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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

dr

ind

Qau

Qfsc

Qamf

Qgo

Qc

Qco

Qcs

Qls

HUMAN-MADE DEPOSITS

ALLUVIAL DEPOSITS

Disturbed and/or rec laim ed ground (latest Holocene)—  Depo sits in areas where the land has b een
disturb ed as a result o f m ining, quarrying, or o il and gas pro ductio n.   Natural landfo rm  has b een
m o dified and surfa c e is c o vered b y either disturb ed lo c a lly derived m aterial o r im po rted m aterial.
M aterial c an b e highly varia b le fro m  sand, silt, and c lay; to gravel and b o ulders and m ay inc lude refuse
o f m any types inc luding ho useho ld and industrial so urc es.  So m e lo c ations have b een c o nto ured and
revegetated to m atc h o riginal c o nto urs.  Other areas have b een adapted to o ther uses or have b een left
va c ant.
Industrial area (latest Holocene)—  Riprap; fill; pavem ent; earth m aterial and waste pro duct storage;
and b uildings or industrial fa c ilities c o vering large areas o f gro und.

Alluvial dep osits, undifferentiated (Holocene to late Pleistocene)—  Bro wn to tan to gray, po o rly to
m o derately sorted, po o rly c o nso lidated, lo c a lly derived sand, gravel, and silt.  It o c curs prim arily in
valley heads and in trib utary stream s where differentiatio n o f spec ific alluvial units is not possib le due to
po o r exposure.  U nit is c o nnected to m o dern perennial and interm ittent stream  c o urses.  Thic kness is
estim ated to b e up to 15 feet.
Alluvium  one of Yam p a River and William s Fork (Holocene to late Pleistocene)—  Tan to m edium -
b ro wn, po o rly to m o derately sorted, po o rly to m o derately c o nso lidated, sand, gravel, silt, and m ino r c lay
and sparse b o ulders.  Deposits in the currently a ctive stream  c hannels, or in lo w stream -terrac e depo sits
less than 5 feet higher than the current stream  c hannel, that are flo o ded during m o st spring run-o ff
seaso ns are designated Qa1a. Tho se b etween 5 and 12 feet higher than the active c hannel that are flo o ded
o nly in very high run-o ff seaso ns are designated Qa1b.  Where Qa1a and Qa1b are not differentiated they
are m apped as Qa1.  Clasts are sub ro unded to well ro unded and the do m inant sedim ent is sand with a
sandy silt m atrix.  Deposits asso c iated with the Yam pa River c o nsist o f up to 7 feet o f sand and silt o ver a
m edium  peb b le and c o b b le gravel o f granite, granitic gneiss, ho rnb lende gneiss, vein quartz, o c c asio nal
red sandstone, and rare vesicular b asalt.  M axim um  expo sed thic kness o f the unit lo c ally exc eeds 10 feet.
The unit is c o nnected to m o dern perennial and interm ittent stream  c o urses and is sub ject to frequent
flo o ding.  It is a so urc e o f sand and gravel.
Older gravel dep osits of Yam p a River (Pleistocene)—  M edium  gray to grayish b ro wn, po o rly sorted,
fine to c o arse sand interb edded with peb b le and c o b b le gravel.  Fines are do m inant at the top o f the unit
and m ay inc lude, and b e indistinguishab le fro m , o verlapping c o lluvium , m ud fan, and sheetwash
deposits. Clasts are sub ro unded to well ro unded with sizes generally less than eight inc hes, altho ugh rare
c lasts c an rea c h 2.5 feet in diam eter.  M atrix c o nsists predo m inantly o f quartz, feldspar, and lithic
fragm ents derived fro m  m ultiple so urc es.  Clasts c o nsist o f granite; gray dio rite; pink, white, and b la c k
gneiss; quartz; red sandstone; b ro wn and gray c hert; and rare vesicular b asalt. Clasts o f red sandstone
and c hert im ply the presenc e o f Paleo zo ic strata in the watershed. Generally unc onso lidated, b ut
o c c asionally m ay b e c em ented with CaCO3. The depo sits form  terrac es b etween 10 and 200 feet ab o ve
the m o dern flo o dplain and thic kness c an lo c a lly exc eed 20 feet.  In m any areas the unit has b een quarried
fo r sand and gravel.  The depo sit fo rm s a stab le b uilding surfac e.
Older gravel dep osits of William s Fork (Pleistocene)—  Gray to tan-b ro wn, m o derately sorted, fine to
c o arse sand interb edded with peb b le and c o b b le gravel.  Fines are do m inant at the top o f the unit and
m ay inc lude, and b e indistinguisha b le fro m , o verlapping c o lluvium  and sheetwash depo sits.  Clasts are
sub ro unded to well ro unded with sizes generally less than 8 inc hes.  M atrix c onsists predo m inantly o f
quartz, feldspar, and lithic fragm ents derived fro m  m ultiple so urc es.  Clasts c o nsist o f vesic ular and
m assive b asalt; quartz; feldspar; granite; gneiss; quartzite; dark white and gray c hert; and sandstone.
So urc es are exposures o f M esaverde Gro up, Bro wns Park Form ation, as well as transport o f vo lc anic
c lasts fro m  the Dunkley Flat Tops.  The deposits fo rm  terrac es b etween 10 and 120 feet a b o ve the
m o dern flo o dplain. The unit lo c a lly exc eeds 10 feet in thic kness.  The depo sit fo rm s a stab le b uilding
surfa c e and is a potential so urc e o f sand and gravel.

Alluvial fan, sheetwash, and colluvial dep osits, undifferentiated (Holocene to late Pleistocene)—
Stream -c hannel and flo o d plain depo sits alo ng valley flo o rs o f ephem eral, interm ittent, and sm all
perennial stream s, sm all c o a lesc ing alluvial fans, sheetwash o n slo pes, and c o lluvium  alo ng valley sides.
Alluvial depo sits are typic ally c o m po sed o f po o rly- to well-sorted, stratified, interb edded, peb b ly sand,
sandy silt, and sandy gravel derived fro m  lo c al so urc es.  Sheetwash depo sits are sim ilar to alluvial
deposits, b ut m ay c o ntain m o re fine-grained m aterial and are not fo und in distinct channels.  Co lluvium
m ay range fro m  unsorted, c last-supported, peb b le to b o ulder gravel in a sandy m atrix to m atrix-
supported, gravelly, c layey sand.  M axim um  thic kness o f the unit is appro xim ately 15 feet.
Alluvial, m ud flow and m ud fan dep osits (Holocene to late Pleistocene)—  Well- to o c c asio nally
po o rly sorted, po o rly c onso lidated, clayey to sandy silt depo sited in valley-head and valley-side alluvial
fans, trib utary stream  valleys, and c o alesc ing fans in lo c a l b asins.  The deposits c o m prise a c o m plex
system  o f deposits that m ay extend fo r m iles along trib utary stream  reac hes. The b asin- and valley-fill
sedim ents were depo sited prim arily b y m uddy deb ris flo ws with o c c asio nal input fro m  sheetwash,
hyperc o nc entrated flo ws, and water-flo o d flo ws. The depo sits c o nsist o f po o rly defined silt layers,
typic ally less than an inc h to a few inc hes thic k, whic h rec o rd individual m udflo w depositio nal events.
So m e layers sho w inc ipient so il develo pm ent that was curtailed b y b urial during sub sequent events.
Areas m apped as Qam f m ay b e sub ject to future flash flo o ds and deb ris flo w events, espec ially in non-
inc ised valley-head and valley-side areas and within the deeply dissected m o dern arro yo  c hannels.  The
deposits m ay b e prone to signific ant c o llapse fro m  dispersio n, hydro c o m pa ctio n, or slo pe failure when
wetted or lo aded.  Qam f deposits m ay exc eed 5 feet in thic kness in valley-head and valley-side areas and
m ay exc eed 15 feet in thic kness alo ng the valley rea c hes and in the b asins.  M any o f the trib utary-stream
m udflo w depo sits and c o alesc ing fans have b een deeply dissected b y stream  ero sio n during the late
Ho lo c ene, resulting in narro w, steep-walled arro yo s that are 5 to 20 feet deep along the valley b o tto m s in
m o st areas.
Older gravel dep osits (Pleistocene)—  Gray to grayish b ro wn, po o rly sorted, fine to c o arse sand
interb edded with peb b le, c o b b le and b o ulder gravel.  Clasts are sub ro unded to well ro unded fro m
m ultiple so urc es and o c c upy paleo -stream  valleys that are no longer in depo sitio nal c o ntact with m o dern
drainages.  Deposits o f paleo -drainages so urc ed o ff o f the William s Fork Range c an c o ntain large
b o ulders o f b asalt up to 4 feet in diam eter.  The paleo -valleys are no w inverted, positive features in the
landsc ape and m ay display rem nant m o rpho lo gy o f the o riginal c hannels or fans.  The unit lo c ally
exc eeds 10 feet in thic kness. It c an fo rm  a stab le b uilding surfac e and is a potential so urc e o f sand and
gravel.

Sheetwash alluvial dep osits (Holocene to late Pleistocene)—  Tan to grayish-b ro wn, po o rly sorted,
po o rly to m o derately c o nso lidated sand, silty and c layey sand, with m inor am o unts o f gravel.  U nit
c o nsists c hiefly o f lo c a l m aterials transported o n m o derate slo pes (~10 perc ent grade) b y sheetflo w, b ut
also  inc ludes so m e sedim ent delivered b y runo ff in rills and m ino r gullies.  The unit is prone to
hydro c o m pa ctio n. M axim um  expo sed thic kness is 15 feet.

Eolian dep osits (Holocene to late Pleistocene)—  Yello wish-b ro wn to reddish-b ro wn, fine- to m edium -
grained sand and silt depo sited prim arily b y wind.  Grains are sub angular to sub ro unded.  The deposits
fo rm  b lankets, or o c c asionally drifts, that are thic kest on northeast-fa c ing slo pes.  Dune fo rm s are not
present in the m apped area.  Dryland farm ing is c o m m o n is areas underlain b y these depo sits espec ially
where silt do m inates.  These eo lian depo sits are m o derately c o m pa cted and easily exc avated; ho wever,
they c an ho ld surfa c e water.  U nit m ay reac h 15 feet in thic kness.

EOLIAN DEPOSITS

Colluvial dep osits (Holocene to late Pleistocene)—  U nsorted and unstratified to stratified, reddish-
b ro wn to pale b ro wn, peb b le to b o ulder size ro c k fragm ents in a sandy silt and c lay m atrix on slo pes up
to 30 percent grade.  U nit c o ntains lo c ally derived angular to sub angular c lasts that c an b e either clast-
support, or m atrix-support, and o ften fo rm  wedge-shaped depo sits b elo w ledge-form ing b edro c k.  M ay
inc lude ro c kfall deb ris.  The unit c an b e transitio nal with landslide depo sits and is differentiated b y the
la c k o f a well-defined sc arp.

MASS-WASTING DEPOSITS

Older colluvial dep osits (Pleistocene)—  Co lluvial depo sits on  features ab o ve m o dern drainages where
c o arse m aterial arm o rs the underlying m aterial fro m  ero sio n.

Colluvial and sheetwash dep osits (Holocene to late Pleistocene)—   Deposits o f c o lluvium  transitio nal
with depo sits o f sheetwash  c o nsisting o f  lo c a l m aterials transported o n m o derate to steep slo pes.  Also
inc ludes so m e sedim ent delivered b y runo ff in rills and m ino r gullies.   Deposits lo c a lly exc eed 15 feet in
thic kness.  Areas m apped as c o lluvial and sheetwash are susceptib le to future ro c kfall events and flo o d
events.

Landslide dep osits (Holocene to m iddle Pleistocene)—  Hetero geneo us deposits c o nsisting o f unsorted
and unstratified c lay, silt, and sand, and c o b b le- and b o ulder-size ro c k fragm ents.  U nit inc ludes
rotatio nal and translatio nal slides and c o m plex earthflo w m ass m o vem ents.  In m o st pla c es, landslides
sho w o b vio us geo m o rphic expressio n that disrupts the pro file o f the slo pes.  Generally, head sc arps
(near-vertic al detac hm ent sc ars exposed at the top o f and sides o f the landslides) are readily
rec o gnizab le; ho wever, so m e sc arps m ay b e ero ded or c o vered and not prono unc ed.  Other c o m m o n
diagno stic features inc lude hum m o c ky topo graphy, closed depressio ns, sag ponds, fissures, terrac ettes,
tensio n crac ks, and pressure ridges at the to e o f the m o b ilized m ass.  Landslide areas are sub ject to future
m o vem ent during episo des o f heavy rain or sno wfall or m ay b e rea ctivated b y hum an-m ade disturb anc es
suc h as cutting o f slo pes fo r ro ads, quarries, grading fo r ho using develo pm ents, and irrigatio n and septic
system s.  Landslide depo sits are prone to settlem ent when lo aded o r wetted.  The depo sits m ay c o ntain
expansive so ils where derived fro m  shale and m udstone fo rm atio ns.  Thic kness o f landslide depo sits
lo c a lly exc eeds 10 feet.
Basalt boulder dep osits (early Pleistocene to Pliocene? or Miocene?)—  Assem b lages o f large b asalt
b o ulders ranging in size fro m  less than 6 inc hes to o ver 5 feet.  Consists o f b o th m assive and vesic ular
b asalt, with o c c asio nal surfac es retaining original flo w textures.  Angular to sub -angular b o ulders are
c last supported, with a m atrix o f sm aller c o b b les and b o ulders alo ng with b ro wn to dark b ro wn organic-
ric h silt and c lay.  Fines m ay b e wind-derived so il.  Deposits fo rm  sm all iso lated kno b s and linear ridges.
Bo ulders sho w little evidenc e o f lo ng-range transport and m ay b e o ld talus depo sits with no rem aining
lo c a l c ap-ro c k so urc es. The unit has potential fo r ro c kfall.  Ar/Ar analysis b y the New M exic o
Geo c hro no lo gy La b o rato ry o f a sam ple o f non-vesic ular b asalt yielded a date o f 23.11 ± 0.013 m illio n
years (M a) (M . Heizler, personal c o m m unic atio n 2013).
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ALLUVIAL-FAN DEPOSITS
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Artificial fill (latest Holocene)—  Riprap, fill, and refuse pla c ed during c onstructio n o f ro ads, railro ads,
b uildings, dam s, and landfills.  Generally c onsists o f unsorted silt, sand, clay, and ro c k fragm ents.  The
average thic kness o f the unit is typic ally less than 20 feet, altho ugh high em b ankm ents c an b e m o re.
Artific ial fill m ay b e sub ject to settlem ent, slum ping, and ero sio n if not adequately c o m pa cted o r
designed fo r drainage c o ntro l.
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Lewis Shale, m ain body—  Gray to b ro wnish-gray thin-b edded, fissile, m arine m udstone c o ntaining
thin b eds o f silt and fine- to very fine- grained sandstone.  It is light gray where silt c o ntent is high
and weathers to pale to m o derate yello wish b ro wn.  The unit is rec essive, resulting in a gentle ro lling
landsc ape, with natural expo sures o f undisturb ed b edding lim ited prim arily to deeply ero ded gullies
and landslide sc arps.  High b entonite c o ntent gives this shale a high swell/shrink c apa c ity and the unit
is prone to landsliding.  Only the lo wer several hundred feet o f Lewis Shale are exposed in this
quadrangle, prim arily within the Big Botto m  Sync line and o n the do wnthro wn side o f the Great Wall
Fault.

BEDROCK UNITS

Kls

Kwtw

 Lewis Shale (Up p er Cretaceous)

 William s Fork Form ation (Up p er Cretaceous)

Tongues of Lewis Shale—  To ngues o f the Lewis Shale underlie and are upwardly transitio nal with
the Three white sandstones m em b er (Kwtw), Twentym ile Sandstone M em b er (Kwtm ), and Sub -
twentym ile sandstone m em b er (Kwst) o f the William s Fork Form atio n, fo rm ing distinctive lo w-
slo ping b enc hes b eneath the ledge-fo rm ing sandstones.  Tongues are sim ilar in c o m po sition and
b edding as the m ain b o dy o f the Lewis Shale. The unit is prone to landsliding.   Thic kness varies
fro m  less than 20 feet to alm o st 200 feet.  The tongues tend to thin and b ec o m e do m inated b y thin

Three white sandstones m em ber —  White to tan, m o derately to well- indurated sandstone,
interb edded with m arine and non-m arine shale with m ino r c o al b eds.  Well indurated, fo rm ing c liffs,
distinct ledges, and “ho o do o s”.  Three distinct, upward-c o arsening, very fine to m edium  grained
sandstone intervals c an b e present, altho ugh all three are usually o nly seen to gether in steep valley
wall expo sures.  Ledge-fo rm ing sandstones are sho wn as dashed lines on the m ap.  Beds o f grey
m arine shale 20 to 40 feet thic k separate the sandstone b eds and are m apped as Lewis Shale (Kls) in
this area.  Sandstone c o nsists o f m o derately well-sorted grains o f quartz, feldspar, and grains o f b la c k
c hert or ho rnb lende, with a CaCO3c em ent.  Bedding grades upward fro m  ho rizo ntally lam inated thin
b eds o f sand, silt and shale; to sandstone b eds up to 100 feet thic k, displaying large-sc ale, tro ugh
cro ss-b edding, lo c a l hum m o c ky cro ss-b edding, and m assive-b io turb ated intervals.  To ward the top,
b edding b ec o m es sub -ho rizontal and the surfac e is typic ally planar and o ften po c k-m arked o r
b io turb ated.  Carb o na c eo us shale with o c c asio nal thin b eds o f c o al m ay c ap the sandstone intervals.
Oyster shells c an b e ab undant in the shale a b o ve the sandstone b o dies.  Bivalve hash m ay also  b e
present in thin tab ular sandstone b eds.  Lo c ally, resistant kno b s o f b ro wn very fine- to fine-grained
irregularly b edded to ripple-b edded sandstone rise a b o ve m o re easily ero ded fria b le sandstone.  These
irregular kno b s o f m o re resistant sandstone appear to b e c em ented b y iron-ric h c alc ite and are m o re
c o m m o n in the lo wer-m o st sandstone interval, giving it a distinctive appearanc e.  Total unit thic kness
o f the Three white sandstones m em b er is 200 to 300 feet. The unit is prone to ro c kfall.  Regio nally,
the unit b ec o m es m ore m arine to the east as the sandstone intervals thin, b ec o m e finer-grained, and
no n-m arine shale and c o al b eds pinc h o ut.  The unit m ay b e equivalent to the Alm ond Form atio n as
rec o gnized in the sub surfac e to the north in the Sand Wash and Washakie Basins (Ro ehler, 1987).

Kidl
Double ledge sandstone m em ber —  The upperm o st distinctive, laterally c o ntinuo us interval o f
well-indurated sandstone in the lo wer part o f the Iles Form atio n. Form s a series o f ledges and c liffs
that rim  the steep c anyo ns o f the William s Fork M o untains.  The sandstone is tan to pale grayish-
orange and c o nsists o f one to three, thic k, tab ular sandstone b o dies separated b y shale and thin-
b edded sandstone stringers.  In pla c es, the lo wer-m o st interval is up to 80 feet thic k.  Sandstone
intervals c o nsists o f upward-c o arsening, very fine- to fine-grained sand c ontaining quartz, feldspar,
and grains o f b la c k c hert or ho rnb lende c em ented b y CaCO3.  Bedding c an b e large-sc ale tro ugh
cro ss-b edding to sub -ho rizo ntal planar b edding to m assive and b io turb ated.  M ud drapes and m ud
rip-up c lasts c an b e present.  The tops o f ea c h ledge are typic ally planar and po c k-m arked.  So m e
po c k m arks m ay b e crude dino saur trac ks.  Total unit thic kness is 40 to 80 feet.  The unit is so urc e fo r
large-c last alluvial fan depo sits and ro c kfall deb ris in c anyo n flo o rs.

Kil Iles Form ation, lower p ar t —  Interb edded sandstone, siltstone, c arb o na c eo us shale, m arine shale,
and m ino r c o al that fo rm s slo pes, sm all c liffs, and ledges.  A num b er o f laterally c o ntinuo us, ledge-
fo rm ing intervals o f sandstone, that Crab augh (2001) describ es as sho reline tongues within the Iles
c lastic wedge, m ake the lo wer part o f the Iles Form atio n m o re resistive to ero sio n, pro duc ing ro ugher
topo graphic relief than the upper part. Light-b ro wn, to whitish, to very-pale o range b eds o f sandstone
up to 40 feet thic k c an b e lenticular to tab ular, and laterally c ontinuo us.  They c o nsist o f very fine to
fine grained quartz, feldspar, and grains o f  b lac k c hert or ho rnb lende.  Sandstone b eds c an have
ripple cross-b edding, tro ugh cro ss-b edding, sub -ho rizo ntal planar b edding, hum m o c ky cro ss-
b edding, c o ntorted b edding, and structureless-b io turb ated intervals.  Shale b eds are light to m edium
grey to tan.  The c o al b eds c o m prise the Lo wer Co al Gro up o f the Yam pa Co al Field and have b een
c o m m erc ially m ined in the area.  Lo c ally, the c o als have naturally b urned, b aking and fusing adja c ent
b eds o f shale to distinctive b rittle red “klinker”.  Total unit thic kness is b etween 300 and 400 feet.
The unit is a so urc e fo r large-c last alluvial fan deposits and ro c kfall deb ris in the c anyo n flo o rs.

MAP SYMBOLS

Klst

MANCOS SHALE

Kmu
Mancos Shale, up p er p art of m ain body—  Olive-gray to pale yello wish-b ro wn, non-c alc areo us,
silty to sandy, m arine m udstone that fo rm s rec essive slo pes b elo w the Iles Form atio n.  Thin, sheet-
like, hum m o c ky cross-b edded sandstone b eds near the top fo rm  sm all ledges that step up to the b ase
o f the steeper, c liff fo rm ing Iles Form atio n.  Overall thic kness is 1,250 to 1,450 feet b ut only the
upperm o st 200 to 300 feet are fo und in the quadrangle.

Kmt
Tongue of the Mancos Shale—  A tongue o f the M anc o s Shale underlies, and is upwardly
transitio nal with, the Tro ut Creek Sandstone m em b er (Kitc). It fo rm s a distinctive gently-sloping
b enc h b eneath the ledge-fo rm ing sandstone.  It is sim ilar in c o m po sitio n and b edding fo rm  as the
m ain b o dy.  Thic kness ranges b etween 40 and 120 feet.  It is highly prone to landsliding, and the
b enc hes a b o ve the Iles Form atio n are o ften sites o f c o nspicuo us earth flo ws.

Kmlo
Loyd Sandstone Mem ber —  A ledge-fo rm ing, m o derately to well indurated sandstone, form ing lo w
c liffs and ledges b elo w the To w Creek Sandstone (Kito), that has a distinctive light o live-b ro wn
c o lo r.  It c onsists o f upward-c o arsening sandstone with large-sc ale tro ugh cro ss-b edding and
o c c asional, c o nspic uo us b io turb atio n.Ophiomorpha b urro ws and Inoceramus c asts c an b e present.
Total unit thic kness is 80 to 120 feet.

  Three white sandstones m em ber ledge— Three dots per dash indic ate upper sandstone ledge; two  do ts 
          per dash indic ate m iddle ledge; one do t per dash indic ates lo wer ledge.
  Iles Form ation sandstone ledges— Fo ur do ts per dash indic ate sandstone num b er 4; two dots per dash 
          indic ate sandstone num b er 2 c o unted fro m  the Lo yd Sandstone M em b er up.
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Browns Park Form ation (Pliocene to Oligocene)—  Cream -c o lo red, white to grey to tan, o c c asio nally
m o ttled rusty b ro wn, fluvial sandstone interb edded with eo lian sandstone, m udstone, and gravel.
Generally rec essive unit fo rm s slo pes and ledges.  Fluvial sandstone is fine to c o arse-grained, po o rly to
m o derately sorted, m o derately c em ented, and o c c urs in lentic ular b eds up to ten feet thic k that exhib it
tro ugh cro ss-b eds and ho rizo ntal planar b eds; m ultiple c hannel depo sits c an b e stac ked o n top o f eac h
o ther.  Where cross-b edding is well expo sed, fo reset orientatio n indic ates a generally northwest-to-north
current directio n.  Eo lian sandstone is m edium - to fine-grained, m o derately well-sorted, friab le, with
po o r internal structure or large sc ale tro ugh cross-b edding.  In pla c es, white c o lo r and b lo c ky texture
suggests high ash c o ntent.  Exposures are rare in elevated terrain, where presenc e o f the unit is o ften
indic ated o nly b y o c c urrenc e o f ab undant peb b les and c o b b les o f a b asal c o nglo m erate sc attered o n the
surfa c e.  Basal c onglo m erate is sho wn as a dashed line o n the m ap where o b served.  Clasts in the b asal
c o nglo m erate are well-ro unded and range fro m  peb b le size up to 6 inc hes, and c o nsist o f granite, quartz,
quartzite, white and b la c k gneiss, epidote-ric h gneiss, and lim estone.  A cream  white vo lc anic ash b ed
near the b ase in Sectio n 5, T.5N., R.90W. yielded an Ar/Ar age date o f 29.84 +/- 0.03 M a and an iso lated
ash in Sectio n 17, T.6N., R.90W. yielded an age o f 27.57 +/- 0.10 M a (Daniel M iggens, Orego n State
U niversity 40Ar/39Ar Geo c hrono lo gy Lab o rato ry, personal c o m m unic atio n, 2015). The unit is prone to
landsliding.  U nit thic kness is variab le, up to 120 feet in this quadrangle.
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William s Fork Form ation, up p er p art —  Interb edded sandstone, non-m arine shale, and c o al that
fo rm  ledges and slo pes.  Bro wn, rusty b ro wn, and tan to grey lenticular to tab ular sandstone b eds
c o nsist o f fine to m edium  grained quartz and feldspar with b la c k grains o f c hert or ho rnb lend.  Beds
range fro m  less than one fo o t to o ver 20 feet in thic kness, and exhib it ripple cross-b edding, ho rizo ntal
b edding, tro ugh cro ss-b edding, lo c al c o nvo luted b edding, and lo c al non-organized b io turb ated
intervals. Shale b eds are grey to pale grey and c an b e lignitic.  Co al b eds as thic k as ten feet c o m prise
the U pper Co al Gro up o f the Yam pa Co al Field and have b een c o m m erc ially m ined in the area.  In
m any exposures the c o als have naturally b urned, b aking and fusing adja c ent b eds o f shale to a
distinctive b rittle red “klinker”.  Total unit thic kness is 300 to 400 feet.
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Twentym ile Sandstone Mem ber —  Cream -white to pale-orange, well indurated sandstone that
fo rm s a b and o f distinctive c liffs and ledges.  The sandstone c o arsens upward fro m  the gradational
c o nta ct with the underlying slo pe-fo rm ing tongue o f the Lewis Shale (Klst), to fine- to m edium -
grained sand at the top.  In plac es the unit c o nsists o f a single c liff-fo rm ing sandstone b o dy as thic k
as 120 feet and in other lo c ations, where it is m o re rec essive, it c o nsists o f m ultiple sandstone b eds
up to 15 feet thic k separated b y thin shale stringers.  Sand grains c o nsist o f quartz, feldspar, and
grains o f b la c k c hert or ho rnb lende, cem ented b y CaCO3.  Bedding grades fro m  ho rizontally
lam inated thin b eds o f sand, silt and shale; upward to m assive sandstone that c an o ften b e
structureless and b io turb ated; or m ay display large tro ugh cro ss-b edding up to 6 feet high, planar
b edding, or lo c al hum m o c ky cro ss b eds.  The top is typic ally c apped b y ta b ular b eds o f ho rizo ntally
b edded sandstone less than three feet thic k displaying a ro ugh b io turb ated surfac e.  Lo c ally, the top
c an b e inc ised b y distinct b ro wn, resistant, c hannel-shaped b o dies o f tro ugh cro ss-b edded very fine-
to fine- grained sandstone up to 10 feet thic k. The unit is prone to ro c kfall.  Total thic kness o f the
m em b er ranges fro m  100 to 150 feet.

Kwst
Sub-twentym ile sandstone m em ber —  Tan to light b ro wn indurated sandstone, interb edded with
shale, o verlain and underlain b y tongues o f Lewis Shale (Klst), fo rm ing ledges and slo pes.
Sandstone b eds 20 to 80 feet thic k c o nsist o f fine- to m edium -grained quartz, feldspar, and b la c k
grains o f c hert and hornb lende.  They exhib it tro ugh cro ss-b edding, hum m o c ky cro ss-b edding,
ho rizo ntal planar b edding, or c an appear structureless and b io turb ated.  Trac e fossils inc lude
Ophiomorpha and rare wo rm  b urro ws.  Beds o f grey shale up to 5 feet thic k separate the individual
sandstone b eds. The unit is prone to ro c kfall.  Total unit thic kness is variab le ranging fro m  120 feet to
o ver 200 feet.
William s Fork Form ation, lower p ar t —  Interb edded sandstone, non-m arine shale, and c o al that
fo rm  ledges and slo pes less resistant than the o verlying Sub -twentym ile sandstone m em b er (Kwst).
Bro wn, rusty b ro wn, and tan to gray, lentic ular to tab ular sandstone b eds c onsist o f fine- to m edium -
grained quartz and feldspar with b la c k grains o f c hert or hornb lend.  Beds range fro m  less than 1 to
o ver 20 feet in thic kness.  They exhib it ripple cro ss-b edding, ho rizo ntal b edding, tro ugh cro ss-
b edding, lo c al c o nvo luted b edding, and lo c al b io turb ated intervals.  Shale b eds are grey to pale grey
and c an b e lignitic.  Co al b eds as thic k as 10  feet c o m prise the M iddle Co al Gro up o f the Yam pa
Co al Field and have b een c o m m erc ially m ined in the area.  In m any exposures the c o als have
naturally b urned, b aking and fusing adja c ent b eds o f shale to distinctive b rittle red “klinker”.  Total
unit thic kness is 250 to 300 feet.
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Ham ilton ash bed—  Cream - to rose-c o lo red tonstein b elo w the Sub -twentym ile m em b er (Kwst).
The b ed has o ften b een b aked b y naturally b urning c o als into a b rittle porc elanite and fo rm s
distinctive cream - or rose-c o lo red b ands on slo pes.  The b ed is up to 5 feet thic k and c an c o ntain
c asts o f wo o dy m aterial and leaves.
Yam p a ash bed —  Cream - to rose-c o lo red tonstein in the lo wer part o f the William s Fork
Fo rm atio n.  The b ed has o ften b een b aked b y naturally b urning c o als into a distinctive b rittle
po rc elanite.  Can b e m assive and fresh appearing with sm all crystals o f b io tite,  It lo c ally c o ntains
c asts o f gastropo ds, b ivalves or plant m aterial.  The b ed is up to 10 feet thic k and fo rm s distinctive
cream  o r rose-c o lo red b ands on slo pes. Where the b ed is thic k it c an fo rm  unstab le scree slo pes.  It is
diffic ult to distinguish fro m  light grey shale b eds where the b urning c o al has not b aked the b ed to
po rc elanite.  A field scintillo m eter indic ates gam m a-ray radiatio n c an b e elevated ab o ve b a c kgro und
in this area (up to 62 m r/m in as c o m pared to 30 to 35 m r/m in).  A sam ple o f the ash b ed near the b ase
in Sectio n 8, T.5N., R.90W. yielded an Ar/Ar age date o f 72.57 +/- 0.34 M a (Daniel M iggens, Orego n
State U niversity 40Ar/39Ar Geo c hro no lo gy La b o rato ry, personal c o m m unic atio n, 2015).The b ed is
describ ed in detail b y Bro wnfield and Jo hnson (2008).
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ILES FORMATION (CRETACEOUS)

Kitc
Trout Creek Sandstone Mem ber —  Cream -, white-, to tan-c o lo red, well indurated sandstone that
fo rm s a c onspicuo us b and o f c liffs b elo w the William s Fork Form atio n.  It typic ally appears as a
single interval o f sandstone, b ut in plac es it m ay c onsist o f up to three, distinct ledge-fo rm ing b eds
separated b y thin layers o f shale.  It c onsists o f sand c o ntaining quartz, feldspar, and  grains o f b la c k
c hert or ho rnb lende, c em ented b y CaCO3, that c o arsens upward fro m  very fine- to fine-grained.  Rare
rip-up clasts o f shale c an b e present in the sandstone.  The b ase is gradatio nal with the slo pe-fo rm ing
to ngue o f the M anc o s Shale (Km t) b eneath.  Bedding grades upward fro m  ho rizo ntally lam inated,
thin b eds o f sand, silt and shale, to a thic k b ed o f sandstone up to 120 feet thic k, displaying tro ugh
cro ss-b edding, lo c al hum m o c ky cross-b edding, lo c al c o nvo luted b edding, and intervals that are
structureless and b io turb ated.  The top m ay b e c apped b y ta b ular b eds o f sandstone less than 3 feet
thic k, displaying a ro ugh po c k-m arked, b io turb ated surfac e.Ophiomorpha b urro ws m ay b e present.
The unit is prone to ro c kfall.  Total thic kness ranges fro m  100 to 150 feet.  The unit is genetic ally tied
to  the o verlying William s Fork Form atio n, representing eastward sho reline pro gradation ab o ve the
M anc o s Shale tongue (Km t) and transition fro m  a m arine thro ugh delta/sho reline to non-m arine
c o astal plain setting.  Ho wever, it has historic ally b een m apped as the upper m em b er o f the Iles
Form atio n (Bass and o thers, 1955), as sho wn herein.

Kitl
Trip le ledge sandstone m em ber —  Cream -white-, to tan-c o lo red, well indurated sandstone,
interb edded with gray shale that fo rm s a series o f ledges and sm all c liffs near the top o f the Iles
Form atio n.  Typic ally, three to fo ur distinct ledges c an b e present, starting appro xim ately 20 to 40
feet b elo w the distinct M anc o s Shale tongue (Km t) b enc h.  Sandstone c o ntains quartz, m ino r
feldspar, and b la c k grains o f c hert or ho rnb lende, c em ented with CaCO3.  It tends to b e upward-
c o arsening very fine to fine grained and exhib its sub -ho rizo ntal planar b edding, tro ugh cro ss-
b edding, structureless-b io turb ated intervals, ripple cro ss-b edding, and c o nvo luted b edding.  Rip-up
clasts o f shale c an b e present. Lo c al tro ugh cro ss-b edding indic ates b i-directio nal, tidal, current
directio n.  The tops o f eac h ledge-fo rm ing sandstone interval c an b e planar and po c k-m arked o r
b io turb ated.  So m e po c k m arks m ay b e crude dino saur trac ks.  U nit thic kness ranges fro m  200 to 350
feet and is a so urc e fo r large-c last alluvial fan deposits and ro c k-fall deb ris in c anyon flo o rs.

Kiu
Iles Form ation, up p er p art —  Interb edded well-indurated sandstone, siltstone, c arb o na c eo us and
m arine shale, and m ino r c o al, form ing slo pes and ledges that tend to b e m o re rec essive than the lo wer
part o f the Iles Form atio n (Kil).  Tan to b ro wn, whitish to grey, and pale o range b eds o f sandstone up
to 25 feet thic k c an b e lentic ular to ta b ular and laterally c o ntinuo us, and c o nsist o f very fine to fine
grained quartz, feldspar, and grains o f b la c k c hert or ho rnb lende, c em ented b y CaCO3.  Sandstone
b eds c an have ripple cro ss-b edding, tro ugh cross-b edding, sub -ho rizo ntal planar b edding, c o ntorted
b edding, and structureless,  b io turb ated intervals.  Sandstone o c c asio nally has liesegang iron o xide
b anding.  Rip-up c lasts o f m udstone c an b e present.  Where planar cross-b ed forests are well
exposed, the o rientation indic ates general so uth-to-so utheast current directio n.  Shale b eds are light to
m edium  grey to tan.  Palm  fro nd im prints and gastropo d and b ivalve shell fragm ents m ay b e present
in the sandstone.  Fragm ents o f light b ro wn to tan petrified wo o d c an also  b e present.  Total unit
thic kness is b etween 600 and 700 feet.

Kito
Tow Creek Sandstone Mem ber —  The lo werm ost distinctive, c liff-fo rm ing, well indurated
sandstone interval o f the lo wer part o f the Iles Form atio n.  It c o nsists o f tan- to cream -c o lo red to pale
orange, upward-c o arsening, very fine to fine-grained sandstone in gradatio nal c o ntact with the
underlying tongue o f the M anc o s Shale (Km t).  It c o nsists o f m ulti-storied b o dies o f sandstone
displaying sub -horizo ntal b edding, hum m o c ky cro ss-b edding, large-sc ale tro ugh cro ss-b edding,
c hannel sc o urs, and thin tab ular b eds with ripple cro ss-b edding.  M ud-draped surfa c es c an b e present.
Ophiomorpha b urro ws and b ivalve fo ssils c an b e present. The unit is prone to ro c kfall.  Total unit
thic kness is  60 to 100 feet.

  Mancos Form ation— sandstone ledge in upper part on the unit, m ay b e equivalent to the Berry Gulc h 
          sandstone.
  Contac t—Appro xim ately lo c ated
  Fault—Long dash where appro xim ate; Sho rt dash where inferred; Dotted where c o nc ealed; b all and b ar 
          on do wnthro wn side.

  Sync line—Appro xim ately lo c ated, axial arro w in direction o f plunge.

  Antic line—Appro xim ately lo c ated, axial arro w in direction o f plunge.

  Reverse Fault—Long dash where appro xim ate; Dotted where c onc ealed; teeth o n o verthrust side.((

  Monoc line—Steepest part, appro xim ately lo c ated,  axial arro w in directio n o f plunge.

  Landslide scar p   ab o ve a landslide depo sit (Qls) where so urc e m aterial is highly defo rm ed. Hac hure in 
          slo pe directio n.

  Edges of Pleistocene terraces Hac hures are o n sede where alluvial depo sit is present. 

  Incip ient landslide scar p — A sc arp ab o ve an intact b lo c k o f b edro c k that appears to have 
      m o ved slightly yet the area b elo w rem ains organized with original b edro c k c haracteristics still 
      rec o gniza b le. M o vem ent m ay have lateral as well as rotational c o m po nents. The area b elo w sc arp has  
      the potential to m o ve if disturb ed b y ero sio n or exc avatio n. Hac hures are o n do wnslo pe side. 
      Yello w where c ertain, red where inferred.

  Ash beds— Outcro p exposures.!

  Alignm ent of c ross sec tion

  Strike and dip  of inc lined bedding—Sho wing direction and angle o f dip.30o
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