INTRODUCTION

Two 1:24,000 quadrangle scale surficial maps were produced as part of a multi-phase project in develop-
ing areas of Scott County. The Dixon quadrangle covers an area from 41° 37° 30" to 41° 45’ N latitude
and 90° 45’ to 90° 52" 30" W longitude. The Eldridge quadrangle covers an areafrom 41° 37" 30" to 41°
45' N latitude and 90° 30" to 90° 37’ 30" W longitude. The mapping area is dominated by the Southern
lowa Drift Plain landform region, but includes the boundary of the lowan Erosion Surface landform re-
gion in the northern part of the Eldrigde quadrangle. The area has been subjected to multiple periods of
Quaternary glaciations and subaerial erosion. The mapping region includes areas glaciated during the
Illinois and Pre-lllinois episodes. Periodic erosion during the last 500,000 years has led to the develop-
ment of an integrated drainage network and the destruction of pre-existing glacial landforms associated
with lllinoian and Pre-lllinoian glaciations. Generally speaking, the map area consists of Wisconsin age
loesses mantling lllinoian and Pre-lllinoian glacial sediments of variable thickness. These deposits are
regionally extensive. Previous surficial geologic mapping of the map area consists of the Des Moines 4°
X 6° Quadrangle at a scale of 1:1,000,000 (Hallberg et al., 1991). The prior STATEMAP project, Surfi-
cial Geologic Materials of the McCausland Quadrangle (Quade et a., 2004) is adjacent to the current map
area.

BRIEF GEOLOGIC HISTORY

Early researchers believed there were only two episodes of Pre-lllinoian glaciation in lowa: Kansan and
Nebraskan. Later regional studies determined that at least seven episodes of Pre-lllinoian glaciation oc-
curred in this region from approximately 2.2 million to 500,000 years ago (Boellstorff, 1978a; Boel Istorff
1978b; Hallberg, 1980a; Hallberg, 1986). Hallberg (1980a, 1980b, 1986) undertook aregional scale pro-
ject that involved detailed outcrop and subsurface investigations including extensive laboratory work and
synthesis of previous studies. This study led to the abandonment of the classic glacial and interglacial
terminology: Kansan, Aftonian and Nebraskan. Hallberg’s study marked a shift from use of time-
stratigraphic terms to lithostratigraphic classification. Theresult of Hallberg's study was the development
of alithostratigraphic framework for Pre-1llinoian till. In east-central lowa, Hallberg formally classified
the units into two formations on the basis of differences in clay mineralogy: the Alburnett Formation
(severd undifferentiated members) and the younger Wolf Creek Formation (including the Winthrop,
Aurora and Hickory Hills members). Both formations are composed predominantly of till deposits, but
other materials are present. Paleosols areformed in the upper part of these till units.

Following the Pre-lllinoian glaciations, most areas of eastern lowa underwent extensive landscape devel-
opment and erosion until the Wisconsin Episode loess began to be deposited. However, alimited area of
southeastern lowa was glaciated during the Illinois Episode, around 300,000-130,000 years ago. The ma-
jority of the mapping area in Scott County was glaciated during this time; however, the area north of Mud
Creek was not glaciated. Leverett (1898, 1899) was the first to study the Illinoian glacial deposits in
southeast lowa. The lllinoian till was deposited by the advancing Lake Michigan Lobe which moved
across western Illinois into lowa from the northeast (Leverett, 1899; Wickham, 1980). The Lake Michi-
gan Lobe incorporated Paleozoic bedrock materials from the Lake Michigan Basin which are distin-
guished by both the clay mineralogy of the matrix as well as the pebbles and clasts in the lllinoian depos
its (Lineback, 1980; Wickham, 1980). Till fabrics and glacial landform orientations also provide evi-
dence of a northeastern source area for these tills (Lineback, 1979). The differing provenances between
the lllinoian and Pre-lllinoian tills (which moved into lowa from north-northeast) create identifiable and
distinguishing physical and mineralogical characteristics. Subsequent researchers have made few changes
to the original concept of the Illinoian stage as defined by Leverett. The most significant change was the
subdivision into three substages (Willman et al., 1963; Frye et al., 1964; Willman and Frye, 1970). Work
during the 1950's and 1960’ s focused on characterizing the mineralogy and petrography. The Pleistocene



deposits and stratigraphy of Illinois were more formally classified by Willman and Frye in 1970, and the
oldest lllinoian age till was named the Kellerville Till Member of the Glasford Formation. Hallberg
(1980b) defined the formal stratigraphic nomenclature in lowa. The only Glasford Formation till present
in lowa is the Kellerville Till Member which was described from roadcut exposures in western Illinois
(Willman and Frye, 1970). The type section is located in southeastern Adams County, Illinois, approxi-
mately 100 km (62 miles) south of Burlington, lowa. The Kellerville Till Member replaces the terms
Mendon Till (Frye et al., 1964; Frye et al., 1969) and Payson Till (Leighton and Willman, 1950; Wanless,
1957).

In eastern lowa, the highly eroded and dissected Illinoian and Pre-lllinoian upland and older terraces are
mantled by Wisconsin loesses of variable thickness (Ruhe, 1969; Prior, 1976). These sediments are the
youngest regionally extensive Quaternary deposits and were deposited between 30,000 and 12,000 years
ago. Loessisthickest in the region near the lowan Erosion Surface (1ES) boundary and near local sources
(Wapsipinicon River valley). Two loess units were deposited across eastern lowa, the older Pisgah For-
mation and the younger Peoria Loess. The Pisgah is thin and includes loess and related slope sediments
that have been altered by colluvial hillslope processes, pedogenic and periglacial processes. The unit is
characterized by the presence of aweakly developed soil recognized as the Farmdale Geosol. It is not un-
common to see the Farmdale developed throughout the Pisgah and incorporated into the underlying older
Sangamon Geosol. Most likely the Pisgah loess was deposited on the eastern lowa landscape from 30,000
to 24,000 years ago (Bettis, 1989). The Pisgah Formation is typically buried by Peoria Formation loess.
The Peoria Formation loess accumulated on stable landsurfaces in eastern lowa from 25,000 to 21,000
years ago and was followed by a period of intense cold during the Wisconsin full glacial episode from
21,000 to 16,500 years ago (Bettis, 1989). Outside the IES, Peoria Loess continued to accumulate until
13,000 B.P.; and in some parts of the IES a thin increment of loess accumulated as the climate amelio-
rated approximately 14,000 to 12,000 years ago. This period of intense cold and ensuing upland erosion
led to the development of the distinctive landform recognized as the |ES (Prior, 1976). During this period
surface soils were removed from the |ES and the Pre-Illinoian till surface was significantly eroded; result-
ing in the development of a lag deposit referred to as a “stone line”. The depositional history of the IES
was under great debate for an extended period of time. Early researchers believed the |ES was a separate
glaciation occurring sometime between the lllinois and the Wisconsin episodes. Later work disproved
this idea and determined that erosional processes controlled the landscape development (Ruhe et al.,
1968). Hallberg et al. (1978) revisited the “lowan Erosion Surface” to further research studies into the
mechanisms behind the formation of the erosion surface and to reiterate Ruhe's classic work and to illus-
trate the need for continued research in the area.

Esling (1984) undertook aregional study to document extensive post Illinoian-age aluvial deposits that
had accumulated in major valleys in eastern lowa. Three major terrace assemblages with differing strati-
graphy and age were identified: Early Phase High Terrace (EPHT), Late Phase High Terrace (LPHT) and
Low Terrace (LT). EPHT deposits are characterized by the presence of Peoria and Pisgah Formation
sediments overlying a Sangamon Geosol in the underlying alluvium. Esling theorized that these terraces
are older than 40,000 years B.P. but younger than the Illinoian sediments in eastern lowa (Bettis, 1989).
LPHT deposits are characterized by the presence of Peoria Formation loess grading down into underlying
alluvium with no paleosol. These terraces developed prior to 25,000 years ago and were buried by loess
before 12,500 years ago. The LPHT terraces are typically inset into EPHT deposits. The LT is the young-
est terrace and is not buried by Peorialoess. In the map area, eolian dunes (Peoria Formation-sand facies)
are present on the terrace surface and indicate this terrace surface was deposited during Late Wisconsin
through early Holocene time (12,500 to 10,000 years ago).

The pre-Holocene high terrace identified by Esling (1984) in the lowa and Cedar River valleys has a simi-
lar stratigraphic sequence as the deposits along Mud Creek in Scott County. Autin and Bettis (1991) un-
dertook an extensive study of the development of Mud Creek in eastern lowa. One of the project goals



was to define a stratigraphic and geomorphic framework for the region. Four mapping units were identi-
fied: an upland erosion surface, a high terrace, an intermediate terrace level, and the Mud Creek flood-
plain deposits. The upland erosion surface consists of the Y armouth-Sangamon, Late Sangamon, and lo-
wan erosion surface materials overlain by Peoria Formation loess. Pisgah Formation materials may be
present below the Peoria Formation and appears to be an upland pedisediment facies related to the Late
Wisconsin aluvium. In the northwestern part of the Dixon quadrangle, a dune field of Late Wisconsin
sand is buried by the Peoria Loess in broad upland positions. The high terrace unit consists of Peoria
Formation Loess and Pisgah Formation overlying Pre-Wisconsinan aluvium, with a paleosol developed
at the top of the alluvium. This unit it analogous to the Early Phase High Terrace described by Esling
(1984). The distribution suggests the relationship with the aggradation of ariver in the Cleona Channel
(Autin and Bettis, 1991). The intermediate terrace is associated with Late Wisconsin constructional sur-
faces. This surface consists of Peoria Loess overlying alluvium. The alluvium may be underlain by Pis-
gah Formation, Pre-Illinoian till or bedrock. This unit occurs on the lower upland surface along the Mud
Creek floodplain as an erosional remnant. Mud Creek floodplain deposits include the Camp Creek, Rob-
erts Creek, Gunder, and Pre-Gunder members of the Holocene DeForest Formation.

DESCRIPTION OF LANDFORM SEDIMENT ASSEMBLAGE MAP UNITS

Recent studies and mapping indicate that the map area encompasses a complex suite of depositional land-
forms and sediment sequences related to glaciations, alluviation, subaerial erosion, and wind-blown
transport. To map diverse landscapes we have selected the most comprehensive mapping strategy-a land-
form sediment assemblage (LSA) approach. Various landforms are the result of specific processes at
work in the geologic system. Landforms typically have similar relief, stratigraphic and sedimentologic
characteristics. Recognition of the genetic relationship among landforms and their underlying sediment
sequences allows one to generalize and map complex glacial terrains over areas of large extent (Sugden
and John, 1976; Eyles and Menzies, 1983). Bettis and others (1999) found LSA mapping concepts were
extremely useful in overcoming the difficulties of mapping in large valleys and noted LSA's provided a
unique opportunity to associate landforms with their underlying sediment packages.

Thirteen landform sediment assemblage units were identified in the map area utilizing orthophotos, to-
pographic expression, digitized soil maps and existing and new subsurface boring information. Strati-
graphic information from Mud Creek (Autin and Bettis, 1991) proved very useful in mapping the extent
of Holocene and Wisconsin age terraces in the map area. The thirteen LSA units are: Hudson Episode:
Alluvium, Thick Alluvium; Wisconsin Episode: Late Phase High Terrace (LPHT), Early Phase High Ter-
race (EPHT), Loess over Glasford Formation, Thick Loess over Glasford Formation, Loess and Interca-
lated Eolian Sand over Glasford Formation, Thick Loess and Intercalated Eolian Sand over Glasford
Formation, Loess over Pre-lllinoian till, Loess and Intercalated Eolian Sand over Pre-lllinoian till, Loamy
and Sandy Sediment Shallow to Glacial Till; Illinois Episode: Glacia Till; and Pre-lllinois Episode:
Glacial Till. The following is a description of each landform sediment assemblage listed in order of epi-
sode.

HUDSON EPISODE

Landform Sediment Assemblages

Qal - Alluvium (DeForest Formation-Undifferentiated) Variable thickness (<1 to 5 meters) of very
dark gray to brown, noncalcareous to calcareous, stratified silty clay loam, clay loam, loam to sandy loam
aluvium and colluvium in stream valleys, on hill slopes and in closed depressions. May overlie Glasford
Formation glacial till or Noah Creek Formation. Associated with low-relief modern floodplain, closed



depressions, modern drainageways or toeslope positions on the landscape. Seasonal high water table and
potential for frequent flooding.

Qal2 - Thick Alluvium (DeForest Formation-Undifferentiated) Two to five meters of massive to
moderately well stratified loam, silt loam, clay loam, or loamy sand overlying five to thirty meters of
poorly to moderately well sorted, massive to well stratified, coarse to fine feldspathic pebbly sand and
gravel of the Noah Creek Formation. This unit locally serves as an aquifer. Seasonally high water tables
occur in this map unit.

WISCONSIN EPISODE

Landform Sediment Assemblages

Qptlp - Late Phase High Terrace (LPHT) (Peoria Formation-silt and/or sand facies) Two to seven
meters of yellowish brown to gray, massive, jointed, calcareous or noncalcareous, silt loam and interca
lated fine to medium, well sorted, sand. Grades downward to poorly to moderately well sorted, moder-
ately to well stratified, coarse to fine feldspathic quartz sand, loam, or silt loam alluvium.

Qptep - Early Phase High Terrace (EPHT) (Peoria Formation-silt and/or sand facies) Two to seven
meters of yellowish brown to gray, massive, jointed, calcareous or noncalcareous, silt loam and interca
lated fine to medium, well sorted, sand. The Peoria deposits overlie a Farmdale Geosol developed in the
Pisgah Formation which in turn overlies a well-expressed Sangamon Geosol developed in poorly to mod-
erately well sorted, moderately to well stratified, coarse to fine sand, loam, or silt loam alluvium.

Qps_gla - Loess (Peoria Formation-silt facies) Generally 2 to 5 m of yellowish to grayish brown,
massive, jointed calcareous or noncalcareous silt loam to silty clay loam. Overlies a grayish brown to
olive gray silty clay loam to silty clay (Pisgah Formation—eroded Farmdale Geosol) which is less than
1.5 m thick. The Farmdale Geosol appears to be disturbed by periglacial action and is welded to an older
Sangamon Geosol developed in loamy glacial till of the Glasford Formation. This mapping unit encom-
passes upland divides, ridgetops and convex sideslopes. Well to somewhat poorly drained landscape.

Qpsb_gla - Thick Loess (Peoria Formation—silt facies) Generaly 5 to 15 m of yellowish to grayish
brown, massive, jointed calcareous or noncalcareous silt loam to silty clay loam. Overlies massive, frac-
tured, clay loam glacial till of the Glasford formation with or without intervening clayey Farmdale Geo-
sol. This mapping unit encompasses upland divides, ridgetops and convex sideslopes. Well to somewhat
poorly drained landscape.

Qpsl_gla - Loess and Intercalated Eolian Sand (Peoria Formation-silt facies) Two to ten meters of
yellowish brown to gray, massive, fractured, noncalcareous grading downward to calcareous silt loam and
intercalated fine to medium, well sorted, sand. Sand is most abundant in lower part of the eolian package.
Overlies massive, fractured, loamy glacial till of the Illinoian Glasford Formation till with or without in-
tervening clayey Farmdale /Sangamon Geosol.

Qpslb_gla -Thick Loess and Intercalated Eolian Sand (Peoria Formation-silt facies) — Five to fifteen
meters of yellowish brown to gray, massive, noncalcareous grading downward to calcareous silt loam and
intercalated fine to medium, well sorted, sand. Minimum thickness of five meters on uplands. Maximum
thickness of two to seven meters of loess occurs on adjacent slopes. Overlies massive, fractured, loamy
glacia till of the Illinoian Glasford Formation with or without intervening clayey Farmdale /Sangamon
Geosol.



Qps - Loess (Peoria Formation—silt facies) Generally 2 to 8 m of yellowish to grayish brown, mas-
sive, jointed calcareous or noncalcareous silt loam to silty clay loam. Overlies a grayish brown to olive
gray silty clay loam to silty clay (Pisgah Formation—eroded Farmdale Geosol) which is less than 1.5 m
thick. The Farmdale Geosol appears to be disturbed by periglacial action and is welded to an older San-
gamon Geosol developed in loamy glacial till of the Wolf Creek or Alburnett formations. This mapping
unit encompasses upland divides, ridgetops and convex sideslopes. Well to somewhat poorly drained

landscape.

Qpsl - Loess and Intercalated Eolian Sand (Peoria Formation-silt facies) Two to ten meters of yel-
lowish brown to gray, massive, fractured, noncalcareous grading downward to calcareous silt loam and
intercalated fine to medium, well sorted, sand. Sand is most abundant in lower part of the eolian package-
eolian dunes 0.5 — 2.5 m thick may be present at the base of this unit. Overlies massive, fractured, loamy
glacia till of the Wolf Creek or Alburnett formations with or without intervening clayey Farmdale
/Sangamon Geosol.

Qgla2 - Loamy and Sandy Sediment Shallow to Glacial Till (Unnamed erosion surface sediment )
One to three meters of yellowish brown to gray, massive to weakly stratified, well to poorly sorted loamy,
sandy and silty erosion surface sediment. Map unit includes some areas mantled with less than two meters
of Peoria Silt (loess). Overlies massive, fractured, firm glacial till of the Illinoian Glasford Formation.
Seasonally high water table may occur in this map unit.

ILLINOIS EPISODE

Landform Sediment Assemblages

Qgla - Till (Glasford Formation) Generally 10 to 35 m of very dense, massive, fractured, loamy gla
cial till of the lllinoian Glasford Formation with or without a thin loess mantle (Peoria Formation—Iless
than 2 meters) and intervening clayey Farmdale/ Sangamon Geosol. This mapping unit encompasses nar-
rowly dissected interfluves and side slopes, and side valley slopes. Drainage is variable from well drained
to poorly drained.

PRE-ILLINOIS EPISODE

Landform Sediment Assemblages

Qwa3 - Till (Wolf Creek or Alburnett Formations) Generally 10 to 35 m of very dense, massive,
fractured, loamy glacial till of the Wolf Creek or Alburnett Formations with or without a thin loess mantle
(Peoria Formation—Iless than 2 meters) and intervening clayey Farmdale/ Sangamon Geosol. This map-
ping unit encompasses narrowly dissected interfluves and side slopes, and side valley slopes. Drainageis
variable from well drained to poorly drained.

PALEOZOIC
Su - Bedrock Exposures (Silurian undifferentiated)
Qf - Fill Areas of mgjor land filling. Fill associated with railroad grades, highway grades and land level-

ing. Variable in texture ranging from loamy to sandy to concrete rubble. Extent mapped as shown in
county soil surveys.



Qpg - Pits and Quarries Sand and gravel pits and rock quarries. Extent mapped as shown in county soil
surveys.

Water Features

DESCRIPTION OF EAST-CENTRAL IOWA STRATIGRAPHY

An important aspect of surficial geologic mapping on the lowa Erosion Surface and the Southern lowa
Drift Plain is the development of map units that utilize previously established lithostratigraphic frame-
works for the Hudson, Wisconsin, Illinoian and Pre-lllinoian depositsin lowa. A stratigraphic framework
allows us to better understand the surficial materials of east-central lowa. Hudson, Wisconsin, Illinois and
Pre-lllinois Episode deposits (Johnson et al., 1997) of east-central lowa are included in six formations:
DeForest Formation (Hudson), Peoria and Pisgah Formations (Wisconsin), Glasford Formation (Illinois)
and Wolf Creek and Alburnett Formations (Pre-Illinois). The following section provides a description of
formations and members of east-central |owa deposits.

STRATIGRAPHIC FRAMEWORK FOR EAST-CENTRAL IOWA

Surficial deposits of the map area are composed of six formations: DeForest, Peoria, Pisgah, Glasford,
Wolf Creek, and Alburnett formations. Holocene age deposits associated with fine-grained aluvial and
colluvial sediments include the DeForest Formation which is subdivided into the Camp Creek, Roberts
Creek, Gunder, and Corrington members. The Peoria Formation includes wind-blown sediments: two
facies are recognized, a silt facies (loess) and a sand facies (eolian sand). The Pisgah Formation origi-
nated as eolian silt that has been atered by a combination of colluvial hillslope processes, pedogenic and
periglacial processes. The only lllinoian age deposits in lowa consist of the Glasford Formation- Keller-
ville Member. Pre-lllinoian glacial deposits in east-central lowa consist of two formations: the younger
Wolf Creek Formation and the Alburnett Formation. The Wolf Creek is divided into the Winthrop,
Aurora and Hickory Hills members (oldest to youngest). The Alburnett Formation consists of several
“undifferentiated” members.

DEFOREST FORMATION

The DeForest Formation consists of fine-grained alluvium, colluvium, and pond sediment in stream val-
leys, on hillslopes and in closed and semi-closed depressions. The formation was originally defined by
Daniels et al. (1963) for a repeatable sequence of aluvial fills in the Loess Hills of western lowa Subse-
guent study of drainage basins across lowarevealed that a consistent alluvial stratigraphy was present, but
its classification required expansion and revision of the formation (Bettis, 1990). The revised DeForest
Formation includes the Gunder, Roberts Creek, Camp Creek, and Corrington members, all recognized on
the DML (Bettis, 1990; Bettis et al., 1992). These members are not described here for the sake of brevity.
These new members are the Flack Member, consisting of colluvium mantling hillslopes, the Woden
Member, for sediment fills in semi-closed and closed depressions, and the West Okoboji Member for lake
sediment associated with extant lakes.

Source of name: the De Forest Branch of Thompson Creek, Harrison County, lowa, one of the water-
shedsoriginally studied by Daniels et al. (1963).

Type Sections: The original type sections were composed of loess-derived aluvium in a small western
lowa watershed (Daniels et al., 1963). Type sections for the Gunder and Roberts Creek members occur
along Roberts Creek, Clayton County, in the Paleozoic Plateau region of northeastern lowa. The type sec-
tion for the Camp Creek Member occurs in Woodbury County in the Loess Hills of western lowa, and the
type section of the Corrington Member occurs in Cherokee County along the Little Sioux Valley in the
Northwest lowa Plainsregion.




Description of Unit: The DeForest Formation consists of fine-grained alluvium, colluvium, and pond
sediments. A minor component of most members is sand or pebbly sand which, if present, is usualy dis-
continuous, filling small scour channels at the base of the member or at the base of depositional units
within members. Peat and muck occur in the Woden Member and infrequently as thin, local, discontinu-
ous beds within the Gunder, Roberts Creek, and Camp Creek members.

Except where the tops of members have been erosionally truncated, soil profiles are developed in all
members of the formation except the West Okoboji Member. Weakly expressed buried soils are locally
preserved in all members except the Flack and West Okoboji. These buried soils reflect periods of land-
scape stability, but they are not widely traceable, even in individual drainage basins. They appear to re-
cord only short-lived local conditions. Secondary weathering-zone properties in the members vary with
the depth and elevation of thewater table.

Nature of Contacts: The DeForest Formation occurs at the land surface. It druptly and unconformably
overlies the Dows, Noah Creek, and any older Quaternary and Paleozoic formations into which it is in-
cised. The contact is marked by an abrupt change in texture, sedimentary structures, and fossil content.
Differentiation from other Units: The alluvium, colluvium, and pond sediments of the DeForest Forma-
tion are generally unlike the deposits of any other formation on the DML. The Lake Mills Member of the
Dows Formation consists of fine-grained sediment, but it tends to have ahigher clay content and occursin
a different geomorphic setting (uplands instead of stream valleys). The Noah Creek Formation and the
Pilot Knob Member of the Dows Formation are predominantly coarse sand and gravel. The Alden and
Morgan members of the Dows Formation include poorly sorted diamicton deposits, which the DeForest
Formation typically lacks. The Peoria Formation occurs on high terraces and uplands and is better sorted
than DeForest formation deposits.

Regional Extent and Thickness: The DeForest Formation occurs in stream valleys, closed depressions,
and on hillslopes across lowa, and on the DML it also occurs in linked-depression drainageways. Thick-
ness varies with geomorphic position and local relief. Where present, the formation varies in thickness
from afew centimeters (inches) to several meters (greater than 20 feet) thick.

Origin: The DeForest Formation consists of post-glacial alluvium, colluvium, pond deposits, and organic
sediment (peat and muck) that were deposited by or in water.

Age: The base of the DeForest Formation is time-transgressive. On the DML it is younger than 11,000
RCYBP in most areas, but is locally as old as 14,000 to 11,000 RCYBP. Deposition of the DeForest
Formation continues to the present. The age of individual membersis aso time-transgressive, dependent
on position in the drainage system and on geomorphic position.

Camp Creek Member

Source of Name: Camp Creek atributary of Garretson Drainage Ditch, Woodbury County, lowa.

Type Section: Camp Creek cutbank exposure, Woodbury County, lowa, NW 1/4, SW1/4 of section 1 T.
87 N., R. 45 W. (Bettis, 1990).

Description of Unit: Usually a calcareous to noncalcareous, very dark gray to brown, stratified (planar-
bedded) silt loam to clay loam. Surface soils developed into the Camp Creek Member are Entisols (Typic
Udifluvents). These soils consist of an organically enriched surface horizon (A horizon) grading to unal-
tered parent material. Where this unit is rapidly aggrading, surface soils are absent.

Nature of Contacts: This member is inset into or unconformably overlies the Gunder, Corrington and
Roberts Creek members, depending on the local geomorphic setting and history of landuse. This unit of-
ten buries pre-settlement soil surface. May grade to sand and gravel in and adjacent to the modern chan-
nel belt.

Differentiation from Other Members: The Camp Creek Member differs from other members of the
formation, in geomorphic position and nature of the stratigraphic sequence.

Regional Extent and Thickness: Thickness of the Camp Creek member is quite variable ranging from a
few centimetersto over five meters (16.4 ft.).




Origin: Camp Creek Member consists of late-Holocene to post-settlement alluvium in and adjacent to
modern channel belt, and at the base of steep slopes.

Age: Ageistime-transgressive, dependent on drainage system and geomorphic position. In large valleys
Camp Creek Member started aggrading as early as 400 B.P. and in small valleys as early as 150 B.P. Itis
still accumulating at present in both small and large valleys.

Roberts Creek Member

Source of Name: Roberts Creek, Clayton County, lowa

Type Area: Along Roberts Creek, Clayton County, lowa, sections6 and 7, T. 94 N., R. 5 W. (Baker, et
al., 1996).

Description of Unit: Roberts Creek Member consists of dark, clayey, silty and loamy alluvium grading
downward to sand and gravel; usually noneffervescent; thick sections are stratified at depth; detrital or-
ganic matter in lower part; relatively thick Mollisol (A-C or A-Bw-C profile) developed in the upper part
(Bettis et al., 1992). Weakly expressed buried soils have been observed within the Roberts Creek Mem-
ber, but these are not traceable from one valley to another. This unit includes the Mullenix and Turton
members of Daniels, et al. (1963), which have been redesignated as beds within the Roberts Creek Mem-
ber in the thick and moderately thick loess areas of western lowa and adjacent states.

Nature of Contacts: Roberts Creek Member deposits overlie a wide variety of deposits including the
Gunder and Corrington members, older alluvium, loess and glacial till.

Differentiation From Other Members: The Roberts Creek Member differs from other members of the
formation, in geomorphic position and nature of the stratigraphic sequence. Soils are morphologically
less well expressed and have darker B and C horizons than soils developed in the Gunder and Corrington
members. The Roberts Creek Member is separated from younger DeForest Formation deposits (Camp
Creek Member) by either a fluvial erosion surface or an unconformity marked by a buried soil (Bettis,
1995).

Regional Extent and Thickness: Roberts Creek deposits are found beneath flood plains of small and
large valleys and often overlap Gunder Member deposits in 2™ and 3" -order valleys. Unit thickness will
vary dependent on size of valley. Usually unit thicknesswill vary from 1.5 to 5 m thick.

Origin: Roberts Creek Member consists of late-Holocene aluvium found in the modern floodplain, par-
alels the modern channel, also found in fan trenches.

Age: Unit age ranges from 4,000 to 500 B.P.

Gunder Member

Source of Name: Roberts Creek, Clayton County, lowa

Type Area: Along Roberts Creek, Clayton County, lowa, sections6 and 7, T. 94 N., R. 5 W. (Baker, et
al., 1996).

Description of Unit: Gunder Member consists of oxidized brown to yellowish brown to grayish brown
silt loam, silty clay loam, or loam grading to sand and gravel at depth. Usually noneffervescent, lower
part may be stratified and reduced, detrital organic matter often present in lower coarse-grained part of
unit; moderately well to somewhat poorly drained Mollisols and Alfisols developed in upper pat. This
member includes the Watkins and Hatcher members of Daniels et al. (1963) which have now been redes
ignated as beds within the Gunder Member. Buried soils are sometimes present within the Gunder Mem-
ber, but are not traceable on aregional scale.

Nature of Contacts: Gunder Member deposits unconformably overlie loess, glacia till, bedrock, coarse
alluvium, or organic-rich fine-grained aluvium. Overlying younger members of the formation are sepa-
rated from the Gunder Member by afluvial erosion surface or an unconformity marked by a buried soil.
Differentiation From Other Members: The Gunder Member differs from other members of the forma-
tion, in geomorphic position and nature of the stratigraphic sequence. Soils are morphologically better
expressed and have lighter B and C horizons than soils developed in the Roberts Creek member.




Regional Extent and Thickness: Gunder deposits usually comprise low terrace that merges with side-
slopes in a smooth concave upward profile. Usually unit thickness will vary from .5 to 4 m thick, with
thickest deposits associated with Watkins member deposits.

Origin: Gunder Member consists of mid-early Holocene alluvium found low terrace positions merging
with sideslopes.

Age: Unit rangesin age from 10,500 to 3000 B.P.

Corrington Member

Source of Name: Corrington aluvial fan, Cherokee, County, lowa

Type Section: Along the Little Sioux River Valley wall, Cherokee, County, lowa, W 1/2, SW 1/4, SE
1/4 of section 4, T. 91 N., R. 40 W. (Hallberg, et al., 1974; Hoyer, 1980a, 1980b).

Description of Unit: The Corrington Member is the most internally variable unit of the formation and
consists of very dark brown to yellowish brown oxidized loam to clay loam with interbedded lenses of
sand and gravel; noneffervescent to effervescent at depth. The unit is stratified and usually contains sev-
eral buried soils. Surface soils developed into this unit in are thick Mollisols (Cumlic Hapludolls) or Al-
fisols (Hapludalfs) that have argillic (Bt) horizons (Bettis, 1995).

Nature of Contacts: The Corrington Member buries coarse-grained older aluvium, glacial till, loess, or
bedrock, and can grade laterally into Gunder Member deposits.

Differentiation from Other Members: The Camp Creek Member differs from other members of the
formation, in geomorphic position and nature of the stratigraphic sequence. The presence of numerous
buried soils (paleosols) and several fining-upward sequences often characterize unit.

Regional Extent and Thickness: Corrington Member deposits compose alluvial fans located where
small and moderate-size valleys (2™-and 3"°-order) enter larger valleys. Fanswill vary in thickness, typi-
cally thicker sections have been measured in western lowa. At the type section in Cherokee County, sec-
tion thickness was measured at 11 m (36 ft.).

Origin: Corrington Member is found in alluvial fans and colluvial slopes along the margins of large to
moderate-size valley. Deposits are variably textured and accumulated by channeled flow, sheetwash, and
debrisflow (Hoyer, 1980b).

Age: Unit rangesin age from 9000 to about 2500 B.P

PEORIA FORMATION

The Peoria Formation consists of wind-transported sediments and occurs throughout lowa.

Source of name: the city of Peoria, Peoria County, Illinois.

Type Section: the Tindall School Section, a borrow pit in the west bluff of the lllinois Valley south of
Peoria, Peoria County, lllinois, in the SW 1/4, SW 1/4, NE 1/4 of section 31, T. 7 N., R. 6 E. (Willman
and Frye, 1970).

Description of Unit: The Peoria Formation includes wind-transported sediments. Two facies are recog-
nized in lowa, a silt facies (loess) and a sand facies (eolian sand). The sediments are well sorted and the
two facies may be interbedded. Textures range from silt loam to medium-to-fine sand. Macroscopic
bedding structures are rare and are found primarily in locations proximal to a valley source where the
formation’s sediments are thick. Where present, bedding structures include planar beds with inverse
grading in the silt facies, and planar beds to steep foresets in the sand facies. Where eolian sand overlies
sand-and-gravel deposits of the Noah Creek Formation it is included in that formation. On the DML,
secondary pedogenic alteration has modified most Peoria Formation deposits.

Nature of Contacts: The Peoria Formation usually occurs at the land surface. It abruptly and uncon-
formably overlies older Quaternary formations and paleosols developed in them. Beneath the DML the
silt facies of the formation isburied by Dows Formation glacial diamicton, while the sand facies occurs at
the land surface and abruptly and unconformably overlies the Dows Formation. The contact with other




units is marked by an drupt change in texture, sedimentary structures, fossil content, or secondary
weathering characteristics.

Differentiation From Other Units: The wind-sorted sediments of the Peoria Formation are generally
unlike the deposits of any other formation on the DML. The Lake Mills Member of the Dows Formation
consists of fine-grained sediment, but it has greater variability, a higher clay content, and occurs in a dif-
ferent geomorphic setting. The Noah Creek Formation and Pilot Knob Member of the Dows Formation
are more poorly sorted and contain coarse sand and gravel. The DeForest Formation contains some sandy
sediment, but the bedding structures and sorting of these are distinct from those associated with the Peoria
Formation.

Regional Extent and Thickness: The Peoria Formation occurs on uplands and high terraces throughout
lowa. In north-central lowa, the silt facies of the formation is buried by glacial diamicton of the Dows
Formation, except in very restricted, small areas adjacent to major river valeys in the southern part of the
lobe. On the DML, the formation is usually restricted to a narrow belt on the upland along major stream
valleys. Thickness varies with respect to distance from the valley source. Proximal to the Missouri Val-
ley in western lowa, the formation usually is more than thirty meters (90 ft) thick. On the DML the for-
mation ranges from a few centimeters to about three meters (9 ft) in thickness.

Origin: The Peoria Formation consists of wind-deposited sediment. The formation’s sediments were de-
rived from wind reworking of valley-train outwash. The sand facies also includes sediments reworked
from older eolian sand deposits.

Age: The Peoria Formation is time transgressive. The silt facies was deposited between about 22,000
and 12,500 RCY BP, while the sand facies includes deposits that accumulated contemporaneous with the
silt facies, as well as others that accumulated during the Holocene to the present. Most Peoria Formation
deposits on the DML accumulated between about 14,000 and 11,000 RCY BP, and have undergone vari-
ous degrees of wind reworking during the Holocene.

PISGAH FORMATION

The Pisgah Formation includes both primary eolian silt and eolian silt and related slope sediments that
have been altered by a combination of colluvial hillslope processes, pedogenic and periglacial processes.
Source of name: the town of Pisgah, Harrison County, |owa.

Type Section: the Loveland Paratype Section, cut north of Interstate 680 at intersection with Interstate
29 , Pottawattamie County, lowa, in the NW1/4, SE ¥4, Sec. 3 T77N R44W

Description of Unit: The Pisgah Formation is primary eolian silt (loess) and eolian silt and related hill-
slope sediments that have been modified by a combination of colluvial hillslope processes, pedogenic and
periglacial processes. As a result of various mixing processes most Pisgah Formation deposits have a
coarse, gritty silt loam texture. Throughout the state, the unit is usualy thin (0.15 to 1 m thick), and has
been pedogenically altered both at the base, by slow incorporation into the existing Sangamon Geosol,
and at the top, from pedogenesis producing the Farmdale Geosol before burial by the Peoria Formation
(Kemmis et al., 1992). Typicaly, the Farmdale Geosol is expressed as a thin, dark grayish brown, weakly
developed buried soil consisting of aleached A-C or E-C profile with platy or granular structure and as-
sociated charcoal flecks. Where the Pisgah Formation is thin (<30cm) the Farmdale Geosol is developed
through the entire unit.

Nature of Contacts: The Pisgah Formation is typically buried by the Peoria Formation (silt facies--
loess). Beneath the Des Moines Lobe the formation is buried Peoria loess, which in turn is buried by
Dows Formation glacial diamicton. A prominent feature at the Peoria/ Pisgah contact is an involuted con-
tact which is attributed to Wisconsin-age periglacial activity. Pisgah deposits typically overlie the Sanga-
mon Geosol that is developed in Loveland or Pre-Wisconsin-age loess(s) or undifferentiated Pre-1llinoian
glacial till.

Differentiation From Other Units: The wind-transported and slope reworked sediments of the Pisgah
Formation are unlike the deposits of the Dows and Noah Creek formationson the DML. The Lake Mills
Member of the Dows Formation consists of fine-grained silty sediment, but it has greater variability, a
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higher clay content, and occurs in a different geomorphic setting. The Noah Creek Formation and Pilot
Knob Member of the Dows Formation are more poorly sorted and contain coarse sand and gravel. The
DeForest Formation contains some silty sediment, but the bedding structures and sorting of these are dis-
tinct from those associated with the Pisgah Formation, and occursin a different geomorphic setting. The
Pisgah Formation is genetically similar to the Peoria Formation, however it has been noticeably altered by
pedogenic, colluvial hillslope and periglacial processes. The Pisgah Formation was referred to as the “ba-
sal Wisconsin loess’ in previous literature (Ruhe, 1969).

Regional Extent and Thickness: The Pisgah Formation is preserved on relatively stable upland sur-
faces, but is absent on lowan Erosion Surface of northeastern lowa and on “lowan” steps of the stepped
erosion surface landscapes associated with the Southern Drift Plain landform region of the state (Hallberg
et al., 1978). Where present on the DML, the formation is buried by Dows Formation glacial till and Peo-
ria Formation loess. Thickness varies with landscape position and distance from the eolian source. In
central and eastern lowa, the formation is commonly only 0.15 to 1 m thick. In extreme western lowa,
adjacent to the Missouri River valley the unit is 3 to 4 m thick. The Pisgah Formation stratigraphic posi-
tion is equivaent to the Roxana Silt of lllinois and the Gilman Canyon Formation of Nebraska, but
lithologic properties are different (Bettis, 1990)

Origin: The Pisgah Formation originated as eolian silt that has been altered by a combination of colluvial
hillslope processes, pedogenic and periglacial processes.

Age: The Pisgah Formation is time transgressive. The wind-transported silt was deposited between
about 45,000 and 25,500 RCY BP while Peoria loess began to accumulate shortly after 25,000 RCY BP
(Bettis, 1990). Dates from the Farmdale Geosol, developed in the upper part of the Pisgah Formation
indicate that ages range from 28,000 to 16,5000 RCY BP with ages decreasing with distance from the
Missouri River valley (Ruhe, 1976).

GLASFORD FORMATION

Although severa Glasford Formation members are recognized in lIllinois, the only Glasford Formation
member present in lowa is the Kellerville Member. The Glasford Formation is the most widespread gla-
cial unit in lllinois, but only reaches into lowa in the southeastern corner.

Source of name: Glasford, Peoria County, lllinois.

Type Section: the type section for the Glasford Formation is located in Peoria County at the Tindall
School Section, SW SW NE S31, T7N, R6E (Willman and Frye, 1970).

Description of Unit: In lowa, the Glasford Formation Kellerville Member is separated into two till facies
(asubglacial or basal till facies and a superglacial facies) based on stratigraphic position, sedimentologi-
cal properties, and the consistency-density-consolidation properties (Hallberg et al., 1980; Wickham,
1980; Lineback, 1979). Thetwo facies are similar in mineralogy (both clays and sand-fraction lithology),
but not physical characteristics. The subglacial till facies has a firm, dense uniform till matrix with tex-
ture ranging from silt loam to alight clay loam (on average aloam till relatively high in silt). In contrast,
the superglacial facies may be composed of till, diamicton (reworked till such as superglacial debris
flows), sorted fluvial and lacustrine sediments, and peat beds. Deposits may be interbedded or occur as a
contorted melange of sediments. The superglacial till is highly variable in density and texture, and con-
tains awide variety of sediments. The texture values tend to cluster if samples are from the same genera
area. Theoverall range of matrix texture includes sandy loam, loam, silt loam, silty clay loam, clay loam,
and clay. The stratified deposits within the superglacial till facies vary in texture from sand, sand and
gravel, to very heavy clay. The superglacial facies also contains some peats and organic silts (Hallberg
and Baker, 1980). Although the superglacial and subglacial facies vary widely in texture, they are very
similar in mineralogy, especially the clay abundance and the sand-fraction lithology. The clays typically
contain 46% expandables, 34% illite, and 20% kaolinite plus chlorite, but may grade vertically and later-
aly.

Nature of Contacts: The Glasford Formation is underlain by the Petersburg Silt, or where absent the
Yarmouth Soil (Willman and Frye, 1970). The Yarmouth Soil may be formed in Pre-lllinoian till, allu-
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vium or local bedrock. The Sangamon Soil is typically formed in the upper surface of the Glasford For-
mation, but in areas where extensive erosion has occurred it may be directly overlain by loess (Pisgah or
Peoriaformation) or aluvium.

Differentiation from other Units: Clay mineral characteristics (including a high illite to kaolinite plus
chlorite ratio, moderate amounts of expandables, and the frequent occurrence of identifiable chlorite
peaks) are used to distinguish the lllinoian age tills from other units in the area. Clay mineral data from
the Glasford Formation are more variable (wider range) than for the Pre-lllinoian tills (Hallberg et al.,
1980; Lineback, 1979). The Kellerville Member of the Glasford Formation is distinguished from the
Wolf Creek Formation by the relatively high illite and dolomite contents. Additionally, the Kellerville
Member exhibits an abundance of Pennsylvanian lithologies in the very coarse sand through cobble size
particles (Hallberg, 1980b).

Regional Extent and Thickness: The Lake Michigan Lobe of Illinoian ice did not reach far into lowa,
only advancing into the most southeastern portion of the state. Leverett (1898) originally defined the
terminal boundary, and his distribution map in lowa has only been dightly modified since (Kay and Gra-
ham, 1943; Ruhe, 1969). The Illinoian deposits in southeast lowa extend along the western edge of the
Mississippi River from just south of Fort Madison northward to near the mouth of the Wapsipinicon
River at the boundary between Scott and Clinton Counties (Leverett, 1898, Kay and Graham, 1943; Ruhe,
1969). The distance west from the Mississippi River varies, ranging from approximately 6.5 km (4 miles)
near Muscatine to 32 km (20 miles) north of Burlington. Illinoian deposits have been identified in Lee
(NE %), Des Moines (all but NW corner), Henry (only SE corner), Louisa (eastern 2/3), Muscatine (all
but NW ¥4), and Scott Counties (southern 2/3). The superglacial facies varies in thickness from afew feet
to 93 feet (28.4m) at the terminal ridge of the Kellerville at Yarmouth (Hallberg et al., 1980). The thick-
est known section of Kellerville Till in lowa is located at the Yarmouth core site near the western termi-
nus; however, the Illinoian materials in the core are entirely made up of the superglacial facies (Hallberg
et a., 1980). Within afew miles of the Mississippi River at the Nelson Quarry Section, 77 feet (23.5m)
of the basal till facies is present (Hallberg et al., 1980). Therefore, in areas where both the superglacial
and subglacial till facies are present, the total thickness could exceed 93 feet. The thickness throughout
most of western lllinois ranges from less than 1m to 25m thick, but estimates indicate that it may be up to
50m thick in deep bedrock valleys (Wickham, 1980).

Origin: The Glasford Formation consists of glacial tills and intercalated outwash deposits associated
with the advance of the Lake Michigan Lobe from the northeast.

Kellerville Member

The Kellerville Till Member is the only Glasford Formation till present in lowa. Willman and Frye
(1970) used the term to replace the Mendon Till (Frye et al., 1964 and 1969) and Payson Till (Leighton
and Willman, 1950; Wanless, 1957).

Source of name: Kéllerville, Adams County, Illinois

Type Section: the type section for the Kellerville Till Member is defined from two roadcut exposures 2
miles southwest of Kellerville in the Washington Grove School Section- NW NW SW S11, T2S, R5W
(Willman and Frye, 1970). The type section is gpproximately 100km south of Burlington, lowa.
Description of Unit: The Kellerville Till Member is separated into two till facies (a subglacial or basal
till facies and a superglacial facies) based on stratigraphic position, sedimentological properties, and the
consistency-density-consolidation properties (Hallberg et al., 1980; Wickham, 1980; Lineback, 1979).
Thetwo facies are similar in mineralogy (both clays and sand-fraction lithology), but not physical charac-
teristics. The subglacial till facies has a firm, dense uniform till matrix with texture ranging from silt
loam to alight clay loam (on average aloam till relatively high in silt). In contrast, the superglacial facies
may be composed of till, diamicton (reworked till such as superglacial debris flows), sorted fluvial and
lacustrine sediments, and peat beds. Deposits may be interbedded or occur as a contorted melange of
sediments. The superglacial till is highly variable in density and texture, and contains a wide variety of
sediments. The texture values tend to cluster if samples are from the same general area. The overall
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range of matrix texture includes sandy loam, loam, silt loam, silty clay loam, clay loam, and clay. The
stratified deposits within the superglacial till facies vary in texture from sand, sand and gravel, to very
heavy clay. The superglacial facies aso contains some peats and organic silts (Hallberg and Baker,
1980). Although the superglacial and subglacial facies vary widely in texture, they are very similar in
mineralogy, especially the clay abundance and the sand-fraction lithology. The clays typically contain
46% expandables, 34% illite, and 20% kaolinite plus chlorite.

Nature of Contacts: The Kélerville Till Member is underlain by the Petersburg Silt, or where absent the
Yarmouth Soil (Willman and Frye, 1970). The Yarmouth Soil may be formed in Pre-lllinoian till, allu-
vium or local bedrock. The Sangamon Soil is typically formed in the upper surface of the Kdlerville, but
in areas where extensive erosion has occurred it may be directly overlain by loess (Pisgah or Peoria for-
mation) or aluvium.

Differentiation from other Units: Additional clay mineral characteristics (including a high illite to kao-
linite plus chlorite ratio, moderate amounts of expandables, and the frequent occurrence of identifiable
chlorite peaks) are used to distinguish the Kellerville from other unitsin the area. Clay mineral datafrom
the Kellerville Member are more variable (wider range) than for the Pre-lllinoian tills (Hallberg et al.,
1980; Lineback, 1979). The Kéllerville Member of the Glasford Formation is distinguished from the
Wolf Creek Formation by the relatively high illite and dolomite contents. Additionally, the Kellerville
Member exhibits an abundance of Pennsylvanian lithologies in the very coarse sand through cobble size
particles (Hallberg, 1980b). The Wolf Creek Formation also has a much higher limestone to dolomite ra-
tio (greater than 0.40) than the Kellerville Formation deposits.

Regional Extent and Thickness: The Lake Michigan Lobe of lllinoian ice did not reach far into lowa,
only advancing into the most southeastern portion of the state. Leverett (1898) originally defined the
terminal boundary, and his distribution map in lowa has only been slightly modified since (Kay and Gra-
ham, 1943; Ruhe, 1969). The Illinoian deposits in southeast lowa extend along the western edge of the
Mississippi River from just south of Fort Madison northward to near the mouth of the Wapsipinicon
River at the boundary between Scott and Clinton Counties (Leverett, 1898, Kay and Graham, 1943; Ruhe,
1969). The distance west from the Mississippi River varies, ranging from approximately 6.5 km (4 miles)
near Muscatine to 32 km (20 miles) north of Burlington. Illinoian deposits have been identified in Lee
(NE %), Des Moines (all but NW corner), Henry (only SE corner), Louisa (eastern 2/3), Muscatine (all
but NW ¥4), and Scott Counties (southern 2/3). The superglacial facies varies in thickness from afew feet
to 93 feet (28.4m) at the terminal ridge of the Kellerville at Yarmouth (Hallberg et al., 1980). The thick-
est known section of Kellerville Till in lowa is located at the Yarmouth core site near the western termi-
nus; however, the lllinoian materials in the core are entirely made up of the superglacial facies (Hallberg
et a., 1980). Within afew miles of the Mississippi River at the Nelson Quarry Section, 77 feet (23.5m)
of the basal till facies is present (Hallberg et al., 1980). Therefore, in areas where both the superglacial
and subglacial till facies are present, the total thickness could exceed 93 feet. The thickness throughout
most of western l1linois ranges from less than 1m to 25m thick, but estimates indicate that it may be up to
50m thick in deep bedrock valleys (Wickham, 1980).

Origin: Studies have determined that the Illinoian till was deposited by the Lake Michigan Lobe which
advanced across western Illinois from the northeast and into lowa (Leverett, 1898; Wickham, 1980). The
Lake Michigan Lobe incorporated Paleozoic bedrock from the Lake Michigan Basin, which is reflected in
both the mineralogy of the matrix and clasts of the lllinoian deposits (Lineback, 1980; Wickham, 1980)
The northeastern source area for the lllinoian age tills is also evidenced by till fabrics and glacia land-
form orientations (Lineback, 1979).

WOLF CREEK FORMATION

The Wolf Creek Formation is subdivided into three members (oldest to youngest): the Winthrop, Aurora
and Hickory Hills members. Information on the formation as awhole is presented first, followed by more
specific descriptionsfor individual members.

Source of name: Wolf Creek, northern Tama County, lowa.
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Type Section: thetype areafor the Wolf Creek Formation is defined from several reference localities in
the region around Wolf Creek in Geneseo, Clark, Buckingham, and Grant Townships, in northern Tama
County.

Description of Unit: The Wolf Creek Formation is predominantly a massive, uniform, basal till, but may
also include fluvial silts, sands and gravels and local fine-textured swale fill deposits and peat. On aver-
age the texture is loam, but subtle differences may be used to help distinguish members. The Wolf Creek
Formation averages 50-60% expandable clays (slightly lower in the southeastern portion of the state), 16-
19% illite, and 22-24% kaolinite plus chlorite (Hallberg et al., 1980).

Nature of Contacts: In areas of southeast lowa that were glaciated during the Illinoian, the upper bound-
ary of the Wolf Creek Formation is marked by the unconformable contact with deposits of the Glasford
Formation. Where lllinoian age deposits are present, the Yarmouth Paleosol is formed in the top of the
Wolf Creek Formation. Beyond the reaches of the Illinoian deposits, the Y armouth-Sangamon Paleosol is
developed in the Wolf Creek. The individual till members may be directly overlain by each other or be
separated by undifferentiated sediments, glaciofluvial deposits, or paleosols. The Wolf Creek Formation
is underlain by either the Alburnett Formation or Paleozoic bedrock.

Differentiation from other Units: The Wolf Creek Formation is distinguished from the Kellerville
Member of the Glasford Formation (Illinoian age till) by the relatively low illite and dolomite contents.
Additionally, the Kellerville Member exhibits an abundance of Pennsylvanian lithologies in the very
coarse sand through cobble size particles (Hallberg 1980b). The Wolf Creek Formation also has a much
higher limestone to dolomite ratio (greater than 0.40) than the Kellerville Formation deposits.
Differentiation of the Wolf Creek and Alburnett formation tills is difficult in the field without the assis-
tance of stratigraphic boundaries, but mineralogical characteristics can be used to distinguish them. The
most useful characteristic to differentiate between the Wolf Creek and Alburnett formations is the clay
mineralogy. The Wolf Creek Formation has a higher expandable clay percentage, averaging around 62%;
whereas the Alburnett Formation has lower expandable clay percentages, near 43% (Hallberg et al.,
1980a).

Origin: The Wolf Creek Formation consists of three till members associated with several Pre-lllinoian
ice advances. Based on the physical properties of the majority of the Wolf Creek Formation deposits
(massive structure, high density, uniform texture) they likely represent a basal, or subglacial, till facies.
Age and Correlation: The Wolf Creek Formation represents the youngest of the Pre-lllinoian glaci-
ations. Pre-1llinoian deposits in lowa range from older than 2.2 million years to approximately 500,000
years ago based on volcanic ash dates in western lowa (Easterbrook and Boellstorff, 1984; Hallberg,
1986). Paleomagnetic studies of the Wolf Creek Formation in east-central |owa indicate that these depos-
its have normal polarity and are therefore younger than 790,000 years (Baker and Stewart, 1984).

Winthrop Member

Source of name: the town of Winthrop, Buchanan County, lowa.

Type Section: thetype area of the Winthrop Till Member consists of arailroad cut and drill-core section
approximately 1¥amiles (2 km) west of Winthrop in Buchanan County in the NW1/4 of Section 3, Town-
ship 88N, Range 8W. The exposure is about 5 %2 miles (8.8 km) east of Independence and 2 %2 miles (3.6
km) east of Doris Station.

Description of Unit: The Winthrop Till Member is the oldest and least well-known of the Wolf Creek
Formation tills due to poor preservation. The color varies within the weathering profile from a light-
yellowish brown to dark gray. Texturaly, the Winthrop Till Member is a loam to light clay loam with
averages of 25% clay, 41% silt and 34% sand. Generally, it contains more silt than sand. Clay mineral
percentages in the Winthrop Till Member average 60% *4.3 (range 51-68) expandables, 17% +2.2 (range
10-20) illite, and 24% £3.8 (range 16-31) kaolinite plus chlorite (Hallberg, 1980a). The Winthrop Till
Member tends to have slightly higher values of kaolinite than the other tills of the Wolf Creek Formation.
The Winthrop Till Member exhibits a high limestone to dolomite ratio (median and mode >15) and dolo-
mite is commonly absent.

14



Nature of Contacts: The Winthrop Till Member is overlain by either leached unnamed sediments sepa-
rating it from the Aurora Till Member, the Aurora Till Member, younger Wolf Creek Formation deposits,
or may be exhumed as the surface till where erosion was severe enough to remove the younger deposits.
The lower boundary of the Winthrop Till Member is equally complex, with the contact being marked by
the underlying bedrock, sediments of the Alburnett Formation, or in the most complete sections by the top
of the Westburg Paleosol. Where present, the Westburg Paleosol occurs below the Winthrop Till Member
of the Wolf Creek Formation and is developed in deposits of the Alburnett Formation or older rock units.
Differentiation from other Units: The Winthrop Member is distinguished from the Kellerville Member
of the Glasford Formation (lllinoian age till) by the relatively low illite and dolomite contents. The Kel-
lerville also exhibits an abundance of Pennsylvanian lithologies in the very coarse sand through cobble
size particles and a much lower limestone to dolomite ratio (less than 0.40) (Hallberg, 1980b). All mem-
bers of the Wolf Creek Formation have average limestone to dolomite ratios greater than 0.40.
Differentiation of the Wolf Creek Formation members and Alburnett Formation materials is difficult in
the field without the assistance of stratigraphic boundaries, but mineralogical characteristics can be used
to distinguish them. The most useful characteristic to distinguish between the Wolf Creek members and
the Alburnett Formation is the clay mineralogy (Hallberg, 1980a). The Wolf Creek Formation has higher
expandable clay percentages, averaging around 62%; whereas the Alburnett Formation has lower expand-
able clay percentages, near 43%.

Clay mineral variation cannot be utilized to differentiate members of the Wolf Creek Formation, and the
sand-fraction lithology generally overlaps. However, the limestone to dolomite ratio and grain-size distri-
bution has been useful for discriminating between members (Hallberg, 19804). Differentiation can be dif-
ficult in areas of isolated exposures where only one till is exposed (or the till varies to an end member
within its range). Typically, the Hickory Hills member aimost always has more sand than silt and has
higher values for total carbonate and sedimentary grains than the Aurora or Winthrop members. The
Hickory Hills member also has a low limestone to dolomite ratio. Both the Aurora and Winthrop mem-
bers have more silt than sand, a high limestone to dolomite ratio, and often do not have dolomite. Overall,
these similarities between the Aurora and Winthrop members make it difficult to distinguish the two if
only oneis present. The Winthrop generally has lower values for total carbonates and sedimentary grains.
Regional Extent and Thickness: Due to the limited number of positive identifications, the thickness of
the Winthrop Till Member is poorly known and difficult to determine. In the composite Winthrop locality
it varies from 2 to about 15 feet (0.6-4.6 m), and has a thickness of 48 feet (14.6 m) in the 4-Mile Creek
area.

Origin: The Winthrop Member of the Wolf Creek Formation consists of deposits associated with an ad-
vance of Pre-lllinoian ice. Based on the physical properties of these deposits (massive structure, high
density, uniform texture) they likely represent a basal, or subglacial, till facies.

Age and Correlation: The Wolf Creek Formation members represent the youngest of the Pre-Illinoian
glaciations. Pre-lllinoian deposits in lowa range from older than 2.2 million years to approximately
500,000 years ago based on volcanic ash dates in western lowa (Easterbrook and Boellstorff, 1984; Hall-
berg, 1986). Paleomagnetic studies of the Wolf Creek Formation in east-central 1owa indicate that these
deposits have normal polarity and are therefore younger than 790,000 years (Baker and Stewart, 1984).

Aurora Member

Source of name: the town of Aurora Buchanan County, lowa.

Type Section: the type area for the Aurora Till Member is the Aurora Transect located approximately 2
miles (3.2 km) southwest of the town of Aurorain northeast Buchanan County, lowa. The transect con-
sists of core-holes drilled along the axis of the stepped erosion surfaces in the area of the regiona divide
between the Wapsipinicon and Maquoketa Rivers in the NE1/4 of Section 23, T 90N, R 8W.

Description of Unit: The Aurora Till Member is a basal till with relatively uniform characteristics. The
texture of the Aurora Till Member is loam, averaging 22% clay, 40% silt, and 38% sand. The Aurora has
a high limestone to dolomite ratio (median and mode >15), and often no dolomite is present. Color varies
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vertically within the weathering profile from light yellowish-brown to dark gray or dark greenish gray.
Clay mineralogy averages 62 % +3.6 (range 55-70) expandables, 18% +2.5 (range 13-24) illite, and 21%
+2.3 (range 17-24) kaolinite plus chlorite (Hallberg, 1980a).

Nature of Contacts: The upper boundary of the Aurora Till Member varies in relation to the amount of
erosion. In complete sections, this boundary is marked by the contact with the unnamed weathered
(leached) sediments, which generally contain the Dysart Paleosol (which is overlain by the Hickory Hills
Till Member). Where the Dysart Paleosol has been eroded, the contact may be directly with the Hickory
Hills Till Member or a sharp diffuse contact zone including glaciofluvial sediments of the Hickory Hills
Till Member. In some places erosion is severe enough that the Aurora Till Member is the surficial till unit
and may be overlain by a thin veneer of Wisconsin to Holocene surficial sediments or eolian sand, Wis-
consinan loess, or Pre-Wisconsinan sediments.

In complete sections, the lower boundary of the Aurora Till Member may be marked by the contact with
leached sediments and weak paleosols separating it from the Winthrop Till Member. In areas where ero-
sion has occurred, the Aurora Member may be in direct contact with the Winthrop Till Member, various
sediments of the Alburnett Formation, or bedrock. If either of the last two settings is the case, the Aurora
Till Member also marks the base of the Wolf Creek Formation.

Differentiation from other Units: The Wolf Creek Formation tills are distinguished from the Kellerville
Member of the Glasford Formation (Illinoian age till) by the relatively low illite and dolomite contents.
The Kellerville also exhibits an abundance of Pennsylvanian lithologies in the very coarse sand through
cobble size particles (Hallberg 1980b). The Kellerville has a much lower limestone to dolomite ratio (less
than 0.40) than the Wolf Creek Formation deposits (95% of which all have limestone to dolomite ratios
greater than 0.40).

Differentiation of the Wolf Creek Formation members and Alburnett Formation materials is difficult in
the field without the assistance of stratigraphic boundaries, but mineralogical characteristics can be used
to distinguish them. The most useful characteristic to distinguish between the Wolf Creek and Alburnett
Formations are the clay mineral percentages. The Wolf Creek Formation has higher expandable clay val-
ues, averaging around 62%; whereas the Alburnett Formation has lower expandable clay percentages,
near 43% (Hallberg, 1980a).

Clay mineral variation cannot be utilized to differentiate members of the Wolf Creek, and the sand-
fraction lithology generally overlaps. However, the limestone to dolomite ratio and grain-size distribution
has been useful for discriminating between members (Hallberg, 1980a). Differentiation can be difficult in
areas of isolated exposures where only one till is exposed (or the till varies to an end member within its
range). Typically, the Hickory Hills member ailmost always has more sand than silt and has higher values
for total carbonate and sedimentary grains than the Aurora or Winthrop members. The Hickory Hills
member also has alow limestone to dolomite ratio. Both the Aurora and Winthrop members have more
silt than sand, a high limestone to dolomite ratio, and often do not have dolomite. Overall, these similari-
ties between the Aurora and Winthrop members make it difficult to distinguish the two if only oneis pre-
sent. The Winthrop generally has lower values for total carbonates and sedimentary grains.

Regional Extent and Thickness: The thickness of the Aurora Member is highly variable. In some areas
it has been entirely removed by erosion, and at the 4-Mile Creek locality it may reach 100 feet (31m) in
thickness. In most areas it ranges from 20 to 35 feet (6 to 11 m) in thickness.

Origin: The Aurora Member of the Wolf Creek Formation consists of deposits associated with an ad-
vance of Pre-lllinoian ice. Based on the physical properties of these deposits (massive structure, high
density, uniform texture) they likely represent a basal, or subglacial, till facies.

Age and Correlation: The Wolf Creek Formation members represent the youngest of the Pre-Illinoian
glaciations. Pre-lllinoian deposits in lowa range from older than 2.2 million years to approximately
500,000 years ago based on volcanic ash dates in western lowa (Easterbrook and Boellstorff, 1984; Hall-
berg, 1986). Paleomagnetic studies of the Wolf Creek Formation in east-central 1owa indicate that these
deposits have normal polarity and are therefore younger than 790,000 years (Baker and Stewart, 1984).
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Hickory Hills Member

Source of name: Hickory Hills Park, NW1/4 of the SE1/4 of section 10, T 86N, R 13W (Geneseo
Township), Tama County.

Type Section: the type area of the Hickory Hills Till Member is within the vicinity of Hickory Hills
Park. Two principal reference localities are described within the type area. The 402 Road cut Section is
designated the type locality and section. Casey's Paha East is the principal reference locality. Severa
other reference localities (the Hayward's Paha Transect and Buckingham Section) are needed to fully de-
scribe the upper and lower boundaries.

Description of Unit: Due to weathering, the Hickory Hills Till Member varies vertically in color from
light-yellowish brown (10YR 5/6-8) in the oxidized zone to dark greenish gray (5GY 4/1) in the unoxi-
dized zone. Texturaly, the Hickory Hills Till Member is aloam, averaging about 22% clay, 34% silt, and
44% sand (Hallberg, 1980a). In thick sections, the till tends to be quite uniform texturally, but where it is
thin it tends toward a mixed composition incorporating the material below. The Hickory Hills Member
almost always has more sand than silt. The average clay mineral percentages are 63% 4.5 (range 52-73)
expandables, 17% +3.3 (range 11-23) illite, and 20% £2.2 (range 14-25) kaolinite plus chlorite (Hallberg,
1980a). The Hickory Hills till has a lower limestone to dolomite ratio than the other Wolf Creek Forma-
tion members.

Nature of Contacts: The lower boundary is commonly marked by the contact with the Dysart Paleosol
and related unnamed sediments, or where absent it rests directly on the Aurora Till Member. When rest-
ing directly on the Aurora, the boundary is often a complex zone of contorted glaciofluvial sediments re-
lated to the Hickory Hills Till Member. If pre-Hickory Hills Till erosion was extensive, the Hickory Hills
Till Member may lie directly on any older unit from the Winthrop Till Member to Paleozoic bedrock. In
some sections the contact with the Dysart Paleosol is not clear due to block inclusions of the Dysart Pa-
leosol that were sheared into the lower portion of the Hickory Hills Till Member. The upper boundary is
also complex due to erosion, and it may be overlain by the Yarmouth- Sangamon or Late Sangamon sur-
face, Wisconsinan age sediments or other surficial materials.

Differentiation from other Units: The Wolf Creek Formation tills are distinguished from the Kellerville
member of the Glasford Formation (lllinoian age till) by the relatively low illite and dolomite contents.
The Kellerville also exhibits an abundance of Pennsylvanian lithologies in the very coarse sand through
cobble size particles (Hallberg 1980b). The Kellerville has a much lower limestone to dolomite ratio (less
than 0.40) than the Wolf Creek Formation tills (95% of which all have limestone to dolomite ratios
greater than 0.40).

Differentiation of the Wolf Creek and Alburnett Formation tills is difficult in the field without the assis-
tance of stratigraphic boundaries, but mineralogical characteristics can be used to distinguish them. The
most useful characteristic to distinguish between the Wolf Creek and Alburnett Formations is the clay
mineralogy (Hallberg, 1980a). The Wolf Creek Formation has higher expandable clay percentages, aver-
aging around 62%; whereas the Alburnett Formation has lower expandable clay percentages, near 43%.
Clay mineral variation cannot be utilized to differentiate members of the Wolf Creek Formation, and the
sand-fraction lithology generally overlaps. However, the limestone to dolomite ratio and grain-size distri-
bution has been useful for discriminating between members (Hallberg, 19804). Differentiation can be dif-
ficult in areas of isolated exposures where only one till is exposed (or the till varies to an end member
within its range). Typically, the Hickory Hills member aimost always has more sand than silt and has
higher values for total carbonate and sedimentary grains than the Aurora or Winthrop members. The
Hickory Hills member also has a low limestone to dolomite ratio. Both the Aurora and Winthrop mem-
bers have more silt than sand, a high limestone to dolomite ratio, and often do not have dolomite. Overall,
these similarities between the Aurora and Winthrop members make it difficult to distinguish the two if
only oneis present. The Winthrop generally has lower values for total carbonates and sedimentary grains.
Regional Extent and Thickness: The thickness of the Hickory Hills Till Member is extremely variable.
Dueto erosion it is absent in some areas, however, in more complete sections the member ranges from 10
to over 50ft (3-15m).
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Origin: The Hickory Hills Member of the Wolf Creek Formation consists of deposits associated with an
advance of Pre-lllinoian ice. Based on the physical properties of these deposits (massive structure, high
density, uniform texture) they likely represent a basal, or subglacial, till facies.

Age and Correlation: The Wolf Creek Formation members represent the youngest of the Pre-Illinoian
glaciations. Pre-lllinoian deposits in lowa range from older than 2.2 million years to approximately
500,000 years ago based on volcanic ash dates in western lowa (Easterbrook and Boellstorff, 1984; Hall-
berg, 1986). Paleomagnetic studies of the Wolf Creek Formation in east-central 1owa indicate that these
deposits have normal polarity and are therefore younger than 790,000 years (Baker and Stewart, 1984).

ALBURNETT FORMATION

The Alburnett Formation is separated into several “undifferentiated” members. No consistent discrimi-
nating characteristics are available for these members, and the only differentiation comes where strati-
graphic position allows. Therefore, the following description will be used for all the members.

Source of name: thetown of Alburnett, Linn County, lowa.

Type Section: the region around the town of Alburnett, Otter Creek Township (T 85N, R 7W), Linn
County, lowa.

Description of Unit: The Alburnett Formation is composed of multiple till units, which are "undifferenti-
ated", and a variety of fluvial deposits. Minor paleosols may also be identified within the deposits.
Throughout eastern lowa, these deposits fill and bury the deep bedrock channels. The till is typically a
uniform, massive, basal till. The Alburnett Formation ranges in color from light-yellowish brown in the
oxidized zone, to dark gray or dark-greenish gray in the unoxidized zone.

The Alburnett Formation is defined by its stratigraphic position and distinctive clay mineralogy. The tills
are generally loam textured, but range to light clay loam. On average, the Alburnett Formation consists of
18.7% clay, 36.8% silt, and 44.4% sand. The Alburnett Formation contains 44% expandables, 24% illite,
and 32% kaolinite plus chlorite. In comparison with the Wolf Creek Formation, the Alburnett tills have
significantly lower percentages of expandable clay minerals and higher kaolinite plus chlorite (Hallberg et
al., 1980).

Nature of Contacts: The upper boundary of the Alburnett Formation is an unconformity of variable
magnitude. Where the section is complete, the top of the Westburg Paleosol marks the upper boundary
and is overlain by the Winthrop Till Member of the Wolf Creek Formation. Where the paleosol is eroded,
any member of the Wolf Creek Formation, Wisconsin loess or other surficial sediments may overlie the
Alburnett Formation. The lower boundary of the Alburnett Formation is marked by an unconformable
contact with the bedrock. Glaciofluvial deposits may also be located at the base of the Alburnett Forma-
tion.

Differentiation from other Units: Pre-lllinoian tills are distinguished from the Kellerville Member of
the Glasford Formation (lllinoian age till) by the relatively low illite and dolomite contents. The Keller-
ville also exhibits an abundance of Pennsylvanian lithologies in the very coarse sand through cobble size
particles (Hallberg, 1980b). The Alburnett Formation has a much higher limestone to dolomite ratio (al-
most always greater than 0.40) than the Kellerville Formation.

The differentiation between the Wolf Creek and Alburnett Formation tills is difficult in the field without
the assistance of stratigraphic boundaries, but mineralogical characteristics can be used. The most useful
characteristic to distinguish between the Wolf Creek and Alburnett formations is the clay mineralogy. The
Wolf Creek Formation has higher expandable clay percentages, averaging around 62%; whereas the Al-
burnett Formation has lower expandable clay percentages, near 43% (Hallberg, 19804).

Regional Extent and Thickness: The Alburnett Formation has awide range of thickness. In some areas
it is completely absent and in others may reach a substantial thickness where its deposits fill in and bury
deep bedrock channels. In these areas it has been identified to reach thicknesses of 220-250 feet.

Origin: The Alburnett Formation consists of multiple undifferentiated members associated with several
Pre-Illinoian ice advances. Based on the physical properties of the Alburnett Formation deposits (massive
structure, high density, uniform texture) it is likely a basal, or subglacial, till facies.
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Age: The Alburnett Formation represents the oldest of the Pre-Illinoian glaciations. Pre-lllinoian depos-
itsin lowa range from older than 2.2 million years to approximately 500,000 years ago based on volcanic
ash dates in western lowa (Easterbrook and Boellstorff, 1984; Hallberg, 1986). Paleomagnetic studies of

the Alburnett Formation in east-central lowa indicate that these deposits have reversed polarity and are
therefore older than 790,000 years (Baker and Stewart, 1984).
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