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Introduc tion to th e Surf icia l Geolog y of  Clea r La ke Ea st 7.5’ Qua dra ng le,  
Cerro Gordo County, Iowa  

T he Clea r La ke Ea st Qua dra n gle is loca ted in  Cerro Gordo Coun ty in  north-cen tra l Iowa .  T he qua d 
stra ddles the ea stern  m a rgin  of the La te W iscon sin-a ge Des Moin es Lobe La n dform  (DML), the m ost recen tly 
gla cia ted region  of the sta te; a n d the W iscon sin -a ge Iowa n  Erosion  S urfa ce (IES ) La n dform  R egion  (Prior a n d 
K ohrt, 2006). T he western  pa rt of the m a p a rea , con sists of a  com plex suite of deposition a l la n dform s a n d 
sedim en t sequen ces rela ted to supra gla cia l, sub gla cia l, a nd progla cia l sedim en ta tion  a ssocia ted with the in itia l 
a dva n ce of the DML.  W ithin  the qua dra n gle, Qua tern a ry deposits on  the DML ca n  rea ch a  m a xim um  
thickn ess of 43 m  (140 ft) a nd a re sign ifica n tly thicker tha n  on  the IES  la n dform  where deposits va ry in  
thickn ess from  5 to 18m  (15 to 60 ft).  T he Des Moin es Lob e is cha ra cterized b y hum m ocky terra in  tha t form s 
a rcua te b elts of m ora in e com plexes a nd un dula tin g pla in s with thick in crem en ts of supra gla cia l sedim en t (>3 
m ).  In  the m a p a rea , the m ost n otea b le fea ture of the DML is the Bem is Mora in e, the term in a l m ora in e of the 
DML which is da ted a t a pproxim a tely 14,500 to 14,000 yea rs b efore presen t. S upra gla cia l a n d progla cia l 
sedim en ts (coa rse-gra in ed gla ciofluvia l, ice-con ta ct sedim ents a ssocia ted with outwa sh fa n s a n d cha n n el 
deposits) en com pa ss a  la rge a rea  of the ea stern  fla n k of the DML a n d a re exten sively m a pped a t the form er ice 
m a rgin  a nd in  the W in n eb a go R iver, Ca lm us, W ha ra m  a n d W illow Creek va lleys.  T he ea stern  portion  of the 
m a p a rea  is dom in a ted b y un n a m ed loa m y sedim en ts (IES  m a teria ls) of va ria b le thickn ess overlyin g 
W iscon sin -a ge S heldon  Creek Fm . gla cia l sedim en ts, Pre-Illin oia n  gla cia l sedim en ts or sha llow rock.  T hese 
deposits a re region a lly exten sive a n d in  this qua dra n gle, on  a vera ge a re less tha n  18 m  (60 ft) in  thickn ess.  
S ign ifica n t a rea s of b edrock outcrop or a rea s with less tha n  15 feet of loa m y m a teria l over rock a re presen t, 
especia lly a lon g the W in neb a go R iver a n d the lower rea ch of W illow Creek.  Bisectin g the n orthea stern  
section  of the m a p a rea  is the W in n eb a go R iver va lley. T he va lley is youn ger tha n  the Bem is Mora in e a n d wa s 
cut a pproxim a tely 12,500 yea rs b efore presen t durin g the ca ta strophic dra in a ge of the youn ger Algon a  
Mora in e.  T he va lley is dom in a ted b y a  va ria b le thickn ess 1 to 10 m  (3 to 32 ft) of coa rse gra in ed outwa sh 
a ssocia ted with the “la st-ga sp” dra in a ge of the DML. 

W illia m s (1899) describ ed a nd m a pped the Qua tern a ry a n d Pa leozoic b edrock geology of W orth 
Coun ty a n d m a de m en tion  of sim ila r geologic un its in Cerro Gordo coun ty.  He a lso n oted the extrem e 
thin n ess of the “drift” a lon g the W in neb a go R iver a nd the rem a rka b le differen ce in  surfa ce fea tures b etween  
the ea stern  a n d western  portion s of W orth a n d Cerro Gordo coun ties.  S ta tewide b edrock geologic m a ps b y 
Hershey (1969), a n d m ost recen tly by W itzke, An derson , a n d Pope (2010), depict the increa sed un dersta n din g 
of the com plex distribution  of geologic un its a t the b edrock surfa ce a cross this region , in cludin g W orth 
Coun ty.  T he on ly region a l surficia l m a p of the a rea  con sists of the Des Moin es 4 o x 6 o Qua dra n gle a t a  sca le 
of 1:1,000,000 (Ha llb erg et a l., 1991).  In  a ddition, K em m is (1991) undertook a  system a tic study of gla cia l 
la n dform s, sedim entology a n d deposition a l en vironm en ts of the n orthern  Des Moin es Lob e.  T his study served 
a s the foun da tion  for the developm en t of a  lithostra tigra phic fra m ework for DML deposits in  Iowa . 

S urficia l deposits of the m a p a rea  a re com posed of seven  form a tion s:  DeForest, Dows, Noa h 
Creek, Peoria , S heldon  Creek, W olf Creek, a n d Alb urn ett form a tion s, a s well a s un n a m ed erosion  surfa ce 
sedim en ts (see map discussion for further detail).   Hudson  a ge deposits a ssocia ted with fin e-gra in ed a lluvia l, 
orga n ic, a n d colluvia l sedim en ts in clude the DeForest Form a tion  which is sub divided in to the Ca m p Creek, 
R ob erts Creek, Gun der, Corrington , Fla ck, a n d W oden  m em b ers.  T he Dows Form a tion  con sists of upla n d 
gla cia l deposits a n d is sub divided in to the Alden , La ke Mills, Morga n  a n d Pilot K n ob  Mem b ers. T he Noa h 
Creek Form a tion  in cludes coa rse sa nd a n d gra vel a ssocia ted with outwa sh from  the Des Moin es Lob e.  T he 
Noa h Creek Form a tion  in cludes coa rse to fin er gra in ed fluvia l deposits a ssocia ted with loca l strea m  a n d river 
va lleys.  Un n a m ed erosion  surfa ce sedim en ts con sist of reworked till a n d slopewa sh deposits a ssocia ted with 
perigla cia l a ctivity durin g the W iscon sin  ice a dva n ce.  Area s of Peoria  Form a tion  eolia n  m a teria ls a re presen t 
a lon g the the W in n eb a go R iver va lley.  Eolia n  m a teria ls m a y a lso b e in term itten tly presen t m a n tling m ost 
other m a ppin g un its, a n d a re m ore a b un da n t n ea r strea m  va lleys.  S heldon  Creek Form a tion  gla cia l deposits 
a re un differen tia ted a n d occur in  n orthwest a n d n orth-cen tra l Iowa .  T he full exten t of these deposits is still n ot 
fully understood. Pre-Illin oia n  gla cia l deposits in  Iowa  con sist of two form a tions:  the younger W olf Creek 
Form a tion a n d the Alb urn ett Form a tion .  T he W olf Creek is divided into the W in throp, Aurora , a n d Hickory 
Hills m em b ers (oldest to youn gest).  T he Alb urn ett Form a tion  con sists of severa l “un differen tia ted” m em b ers.  

T hree b edrock m a ppin g un its (Devonia n  Lim e Creek, S hell R ock a n d Lithogra ph City) a re exposed a s 
outcrop or qua rries in  the m a p a rea . Bedrock outcrops occur prim a rily a long the W in n eb a go R iver a n d to som e 
exten t a lon g W illow Creek. T he Devon ia n  rocks a re dom in a ted b y ca rb on a tes va ryin g b etween  lim eston e a n d 
dolom ite, a ccom pa nied with m in or sha le.   
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LEGEND 
 

CENOZOIC 
 

QUAT ERNARY SYST EM 
 

HUDSON EPISODE 
 

Qo - Depressions (DeForest Form a tion -W oden  Mb r.) - Gen era lly 2.5 to 6 m  (8-20 ft) of b lack to very da rk gra y, ca lcareous, m uck, pea t an d 
silty cla y loa m  colluvium  a n d organ ic sedim en ts in  dra in ed a n d un dra in ed closed a n d sem i-closed depression s.  Overlies gray, ca lca reous, loa m  
diam icton  (Dows Fm .-Morga n /Alden  Mb r.) or Noa h Creek  Fm . sa n d a n d gravel or S heldon  Creek Fm  loa m  dia m icton .  Associa ted  with low 
relief fea tures tha t occupy depression s a n d low sa gs on  the lan d sca pe. S upports wetlan d vegeta tion  a n d can  b e perm a n en tly covered b y wa ter.   
High wa ter ta b le. 
 
Qa l - Alluvium  (DeForest Form ation -Un differen tiated) - Va riab le thickn ess  of less tha n  1 to 5 m  (3-16 ft) of very da rk gra y to b rown , 
n on ca lcareous to ca lca reous, m a ssive to stra tified silty cla y loa m , clay loa m , loa m  to san d y loam  a lluvium  a n d colluvium  in  strea m  va lleys, on  
hillslopes an d in  closed d epression s. Ma y overlie Noa h Creek Form a tion , W olf Creek or Alb urn ett form a tion s or fra ctured Devon ia n  ca rb on a te 
b edrock. Associa ted with  low-relief m odern  floodpla in , closed depression s, m odern  dra in a gewa ys or toeslope position s on  the lan dsca pe.  
S ea son a l high water ta b le an d poten tial for frequen t floodin g.   
 
Qa lb  - Alluvium  Sh a llow to Bedroc k (DeForest Form ation -Un differen tia ted) - Varia b le thickn ess of less tha n  1 to 5 m  (3-16 ft) of very da rk 
gra y to brown , n on ca lca reous to ca lca reous, stra tified silty clay loa m , cla y loa m , loam  to sa n dy loa m  a lluvium  a n d colluvium  in  stream  valleys, 
on  hillslopes a n d in  closed depression s. Ma y overlie Noa h Creek Form ation  or Devon ian  carb on a te b edrock.  Bed rock surfa ce is within  5 m  (16 
ft) of th e lan d  surfa ce.  Associated with  low-relief m odern  floodpla in , closed depression s, m odern  drain a gewa ys or toeslope position s on  the 
lan dscape.  S ea son a l high wa ter ta b le an d poten tia l for frequen t floodin g.  This unit is  too thin to be shown in the cross section area crossing 
the Winnebag o River. 
 
 

HUDSON a nd W ISCONSIN EPISODE 
 

Qe - Sa nd Dunes a nd Sa nd Sh eets (Peoria  Form ation -sa n d facies) - Gen era lly less tha n  3 m  (10 ft) of yellowish b rown , m assive,ca lcareous 
loam y san d to fin e san d. It m ay overlie yellowish-b rown  coa rse-gra in ed sa n d an d gra vel (Noa h Creek Fm .), or it m a y overlie yellowish to 
gra yish b rown , usua lly ca lca reous, stratified loa m  to silt loam  to san dy loam  dia m icton  (Dows Fm .-Morgan  Mb r.). Usua lly restricted to a 
n a rrow b elt alon g m a jor river valley b ottom s or a dja cen t upla n ds on  the Des Moin es Lobe.  Off the Des Moin es Lob e this un it is n ot restricted 
to dun es a lon g va lley a rea s a n d m a y occur a s sa n d strin gers overlyin g un n a m ed erosion  surface loa m y sedim en ts. 
 
Qdsr - Loa m y Sedim ents Sh a llow to Lim estone, Dolom ite, a nd Sh a le (DeForest-Noah  Creek-S hell R ock Form a tion ) - 1 to 2 m  (3-7 ft) of 
yellowish  brown  to gray, m assive to wea kly stratified, well to poorly sorted loam y, sa n dy an d silty alluvial sedim en t tha t overlies the Upper 
Devon ian  b edrock surfa ce a s describ ed b elow (Dsr).  This unit is  too thin to be shown in the cross  section area crossing the Winnebago River. 
 
Qdl - Loa m y Sedim ents Sh a llow to Dolom ite, Lim estone, a nd Sh a le (DeForest-Noa h Creek- Lim e Creek Form a tion ) - 1 to 2 m  (3-7 ft) of 
yellowish  brown  to gray, m assive to wea kly stratified, well to poorly sorted loam y, sa n dy an d silty alluvial sedim en t tha t overlies the Upper 
Devon ian  b edrock surfa ce a s describ ed b elow (Dl).   
 
 

WISCONSIN EPISODE 
 

Qnw - Sa nd a nd Gra vel (Noa h Creek Form a tion ) –  Gen era lly less than  8 m  (26 ft), b ut there m a y b e sign ifica n tly thin n er coa rse-gra in ed 
deposits in  sm a ller strea m  va lleys.  Y ellowish b rown  to gra y, poorly to well sorted, m a ssive to well stra tified, coarse to fin e feldspa thic qua rtz 
sa n d, peb b ly sa n d a n d gra vel.  In  the m a p a rea  the un it overlies m iddle W iscon sin -a ge S h eldon  Creek Fm .  T his un it en com passes outwa sh 
deposits tha t a ccum ulated  in  va lley tra in s durin g th e W iscon sin  Episode. 
 
Qnw3 - Sa nd a nd Gra vel Sh a llow to Bedrock  (Noah Creek Form a tion ) - 1 to 3 m  (3-10 ft) of yellowish  b rown  to gray, poorly to well sorted, 
m a ssive to well stra tified , coa rse to fin e feldspa thic qua rtz sa n d, peb b ly sa n d a n d gra vel.  Ma y b e overla in  b y up to 2 m  (7 ft) of silty a lluvial 
m aterial.  In  pla ces m a n tled with  fin e to m edium  well-sorted feldspa thic qua rtz sa n d derived from  win d reworkin g of the a lluvium .  Fra ctured 
carbon ate b edrock  is less than  5 m  (16 ft) b elow th e lan d surfa ce.  T he un it en com pa sses deposits tha t a ccum ulated in  river a n d strea m  va lleys 
durin g the la te W iscon sin  as well a s exhum ed Pre-Illin ois Episode deposits of th e W olf Creek a n d Alb urn ett form a tion s. 
 
Qof - Outwa sh  fa n (Noa h Creek Form ation ) - T hickn ess can  b e quite varia b le from  3 to 12 m  (10-39 ft) of yellowish-b rown  coa rse-gra in ed 
sa n d a n d gravel.  Ma y overlie gray, ca lca reous, m a ssive, den se loam  diam icton  (Dows Fm .- Alden  Mb r. or S heldon  Creek Fm .).  Broa d low-
relief a pron  tha t gen tly slopes a wa y from  the m orain e fron t.  S ea son al h igh wa ter ta b le. 
 
Qtr_b m  - T ill ridg e (Dows Form a tion -Morga n  Mb r.) - Gen era lly 3 to 15 m  (10-49 ft) of yellowish to gra yish b rown , usua lly calca reous a n d 
fra ctured, stratified loa m  to silt loa m ; stratified san ds a n d gra vels to sa n dy loa m  diam icton ; textures ca n  b e quite varia b le.  Overlies gra y, 
calcareous, m a ssive, den se loa m  dia m icton  (Dows Fm .-Alden  Mb r.). T h e Alden  Mb r. in  this m a ppin g un it ra rely exten ds to depth s grea ter th an  
15 m eters (49 ft); a n d overlies the S h eldon  Creek Form ation  dia m icton . At the DML m a rgin , this lan dform  m a y b e m an tled with a  thin  la yer of 
Peoria  Form a tion  silt.  Low to m oderate relief h um m ocky la n dform  fea tures exceed 3 to 5 m  (10-16 ft) of local relief. T his la n dform  is 
a ssociated with th e Bem is Mora in e.  T he surfa ce pa ttern  is irregula rly sh aped pattern s.  S ea son a l high water ta b le.   
 
Qsc 2 - Loa m y Sedim ents Sh a llow to Gla c ia l T ill (Un n a m ed erosion  surface sedim en t ) - 1 to 3 m  (3-10 ft) of yellowish b rown  to gra y, 
m a ssive to wea kly stra tified, well to poorly sorted loa m y, sa n dy a n d silty erosion  surfa ce sedim en t.  Map un it in cludes som e a rea s m a n tled with 
less tha n  1 m  (3 ft) of Peoria  Form a tion  (silt or sa n d fa cies).  Overlies m a ssive, fra ctured, slightly firm  gla cia l till of th e S heldon  Creek 
Form a tion . 
 
Qsc  - Gla c ia l T ill (S heldon  Creek Form ation -un diff.) - Gen erally 3 to 15 m  (10-50 ft) of a  yellowish b rown  to gra y, ca lca reous fra ctured to 
m a ssive clay loam ; a t depth this un it ca n  b e va ria b ly textured an d con tain  sign ifica n t san d a n d gravel b odies.  T he upper 3 to 7 m eters (10-20 
ft) m a y b e perigla cia lly a ltered.  It is n ot un com m on  to see few Pierre S ha le cla sts in  core sa m ples.  T he presen ce of un a ltered S heldon  Creek 
till in  the ea stern  portion  of the coun ty is question a b le.  T his un it overlies Pre-Illin ois dia m icton  a n d is on ly shown  on  the cross-section . 
 
 

PRE-ILLINOIS EPISODE 
 
Qwa 3 - T ill  (W olf Creek or Alb urn ett Form a tion s) - Gen erally 3 to 23 m  (10-75 ft) of  very den se, m assive, fractured, loa m y gla cia l till of th e 
W olf Creek or Alb urn ett form a tion s.  T his m appin g un it can  b e b uried b y gla cia l sedim en ts (S h eldon  Creek Fm .), un n am ed erosion  surfa ce 
sedim en ts, loess or a lluvium  a n d is sh own  on ly in  the cross-section . 

MESOZOIC 
 

CRET ACEOUS SYST EM 
 

Kd – Sa ndstone, Mudstone, a nd Siderite Pellets (W in drow Form a tion ) “Mid”-Cretaceous. T his m a p un it occurs as erosion a l outliers a n d is 
on ly foun d occa sion a lly in  well m ateria ls in  the m a ppin g a rea. T he form a tion  is characterized b y reddish sha ly sa n dston e a n d m udston e or 
siderite pellets. Its thickn ess is va riab le, b ut usua lly less tha n  6 m  (20 ft). 
 
 

PALEOZOIC 
 

DEVONIAN SYST EM 
 

Dl – Sh a le, Lim estone, a nd Dolom ite (Lim e Creek Form a tion ) Upper Devon ia n . T his m ap un it com prises m ost of th e b edrock surface in  the 
southern  pa rt of th e m a ppin g area . Because of erosion , the thick n ess of this un it va ries b etween  0 to 42 m  (0-140 ft). T h e un it ca n  be sub divid ed 
in to three pa rts: a  lower un fossiliferous green -gra y to gra y ca lca reous sha le, a m iddle fossiliferous calcareous shale, a n d a n  upper fossiliferous 
lim eston e, dolom itic lim eston e, a n d d olom ite. T he m iddle a n d upper pa rts of the un it a re cha racterized  b y extrem ely a b un da n t b ra chiopods a n d 
other fossils. 
 
Dsr - Lim estone, Dolom ite, a nd Sh a le (S hell R ock Form a tion ) Upper Devon ia n . T his m a p un it usua lly ha s a  thickn ess of 12 to 18 m  (40-60 
ft), an d occurs in  the south ern  part of the qua d. T he un it is cha ra cterized  b y fossiliferous ca rb on a tes, with som e grey to light g reen  sha le. Layers 
con ta in in g ab un da n t sub spherica l an d ta b ular strom a toporoids com m on ly occur in  the lower pa rt of the un it. Bra chiopods, b ryozoan s, cora ls, 
a n d crin oids a re a b un da n t in  som e in terva ls. 
 
Dlg c  - Dolom ite, Lim estone, a nd Sh a le (Lithogra ph City Form a tion ) Middle to Upper Devon ia n . T his m a p un it form s the m a jor upperm ost 
b edrock in  the qua d, with a m a xim um  thickn ess of up to 33 m  (110 ft). T his un it con sists of dolom ite a n d dolom itic lim eston e, pa rtia lly 
chara cterized b y in terb eds of la m in a ted lithogra phic a n d sub lithogra phic lim eston e a n d dolom itic lim eston e, in  pa rt a rgilla ceous or with slight 
sh ale. “Birdseye” structures a re com m on . S om e in terva ls are fossiliferous a n d strom a toporoid-rich . 
 
Dc v - Lim estone a nd Dolom ite (Coralville Form ation ) Middle Devon ian . T he thickn ess of th is m a p un it va ries b etween  10 a n d 18 m  (35-60 
ft), a n d it is dom in a ted b y lim eston e, dolom itic lim eston e, a n d dolom ite, in  part la m in a ted a n d a rgillaceous. Bra chiopods a n d cora ls usua lly 
occur in  the lim eston e fa cies.  
 
Dlc  - Dolom ite a nd Lim estone (Little Ceda r Form a tion ) Middle Devon ia n .  T he th ickn ess of this m a p un it ra n ges from  27 to 35 m  (90-115 ft) 
in  the study a rea.  T he un it is dom in a ted b y slightly a rgilla ceous to a rgilla ceous dolom ite an d dolom itic lim eston e, usua lly vuggy a n d pa rtia lly 
lam in a ted an d/or ch erty. T his un it is com m on ly fossiliferous, a n d b ra chiopods are especia lly a b un da n t in  the lower portion . T his un it is shown  
on ly on  th e cross-section , n ot on  the m ap. 
 
 
Drill Holes 
 
Wa ter Well Log s  with IGW S  well n um b er (records ava ila b le a t www.igsb.uiowa.edu\geo sam) 
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