interm ediate earth-flow dep osits (Lower Holocene to Up p er Pleistocene)
— V ariably colored, landslide deposits th at are m apped w h ere earth -flow
path w ays can be discerned on lidar h illsh aded im agery w ith in Qlsu and
QNm u landslide deposits. Interm ediate earth -flow  path w ays are older th an
th ose of unit Qefr, and m uch  larger, based on eith er cross-cutting
relationsh ips, an overall m uting of ground m orph ology by w eath ering and
erosion, and developm ent of drainage netw orks into th e deposit. T h ickness is
unknow n but likely h igh ly variable. V ery large interm ediate earth flow s are
up to 3.2 m i (5.1 km ) long w ith  lobate toe slopes up to 200 ft (60 m ) in
h eigh t. T h ese deposits m ay be susceptible to creep and reactivation during
periods of h igh  precipitation.

Landslides, undivided (Holocene to Lower Pleistocene)— U ndivided
landslide deposits th at m antle slopes below  th e G MV F basalt rim  (Nb unit)
and QNm u bench  w h ere th e underlying bedrock is w eak, clay-rich  Neogene
and P aleogene form ations (Ng,:w, and :g units). T h e deposit is typically
unsorted, disturbed, plastically deform ed m udstone and earth-flow  breccia
derived from  bedrock.  T h e unit also contains abundant dispersed basaltic
rocks m obilized from  talus deposits and blockfields form ed from  basaltic
slum p blocks (QNbb). U nit Qlsu h as also m obilized and incorporated till of
units Qgt1 and Qgt2. U nit th ickness is h igh ly variable. W h ere landslide
scarps occur, bedrock m ay be sh allow  but is likely disturbed. W ater-w ell
logs on file at th e Colorado Division of W ater Resources indicate landslide
deposits 266 ft (81 m ) th ick near th e north east m argin of th e m ap area.
Basaltic rocks range in size from  cobbles to boulders th at typically range in
size up to 8 ft (2.5 m ) w ide. How ever, m assive blocks up to 20 ft (6 m ) w ide
are also locally present. At low er elevations in th e south ern part of th e m ap
area, th e landslide deposits are h eavily arm ored w ith  basaltic boulders and
m ore resistant to erosion th an th e underlying Mancos S h ale. T opograph ic
inversion h as occurred and m any irregular erosional rem nants of th is
landslide unit cap th e h ills and ridgelines. At th e south ern, m ore arid m argin
of th e m ap area, th e landslide deposits are likely m uch  older w ith  th ick Bk-
h orizon soil developm ent (up to 5 ft (1.5 m ) th ick) th at is com m only
expressed as ch alky-w h ite rim s at slope breaks. T h ese Early P leistocene
landslide deposits w ere th e source m aterials for Middle P leistocene Qg6and
Qg7fan deposits m apped on th is quadrangle and in th e adjacent North  Delta
quadrangle (Noe and oth ers, 2015).  More recent earth -flow  m obilizations
and landslide reactivations in th is unit, discerned by recent scarps and
m orph ology in lidar h illsh aded im agery, h ave been m apped separately in
units Qefr, Qefi, Qlsr, and Qlsi.

Recent landslide dep osits (Up p er to Middle Holocene)— G ray to tan-
gray, unsorted, unstratified, ch aotically m ixed deposit of sandy-to-silty clay;
soft, contorted and plastically deform ed clay-rich  sedim entary rock
fragm ents; and abundant cobble- to boulder-sized basaltic rocks of th e
G MV F. Recent landslide m orph ology w as interpreted from  1-m  resolution
lidar bare-earth  h illsh ade im agery. O bserved landslide form s include
relatively fresh  and oversteepened scarp and side-sh ear slopes, ruptured and
fissured ground, rotated slum p blocks, pressure ridges, and h um m ocky to
lobate terrains. Qlsr deposits beh ave m ore plastically and failed to m obilize
as a fluidized flow  w ith  long sinuous runouts. Most of th e m apped Qlsr
deposits overlie h eavily w eath ered clay-rich  Cretaceous rocks. T h icknesses
are unknow n but likely h igh ly variable depending on th e size of th e
landslide. T h is m ap unit sh ould be considered containing potentially active
landslides and prone to continued m ovem ent.

Interm ediate landslide dep osits (Lower Holocene to Up p er Pleistocene)
— O lder landslides sim ilar in size and com position to Qlsr landslides th at
can be discerned in lidar h illsh aded im agery but h ave been sm ooth ed during
extended exposure to w eath ering and erosion. T h ese deposits m ay be
susceptible to reactivation during periods of h igh  precipitation.
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MAP SYMBOLS

William s Fork Form ation (Up p er Cretaceous)— Buff to tan, m assive,
cross-stratified, noncalcareous sandstone and interbedded gray siltstone, dark-
gray sh ale, carbonaceous sh ale, clinker, and basal coal. T h is unit w as form ed
from  sedim ents in a terrestrial floodplain environm ent. T h e top h alf of th e unit
is predom inantly m assive bedded, laterally extensive, cross-stratified
sandstone interbedded w ith  th in- to m edium -bedded siltstone and sh ale. In rare
occurrences, th in sh ale beds are locally m aroon-red. T h e sandstone is very
coarse- to m edium -grained, w ell sorted, and locally contains lenses of sh ale
rip-up clasts. T h ere are com m on sm all iron-oxide concretions. Contorted
penecontem poraneous load-deform ation structures occur. Many areas
underlain by Kw  bedrock are covered by landslide deposits. How ever, w h ere
sandstone is exposed, th e upper part of th e unit form s steeper bench -form ing
cliffs. Dow n section, th e unit becom es increasingly sh aly and a ledgy slope
form er, com posed of stacked sequences of th ick m udstone beds and
interbedded, laterally discontinuous, ch annel sandstone beds. O range-brow n
concretions and fossil w ood are present. T h e basal Cam eo-W h eeler Coal Zone
outcrops along a north east-trending belt in th e south east corner of th e m ap
area. W ith in th e h istorically m ined coal zone are prom inent red clinker
deposits th at are encrusted w ith  w h ite m ineral precipitate. Clinker types range
from  h eavy reddish -stained but principally unaltered sandstone to brick-red
displaced collapse breccia w ith  incorporated landslide-deposit basaltic rock
clasts, fused to form  a porcellanite. T h ickness is estim ated at about 1,700 ft
(518 m ).
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Slum p  blocks of GMVF basalt (Holocene to Pliocene (?))— Fissured,
dow n-dropped, and back-tilted linear blocks of basalt th at h ave been displaced
from  th e G MV F rim  (Nb unit) by landslide slum ping, generally by sh ear and
bearing failures, rotation, and lateral displacem ent of th e underlying, w eak,
G oodenough  form ation (Ng). Along fissures th at develop at th e basaltic rim ,
QNbb blocks slide retrogressively. T h is is m ost apparent on th e south  side of
th e rim  at th e topograph ic bench  of th e G ranby Reservoirs w h ere Ng is
th ickest and successive basaltic ridges h ave been displaced and possibly
“rafted” south w ard from  th e rim . S lum p-block m orph ology includes a
transitional range of form s. W h ere m ostly intact, th e displaced linear rock
m asses are fractured and back tilted, but relatively coh erent. O th ers are
com pletely disaggregated and form  linear blockfields com posed of basaltic
boulders w ith  sizes up to 10 ft (3 m ) in long dim ension. T h is disaggregation
likely occurs from  continued displacem ent of th e rock m ass by later
differential, lateral-ground m ovem ent, ice loading, and periglacial frost
w edging along discontinuities. Age is inferred by degree of disaggregation and
th e rough  irregular angular rock surfaces th at are typically h eavily w eath ered
and pitted. S everal slum p blocks on th e bench  of th e G ranby Reservoirs w ere
buried by ice during th e P inedale and Bull Lake G laciations and are currently
overlain by glacial m oraine till (Qgt1). T h ickness is unknow n but lim ited to th e
m ax im um  th ickness of th e Nb bedrock adjacent to th e Flow ing P ark Lobe rim
of th e G MV F.

BEDROCK GEOLOGY
Basalt of Grand Mesa Volcanic Field (Miocene)— Dark-gray, gray-black to
reddish -gray basalt of th e G rand Mesa V olcanic Field (G MV F) th at caps
G rand Mesa. Individual flow s are typically h igh ly jointed and texturally
zoned, varying from  dense to h igh ly vesicular. Long dim ensions of stretch ed
vesicles approxim ate flow  directions, w h ich  generally trend south w estw ard.
Joints and vesicles are locally infilled w ith  secondary m inerals form ing
am ygdules.  Multiple interbedded flow s com m only are separated by brick-red
paleosols th at m ay be baked by contact m etam orph ism . Above th e m esa rim
and beyond th e low er lim it of glacial till, th e h eavily pockm arked, stained, and
edge-w orn surfaces of th e G MV F basalt bedrock h ave been exposed to long-
term  w eath ering and periglacial processes since its Miocene eruption.
O utcrops typically occur along low -relief ledges and flats of at-surface joint-
patterned rock th at m ay be up to 6 ft (1.8 m ) w ide. In m any locations above
th e rim , south  of th e older till deposit (Qgt2), th e basalt bedrock is covered by
patch y veneers of rocky, frost-sh attered regolith  th at is ch aracterized by
advanced soil developm ent, including an orange-red to brow n-red Bt h orizon.
In m any areas, erosion of th e soil h as left reddish -brow n stained rocks exposed
at th e surface. Cole and oth ers (2017) reported ages ranging from  10.05 +/-
0.06 to 9.82 +/- 0.05 Ma on th e Flow ing P ark Lobe of G rand Mesa, and
classified th ese lava flow s as m edium -K and h igh -K basalt and basaltic
andesite. Near th e fork of th e Flow ing P ark Lobe and P alisade Lobe, 3,300 ft
(1,006 m ) due north  from  th e quad boundary, a U .S . Bureau of Reclam ation
(U S BR) w ater-resource investigation recorded 21 individual flow s w ith  a total
th ickness of 540 ft (164.5 m ) (W eston, 1987). T h e basal contact of th e basalt is
obscured by talus and QNbb blocks. A m inim um  th ickness of th e unit w as
m easured at 306 ft (93 m ) at th e w est-rim  outlet of S h eep Creek from  Flow ing
P ark Reservoir. O il and gas exploration near Flow ing P ark Reservoir (Fed. C-
13593) indicates th e G MV F near th e Flow ing P ark Reservoir contains a 35 ft
(11 m ) th ick lens of alluvial gravel beginning at a depth  of about 102 ft (31
m ). Reported m aterials logged in th e alluvial interbed include w ell-rounded
pebbles, cuttings of brow n sandstone, as w ell as basalt, feldspar, and quartz.
T h is gravel w as attributed to fluvial deposition during a lull in volcanic
activity (Buckh orn G eotech , 1981). Lateral extent of th is alluvium  bed w ith in
th e G MV F Nb unit is unknow n.

Mass-m ovem ent ground disp lacem ent, undivided (Up p er Pleistocene to
Pliocene (?))— T h is unit is com posed of various types of m ass-m ovem ent
deposits. It form s th e topograph ic bench  w h ere th e G ranby Reservoirs are
located. T h e bench  lies 400 to 500 ft (122 to 152 m ) below  th e G MV F basaltic
rim  (Nb unit) and contains m any linear slum p blocks of basalt (QNbb)
separated by flat-lying linear depressions th at are infilled w ith  glacial till, fine-
grained slopew ash , and brow n-black pond deposits. T h is unit is ch aracterized
by m any parallel to arcuate ground furrow s th at indicate continued lateral
ground m ovem ent dow n slope and aw ay from  th e Nb rim . T h e bench  elevation
approxim ates th e contact betw een th e soft, easily deform ed G oodenough
form ation (Ng) and th e m ore indurated G reen River Form ation (P eg) below . In
isolated patch es and near th e slope break w ith  th e Qlsu unit, th ere are poorly
exposed, h igh ly disturbed m asses of green-gray and brow nish -red m udstone of
th e G oodenough  form ation. Age and th ickness is difficult to determ ine, but th e
m uted low -relief aspect of th e deposit suggests th at th e m ass w asting began
during th e P liocene and accelerated during episodic P leistocene ice loading
(Yeend, 1969; Baum  and O dum , 1996).
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Green River Form ation, undivided (Eocene)— G ray-w h ite to gray, yellow -
tan to ligh t-brow n, and ligh t green-gray m arlstone, m udstone, very fine- to
fine-grained sandstone, lim estone, and m inor oil sh ale. T h is unit records th e
sedim entation in Eocene interm ountain lakes, both  lacustrine and nearsh ore
clastic facies. T h is m ore consolidated form ation creates steeper slopes
betw een th e conform able contact w ith  th e underlying W asatch  Form ation and
th e upper landslide bench  (G ranby Reservoirs bench ) near th e unconform able
contact w ith  th e overlying G oodenough  form ation. How ever, th is unit is prone
to slope failure, it is alm ost entirely buried by surficial landslide deposits, and
only exposed at landslide scarps. Disaggregation and flow  of rockm ass debris
from  unit:g can cause extrem ely rapid landslides; rock-avalanch e/earth -flow
path w ays (Qefr) h ave m oved 2 m iles (3.2 km ) dow n th e G rand Mesa slopes in
th is quadrangle. U nit th ickness is estim ated at about 550 ft (168 m ).

Wasatch Form ation, undivided (Eocene and Paleocene)— U ndivided,
variegated reddish -brow n, ligh t-gray, gray, lavender, and m aroon m udstone,
sandstone, and sh ale. T h e form ation w as deposited in a terrestrial environm ent
and is clay rich  and poorly indurated.  T h e w eak rock unit is h igh ly disturbed
by m ass-m ovem ent processes and very poorly exposed w ith in th e greater
landslide com plex (Qlsu); only locally exposed in landslide scarps and scoured
slopes w h ere landsliding and erosion occurred. S lopes in th e W asatch
Form ation at h igh er elevations and correspondingly h igh er average annual
precipitation are prone to instability and landsliding. U nit th ins to th e
south w est. T h ickness estim ated from  oil and gas exploration logs is about 725
ft (221 m ).

Ohio Creek Form ation (Paleocene and Up p er Cretaceous)— G ray-w h ite,
ligh t-gray, to ligh t-brow n poorly cem ented sandstone, conglom erate, and
m inor th in beds of m udstone. T ypically buried by deposits of unit Qlsu,
bedrock outcrops w ere difficult to discern. How ever, th e presence of th e
pebble to cobble conglom erate w as verified in landslide deposits above th e
W illiam s Fork Form ation, w h ere a h igh  percentage of polylith ic quartzite,
ch ert, and m inor igneous and m etam orph ic pebbles littered th e slope. T h e unit
w as m apped w h ere sm all conglom erate clasts w ere observed, containing
pebbles in a cem ented, very coarse-sand m atrix. W ell logs from  gas and oil
w ells suggest th at unit th ickness is about 100 feet (31 m ).
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Goodenough form ation, inform al unit (Miocene?)— T h is inform al unit
(Cole and oth ers, 2013) consists ch iefly of variegated m aroon and greenish -
gray, w eakly consolidated claystone and siltstone th at is interbedded w ith  tan,
brow n, and ligh t greenish-gray fine-grained to pebble-conglom erate sandstone
and m inor grayish -w h ite ch erty lim estone. P ebble clasts are predom inantly
andesite. U nit m ay contain streaks of orange-tan staining. U nit is in
unconform able contact w ith  th e overlying G MV F basalt (Nb). T h e unit is
h igh ly disturbed by m ass-m ovem ent processes, and only poorly exposed in
landslide deposits. It is covered by QNbb, QNm u, and Qlsu landslide deposits
w h ere ground m ovem ents h ave disturbed th e unit along th e bench rim . In
earlier w ork, th is unit w as unnam ed (Yeend, 1969; Baum  and O dom , 1996),
w h ile w ork by U S BR (W eston, 1987) and nearby oil and gas w ell logs
incorrectly refer to th e unit as th e T ertiary North  P ark Form ation. More recent
w ork h as furth er described and inform ally nam ed th is form ation (Cole and
oth ers, 2013). U nit th ickness is unknow n and likely variable, w h ich  th ins and
likely pinch es out to th e south w est in th e m ap area w h ere th e QNm u unit
topograph ic bench  ends below  th e basalt (Nb) rim  of th e G MV F. U nit m ay be
th ickest in th e north east corner of th e m ap area w h ere extensive retrogressive
slum ping and lateral spreading of basalt blocks occurred, form ing th e bench  of
th e G ranby Reservoirs. T h is ground surface approxim ates th e contact
elevation of th e G oodenough  form ation of Cole and oth ers (2013) w ith  th e
underlying, m ore resistant P aleocene form ations. T h e unit is about 500 ft (152
m ) th ick w h ere exposed approxim ately 1.3 m iles (2.1 km ) north  of th e
north east m ap corner near S tate High w ay 65, (R. Cole, w ritten
com m unication, 2018). T h e unit th ins in th e m ap area and sh ow n in th e cross
section w ith  a th ickness up to 125 ft (38 m ). Lands on m oderate to steep slopes
underlain by th is unit m ay be prone to slope instability or landsliding.
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Rollins Sandstone Mem ber of the Iles Form ation (Up p er Cretaceous)
— G ray-w h ite to tan to pale-orange, very fine- to m edium -grained,
m assive-bedded, cross-stratified sandstone deposited in a sh oreface m arine
environm ent. W h ere it is not covered by landslides, its landform s range
from  bench y cliffs to a 100 ft (30.5 m ) tall, continuous vertical cliff. T h e
upper section consists of low  angle crossbedded sandstone capped by
subh orizonal bedded sandstone. At th e top th ird, th e sandstone is
com m only bleach ed gray-w h ite, is increasingly friable, and h as a slick-
rock appearance th at becom es a prom inent m arker bed in outcrop. Marine
m ollusk fossils (Inoceramid sp.) and burrow  trace fossils are present; m ost
com m on in orange-tan, coarse-grained, calcite-cem ented, m edium -th ick
beds. T h e sandstone upper contact can be stained red from  clinker deposits
w ith in th e Cam eo-W h eeler Coal Zone of th e overlying W illiam s Fork
Form ation. Low er in th e section, it h as h um m ocky and sw aley
crossbedding, contains silty m arine sh ale beds, and is som ew h at
bioturbated. T h e basal contact of th is unit w as m apped at th e first th in
sandstone bed th at is conform ably interbedded w ith  th e underlying tongue
of Mancos S h ale in th e Kicz m em ber. T otal th ickness of 167 ft (51 m ) w as
m easured above Dirty G eorge Creek. Cliffy exposures of th is unit m ay be
source areas for potential rockfall h azards.

Cozzette Sandstone and tongue of Mancos Shale m em bers of the Iles
Form ation (Up p er Cretaceous)— Ligh t orange-brow n to tan-brow n,
coarsening-upw ard, very fine- to m edium -grained, som ew h at bioturbated
sandstone w ith  sw aley cross bedding and basal, interlam inated to very th in
interbeds of sandy sh ale. T h e Cozzette S andstone form s a conspicuous tan-
colored 33-ft (10-m ) h igh  cuesta w h ere Dirty G eorge Creek exits th e m ap
area. T h is unit includes th e Mancos S h ale tongue interval betw een th e
Cozzette and th e Rollins (Kir) sandstone m em bers. T h ickness is about 180
ft (55 m ). Cliffy exposures of th is unit m ay be source areas for potential
rockfall h azards.

Mancos Shale (Up p er Cretaceous)— T h e Mancos S h ale is present in th e south ern
part of th e quadrangle in adobe h ills th at m ay be capped by old landslide, colluvium ,
and alluvial deposits. T w elve m em bers of th is m arine sh ale, distinguish ed on th e basis
of com position, color, and fossil assem blages, w ere m apped in th e bordering O rch ard
Mesa and North  Delta quadrangles (Noe and Zaw aski, 2013; Noe and oth ers, 2015).
T h ree upper m em bers occur w ith in th is quadrangle, as w ell as a tongue of Mancos
sh ale th at is included in th e Iles Form ation w ith in th e Kicz unit. T h e th ree m em ber
contacts are conform able. O n m esas and ridgelines, th e gray to dark-gray sh ale
typically contains an oxidized, yellow -tan stained h orizon th at is h igh ly fractured w ith
crystalline gypsum  filling. T h is approxim ately 30 to 50 ft (9 to 15 m ) th ick w eath ered
interval, once subaerially exposed and subsequently buried by P leistocene surficial
deposits, h as been referred to colloquially as th e Mancos “blonde” by local Natural
Resources Conservation S ervice soil scientists. In cross section, unit Km  incorporates
th e Km p and older m em bers.

Kir

Kicz

Mancos Shale, up p er p art— G ray to olive-gray, non-calcareous,
fissile to subblocky, silty to sandy sh ale. It contains sporadic, unusually
large, orange-brow n concretions up to 11 ft (3.5 m ) in diam eter.
O verall unit th ickness is about 1,300 ft (396 m ).

Prairie Canyon Mem ber — Ligh t- to m edium -gray, finely fissile to
subfissile, silty to sandy sh ale. T h is unit form s residuum -covered
outcrops near th e extrem e south east corner of th e m ap area on th e
synclinal side of th e m onoclinal fold. T h e P rairie Canyon Mem ber
locally contains sm all, rounded ch ips of very fine-grained, bioturbated
sandstone. T h e ch ips appear to be individual sand ripples th at w eath er
out of th e sh ale. About 750 ft (229 m ) of th is unit is exposed w h ere
steeply folded near th e m onoclinal fold. T otal th ickness of th is m em ber
is 1,250 ft (381 m ) (Noe and oth ers, 2015).

Sharon Sp rings Mem ber — Dark-gray to black, organic-rich , sh ale.
T h is relatively th in unit is m ostly covered by landslides and residuum ,
but is w ell exposed near th e south eastern corner of th e quadrangle at
th e m onoclinal fold. T h e exposures contain prom inent w h ite to orange
bentonite beds (0.5 to 6 inch es (1.3 to 15 cm ) th ick), h orizons of
discontinuous, occasionally lenticular-sh aped orange-brow n
concretions, and abundant h ealed fractures. S econdary crystalline
gypsum  (selenite) is com m on as fracture filling, as seam s along
bedding, and encrusting bentonite beds. T h e low er contact of th e unit
w ith  th e underlying P rairie Canyon Mem ber is com prised of abundant,
orange-brow n concretions. T h e upper contact w ith  th e overlying, upper
part of th e Mancos S h ale is m arked by a subtle ch ange from  black
clayey sh ale to brow nish -gray silty sh ale. T h e unit is about 70 to 80 ft
(21 to 24 m ) th ick w h ere exposed and steeply dipping near th e
south east corner of th e m ap area.

Kmu

Kmss

Kmp

Dakota Sandstone and Burro Canyon Form ation, undivided (Up p er to
Lower Cretaceous)— S h ow n in cross section only.

Mesozoic Form ations, undivided (Jurassic and Triassic)— Major units
include th e Morrison Form ation, Entrada S andstone, and Ch inle
Form ation, S h ow n in cross section only.

Precam brian Rocks, undivided (Proterozoic)— Crystalline igneous and
m etam orph ic rocks, sh ow n in cross section only.

Kdb

Mz

Mancos Shale, undivided (Up p er Cretaceous)— S h ow n in cross
section only, includes Km p and older m em bers.Km

=

Contact — Approxim ately located

Drainage divide — East-w est divide of th e sh allow  Neogene (?) valley
w h ere Flow ing P ark Reservoir is located. T h e w estern outlet is currently
occupied by S h eep Creek.

Landslide scarp  — Crest of a landslide w h ere th e ground surface h as
ruptured and underlying earth  m aterials h ave m oved dow n-slope form ing
th e landslide deposit below . Landslide scarp slopes are oversteepened and
m ay be vegetated, or bare rock and soil exposures if th e landslide is recent.
S ub-parallel scarp lines m ark secondary ruptures w h ere retrogressive
detach m ent and slum p-block failures occur. Hach ures lines indicate
direction of landslide m ovem ent.

Fissures, furrows, and aligned dep ressions — Extensional ground
rupture and oth er landslide linear landform s. Includes w idened fissures in
rock, tension cracks, ground furrow s, transverse ridges, and linear
orientations of ground depressions related to retrogressive slum ping, lateral
spreading, or pressure-ridge form ation.

Monoc line — Arrow  points tow ard dip direction, axis line approxim ates 
steepest dip of fold, dash ed w h ere concealed.

Clinker zones — O utcrops of naturally occurring coal clinker produced by 
coal-bed fires in th e W illiam  Fork Form ation Cam eo-W h eeler coal zone. 

Glacial Moraine — Rolling, sinuous, ridge-and-closed-depression
landform s com posed of unsorted, unconsolidated till (Qgt1).  T h e term inal
m oraine of th is deposit crosses G rand Mesa at th e Flow ing P ark Lobe on
th is m ap and across th e P alisade Lobe (Ch esnutt and oth ers, 2019).  In th e
vicinity of th e G ranby Reservoirs below  th e G rand Mesa rim , m orainal
land-form  m orph ology becom es obscured by subsequent and/or concurrent
landslide activity.

Alignm ent of c ross sectionA A'

Oil and (or) gas wellB

Coal m ine!

Borrow p itÇ

Strike and dip  of inc lined bedding — S h ow ing direction and angle of dipo 13


