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ALLUVIAL DEPOSITS

DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

HUMAN-MADE DEPOSITS
Artificial fill (upper m ost Holocen e) — Earth m ateria ls (sa nd , silt, c la y, a nd  ro c k d ebris) em p la c ed  o r sha p ed  to  c o nstruct
highwa ys, ra ilro a d  b ed s, irrigatio n wo rks, p arking lo ts, athletic field s, resid entia l a nd  c o m m erc ia l build ings, la nd fills, a nd
ea rthen d a m s.  U nit is 3–100 ft thic k.
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BEDROCK UNITS

Geology mapped in 2015
Cartography by Karen Morgan,

Erinn Johnson and Matt Morgan
Colorado Geological Survey

This m a p p ing p ro jec t was fund ed  jo intly by the
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Survey through the Natio na l Co o p erative Geo lo gic
M a p p ing Pro gra m  und er STATEM AP a greem ent

num b er G15AC00216

Pier re Shale  (Upper Cretaceous) — The fo rm atio n c o nsists o f m arine strata c o m p o sed  c hiefly o f d a rk gra y sha le,
siltsto ne, a nd  fine-gra ined  sa ndsto ne.  Bento nite b ed s are c o m m o n in the lo wer p art o f the fo rm atio n a nd  c a lc areo us
c o ncretio ns are c o m m o n thro ugho ut.  The form atio n is at or near the surfa c e o ver a bro a d  area (as m uc h as 20 m iles wid e)
a lo ng the east fla nk o f the Fro nt Ra nge.  The Lo ngm o nt qua d ra ngle is in the eastern p a rt o f this area.  In a n area b etween
Denver a nd  Lo vela nd , Co lo ra d o , Sc o tt a nd Co b b a n (1965) d ivid ed  the fo rm atio n into  six m em b ers.  Only the up p er two
m em b ers are p resent in the Lo ngm o nt qua d ra ngle.

Fox Hills San d stone (Upper Cretaceous) — The up p er p art o f the form atio n c o nsists o f ta n cro ssb ed d ed  sa nd sto ne that
gra d es d o wnward  into  bro wn, fine-gra ined  silty sa nd sto ne a nd  gra y fissile sha le.  The Fo x Hills Sa nd sto ne form ed  a lo ng
the sho reline o f the Western Interio r sea wa y that o c cup ied  this area during the Late Creta c eo us (Ro b erts, 2005).
Form atio n thic kness is varia b le, ra nging fro m  a b o ut 300 to 500 ft.

Kfh

Kpt
Upper m ost tran sition m em ber — The up p er tra nsitio n m em b er c o nsists o f fria b le sa nd sto ne a nd  so ft sha ly
sa nd sto ne c o nta ining thin b ed s o f sa nd y sha le a nd  large c a lc a reo us c o ncretio ns.  This m em b er is a b o ut 2000 ft
thic k.

Kpu Upper shale m em ber — Gray c o ncretio nary silty sha le that is a b o ut 2800 ft thic k.

Niobrara For m ation   (Upper Cretaceous) — Sho wn o nly in cross sectio n (A–A’).  U nit  c o nsists o f light-gray to d a rk-
gra y fissile c a lc a reo us sha le a nd  light-gra y thinly b ed d ed  m icritic lim esto ne. Thic kness varies fro m  a b o ut 210 to 310 ft.Kn

Benton Group; Carlile Shale, Greenhor n  Lim eston e, an d  Graneros Shale (Upper Cretaceous) — U nd ivid ed  a nd
sho wn o nly in cro ss sectio n (A–A’).  Group  c o nsists c hiefly o f o live-gra y, d ark-gra y, a nd  gra yish-b la c k siltsto ne, sa nd y
siltsto ne, silty c la ysto ne, sha le, a nd d ark-gra y lim esto ne.  Thic kness varies fro m  a b o ut 410 to 470 ft.

Kb

Sheetwash alluvium  (Holocene) — Grayish-bro wn to p a le bro wn, extrem ely p o o rly sorted  sa nd , silt, c la y, a nd  m inor
a m o unts o f ro c k fra gm ents that were tra nsp o rted  p rim arily by sheetwash (unc o nfined  runo ff).  U nit exists princ ip a lly in
sheets a nd  wed ges a lo ng va lley sid es a nd  fo o tslo p es.  The estim ated  thic kness o f the unit is 1–25 ft.

Qsw

Fan d eposits (Holocene) — Fa n-sha p ed  b o d ies o f p a le-bro wn to bro wn, extrem ely p o o rly sorted  sa nd , silt, c la y, a nd
m ino r a m o unts o f p eb b le- a nd  c o b b le-size ro c k fra gm ents. In so m e p la c es o n the no rth sid e o f St. V ra in Creek in the
so utheastern p art o f the m a p  area the unit inc lud es c o lluvium .  The estim ated thic kness o f the unit is 1–30 ft.

Qf

MAP SYMBOLS

Non-prod ucing, aban d on ed  or per m itted  oil an d  gas well location

Prod ucing oil an d  gas well1

gp Gravel pit

Estim ated  strike an d  d ip of in clined  bed d in g — Strike b ased  o n o utcro p  trend , d ip  o f strata no t exp o sed

Strike an d  d ip of inclined  bed d ing — Sho wing d irectio n a nd  a ngle o f d ip3o

Align m ent of cross sectionA A'

AG-1  Num erical age localities — Sho wing sa m p le c o llec tio n num b er

p

Contact — Ap pro xim a tely lo c ated

Paleovalley — Ap pro xim a te lo c atio n o f gra velly a lluvium  that was d ep o sited  by a n a nc estra l Little Tho m p so n River
so m etim e during the m id d le Pleisto c ene (interva l b etween 781,000 a nd  126,000 yr a go ) prio r to when the river was
intersected  a nd  d iverted  eastward  by a strea m  that originated  o n the p la ins.  The a nc estra l va lley flo o r is c o m p letely c o vered
by unit Qe.  Thus, its lim its are b a sed  o n wid ely sc attered  geo tec hnic a l d a ta a nd  info rm atio n fro m  d eep  exc a va tio ns just south
o f Terry La ke that were exa m ined  while m a p p ing the Hygiene qua d ra ngle (M a d o le a nd  o thers, 1998).

Wetlan d  d eposit (upper m ost Holocene) — Dark gray silty a nd  c la yey sa nd  in a sm a ll p o o rly d ra ined  area a d ja c ent to the
lo w sc a rp  b o und ing unit Qa 3in the southeastern p art o f the m a p  area.  U nit is estim ated  to b e 3–5 ft thic k.Qw

Valley-floor alluvium  (upper an d  m id d le Holocene) — Dark grayish-bro wn p o o rly sorted  silty c la yey sa nd  und erlying
the c ha nnels a nd  a d ja c ent lo w terra c es (height 2-4 ft) o f m a jo r strea m s (St. V ra in Creek, Bould er Creek, a nd  to a lesser
extent Leftha nd  Creek).  The unit inc lud es a lluvia l d ep o sits o f three d ifferent a ges that are m a p p ed  as a single unit b ec a use
they (1) c o nsist o f sim ilar m ateria l, (2) o c c up y sim ilar p o sitio ns in the la nd sc a p e, a nd  (3) are to o  interm ingled  to sho w
sep a rately at the sc a le o f this m a p .  The yo ungest a lluvium  c o nsists o f c ha nnel a nd  flo o d -p la in d ep o sits o f historic a nd
p ro to historic a ge, whic h in eastern Co lo ra d o  enc o m p a sses the p ast 550 yr B.P. (Hunt, 1954) or a b o ut 350 yr B.P. (J.B.
Bened ict, Center fo r M o unta in Arc heo lo gy, in M a d o le et a l., 2005).  The yo ungest a lluvium  is present in tra cts large
eno ugh to easily d istinguish o nly near the c o nfluenc e o f the St. V ra in a nd  Bould er Creeks in the southeastern p art o f the
m a p  area.  So il d evelo p m ent in p ro to historic a lluvium  is wea k, c o nsisting o nly o f a n A/C-ho rizo n sequenc e in whic h the
A-ho rizo n is 2–4 inc hes thic k.  The o ther two  a lluvia l d ep o sits ha ve orga nic -ric h A-ho rizo ns that are 6–20 inc hes thic k.
These two  a lluvia l d ep o sits are d istinguished  prim a rily by the fa ct that the o ld est a lluvium  c o nta ins sec o nd ary CaCO3a nd
the m id d le a lluvium  d o es no t.  Eight ra d io c a rb o n a ges fro m  gra vel p its just west o f the m a p  area (M a d o le, unp ub lished
d a ta 1972-1979) suggest that d ep o sitio n o f the o ld est a lluvium  b ega n in the latter p art o f m id d le Ho lo c ene tim e (d efined
here as 8000–4000 yr a go) a nd  c o ntinued into  late Ho lo c ene tim e.  Altho ugh the ra d io c arb o n a ges d o  no t c lea rly id entify
the b eginning a nd  end  d ates o f d ep o sitio n o f either a lluvium , they suggest that they likely c o rrela te with two interva ls
during whic h strea m  d isc harge a nd  energy increased  greatly (c a using a ten-fo ld  inc rease in c ha nnel wid th in so m e p la c es)
in gla c iated d ra ina ge b asins in the Fro nt Ra nge (M a d o le, 2012).  It is likely that m o st o f the o ld est a lluvium  in unit Qa was
d ep o sited  b etween a b o ut 5000 a nd  2000 c a l yr B.P. a nd  m o st o f the m id d le a lluvium  was d ep o sited  b etween a b o ut 1850
a nd  1100 c a l yr B.P.  U nit Qa is typ ic a lly 3–5 ft thic k.

Qa

Post-Broad way alluvium  (Upper Pleistocene an d  lower Holocene) — Chiefly d a rk gra yish-bro wn to p a le bro wn silty
sa nd  7–10 ft thic k o verlying 2–4 ft o f gra y c la st-sup p o rted  gra vel.  The gravel o verlies a n und ulating surfa c e cut o n Pierre
Sha le (unit Kpt).  In the m a p  area, unit Qp b und erlies a terra c e that is 10–15 ft higher tha n St. V ra in Creek.  So il-p ro file
d evelo p m ent in unit Qp b c o nsists o f a n A/Bw/C-ho rizo n sequenc e in whic h the A-ho rizo n is unusua lly thic k (3-4 ft), a nd
the Bw ho rizo n is wea kly d evelo p ed  a nd  o nly slightly o xid ized .  The exc ep tio na lly thic k A-ho rizo ns d evelo p ed  in unit Qp b
are attributed  to a lengthy p erio d  o f a ggra d atio n that o c curred  at rates equa l to o r slo wer tha n the rate o f so il fo rm atio n.
Ra d io c arb o n a ges (Ta b le 1) ind ic a te that unit Qp b was d ep o sited  so m etim e a fter 13,500 c a l yr B.P.  U nit thic kness is 7–15
ft.

Qpb

Alluvium  three (Upper Pleistocene) — Gray c la st-sup p o rted  p eb b le a nd  c o b b le gra vel a nd  so m e interb ed d ed  lenses o f
stratified  silt a nd  sa nd , whic h exc ep t b eneath the flo o d  p la ins o f St. V ra in Creek a nd  Bould er Creek, fine up ward s into
sa nd y a lluvium .  Also, in so m e p la c es in the southeastern p a rt o f the m a p  area the sa nd y a lluvium  is c o vered  by eo lia n
sa nd  o f late Pleisto c ene a ge.  Alo ng Leftha nd  Creek, unit Qa 3is m o re sa nd tha n gra vel.  Gravel und erlying the flo o rs o f
va lleys whose hea d wa ters are in the gla c ia ted  p art o f the Fro nt Ra nge (St. V ra in, Bould er, a nd  Leftha nd  Creeks) c o nsists
c hiefly o f gra nitic a nd  gneissic ro c k, a nd  a sm a ll p erc enta ge o f o ther resista nt m ateria ls, suc h as sa nd sto ne a nd  vein quartz.
Also, film s o f gla c ia l flo ur c o m m o nly c o a t the gra vel in unit Qa 3enha nc ing its gray c o lo r.  Ho wever, the gla c ia l-flo ur
c o atings d ec rease eastward  a nd  are negligib le nea r the eastern ed ge o f the m a p  area.   U nit Qa 3is c o rrelated  with the
Pined a le gla c iatio n, whic h b ega n b efo re 31,420 c a l yr B.P. (M a d o le a nd  o thers, 2010) a nd  likely end ed  p rio r to 14,000 c a l
yr B.P.  A lens o f o rga nic -ric h sed im ent inset in the to p  o f Qa 3gra vel at lo c a lity AG-3 in the southeastern p a rt o f the m a p
area  has a ra d io c arb o n a ge o f 13,460±15 c a l yr B.P. (Beta-441146, Ta b le 1), a nd  c harc o a l fro m  a sim ilar lens at lo c a lity
AG-1 has a ra d io c a rb o n a ge o f 12,025±45 c a l yr B.P. (Beta-441144, Ta b le 1).  These a ges ind ic a te that d ep o sitio n o f unit
Qa 3ha d  c ea sed  by o r b efo re 12,000 c a l yr B.P.  U nit Qa 3is a b o ut 15 ft thic k near the west ed ge o f the m a p  area a nd  thins
to a b o ut 8–10 ft near the southeastern ed ge o f the m a p  area.  The sa nd y a lluvium  a nd  eo lia n sa nd  that o verlie the c last-
sup p o rted  gra vel in the southeastern p art o f the m a p  area are estim ated to b e 5–10 ft thic k.

Qa3

Alluvium  four (upper Mid d le Pleistocene) — Bro wn to slightly red d ish-bro wn c la st-sup p o rted  a nd  m atrix-sup p o rted
p eb b le a nd  c o b b le gra vel.  U nit Qa 4is exp o sed  o nly in exc a va tio ns that p enetrate the wind b lo wn sed im ent (unit Qe) that
c o vers it nearly everywhere.  Clasts o f gra nitic a nd  gneissic ro c k are c o m m o n o n the surfa c e o f unit Qe where it is
und erla in by unit Qa 4, whic h c o m b ined  with the height o f unit Qa 4a b o ve the St. V ra in Creek help s esta b lish its b o und a ries.
A stip p le p a ttern is used  to ind ic a te the presenc e o f unit Qa 4b enea th unit Qe. The c o m p o sitio n o f unit Qa 4is sim ila r to the
c o m p o sitio n o f unit Qa 3.  It c o nsists m ostly o f c la sts o f gra nitic a nd  gneissic ro c k fro m  the c o re o f the Fro nt Ra nge.  So il
d evelo p m ent in unit Qa 4is m o d erate to stro ng; it inc lud es a c la y-enric hed  subso il (Bt ho rizo n) a nd sec o nd a ry c a lc ium
c a rb o na te (Bk ho rizo n).  U nit Qa 4is equiva lent to the Louviers Alluvium  in the Hygiene qua d ra ngle (M a d o le a nd  others,
1998) a nd  to unit Qg1in qua d ra ngles in the c entra l a nd  southern Co lo ra d o  Pied m o nt m a p p ed  by the Co lo ra d o  Geo lo gic a l
Survey.  Geo tec hnic a l rep o rts fo r resid entia l build ings in the m a p  area ind ic ate that unit Qa 3is 10–20 ft thic k.

Qa4

Alluvium  five (Mid d le Pleistocene) — Bro wn to red d ish-bro wn c la st-sup p o rted  gra vel that c o nsists c hiefly o f c o b b les
a nd  p eb b les.  As with unit Qa 4, exc ep t in a few exc a va tio ns, lo ess (unit Qe) c o vers this unit.  The unit is present o nly in the
so uthwestern p art o f the m a p  area where it c a p s a narro w rid ge (a strea m  d ep o sit no w to p o gra p hic a lly inverted ; that is, a
fo rm er va lley flo o r is no w a rid ge).  The gravel c o nsists m o stly o f gra nitic a nd  gneissic ro c k d erived  fro m  the Fro nt Ra nge.
The d ep o sit is d eep ly o xid ized  a nd  has a c la y-enric hed  subso il (Bt horizo n) a nd  white to light-gray sec o nd ary c a lc ium
c a rb o na te c o a ts b o th the c lasts a nd  m uc h o f the o therwise red d ish-bro wn sa nd y m atrix (p artic les less the 2 m m  in size).
U nit thic kness is genera lly 3–10 ft.

Qa5

Old  alluvium  (Mid d le Pleistocen e) — Sa nd  a nd  c last-sup p o rted  gra vel c o nsisting c hiefly o f c o b b les a nd  p eb b les o f
crysta lline ro c k a nd  so m e vein quartz d erived  fro m  the Fro nt Ra nge.  The unit is exp o sed  in o nly two  lo c a lities (a ra ilro a d
cut, SW1/4, Sec. 1, T.2N. R.69W., a nd  a n a b a nd o ned  gra vel p it, SE1/4, NE1/4, Sec. 7, T.2N., R.68W.)  Dep o sits o f Qa o
c a p  so m e o f the to p o gra p hic a lly higher p a rts in the m a p  area.  These d ep o sits are rem na nts o f a nc ient va lley-flo o rs that are
to p o gra p hic a lly inverted  (that is, fo rm er va lley flo o rs are no w rid ges or high p o ints in the la nd sc a p e).  To p o gra p hic
inversio n a nd  strea m  p ira c y, the p ro c ess that b ehea d ed  the Little Tho m p so n River a nd  d iverted  it eastward , are c o m m o n in
areas where c o a rse-gra ined  a lluvium  is tra nsferred  fro m  m o unta ins (p articularly tho se that ha ve c o res o f crysta lline ro c k)
into a d ja c ent b asins or p ied m o nts und erla in by sha le, m ud sto ne, a nd  siltsto ne.  This d escrib es the a lluvium  a nd  b ed ro c k in
the Lo ngm o nt qua d ra ngle.  The gravel is m o re resista nt to erosio n tha n the b ed ro c k that o nc e form ed  va lley wa lls.  Thus,
when the b a se level o f the d ra ina ge b a sin was lo wered , strea m  inc isio n o c c urred  a lo ng va lley m argins rather tha n in the
gra vel c o vering the va lley flo o r.  U nit is 3–15 ft thic k.

Qao

Valley-floor an d  sheetwash alluvium , un d ivid ed  (Holocen e an d  Pleistocene) — Chiefly bro wnish-gray a nd  gra yish-
bro wn sa nd  a nd  silty c la yey sa nd o n the flo o rs a nd  fo o tslo p es o f sm a ll va lleys that origina te o n the p la ins (Co lo ra d o
Pied m o nt).  The unit c o nsists c hiefly o f Ho lo c ene a lluvium  that is lo c a lly interb ed d ed  with Pleisto c ene a lluvium  a nd  in
m a ny p la c es is o verla p p ed  by lo ess a nd by sheetwash a lluvium  d erived  fro m  lo ess (unit Qe).  In the up p erm o st rea c hes o f
these sm a ll va lleys strea m  inc isio n is typ ic a lly less tha n 3 ft.  Ho wever, inc isio n inc reases to 10 ft or m o re where strea m s
a p p ro a c h St. V ra in Creek, whic h is their lo c a l b a se level.  Twic e d uring Ho lo c ene tim e c o nd itio ns fa vo ra b le to va lley
wid ening a nd  a lluviatio n resulted  in the form atio n o f narro w terra c es, whic h subsequently were d issected .  The vario us
d ep o sits inc lud ed  in unit Qau are und ivid ed  b ec a use m ost are to o  sm a ll to sho w ind ivid ua lly at the sc a le o f this m a p .  So il
d evelo p m ent in Ho lo c ene a lluvium  is wea k, c o nsisting o f sim p le A/C-ho rizo n p ro files.  In c o ntrast, so ils in a lluvium  a nd
lo ess o f Pleisto c ene a ge ha ve well d evelo p ed  Bt (c la y-enric hed ) ho rizo ns.  U nit Qau is sim ila r to unit Qe in c o lo r a nd
gra in-size d istributio n, presum a b ly b ec a use m uc h o f it was d erived  fro m  the extensive d ep o sits o f unit Qe that b la nket
a d ja c ent up la nd s.  U nit Qau is estim ated  to b e 3–15 ft thic k.

Qau

Eolian  sed im ent (Upper Pleistocene) —Chiefly p a le-bro wn wind -d ep o sited  sa nd y a nd  c la yey silt genera lly referred to as
lo ess.  Typ ic a lly, lo ess is 50–70 p erc ent silt a nd  less tha n 20 p erc ent c la y by weight (Pye, 1987).  Ho wever, lo ess in the
Lo ngm o nt qua dra ngle c o nta ins m o re c la y tha n is typ ic a l, likely b ec a use the Pierre Sha le is at the surfa c e o ver bro a d  areas
no rthwest (d irectio n o f p reva iling wind s) o f the m a p  area.  The b o und a ries o f unit Qe are c o m m o nly d ifficult to d isc ern
b ec a use lo ess la c ks to p o gra p hic  exp ressio n a nd  is no t asso c ia ted  with a sp ec ific  la nd fo rm .  Instea d , it b la nkets the
la nd sc a p e a c ro ss a bro a d  ra nge o f a ltitud es.  Henc e, the d istributio n o f unit Qe is p artly inferred  fro m  c o unty so il m a p s
(M orela nd  a nd  M o rela nd , 1975; Cra b b, 1980).  Stratigra p hic relatio ns a nd  so il d evelo p m ent ind ic a te that the unit is o f late
Pleisto c ene a ge.  It o verlies m id d le Pleisto c ene a lluvium  (areas where this o c c urs are ind ic a ted  by stip p le p atterns) a nd  is
cro sscut a nd  o verla p p ed  in so m e p la c es by early Ho lo c ene a lluvium  (unit Qp b).  The up p er p art o f the so il p ro file
d evelo p ed  in unit Qe is no nc a lc areo us, but the subso il, besid es b eing o xid ized , c o nta ins signific a nt c o nc entratio ns o f
sec o nd a ry CaCO3, so m e in the form  o f no d ules.  In a d d itio n, the subso il is enric hed  in c la y (has a Bt ho rizo n) tra nslo c ated
fro m  higher in the p ro file.  Dep o sits o f a lluvium , m o stly sheetwash, in swa les a nd  sm a ll, sha llo w va lleys througho ut the
m a p  area, are inc lud ed  in unit Qe b ec a use they are to o  sm a ll to sho w at the sc a le o f this m a p .  U nit Qe is genera lly 3–20 ft
thic k.

Qe




