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Introduction to th e S urficia l Geolog y of th e Nora  S pring s 7.5’ Qua dra ng le, 
Cerro Gordo, Mitch ell, a nd Floyd Counties, Iowa  

T he Nora  S prings Qua dra ngle is loca ted in Cerro Gordo, Mitchell, a nd Floyd counties in north-centra l 
Iowa .  T he qua dra ngle is loca ted on the W isconsin-a ge Iowa n S urfa ce La ndform  R egion (Prior a nd K ohrt, 
2006).  Qua terna ry deposits in this qua dra ngle genera lly va ry in thickness from  0 to 15 m  (0 to 50 ft), but m a y 
be a s thick a s 30 m  (100 ft) loca lly.  T he m a p a rea  is dom ina ted by unna m ed loa m y sedim ents (unna m ed 
erosion surfa ce sedim ent) of va ria ble thickness overlying W isconsin-a ge S heldon Creek Form a tion gla cia l 
sedim ents, Pre-Illinoia n gla cia l sedim ents, or sha llow rock.  T hese deposits a re regiona lly extensive a s shown 
by the Des Moines 4 o x 6 o Qua dra ngle a t a  sca le of 1:1,000,000 (Ha llberg et a l., 1991).  S ignifica nt a rea s of 
bedrock outcrop or a rea s with less tha n 5 m  (16 ft) of loa m y m a teria l over rock a re present, especia lly a long 
the S hell R ock R iver a nd R ock Fa lls Creek.   

Ca lvin (1896) described a nd m a pped the Qua terna ry a nd Pa leozoic bedrock geology of Cerro Gordo 
County.  He noted the extrem e va ria bility of the till units in Cerro Gordo County a nd a lso the presence of 
significa nt sa nd a nd gra vel bodies.  S ta tewide bedrock geologic m a ps by Hershey (1969), a nd m ost recently by 
W itzke et a l. (2010), depict the increa sed understa nding of the com plex distribution of geologic units a t the 
bedrock surfa ce a cross north-centra l Iowa , including Cerro Gordo County.  Previous surficia l geologic 
m a pping com pleted a s pa rt of the S T AT EMAP progra m  a dja cent to the project a rea  includes S urficia l 
Geology of W orth County, Iowa  (Qua de et a l., 2012) a nd S urficia l Geology of the Clea r La ke Ea st Qua dra ngle 
(Qua de et a l., 2013).   

T he m a p a rea  ha s a  rich a nd com plex geologic history punctua ted by a t lea st seven periods of gla cia tion 
between 2.6 m illion to 500,000 yea rs a go (Boellstorff, 1978a , b; Ha llberg, 1980, 1986).  In this a rea , Pre-
Illinois Episode gla cia l deposits a nd a ssocia ted buried soils a re overla in by m uch younger W isconsin-a ge 
gla cia l deposits. During the ea rlier a nd m id W isconsin-a ge, ice a dva nces da ting from  a pproxim a tely 40,000 to 
26,000 yea rs before present were deposited throughout the m a p a rea .  In Iowa , this gla cia l deposit is form a lly 
recognized a s the S heldon Creek Form a tion (Bettis et a l., 1996, Bettis, 1997) a nd in ea rlier litera ture is 
referred to a s the “T a zewell till” (R uhe, 1950).  R esults from  this m a pping progra m  a nd others in W orth, Cerro 
Gordo, a nd Mitchell counties indica te tha t the S heldon Creek gla cia l m a teria ls extend m uch fa rther ea st tha n 
wa s previously thought. 

A period of intense cold occurred during the W isconsin full gla cia l episode from  21,000 to 16,500 yea rs 
a go (Bettis, 1989).  T his cold episode a nd ensuing upla nd erosion led to the developm ent of the distinctive 
la ndform  recognized a s the Iowa n S urfa ce (Prior, 1976).  A perigla cia l environm ent preva iled during this 
period with intensive freeze-tha w a ction, solifluction, strong winds, a nd a  host of other perigla cia l processes 
(W a lters, 1996).  T he result wa s tha t surfa ce soils were rem oved from  the Iowa n S urfa ce, a nd the S heldon 
Creek a nd Pre-Illinois till surfa ce wa s significa ntly eroded, resulting in the developm ent of a  region-wide 
colluvia l la g deposit referred to a s a  “stone line.”  T hick pa cka ges of stra tified loa m y a nd sa ndy sedim ents 
loca ted low in the upla nd la ndsca pe a nd a dja cent to strea m s a re rem na nts of solifluction lobes a ssocia ted with 
the form a tion of the Iowa n S urfa ce.  T hese m a teria ls ca n be found a long tributa ries of the S hell R ock a nd 
W inneba go rivers. 

S urficia l deposits of the m a p a rea  a re com posed of six form a tions:  DeForest, Noa h Creek, Peoria , 
S heldon Creek, W olf Creek, a nd Alburnett form a tions, a s well a s unna m ed erosion surfa ce sedim ents.   
Hudson a ge deposits a ssocia ted with fine-gra ined a lluvia l, orga nic, a nd colluvia l sedim ents include the 
DeForest Form a tion which is subdivided into the Ca m p Creek, R oberts Creek, Gunder, Corrington, Fla ck, a nd 
W oden m em bers.  T he Noa h Creek Form a tion includes coa rse sa nd a nd gra vel a ssocia ted with outwa sh from  
the Des Moines Lobe, a s well a s coa rse to finer gra ined fluvia l deposits a ssocia ted with loca l strea m  a nd river 
va lleys.  Unna m ed erosion surfa ce sedim ents consist of reworked till a nd slopewa sh deposits a ssocia ted with 
perigla cia l a ctivity during the W isconsin ice a dva nce.  Area s of Peoria  Form a tion eolia n m a teria ls a re 
interm ittently present m a ntling m ost other m a pping units, a nd a re m ore a bunda nt nea r strea m  va lleys.  S heldon 
Creek Form a tion gla cia l deposits a re undifferentia ted a nd occur in northwest a nd north-centra l Iowa .  T he 
m a xim um  extent of these deposits is still not fully understood.  Pre-Illinoia n gla cia l deposits in Iowa  consist of 
two form a tions:  the younger W olf Creek Form a tion a nd the Alburnett Form a tion.  T he W olf Creek is divided 
into the W inthrop, Aurora , a nd Hickory Hills m em bers (oldest to youngest).  T he Alburnett Form a tion consists 
of severa l “undifferentia ted” m em bers.  

T he Creta ceous Da kota /W indrow Form a tion a nd three a dditiona l Devonia n (Lim e Creek, S hell R ock, a nd 
Lithogra ph City form a tions) bedrock m a pping units a re exposed a t the surfa ce in the qua dra ngle, with the 
S hell R ock Form a tion occurring a t the bedrock surfa ce over m ost of the m a pping a rea .  A tota l of 38 rock 
outcrops including severa l qua rries were investiga ted in the m a p a rea .  T he Da kota /W indrow Form a tion is 
present a s a n erosiona l outlier a nd occurs a s iron-rich, reddish, sha ly a nd silty sa ndstone.  T he Devonia n rocks 
a re dom ina ted by ca rbona tes va rying between lim estone a nd dolom ite, a ccom pa nied with sha le.   
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HUDS ON EPIS ODE 
 

Qo - Depressions (DeForest Form a tion-W oden Mbr.) - Genera lly 2.5 to 6 m  (8-20 ft) of bla ck to very da rk gra y, ca lca reous, m uck, pea t a nd 
silty cla y loa m  colluvium  a nd orga nic sedim ents in dra ined a nd undra ined closed a nd sem i-closed depressions.  Overlies gra y, ca lca reous, loa m  
dia m icton (S heldon Creek, W olf Creek, or Alburnett form a tions) or Noa h Creek Form a tion sa nd a nd gra vel.  Associa ted with low relief 
fea tures tha t occupy depressions a nd low sa gs on the la ndsca pe. S upports wetla nd vegeta tion a nd ca n be perm a nently covered by wa ter.   High 
wa ter ta ble. 
 
Qa l - Alluvium  (DeForest Form a tion-Undifferentia ted) - Va ria ble thickness of less tha n 1 to 5 m  (3-16 ft) of very da rk gra y to brown, 
nonca lca reous to ca lca reous, m a ssive to stra tified silty cla y loa m , cla y loa m , loa m  to sa ndy loa m  a lluvium  a nd colluvium  in strea m  va lleys, on 
hillslopes a nd in closed depressions. Ma y overlie the Noa h Creek, S heldon Creek, W olf Creek or Alburnett form a tions or fra ctured Devonia n 
ca rbona te bedrock. Associa ted with low-relief m odern floodpla in, closed depressions, m odern dra ina gewa ys or toeslope positions on the 
la ndsca pe.  S ea sona l high wa ter ta ble a nd potentia l for frequent flooding.   
 
Qa lb  - Alluvium  S h a llow to Bedrock (DeForest Form a tion-Undifferentia ted) - Va ria ble thickness of less tha n 1 to 5 m  (3-16 ft) of very da rk 
gra y to brown, nonca lca reous to ca lca reous, stra tified silty cla y loa m , cla y loa m , loa m  to sa ndy loa m  a lluvium  a nd colluvium  in strea m  va lleys, 
on hillslopes a nd in closed depressions. Ma y overlie the Noa h Creek Form a tion or Devonia n ca rbona te bedrock.  Bedrock surfa ce is within 5 m  
(16 ft) of the la nd surfa ce.  Associa ted with low-relief m odern floodpla in, closed depressions, m odern dra ina gewa ys or toeslope positions on 
the la ndsca pe.  S ea sona l high wa ter ta ble a nd potentia l for frequent flooding.  This unit is too thin to be shown in the cross section area 
crossing the Shell Rock River and Rock Falls Creek. 
 

HUDS ON a nd WIS CONS IN EPIS ODES  
 
Qkd – Loa m y S edim ents S h a llow to S a ndstone, Mudstone, a nd S iderite Pellets (DeForest, Noa h Creek, a nd Da kota /W indrow form a tions) - 
1 to 2 m  (3-7 ft) of yellowish brown to gra y, m a ssive to wea kly stra tified, well to poorly sorted loa m y, sa ndy a nd silty a lluvia l sedim ents tha t 
overlie the “Mid”-Creta ceous bedrock surfa ce. T he Da kota /W indrow Form a tion occurs a s erosiona l outliers a nd is only found occa siona lly in 
well cuttings in the m a pping a rea . T he form a tion is cha ra cterized by reddish sha ly sa ndstone with siderite pellets. T he thickness of this unit is 
va ria ble, but is usua lly less tha n 6 m  (20 ft). 
 
Qdl – Loa m y S edim ents S h a llow to S h a le, Lim estone, a nd Dolom ite (DeForest, Noa h Creek, a nd Lim e Creek form a tions) - 1 to 2 m  (3-7 ft) 
of yellowish brown to gra y, m a ssive to wea kly stratified, well to poorly sorted loa m y, sa ndy a nd silty a lluvia l sedim ents tha t overlie the Upper 
Devonia n bedrock surfa ce.  T he Lim e Creek Form a tion occurs on the bedrock surfa ce in the southwest pa rt of the qua d. T hickness of this unit 
va ries between 0 a nd 22 m  (0-73 ft) in the m a pping a rea .  T he unit ca n be subdivided into three pa rts: a  lower unfossiliferous green-gra y to 
gra y ca lca reous sha le, a  m iddle fossiliferous ca lca reous sha le, a nd a n upper fossiliferous lim estone, dolom itic lim estone, a nd dolom ite. Only 
lower a nd m iddle sha ley pa rts of the unit occur in the qua d.  
 
Qdsr – Loa m y S edim ents S h a llow to Lim estone, Dolom ite, a nd S h a le (DeForest, Noa h Creek, a nd S hell R ock form a tions) - 1 to 2 m  (3-7 
ft) of yellowish brown to gra y, m a ssive to wea kly stra tified, well to poorly sorted loa m y, sa ndy a nd silty a lluvia l sedim ents tha t overlie the 
Upper Devonia n bedrock surfa ce.  T he S hell R ock Form a tion form s m ost of the bedrock surfa ce with a  thickness between 12 a nd 18 m  (40-60 
ft) in the m a pping a rea .  T he unit is cha ra cterized by fossiliferous lim estone, dolom itic lim estone a nd dolom ite, with som e grey to light green 
sha le a nd/or a rgilla ceous ca rbona tes. La yers conta ining a bunda nt subspherica l a nd ta bula r strom a toporoids com m only occur in the lower pa rt 
of the unit. Bra chiopods, bryozoa ns, cora ls, a nd crinoids a re a bunda nt in som e interva ls, especia lly in the upper pa rt of the unit.  
 
Qdlg c – Loa m y S edim ents S h a llow to Dolom ite, Lim estone, a nd S h a le (DeForest, Noa h Creek, a nd Lithogra ph City form a tions) - 1 to 2 m  
(3-7 ft) of yellowish brown to gra y, m a ssive to wea kly stra tified, well to poorly sorted loa m y, sa ndy a nd silty a lluvia l sedim ents tha t overlie the 
Middle to Upper Devonia n bedrock surfa ce.  T he Lithogra ph City Form a tion occurs a t the bedrock surfa ce along the S hell R ock R iver a nd in a  
bedrock va lley in southwest corner of the qua dra ngle. T he m a xim um  thickness of this unit is a bout 34 m  (110 ft) in the m a pping a rea . It 
consists of dolom ite a nd dolom itic lim estone, usua lly cha ra cterized by interbeds of la m ina ted lithogra phic a nd sublithogra phic lim estone a nd 
dolom itic lim estone, in pa rt a rgilla ceous or with m inor sha le. “Birdseye,” vugs a nd ca lcite vug-fills a re com m on. S om e interva ls a re 
fossiliferous a nd strom a toporoid-rich.  
 
Qnw2 - S a nd a nd Gra vel (Noa h Creek Form a tion) - 2 to 12 m  (7-40 ft) of yellowish brown to gra y, poorly to well sorted, m a ssive to well 
stra tified, coa rse to fine feldspa thic qua rtz sa nd, pebbly sa nd a nd gra vel with few intervening la yers of silty cla y.  Along m a ny va lleys a  thin 
m a ntle of loess, reworked loess, or fine-gra ined a lluvium  (Qa l) m a y be present.  T his unit includes silty colluvia l deposits derived from  the 
a dja cent m a p units. In pla ces this unit is m a ntled with 1 to 3 m  (3-10 ft) of fine to m edium , well sorted m edium  to fine sa nd derived from  wind 
reworking of the a lluvium .  T his unit encom pa sses deposits tha t a ccum ula ted in low-relief strea m  va lleys during the W isconsin a nd Hudson 
episodes. S ea sona l high wa ter ta ble a nd som e potentia l for flooding. 
 

WIS CONS IN EPIS ODE 
 

Qnw - S a nd a nd Gra vel (Noa h Creek Form a tion) - Genera lly less tha n 10 m  (33 ft), but there m a y be significa ntly thinner coa rse-gra ined 
deposits in sm a ller strea m  va lleys.  Y ellowish brown to gra y, poorly to well sorted, m a ssive to well stra tified, coa rse to fine feldspa thic qua rtz 
sa nd, pebbly sa nd a nd gra vel.  In the m a p a rea  the unit overlies the m iddle W isconsin-a ge S heldon Creek Form a tion.  T his unit encom pa sses 
outwa sh deposits tha t a ccum ula ted in va lley tra ins during the W isconsin Episode. 
 
Qnw3 - S a nd a nd Gra vel S h a llow to Bedrock (Noa h Creek Form a tion) - 1 to 3 m  (3-10 ft) of yellowish brown to gra y, poorly to well sorted, 
m a ssive to well stra tified, coa rse to fine feldspa thic qua rtz sa nd, pebbly sa nd a nd gra vel.  Ma y be overla in by up to 2 m  (7 ft) of silty a lluvia l 
m a teria l.  In pla ces m a ntled with fine to m edium  well-sorted feldspa thic qua rtz sa nd derived from  wind reworking of the a lluvium .  Fra ctured 
ca rbona te bedrock is less tha n 5 m  (16 ft) below the la nd surfa ce.  T he unit encom pa sses deposits tha t a ccum ula ted in river a nd strea m  va lleys 
during the la te W isconsin a s well a s exhum ed Pre-Illinois Episode deposits of the W olf Creek a nd Alburnett form a tions. 
 
Qsc2 - Loa m y S edim ents S h a llow to Gla cia l Till (Unna m ed erosion surfa ce sedim ent ) - 1 to 6 m  (3-20 ft) of yellowish brown to gra y, 
m a ssive to wea kly stra tified, well to poorly sorted loa m y, sa ndy a nd silty erosion surfa ce sedim ent.  Ma p unit includes som e a rea s m a ntled with 
less tha n 1 m  (3 ft) of Peoria  Form a tion (silt or sa nd fa cies).  Overlies m a ssive, fra ctured, slightly firm  gla cia l till of the S heldon Creek 
Form a tion. 
 
Qsc - Gla cia l Till (S heldon Creek Form a tion-Undifferentia ted.) - Genera lly 3 to 15 m  (10-50 ft) of yellowish brown to gra y, ca lca reous 
fra ctured to m a ssive cla y loa m ; a t depth this unit ca n be va ria bly textured a nd conta in significa nt sa nd a nd gra vel bodies.  T he upper 3 to 6 
m eters (10-20 ft) m a y be perigla cia lly a ltered.  T his unit overlies Pre-Illinois dia m icton or Devonia n ca rbona te bedrock a nd is only shown on 
the cross-section. 
 
Qsc3 – Loa m y a nd S a ndy S edim ent S h a llow to Rock (Unna m ed erosion surfa ce sedim ent) - Genera lly 1 to 6 m  (3-20 ft) of yellowish brown 
to gra y, m a ssive to wea kly stra tified, well to poorly sorted loa m y, sa ndy a nd silty erosion surfa ce sedim ent. Ma p unit includes som e a rea s 
m a ntled with less tha n 3 m  (10 ft) of Peoria  Form a tion sa nd fa cies (eolia n sa nd).  Overlies fra ctured Devonia n ca rbona te bedrock. 
 

PRE-ILLINOIS  EPIS ODE 
 
Qwa 3 - Till  (W olf Creek or Alburnett form a tions) - Genera lly 3 to 23 m  (10-75 ft) of  very dense, m assive, fra ctured, loa m y gla cia l till of the 
W olf Creek or Alburnett form a tions.  T his m a pping unit ca n be buried by gla cia l sedim ents (S heldon Creek Form a tion), unna m ed erosion 
surfa ce sedim ents, loess or alluvium  a nd is shown only on the cross-section. 
 

PALEOZOIC 
 

DEVONIAN S YS TEM 
 
 
Dsr - Lim estone, Dolom ite, a nd S h a le (S hell R ock Form a tion) Upper Devonia n. T his m a p unit form s m ost of the bedrock surfa ce with a  
thickness between 12 a nd 18 m  (40-60 ft) in the m a pping a rea .  T he unit is cha ra cterized by fossiliferous lim estone, dolom itic lim estone a nd 
dolom ite, with som e grey to light green sha le a nd/or a rgilla ceous ca rbona tes. La yers conta ining a bunda nt subspherica l a nd ta bula r 
strom a toporoids com m only occur in the lower pa rt of the unit. Bra chiopods, bryozoa ns, cora ls, a nd crinoids a re a bunda nt in som e interva ls, 
especia lly in the upper pa rt of the unit.  T his unit is shown only on the cross-section, not on the m a p. 
 
 
Dlg c - Dolom ite, Lim estone, a nd S h a le (Lithogra ph City Form a tion) Middle to Upper Devonia n. T his m a p unit occurs a s the bedrock surfa ce 
a long the S hell R ock R iver a nd in a  bedrock va lley in the southwest corner of the qua d. T he m a xim um  thickness of this unit is a bout 34 m  (110 
ft) in the m a pping a rea .  It consists of dolom ite a nd dolom itic lim estone, usua lly cha ra cterized by interbeds of la m ina ted lithogra phic a nd 
sublithogra phic lim estone a nd dolom itic lim estone, in pa rt a rgilla ceous or with m inor sha le. “Birdseye,” vugs a nd ca lcite vug-fills a re com m on. 
S om e interva ls a re fossiliferous a nd strom a toporoid-rich.  T his unit is shown only on the cross-section, not on the m a p. 
 
Dcv - Lim estone a nd Dolom ite (Cora lville Form a tion) Middle Devonia n. T he thickness of this m a p unit va ries between 11 a nd 18 m  (35-60 
ft). It is dom ina ted by lim estone, dolom itic lim estone, a nd dolom ite, in pa rt, la m ina ted a nd a rgilla ceous. Bra chiopods, echinoderm  debris a nd 
cora ls usua lly occur in the lim estone fa cies.  T his unit is shown only on the cross-section, not on the m a p. 
 
Dlc - Dolom ite a nd Lim estone (Little Ceda r Form a tion) Middle Devonia n. T he thickness of this form a tion ra nges from  27 to 46 m  (90-150 ft) 
in the study a rea .  T he unit is dom ina ted by slightly a rgilla ceous to a rgilla ceous dolom ite a nd dolom itic lim estone, usua lly vuggy a nd pa rtia lly 
la m ina ted a nd/or cherty. T his unit is com m only fossiliferous, especia lly in the lower portion. T his unit is shown only on the cross-section, not 
on the m a p. 
 

OTHER FEATURES  
 
Qpq – Pits a nd Qua rries  S a nd a nd gra vel pits a nd rock qua rries.  Extent m a pped a s shown in county soil surveys a nd a s identified on a eria l 
im a gery. 
 
 
Wa ter Fea tures - R ivers, la kes, a nd sm a ll ponds.  Extent m a pped a s shown in county soil surveys a nd a s identified on a eria l im a gery. 
 
New Drill Holes for th is m a p project 
 
IGS  GEOS AM Da ta  Points- records a va ila ble a t www.iowa geologica lsurvey.com  
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