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INTRODUCTION
by

William W. Simpkins
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Department of Geological and Atmospheric Sciences
Ames, Towa 50010

and

Raymond R. Anderson
lowa Department of Natural Resources
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Towa City, lowa 52242

The theme of this year’s joint Tri-State Geological Field Conference and Geological
Society of lowa Fall Field Trip, “Water, Water, Everywhere...” reflects the record-breaking
rainfall in lowa and many other areas of the Midwest in 1993. By the end of August, Towa
records had been set for the most rain in one, two, three, four, five, seven, eight, nine, ten, 11,
12,18, 24,36, and 48 months. lowa State Climatologist Harry Hillacker noted that “virtually
every conceivable maximum precipitation record (in lowa) has beenbrokenin 1993. The past
ten months in particular have been far wetter than any other November through August period
since Jowarecords began in 1873.” In fact, new precipitation records were set in each of the
past 10 months. A total of 47.50 inches of rain fell on Iowa from November of 1992 through
August of 1993, This total was 20.75 inches above the normal average for that period and an
amazing 11.92 inches more that the previous record, set in 1950-51. By the end of August,
41.20 inches of rain had fallen on Iowa, making this the sixth-wettest year on record even
without a single additional drop for the remaining four months. This total is only 2.96 inches
below the yearly record precipitation of 44.16 inches set in 1881.

Flooding of Iowa’s rivers and creeks began early in the Spring of 1993. By mid-August
thirty-three U.S. Geological Survey surface water gaging stations had recorded peak records
of stage and/or discharge. Of these, fifteen stations recorded water levels indicative of 100 year
or greater floods. The flooding completely destroyed three of the gaging stations, partially
inundated nine others damaging equipment, and produced minor damage in eleven more.
Record outflows were recorded at three of the four U.S. Army Corps of Engineers reservoirs
in Towa, with flows over the emergency spillway of all three, two for the first time since their
construction.

The rains and associated floods inflicted billions of dollars of damage and great hardships
on thousands of lowans. When the Raccoon River basin received an 8 inch rainfall in an area
already saturated from earlier storms, a 500 year flood crest descended on the State Capitol
of Des Moines, inundating the town’s water treatment plant and leaving 250,000 people
without a public water supply for 19 days.

This increased rainfall and flooding has “spilled” into other geologic areas as well. Water
tables and potentiometric surfaces throughout central lowa haverisen tounprecedented levels.



Standing water has been present in most potholes and other depressions on the Wisconsinan
glaciated area of the Des Moines lobe for most of the year. High water tables have putexcessive
stress on house foundations, resulting in collapsed basements and basement flooding from
seepage. In addition, mass movement of water-saturated slopes has been common this year,
resulting in flows and slides onto major highways and the movement of expensive homes on
steep slopes.

Concentrations of contaminants fromagricultural activities have also been affected by the
rainfall. Concentrations found in shallow wells in agricultural areas were generally less than
are normal in lowa, in part due to the excess water and “dilution™ and partly due to non-
application of fertilizers and pesticides in some areas due to wet fields. In contrast, the
concentration of pesticides in streams including the Mississippi River appears tohave reached
very high levels, perhaps due to actual erosion and transport of soil particles containing
pesticides.

Despite the soggy weather, geologists should be and are involved in investigations of all of
these water-related phenomena. The focus of the 1993 Tri-State Geological Field Conference
/ GSI Field Trip is to illustrate the roles that geologists have played regarding each of these
problem areas, from basic stratigraphy and sedimentology and the erosive power of water, to
dam building and the interaction between groundwater and surface water, and finally to water
quality investigations in till.



STOP 1

SAYLORVILLE LAKE EMERGENCY SPILLWAY






INTRODUCTION
by

Raymond R. Anderson
Iowa Department of Natural Resources
Geological Survey Bureau
Iowa City, lowa 52242

and

Kelly Loreth
U.S. Army Corps of Engineers
Saylorville Dam

The Des Moines River begins its southward journey from Lake Shetek in southwest
Minnesota’s Murray County. As the West Fork of the Des Moines River, it enters Iowa in
Emmet County northwest of Estherville. The East Branch of the Des Moines River begins in
southern-most Minnesota just over the Iowa boarder north of Estherville. The rivers flow in
a southeasterly direction, converging in south-central Humboldt County, south of the city of
Humboldt. The river continues south through Fort Dodge, joining the Boone River in eastern-
most Webster County, and down the axis of the Des Moines Lobe (the till sheet deposited by
the most recent advance of glacial ice into Iowa) through the cities of Boone and Des Moines.
From there, the Des Moines River is joined by the Raccoon and Middle Rivers as it flows in
a southeasterly direction, eventually ending at the Mississippi River just south of Keokuk,
about 380 miles from its headwaters. The river began its life about 12,000 years ago, sourced
by melt water from the retreating Des Moinesian glacier.

Although flooding has no doubt always affected the Des Moines River, the first large
recorded flood inthe reach of the river between Des Moines and Boone occurred in 1947 when
500 people were forced from their homes and two persons drowned. On June 24, 1954, flows
of 60,200 cubic feet per second (cfs) forced 1,800 people from their homes, and in 1965 the
riverexperienced aflow of 47,400 cfs. In 1953 the U.S. Army Corps of Engineers studied nine
potential dam and reservoir sites in central Iowa, six sites on the Des Moines River, two sites
on the Raccoon River, and one site on the South Raccoon River. The study led to the
construction of the Saylorville Dam and Reservoir, with construction beginning in 1966 and
completedin 1977. The Saylorville Damis about one mile long and 105 feet high (its maximum
elevationis 915 feet above mean sealevel). With anormal pool level of 836 feet the Saylorville
Reservoir covers 5,950 acres; at a maximum flood pool elevation of 890 feet it covers 16,700
acres and contains 190,948,100,000 gallons of water. The maximum outflow through the
dam’s control structure is 21,000 c¢fs. The Saylorville Dam and Reservoir were designed to
contain handle a Hypothetical Probable Maximum Flood thatincluded alake level of 907 feet
and a flow of 162,000 cfs.

A series of floods in the 1980’ s and 1990’s filled Saylorville Lake to capacity and beyond.
Erosion from water flowing over the emergency spillway of the lake produced spectacular
exposures of Quaternary materials and Pennsylvanian rock strata. In 1984 flooding led to the
firstuse of the Emergency spillway. The lake reached a maximum level of 889.53 feeton June
22, 53 feet above the conservation pool level of 836 feet. Water flowed over the spillway



(elevation 884 feet) for 14 days between June 18 and July 4. During this period, Saylorville
Lake experienced a maximum inflow of 38,000 cfs (on June 21}, amaximum outflow of 29,000
cfs (on June 22). Inthe fall of 1983, the Geological Society of Iowa led a field trip (Bettis et
al., 1985) to examine the geological materials exposed by flooding in the Emergency Spillway,
nicknamed “Saylorville Canyon”.

In 1991, water once again flowed over the spillway, this time for 11 days between June 6
and June 17. On June 9, Saylorville Lake reached a maximum level of 889.26 feet, again 53
feet above the conservation pool level. Maximum inflow of 45,000 cfs was reached on June
6, maximum outflow of 26,000 cfs on June 10 and 11.

The multiple episodes of heavy rainfalls that marked the Summer of 1993 produced
flooding in many areas of Iowa, including the Des Moines River. Two major episodes of
flooding again forced utilization of the Saylorville Reservoir’s Emergency Spillway. The first
eventincluded anincrease in the pool level from 836 feet on March 25to 882 feet on April 12,
arise of 46 feet in just 18 days. Water flowed over the spillway for nine days between April
22 and May 1, reaching a maximum pool level of 886 feet on April 27, fifty feet above the
normal pool level. During this event the maximum inflow was 45,000 cfs, the maximum
outflow was 21,000 cfs.

The level of Saylorville Lake had lowered to 865 feet by June 3, 1993, before new heavy
rains again begantofill the reservoir. By June 17 water was again flowing overthe Emergency
Spillway, thistime continuing for 42 days, until July 29. During this episode water in the lake
reached 892.02 feet, 55 feet above the conservation pool level. Inflowsreached 61,000 cfsand
outflow 43,000 cfs, with outflow in excess of 21,000 cfs for about 46 days.

The Saylorville Lake Emergency Spillway is 430 feet wide with an elevation of 884 feet
at the dam, and dropsinelevation about 8 feet fromthe damto its junction with the Des Moines
River less than a mile away. Comparing this slope to normal stream gradients in the region,
about 2.5 feet per mile, gives a measure of the force and velocity with which water moved
through the spillway. At maximum flow the spillway was conducting 21,000 cfs of water, up
to eight feet deep. The earthen spillway was designed to cut its own channel when in use, and
performed as expected.

A spectacular suite of geologic materials was exposed by the cumulative effects of the four
spillway events. Quaternary materials exposed in the southern end of the spillway range in age
from pre-Wisconsinan to Holocene and include glacial, glaciofluvial, eolian, alluvial, and
colluvial sediments. Inthe northern end of the spillway, Middle Pennsylvanian materials are
exposed including strata of the Floris and overlying Swede Hollow Formations of the Cherokee
Group. Materials exposed include sandstone, shaly limestone, shale (including the Oakley
Black Shale), and the Whitebreast Coal. Fossils are abundant, including brachiopods,
cephalopods, trace fossils, and wood. At Stop 1 you will be able to examine the variety of
materials present in the Saylorville Canyon, however NO FOSSIL OR ROCK COLLECT-
ING IS PERMITTED.

REFERENCE

Bettis IIT, E.A., Kemmis, T.J., and Witzke, B.J., 1985, After the Great Flood, Exposures in
the Emergency Spillway, Saylorville Dam: Geological Soctety of Towa, Guidebook 43,85
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UPPER CHEROKEE GROUP (PENNSYLVANIAN) EXPOSURES
SAYLORVILLE EMERGENCY SPILLWAY

by

Mary R. Howes
Towa Department of Natural Resources
Geological Survey Burean
109 Trowbridge Hall
Iowa City, lowa 52242

INTRODUCTION

A thick sequence of Middle Pennsylvanian strata was exposed by rapid downcutting as
floodwaters surged through the emergency spillway of Saylorville Dam during June, 1984 and
again during the Summer of 1993. These strata, part of the Cherokee Group, range upward
from the mid-Floris Formation through strata above the Ardmore Limestone Member of the
Swede Hollow Formation (Fig. 1). Ravnetal. (1984) presents the Pennsylvanian stratigraphic
nomengclature of Iowa used in this report.

The exposure at the Saylorville Lake emergency spillway is the most extensive (and most
accessible) exposure of this stratigraphic interval in Iowa. It presents anexcellent opportunity
to view several interesting facets of the Pennsylvanian geology of lowa. First, two distinct
depositional regimes are represented in this exposure. The sequence of strata exposed here
represent the transition from fluvial-deltaic dominated depositional regimes of the older
Pennsylvanian to deposition more influenced by marine environments. The clastic units of the
Floris Formation are primarily nonmarine, fluvial-deltaic sediments. Marine units are
confined to thin limestones and fossiliferous shales, often overlying coal seams. In contrast,
the Swede Hollow portion of the outcrop is atransgressive-regressive marine sequence closely
resembling the cyclic repetitions (cyclothems) of marine and non-marine units in the younger
Marmaton Group (Heckel, 1979).

Second, the lower part of the Swede Hollow Formation, including the Whitebreast Coal,
Oakley Shale, and Ardmore Limestone Members, form the most widely traceable sequence of
units in the Pennsylvanian of North America. Correlative units extend across much of the
midcontinent region into Missouri, Kansas, Illinois, Indiana, and possibly as fareast as Chio.

Third, Oakley-Ardmore deposition marked the first complete marine inandation of the
Iowa area during the Pennsylvanian. Although older marine units are known from the
Pennsylvanian of Iowa, none are as thick or laterally persistent as those in the lower Swede
Hollow Formation.
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Figure 1. Stratigraphic nomenclature of Pennsylvanian strata in Iowa (after Ravn et al., 1984). The range of
strata exposed at the Saylorville spillway is indicated.



INTERPRETATION AND DISCUSSION
OF PENNSYLVANIAN
STRATIGRAPHY

Pennsylvanian strata in Iowa are highly vari-
able, both laterally and vertically. Much of the
variability is cyclic in nature, related primarily to
changes in base level on a local or regional scale.
The portions of the Swede Hollow and Floris
formations exposed at the Saylorville spillway are
quite differentin character. Nevertheless, the vari-
ability within each of the two units is cyclic. The
differences in the two units can be attributed to
factors such as position relative to the shoreline, the
amount of local topographic relief at the time of
deposition, and the amount of sediment being car-
ried by the system.

Floris Formation

The oldest Pennsylvanian units exposed at the
emergency spillway are part of the Floris Forma-
tion. Here, as elsewhere in Iowa, the Floris is
dominated by nonmarine, fluvial-deltaic deposits.
Thin marine units present in the Floris probably
originated from brief incursions of marine water
into otherwise nonmarine environments. The thin,
fossiliferous limestone near the base of the expo-
sure probably originated in this way. Similar
limestone beds have been observed at this strati-
graphic positionelsewhere inlowa. Inthe past they
have been correlated with the Seville Limestone of
Illinois; however, Ravnetal. (1984) stated that this
correlation was incorrect and discouraged the use
of the name in lowa.

Thenonfossiliferous gray-green shale with dark
red mottling and maroon nodules that makes up the
lower part of the exposure is typical of the middle
Floris Formation. This shale may have been depos-
ited in a lower delta plain environment or in a
transitional zone between upper and lower delta
plains. The red mottling and nodules are products of
partial oxidation brought about by a minor influx of
oxygen-bearing water (Horne et al., 1979).

The Carruthers Coal formed from peat accumu-
lated in a swamp created by a gradual rise in base
level that allowed widespread development of abun-

dant vegetation and preservation of peat. Rooting
inthe mudstone underlying the coal suggests alocal
source of peat. The Carruthers Coal is laterally
persistent, but quite variable in thickness and
character ranging from a few inches thick to ap-
proximately three feet. The abundant fusain noted
in the Carruthers Coal at this exposure is typical of
this coal bed and is further evidence of oxidation
due tothe influx of oxygen-bearing water suggested
above or brief subaerial exposure of the peat.

Asthelocal base level continued torise the area
was briefly inundated by marine water. Peat
deposition terminated and the thin limestone and
fossiliferous shale which overlie the Carruthers
Coal were deposited. A return to fluvial-deltaic
conditions and a lowered local base level are indi-
cated by subsequent deposition of non-marine shales
and a coal streak (also assigned to the Carruthers
Coal Member).

The shale overlying the coal streak becomes
increasingly silty upward and contains calcareous
nodules which may be related to rooting. A single
cycle of deposition, perhaps from a crevasse splay
is suggested for this unit. The shale/mudstone at the
topof the Floris Formation which forms the seatrock
for the Whitebreast Coal marks the point of maxi-
mum regression in the depositional cycle.

The lower portions of the Floris Formation (not
exposed at the spillway) are characterized by great
lateral and vertical variability so that few litholo-
gies are traceable beyond a short distance. It was
not until biostratigraphic techniques using fossil
palynomorphs were developed that it became pos-
sible to correlate coal beds across the region (Ravn,
1986). Local base levels were changed in part due
te differential compaction of the sediments being
deposited and to tectonic adjustments. The large
channel systems represented by the thick sandstone
bodies exposed along Red Rock Lake and at Ledges
State Park are thought to be a product of this
relatively unstable environment. The sandstone
channel-fills probably originate in the Floris For-
mation below the Carruthers Coal and locally cut
downward as far as the Pennsylvanian-Mississip-
pian contact. Atalarge number of localities to the
west and south the Carruthers Coal is overlainby a
phosphatic, black shale and fossiliferous limestones
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DESCRIPTION OF STRATA

SWEDE HOLLOW FORMATION

unnamed bed
Sandstone -1 m (3.1 ft), light brown, fine-grained, calcareous, jointed and very resistant forming a prominent bench around the top of the ex posure.
Tool marks are visible on the uppersurface of the bed. Ripple-drift cross-lamination and cross-bedding are visible on edges of broken slabs and
the top of the bed is marked by dunes on the east side of the exposure. The lower contactis sharp and fairly planar with sole marks visiblelocally.
Plant fossils, some quite large, are common especially log casts of Lepidodendron and Sigillaria.

Shale -0.7m{2.2 ft), gray-green, silty.

Ardmore Limestone Member
“upper limestone unit” -0.7 m (2.2 ft), consists of two to three thin, slightly shaley, irregular limestone beds which vary in thickness from 0.05 to
0.5m(0.2to 1.7 ft}, interbedded with light to dark gray, calcareous shales. Theuppermost limestonebed is sparsely fossiliferous, with productid
brachiopods and burrows noted. The limestone overlies a0.15 m(0.5 ft) shale which varies from medium gray to black and contains scattered
phosphate nodules. Thelower portion of this unitis extremely fossiliferous, and loose brachioped valves weather outof the shales. Brachiopods
include productids { Desmoinesia muricata), sirophomenids (Derbyia crassa), and athryids (Composita subtilitay. Scattered crinoid debris
isalsopresent.

Shale -1.8 m (5.8 ft), verydark gray, with weak laminattons in the upperhalf, becoming distinct downward. Burrows common throughout, but most
apparentnear the upper contact with pyritized in-filling common. Common to abundant brachiopods (mostly Desmoinesia) ovcur in the lower
few centimeters.

Limestone -0.05to0 0.5 m 0.2 to 1.7 ft), medium gray, fine-grained, argillaceous, fossiliferous and hard forming a resistant single bed witha very
irregular (hummocky) upper contact which locally appears nodular. Fossils include brachiopods (Desnoinesiu muricata, other productids,
Derbyia crassa, Compesita subtilita, Mesolobus mesolobus), scattered crinoid debris, and gastropods. Pyrite-lined fractures and rinds are
common especially near the lower contact which is sharp and fairly planar

Qalkley Shale Member -0.6 m (1.8 fi), dark gray, burrowed with brachiopods in the upper 8 cm (3 in.). Rare calcareous nodules were observed
near the upper contact. The shale grades to black, fissile with scattered small phosphatic nodules in the upper portion which become more
abundant downward to form laminations. A pyritic “shell hash” with abundant productid brachiopods or irregular limestone nodules and
concretions are found locally at the lower contact.

Whitebreast Coal Member-0.25 m(0.8 ft), fine alternating bright and dulibands, with rare, thin fusain bands, cleated with calcite, pyrite, and kaolin

cleatfills. Yellow, white, or gray efflorescences of iron sulfate minerals developon surfaces where coal is weathered. The lower contactis sharp
and regular.

FLORIS FORMATION
unnamed beds
Shale 0.9 m ( 3.0 ft}, light to medium gray, weakly laminated in the upper half with commen root traces.

Siltstone/Shale -3.7 m(12.1 1), siltstone, light gray, argillaceous, with abundant, small calcareous nodules, well indurated to form a prominent
hummocky bench which marks the upper contact. Grades downward to shale -light gray, very silty grading to slightly silty. Abundant pyrite
was noted near the middle of the unit and minor light red mottling in the lower part.

Siltstone -tr. to 0.2 m {tr. to 0.7 ft), calcareous with irregular upper contact.

Coal -tt., discontinuous [assigned to Carruthers Coal).

Mudstone/Shale -2.0m (6.7 ft), silty, rooted mudstone grades to dark gray, calcareous shale which is fossiliferous in the lower few centimeters.
{The access road crossed the exposure in this interval prior to the recent flooding.)

Limestone -0.15 m (0.5 ft), argillaceous, nodular with Desmoinesia muricata, Composita subtilita, and ambocoeliid brachiopods, and crinoid
debris.

Carruthers Coal Member -0.1 m (0.3 ft), very pyritic with abundant fusain (a fibrous, friable coal lithotype which has a silky luster.

Mudstone -0.8 m (2.7 ft), light to medium gray, silty with common root traces.

Shale-7.4 m(24.7 ft), light gray to light gray green, verysilty decreasing downward with extensive maroon and yellowish mottling in the lower half.
Azone of scattered 0.1 t00.3 m (0.3 to 1 ft} diameterseptarian concretions oceurs at the upper contact. Bands of maroon concretions are present
in the lowerhalf. A 0.3 m(0.8 ft)light gray, calcite cemented siltstone is present near the base of the unit. Portions of this unit are only poorly

exposed.

Limestone -0.1 m (0.3 ft), light gray, weathered to light brown, dolomitic, bioturbated with sparse solitary corals and brachiopods.

1



similar to those found in the overlying Swede
Hollow Formation, providing evidence of large
areas of marine inundation at the end of Floris
deposition. Thus, the portion of the Floris Forma-
tion exposed at the spillway records leveling of the
irregular topography created by the extensive
channelization characteristic of the earlier parts of
the Floris Formation. The lateral persistence of the
Carruthers Coal is evidence of aregion widerise in
base level and consequent development of wide-
spread swamps. A fewtopographic highsremained
accounting for the discontinuities in the Carruthers
Coal and associated units,

Swede Hollow Formation

The lower portion ofthe Swede Hollow Forma-
tion contains strata similar tothe marine-dominated
portion of the younger Marmaton Group and Mis-
souri Supergroup strata of Towa, and may represent
a transition to marine-dominated depositional re-
gimes (Ravn et al., 1984).

Swede Hollow deposition began withaslow rise
in the water table, in response to a eustatic rise in
base level on a broad, relatively stable shelf with
very little apparent relief. The peat that accumu-
lated in the resulting region-wide swamps became
the Whitebreast Coal. Thiscoal ischaracterized by
its lateral persistence and uniform thickness. The
low diversity inthe assemblage of miospores recov-
ered from the Whitebreast Coal serves as further
evidence of its lack of variation (Ravn, 1986).

Marine inundation ended peat accumulation
and initiated marine deposition. The Oakley Shale
Member, a fissile, black, phosphatic shale is in
direct contact with the Whitebreast Coal over most
of the region. It is analogous to younger Pennsyl-
vanian “core” shales such as those described by
Heckel (1977). The “shell hash” and limestone
nodules found sporadically atthe base of the Oakley
Shalearethe sole record of deepening marine water
and are the equivalent of the transgressive lime-
stones of younger Pennsylvanian cyclothems in the
Midcontinent. However, the lack of well-developed
transgressive limestone strongly resembles the
Middle Pennsylvanian cyclothems of Tilinois. Swade
(1985) speculated that near absence of atransgres-
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sive limestone inlllinois-type cyclothems may have
been due to the limited development of calcite
precipitating benthic algae in close proximity to a
peat deposit. The shale and phosphorite nodules
were deposited when water depth was sufficient for
establishment of stratification ofthe water by tem-
perature, i.e., athermocline. Thethermocline halted
vertical circulation inthe water body and ended the
small amount of carbonate precipitation repre-
sented by the shell hash and nodules. Below the
thermocline oxygen in the water was consumed by
bacterial activity, setting up reducing conditions
which facilitated the accumulation of phosphorite
and preserving the large quantity of organic matter
characteristic of the Oakley shale.

The Ardmore Limestone Member was depos-
ited following the restoration of open marine circu-
lation that allowed a marine biota to colonize the
area. The lower limestone bed ofthe Ardmore was
deposited in this environment. Ravn et al. (1984)
suggested an episode of rapid deposition in a
prodeltaic setting with decreasing water depth as
the source of the overlying dark gray shale. The
extensive burrowed zones and sparse fauna of low
diversity are consistent with a prodeltaic environ-
ment. Theextensive burrowing atthe upper contact
ofthe shale probably marks the end of the influx of
clastic sediment. The uppermost limestone was
deposited during a brief stabilization of sea level or
minor transgression which allowed the open marine
biota to become established. This limestone is
typically split into two or more thin beds by small
prodeltaic clastic pulses. Additional biostratigraphic
and depositional aspects of the Oakley-Ardmore
interval are discussed by Swade (1985).

The Ardmore Limestone Member is overlain by
a non-marine shale and sandstone deposited after
withdrawal of the sea and return to fluvial-deltaic
deposition. The near absence of scouring at the
base ofthe sandstone, uniform thickness, and sedi-
mentary structures suggest a distributary mouth
bar origin.

ANOTE ON
COAL RESOURCES AND MINING

Des Moines Jowa, a few miles to the south was



the site of the earliest coal mining in the state in
1840. Landis and Van Eck (1965) estimated origi-
nal resources for the county at 750 million tons.
Polk County was the second largest coal producer
in the state when mining ceased there in 1947. The
state of Iowa was the largest coal producer west of
the Mississippi River prior to the development of
the major coal deposits in Colorado after the turn of
the century. Most of the coal production in Iowa
was used to fuel the railroads and so played a vital
role in their westward expansion and in the settle-
ment of the state.

The coals mined in the Des Moines area are
older than those exposed at the Saylorville spill-
way. They were primarily the Blackoak and
Cliffland coals of the Kalo Formation and to a
lesserdegree the Laddsdale Coal found in the lower
part of the Floris Formation. The Carruthers and
Whitebreast coals have been mined in JTowa where
they are thicker than at this exposure and where the
thicker coals of the Kalo and lower Floris forma-
tions were not available (Howes et al,, 1989).

Resources have been estimated for the
Whitebreast and Carruthers coal beds in Dallas,
Davis, Decatur, Guthrie, Lucas, Monroe, Wapello,
and Warren counties (Landis and Van Eck, 1965).
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THE QUATERNARY DEPOSITS OF THE SAYLORVILLE
EMERGENCY SPILLWAY: HERE TODAY......GONE TOMORROW!!

by

E. Arthur Bettis III, Timothy J. Kemmis, Deborah J. Quade, and John P. Littke
Towa Department of Natural Resources

Geological Survey Bureau
Towa City, lowa 52242

PORTIONS REPRINTED FROM THE
GEOLOGICAL SOCIETY OF IOWA--GUIDEBOOK 43
After The Great Flood, Exposures in the Emergency Spillway, Saylorville Dam
November 2, 1985

INTRODUCTION
by
Art Bettis and Deb Quade

Detailed investigations were completed during the Late Summer and Fall of 1984 on
Quarternary exposures in the Saylorville Emergency Spillway. A cursory examination of the post-
‘July Flood of 93 exposures revealed an exposed section very similar to that described following
the 1984 overflow event. Unfortunately, on this field trip we willnot have an opportunity to closely
examine the Quaternary exposures. The new exposures that were presentimmediately following
the July Flood of 93” are now covered by nests of rotational slump blocks. Large rotational
landslides have and are still occurring on both banks of the emergency spillway as the Army Corp
of Engineers continues to lower Saylorville Lake and the Quarternary exposures continue to de-
water. We feel this is a potentially hazardous situation therefore we will view the Quaternary
section from the road and discuss the history and stratigraphic relationships of the Quaternary
sequence.

As you look Southeast (down) the emergency spillway you can see a thin, resistant ledge of
Pennsylvanian limestone. The limestone is overlain by oxidized (brown) and reduced (gray) pre-
Wisconsinan alluvium exposed at the base of slumped exposures. These sediments accumulated
in a small tributary valley of the paleo-Des Moines River {presently Beaver Creek) prior to
development of the Sangamon Soil. Several buried soils are present in the pre-Wisconsinan
alluvium indicating a complex aggradational history analogous to that documented at the St.
Charles Site in Madison County south of Des Moines (Baker et al., 1991).

Farther down the spillway the Pennsylvanian limestone is absent and late Wisconsinan deposits
make up the entire exposed section. Most of the section consists of unoxidized (gray), fossiliferous
(plant macrofossils, beetles, gastropods) alluvium that accumulated in a large wetland as the
paleo-Des Moines Valley aggraded during advance of the Des Moines Lobe. The alluvium is
overlain by Des Moines Lobe glacial diamicton with basal ages averaging 13,500 B.P. The fossil
record preserved in this alluvium provides us with a detailed picture of the period between 16,200
and 13,500 B.P. when the Des Moines Lobe advanced intonorthcentral Iowa. The general scenario
is one of at first rapid, then continued steady warming as the glacier advanced to the terminal
position. The record here is consistent with other, shorter paleoenvironmental records from Iowa,
all indicating that advance of the Des Moines Lobe occurred during a warming climatic interval
and this lobe’s behavior was therefore out of phase with the regional climate.
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OVERVIEW OF THE
QUATERNARY DEPOSITS

Authors note: The following section, taken from
GSI Guidebook 43, provides a detailed discussion
of the five Quaternary stratigraphic units exposed
in the emergency spillway.  These exposures
provided an excellent opportunity to view deposit
geometry by examining the lateral occurrence of
several stratigraphic units. These exposures are
unique because they afford a rare view of
Wisconsinan and older fine-grained alluvial de-
posits. The emergency spillway sequence includes
deposits of glacial, glaciofluvial, eolian, alluvial
and colluvial origin and is an excellent site fo
discuss the primary sedimentologic properties and
facies relationships of these units.

The Saylorville Emergency Spillway occurs
along the western margin of the present Des Moines
River valley. Natural valley incision and artificial
grading of the original emergency spillway channel
have progressively truncated portions of the Qua-
ternary sequernce, exhuming older Quaternary de-
positsand Pennsylvanian-age bedrock. Atpresent,
the Quaternary deposits occupy a buried bedrock
valley which is cut successively through the Penn-
sylvanian-age Swede Hollow and Floris Forma-
tions. This bedrock valley includes roughly the
lower one-half of the emergency spillway channel
shown on Figure 1.

Five different Quaternary stratigraphic units
occur in the emergency spillway exposures, from
youngest to oldest: 1} Holocene-age alluvium and
colluvium; 2) late Wisconsinan-age glacigenic de-
posits (Des Moines Lobe deposits); 3) late Wiscon-
sin-age alluvium; 4) late Wisconsinan-age loess;
and 5) pre-Wisconsinan age alluvium. Three of
these five stratigraphic units, the Holocene-age
alluvium and colluvium, late Wisconsinan-age
glacigenic deposits (Des Moines Lobe deposits),
and pre-Wisconsinan age alluvium, are each com-
prised of multiple fills or deposit types.

There are a number of unusual aspects of the
Quaternary sequence in the Saylorvilie Emergency
Spillway. First, the geometry of the stratigraphic
units is not the typical *pancake layer’ stratigraphy
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where simple vertical superposition relationships
can be used to determine the relative age of the
different stratigraphic units. Instead, many of the
stratigraphic units lie lateral to one another, and
cross-cuiting relationships must be analyzed to
determineg relative age.

Secondly, the Quaternary sequence inthe emer-
gency spillway is a sequence deminated by alluvial
fills, rather than the more typically preserved up-
land sequences . The pre-Wisconsinan and
Wisconsinan-age ailuvial fills are hardly ever en-
countered (preserved)in stratigraphic section across
the state.

Thirdly, the pre-Wisconsinan age alluvial fills
are dominated by fine-grained, and in some cases,
poorly-sorted deposits which can at times be diffi-
culttodistinguish fromloess or glacial till. Insuch
cases analysis of primary sedimentary properties
and lateral facies relationships is essential for the
correct identification of the deposits’ origin.

Finally, time-stratigraphic classification of the
deposits (as Holocene, Wisconsinan, pre-
Wisconsinan) can be made here in lieu of radiocar-
bon dates if stratigraphic relationships (superposi-
tion, cut-and-fill relationships) and secondary prop-
erties (soil and weathering-related properties) are
analyzed.

To study the extensive Saylorville Spillway
exposures, the channel walls on both sides of the
spillway were examined. Representative sections
were drawn, the sections were described, and ver-
tical profiles were sampled for standard particle-
size and clay mineralogicdata (Hallberg, ed., 1978).
It should be noted that this sampling was reconnais-
sance sampling in which the purpose was to provide
a gross characterization of the strata present; more
rigorous sampling and description for detailed sedi-
mentologic studies could still be done. Table 1 and
the following sections summarize the properties of
the various Quaternary stratigraphic units exposed
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in the emergency spillway exposures.
Quaternary Strata in the Emergency Spillway
Holocene Alluvium and Colluvium

General. Pre-Saylorville Late Holocene allu-
vium is exposed along the north-eastern wall (left
bank) of the emergency spillway channel (Fig. 2,
cross-sections A-D). The Holocene alluvium and
colluvium consists of thin, reworked sediments
(colluvium and pedisediment) on hillslopes (some
of these are now paleohillslopes, buried by fill
placed during construction of the original emer-
gency spillway channel) which descend into low-
order drainageways that occur (or occurred) on the
modern land surface. Alluvial fills in these low-
order drainageways may consist entirely of fine-
grained alluvial fills or of fining-upward sequence
composed of basal sands or gravels overlain by
fine-grained afluvium. Some drainageways con-
tain multiple fill units. Section2 shows many of the
characteristic features of the Holocene alluviom
and colluvium in the emergency spillway expo-
sures. The following discussion details properties
of the alluviumthere. Inthis area (Section 2) the top
of the exposure approximates the original land-
surface. At the southeastern edge of Section 2 a
wedge of man-made fill composed of abundant
clasts of Pennsylvanian rocks in a Joamy matrix
buries aformer small northwest- to southeast trend-
ingtributary to the Des Moines River (Fig. 2, cross-
section C-D). Prior to grading of the emergency
spillway area this tributary ran transversely across
what is now the emergency spillway and extended
north-westward at the location where the access
road (Fig. 1) crosses the emergency spillway today.

The pre-dam Holocene alluvium occurs as a
wedge of deposits paralleling the former tributary
course. The Holocene alluviumrests unconformably
on Pre-Wisconsinan alluvium on the north end of
Section 2 and on Wisconsinan loess in the central
and southern portions of this area.

Although no datable material was recovered
fromthe upper alluvial deposits at this section, two
lines of evidence indicate that the alluvium is Ho-
locene in age: 1) the superposition of the alluvium

19

on the Wisconsinan-age loess indicates that the
alluvium is younger than the loess and 2) previous
experience with Holocene alluvium in the Des
Moines River valley and its tributaries indicates
that this alluvium has primary and secondary fea-
tures comparable to Holocene alluvium inthe area.
These properties are discussed below.

Primary Properties. Holocene alluvium in
Section 2 has been extensively modified by post-
depositional pedogenic (soil) processes, and there-
fore few primary depositional features are evident.
The alluviumhas asilt loamto loamtexture, having
originated fromerosion of loamy Des Moines Lobe
glacial deposits and pre-Wisconsinan alluvium as
well as silty late Wisconsinan-age loess. In some
places where the Holocene deposits are cutinto the
Pre-Wisconsinan alluvium, a stone line occurs at
the base of the Holocene deposits. This stone line
is a log deposit derived from erosion of the older
alluvium. In a few parts of the section, the lower-
most part of this unit exhibits faint stratification
consisting of thinly-bedded pebbly sands and grav-
els. .

Two distinct Holocene alluvial fills are present
at Section 2A. The distinction between the two is
easiest to recognize on the basis of secondary
alteration features, which will be described below,
butthe two are also slightly differentin texture. The
uppermost alluvial unit contains significantly more
sand and then the underlying unit.

Secondary Properties. Secondary alteration
(soil) features have extensively modified the Ho-
locene alluvium in Section 2. All these alterations
fallin the category of pedogenic—those associated
with soil development. Small valley alluvial units,
especially those deposited marginal to a channel,
usually accumulate slow enough so that they are
influenced by pedogenic (soil) processes during, as
well as subsequent to their accumulation (Riecken
and Poetsch 1960). Soils developed in these situa-
tions are referred to as ‘cumulic’ and are character-
ized by relatively thick soil horizons. In addition,
since soil development is occurring during accumu-
lation of the unit, the soil profile tends to “grow
upward” and former surface (A) horizons become
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subsurface (B) horizons as the deposit continues to
slowly accumulate.

Forty-six centimeters of fill bury the pre-con-
struction surface at the described section (2A).
Underlying the fill, the uppermost Holocene allu-
vial fill is marked by the secondary development of
E and Bt soil horizons (for a general discussion of
soil horizon characteristics and nomenclature see
Bettis, 1984; Guthrie and Witty, 1982). An E
horizon is a soil horizon usually associated with
forest vegetation on the landscape, and is a horizon
of eluviation in which iron oxides, organic matter
and clay are stripped from the soil matrix giving the
materials a characteristic grayish brown color and
platy secondary soil structure. The stripped iron
oxides, clays and organic matter are transported to
the underlying B soil horizon where they accumu-
late as secondary coatings or concretions. The
textural analysis of this zone shows that it is
depleted in clay relative to the remainder of the
alluvium. An E horizon is a subsurface soil hori-

zon; that forms beneath darker, relatively organic-.

rich A or O topsoil horizons. The absence of A or
O horizons at this site probably resulted from
removal of the upper few centimeters of alluvium
prior to or during construction of the original
emergency spillway.

Anargillic (Bt) soil horizon (a type of secondary
clay-enriched B horizon, Soil Survey Staff, 1975)
is present beneath the E horizon in the uppermost
alluvial fill. This is the zone where clay, iron
oxides, and other compounds leached from the
overlying horizons accumulate. This horizon has
the blocky structure and secondary clay accumula-
tions (cutans) along ped (secondary soil structural
units) faces that is characteristic of Bt horizons.

The top of the second Holocene alluvial fill
occurs at adepth of 96 cmin Figure 3. The contact
between fillsis markedby lithologic and pedologic
discontinuities. The top of the second alluvial fill
has aburied soil developed in it which, in turn, has
been modified by later soil-forming processesin the
overtying thinalluvial fill. The difference between
the upper and lower alluvial fills is marked as the
lower alluvium becomes much darker, the soil
structure changes for subangular blocky to angular
blocky, and the cutans (secondary clay coatings)
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change from thin and discontinuous to thick and
continuous. These changes, as well as stratigraphic
relations across the outcrop (Fig. 3), indicate the
presence of a buried soil developed in the lower
alluvium. The dark color of this horizon just below
the contact suggests that it originally was the A
(surface or topsoil) horizon of the soil developed in
the basal Holocene alluvial unit prior to burial by
the uppermost alluvinm. The thickness of the dark
horizon suggests that this was an overthickened
(cumulic) A horizon and that the soil originally
developed under the influence of grass vegetation,
a change in vegetation from that influencing soil
development in the modern surface soil.

This original soil has been extensively modified
by subsequent burial and pedogenesis. As the soil
surface was buried, the former A horizon became
the Bt horizon of the modem surface soil developing
in the thin overlying alluvium. Iron oxides, clay,
and other materials moving through the overlying
alluvium accumulated in the buried A horizon as a
result of a change in porosity and the complexing
and flocculating properties of organic matter in the
buried A horizon.

Below a depth of 156 cm the lower Holocene
alluvium is less altered pedogenically than above.
Several pedologic features such as cutans and soil
structure are still discernible however. This zone
is the lower portion of the buried solum and the
place where the few remaining primary features in
the Holocene alluviumcan be observed. The colors
of the Holocene alluvium in this section indicate
that the soils here are well-drained. The iron
compounds in these deposits are oxidized. Mottles
within the burted A horizonindicate that at times in
the past this zone became saturated for short inter-
vals, allowing free iron in the deposits to migrate to
areas where it accumulated as mottles. The change
in porosity and soil structure fromthe overlying Bt1
horizon to the buried A horizon (2Ab) may have
been sufficient to promote saturation of the 2Ab
horizon.

Depositional Environments. Several proper-
ties of the Holocene alluvium at this site give us
insights about its environment of deposition. The
pebble lag or sandier zone at the base of the unit
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Figure 3. Cross-sectional sketch of the generalized stratigraphy at section 2.

indicates an erosional episode preceded deposition
of the rest of the unit. The general lack of bedding
features and the thinness of the unit suggest that this
alluvium was deposited marginal to a channel,
probably near the edge of the valley. The buried
soil, as well as the properties of the surface soil
indicate that alluvium accumulated episodically.
Allthese features are consistent with the interpreta-
tion that this is allovium associated with a smail
tributary valley. The alluvium probably accumu-
lated inthe footslope or toeslope position at the base
of the former valley slope.

The oxidized colors of the deposits and the
presence of an argillic soil horizon indicate that the
alluvial deposits are early to middle Holocene in
age. These properties are characteristic of alluvium
of this age in the Midwest (Bettis, 1983). Dry
conditions and resultant lowered water tables dur-
ing the middle Holocene promoted oxidation of
alluvial deposits throughout the region.
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Late Wisconsinan-Age Glacigenic Deposits
(Des Moines Lobe deposits)

General. The Saylorville Emergency Spillway
is located a scant 9 miles (15 km) north of the
southern terminus of the Des Moines Lobe of the
Wisconsinan-age Laurentide ice sheet. Because of
the plethora of radiocarbon dates from the base of
the Des Moines Lobe in this immediate vicinity
{Ruhe, 1969; Kemmis et al., 1981), no wood from
the Des Moines Lobe basal till was submitted for
radiocarbon dating. Dates from the area consis-
tently range around 14,000 RCYBP.

It appears Quaternary glaciers in much of the
Midwest carved a flat bed on easily eroded sub-
strate materials (such as older Quaternary deposits)
by eroding off subglacial highs and filling in sub-
glacial lows. Thinice and aconsiderably short time
for ice occupation led to the inability of the Des
MoinesLobeicetoerode aflatbed inthe Saylorville
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area. The result is greater local relief on the sub-
Des Moines Lobe surface than farther to the north.
This greater local relief on the sub-Des Moines
Lobe surface can be seen, on the small scale, inthe
emergency spillway exposures where Des Moines
Lobe deposits are locally preserved in broad, shal-
low lows on the top of older Quaternary deposits
(Section 0, Fig. 4; Section 1, Fig. 5; Fig. 2, cross-
sections A-C).

Truncation of the surface of the Des Moines
Lobe deposits resulted both from subaerial erosion
as the Des Moines River valley periodically downcut
and from grading during construction of the origi-
nal emergency spillway. Comparing elevations of
adjacent divides on both the east and west sides of
the valley surrounding the emergency spillway
suggests that on the order of 15 to 20 m (50 to 60 ft)
of the Des Moines Lobe deposits have been re-
moved.

The Des Moines Lobe deposits present in the
Saylorville Emergency Spillway are variable. The
bulk of the deposits are diamictons; that is, poorly-
sorted, pebbly silt loam, clay loam, and loam.
These diamictons vary in composition and charac-
terbetween the locations where they are exposed in
the spillway. However the various sedimentologic
properties of the diamictons exposed in the emer-
gency spillway all suggest that the diamictons were
deposited subglacially. The diamictons are thus
interpreted to be ‘basal tills,” following the termi-

- nology of the Dreimanis (1976).

The Des Moines Lobe deposits alsoinclude thin
glaciofluvial deposits which occur beneath the basal
tillsat Section 0 (Fig. 4) and Section 1 (Fig. 5). The
following sections describe the properties and depo-
sitional environments of these various late
Wisconsinan-age Des Moines Lobe properties.

Primary and Secondary Properties: Diamicton
deposits. The Des Moines Lobe diamicton deposits
still remaining in the emergency spillway exposures
are thin, ranging from 1.75 to 3 m (5 to 10 ft) in
thickness. Basal tills of the Des Moines Lobe are
generally massive and uniform in composition
(Kemmisetal., 1981), whereasthose exposedinthe
emergency spillway are highly variable in nature,
and will be discussed section by section.



Section 1B (Fig. 5) is the simplest section, and
resembles “typical” Des Moines Lobe basal tills.
Except for the upper half meter (1 to 2 ft), the Des
Moines Lobe diamicton is a classic matrix-domi-
nated diamicton: a massive, pooily sorted, non-
stratified depositin which various sized pebbles are
individually inset in a fine-grained siltloam matrix.
This massive diamicton, like massive basal tills
from many other portions of the Des Moines Lobe
(Kemmis et al., 1981), has extremely uniform ma-
trix texture. This diamicton is considerably lower
in sand content than is typical for basal tills of the
Des Moines Lobe (Kemmis et al., 1981). This
lower sand content, with a corresponding increase
in silt content, is likely the result of the Des Moines
Lobeincorporating the local Wisconsinan-age loess
substrate and mixing it in with farther-traveled
debris. Kemmis and Lutenegger (unpublished)
have found a systematic increase in silt content
southward (and corresponding decrease in sand
content) in massive Des Moines Lobe basal tills
near the southern terminus of the Des Moines Lobe.
From Ames south, Wisconsinan-age loess becomes
the dominant substrate material beneath the Des
Moines Lobe deposits. The massive Des Moines
Lobe diamicton at Section 1B is unweathered:
unoxidized (dark gray), unjointed (massive) and
unleached. No secondary oxidation or varicus
concretions or coating occur. Wood fragments are
common throughout the diamicton. The diamicton
has an undeformed, planar, erosional lower contact
with late Wisconsinan-age alluviumorchannel fills
of glaciofluvial deposits incised into the late
Wisconsinan-age alluvium (Fig. 5).

The upper half meter (1 to 2 ft) at Section 0 is
also a diamicton, but it is extensively jointed with
sub-horizontal joints spaced at 1 to3 mintervals (1/
3to 11/3 in) and occasional vertical joints spaced
several centimeters (2to 6 in) apart. The diamicton
matrix is unoxidized (dark gray), while the joints
are oxidized and have some secondary iron oxide
coatings along them. it is uncertain what has canse
this sub-horizontal jointing. Three possibilities
include: shearingrelated to lodgment depositional
processes (Dreimanis, 1976, among many others);
vertical stress relief resulting from removal of
overlying material, perhaps enhanced by residual,
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glacially-induced stresses within the till; or distur-
bances caused by stripping and grading of original
emergency spillway channel floor.

AsatSection 1 B, the Des Moines Lobe diamicton
at Section O also has a sub-horizontal, planar,
erosional lower contact on Des Moines Lobe glacio-
fluvial deposits. However, the character of the
diamicton is wholly different form that at Section
1B. An indistinct, sub-horizontal horizon of indi-
vidual cobbles occurs 0.15 to 0.5 m(0.5to 1.5 ft)
above the base of the diamicton across much of the
exposure. The diamicton includes extremely abun-
dant wood fragments of all sizes up tolog size. This
section, in fact, probably contains as much or ore
woos and log fragments than any othertill exposure
in the Midwest. The diamicton also includes abun-
dant inclusions of fine-grained sediment, much of
which appears to be loess. When this exposure was
originally studied in the Fall of 1984, all of the
deposits were unoxidized, dark gray. Tracing
(seeing) the contacts between the fine-grained, loess-
like deposits and the fine-grained diamicton was
extremely difficult. By the Fall of 1985, differential
oxidation of the deposit types on the outcrop face
has made identification and delineation of the units
possible. Many of the fine-grained deposits occur
as large, lenticular, imbricated block inclusions 1 to
2.5m{(3to8ftYlong, 0.15t0 0.3 m (0.3 to 1 ft) thick,
dipping to the W-NW (roughly parallel to the
pateovalley crossing the emergency spillway chan-
nel) at 25 to 25 degrees.

Small-scale channel fills, up to 0.2 m (8 in) wide
and 0.15 m (6 in) deep, occur interbedded in the
diamicton at a few locations along the exposure; 2
occuralong theleft (NW) side of the outcrop. These
channelfills appear virtually undeformed, but they
have been rotated somewhat from their original
depositional orientation.

The upper half meter of diamicton across the
outcrop, like that at Section 1B, is extensively
jointed with numerous, closely-spaced, sub-hori-
zontal joints. The rest of the diamicton body in-
cludes conjugate sets of dipping joints, most of
which appearto have slickensides developed along
them. On the original outcrop, the diamicton and
associated inclusions were all unweathered,
unoxidized (dark gray), unleached. During the past
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year and a half the deposits have begun to oxidize.

The diamicton at Section 10 was poorly ex-
posed, but it was entirely different than those at
Section 0 and 1B. It appeared to be a massive,
matrix-dominated diamicton. The matrix texture of
the diamicton was very variable, however, and
ranged fromclay loam to loam. These textures are
anomalous for Des Moines Lobe diamictons, and
include some of the highest clay percentages yet
encountered. The Des Moines Lobe diamicton at
this site is also anomalously weathered, the high
degree of secondary alteration being similar to that
found in weathered Pre-Illinoian age tills. At the
described section, the diamicton isleached through-
out. The upper part of the unit is jointed, and
oxidized; abundant secondary mottles are present.
The described section must have been near the
original land surface, accounting in part for the
observed weathering. Therelatively high degree of
secondary alteration at this site may also be related
to the high content of locally-derived Pennsylva-
nian clasts. Decomposition of pyrite from these
clasts may account for the oxidation, leaching, and
abundant mottling. This section is located nearest
the highest portions of the Pennsylvanian subcrop,
and the high proportion of Pennsylvanian clasts is
probably related to the local incorporation of these
lithologies. The high clay content of the diamicton
at this section may also be related to local incorpo-
ration of Pennsylvanian mudstones, and perhaps to
weathering-related decomposition of these mud-
stone clasts in the diamicton. Observations to
confirm these contentions could not be made be-
cause of the poorly-exposed nature of the upper part
of this section, but these explanations do at least
provide a believable cop out.

Primary and Secondary Properties:
Glaciofiuvial deposits. Des Moines Lobe
glaciofluvial deposits occur in Section 0 and 1.
They arethin, less than 1 m (3 ft) thick, incised into
late Wisconsinan-age alluvial deposits, and are
truncated by planar erosion surfaces of overlying
Des Moines Lobe diamicton deposits. AtSection(
the glaciofluvial deposits consist of thin, lenticular
beds of planar-stratified and low-angle cross-strati-
fied sands and silty sands. The top of this bedding



has been truncated by the planar, sub-horizontal
base of the Des Moines Lobe diamicton.

AtSection 1B the giaciofluvial deposits consist
of small-scale channel fills. These fills are charac-
terized by simple vertical accretion with planar
bedding mimicking the channel geometry. Like the
glaciofluvial deposits at Section 0, these deposits
are undeformed, but erosionally truncated by the
planar base of the overlying Des Moines Lobe
diamicton. Atboth sections, the Des Moines L.obe
glaciofluvial deposits are unoxidized and unleached
(i.e.,unweathered)

Depositional Environment: Diamicton depos-
its. Inrecent years geologists have become aware
of the great complexity of sedimentation in glacial
environments (note the complexity shownin Boulton,
1971, 1972; Sugden and John, 1976; Lawson,
1979a; Eyles and Miall, 1984, for example). This
complexity, unfortunately, can lead to problems in
interpretation. There can be considerable overlap
infacies between different glacial depositional en-
vironments, and in those cases where facies or
structures indicative of deposition in a single depo-
sitional environment are absent, aunique, unequivo-
cal interpretation may not be possible (Kemmis et
al, 1985). Such a situation exists for the Des
Moines Lobe diamicton deposits exposed in the
emergency spillway. Primary depositional features
present allow us to confidently interpret the
diamictons as ‘basal till,” deposits formed subgla-
cially, although more refined interpretations of
precise depositional processes, such as lodgment
(by actively moving ice at the pressure melting
point) or melt out (by passive melt-out from stag-
nant ice) remain problematic.

Four primary features of the Des Moines Lobe
diamicton deposits suggest deposition in a subgla-
cial environment: 1) planar erosion surfaces at the
base of the deposits; 2) imbricated inclusions of
local substrate materials (such as loess) and asso-
ciates joint (fault) structures in the diamicton; 3)
consistently oriented wood fragments and pebble
fabrics in the diamictons; and 4) uniform matrix
textures in the massive diamictons. Planarerosion
surfaces are indicative of erosion by an actively
moving, rigid ice mass. The imbricated block
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inclusions of local substrate are typical of compres-
sional flow regime which can occur either in basal
ice near a glacier terminus or against the stoss
(upstream) side of an obstacle on the glacier bed.

Consistently-oriented wood fragments and
pebble fabrics were found in the Des Moines Lobe
diamicton at Section 0. The ‘fabric’ orientation of
particles in a deposit may be a useful indicator of
depositional process or environment. The perva-
sive stress field in glaciers imparts a preferred
orientation to particles in the deposit (till) depend-
ing on flow conditions (compressive and extending)
and particle shape (Holmes, 1941; Boulton, 1971;
Drake, 1974; Lawson, 1979b; among many other
studies). Resedimentation processes in the glacial
environment such as sediment gravity (debris) flows,
spall collapse, etc., lackthe strength or pervasive
stress field to promote a consistent, well-oriented
fabric in the deposits (Lawson, 1979b; Boulton,
1971; among others).

The fabrics of wood fragments and prolate-
shaped (elongate) pebbles in the diamicton at Sec-
tion O are in the range of those characteristic of
subglacially-deposited diamictons (basal tills.).
Fabric measurements on wood fragments were
made because wood was so abundant in Section 0
(58 fragments were measured across the outcrop)
and because twigs and logs are of ideal elongate,
‘prolate’ shape. The fabric for the wood fragments
isroughly biomodal with a dominant W-NW-E-SE
mode and weak N-S mode. The dominate mode is
parallel to the axis of the paleovalley crossing the
emergency spillway channel and is in the same
direction as the imbricated block inclusions of
loess. Itisuncertain why there is a bimodal fabric
for the wood fragments. Perhaps some of the
fragments were rolled along transverse to the direc-
tion of greatest stress while others were ‘stream-
lined’ parallel to the greatest stress direction.

Just one pebble fabric wastaken in the diamicton.
This fabric was measured over a small areanear the
center of the outcrop (Fig. 4}, 0.5 m (1.5 ft) above
the base of the Des Moines Lobe diamicton and
approximately 0.5 m 91.5 ft) below one of the
imbricated block inclusions of loess. Twenty-five
elongate, prolate pebbles were measured. The
pebble fabric is very similar to that of the wood



fragments, suggesting that both had been oriented
by the same pervasive stress field.

Finally, the massive, textural homogeneity of
the Des Moines Lobe diamictons at Section 1B and
0 are also typical of basal tills on the Des Moines
Lobe (Kemmis et al., 1981). Various
resedimentation processes (e.g., Lawson, 1979a,
1982) cause some resorting and the development of
a host of sedimentary structures (basal tractional
gravels, winnowed horizons, water-escape struc-
tures, graded bedding, load structures, etc., are all
possible) none of which are present in the massive,
texturally-uniform diamictons.

Diamictons deposited subglacially (basal tills)
may be deposited either by ‘lodgment’ from ac-
tively moving ice at the pressure melting point or
passively by melt-out fromstagnantice. Asyet, the
authors have not observed any structures clearly
definitive of deposition solely by one or the other of
these processes. A melt-outorigin mightbe favored
because there is a planar, undeformed lower contact
even though large-scale, high-angle deformation
structures (the imbricated block inclusions) occur
less than a meter (3 ft) above the contact. Such
deformation could occur in debris-rich basal ice
unrelated to glacial erosion at the spillway expo-
sure; subsequent melt-out fromthe debris-rich basal
ice would later preserve the imbricated structures.
In any case, at this time there are few structures
present in the emergency spillway exposures which
indicate specific depositional processes forthe basal
tills.

Depositional Environment: Glaciofluvial de-
posits. Des Moines Lobe glacioftuvial deposits are
preserved at Section 1B and 0. At sectton 1B the
glaciofluvial deposits are dominantly small-scale

. channel fills less than one meter (3 ft) deep and from
1 to a few meters (3 to 15 ft) wide incised into the
underlying late Wisconsinan-age alluvium. The
channel fills are dominantly simple vertical-accre-
tion fills in which the stratification mimics the
channef geometry. The fills are dominated by
planar-bedded sands and silty sands, suggesting
deposition in relatively low energy glaciofluvial
channels.

At Section O the edges of the glaciofluviai
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deposits are not exposed, and thus it is not possible
to know the geometry and scale of the channel there.
The total sequence preserved is 1 meter (3 ft) orless
in thickness, and consists of thinly-bedded sands
and silty sands. These strata suggest deposition by
vertical accretion on the channel floor and migra-
tion of small-scale sand waves. This sequence, too,
does not appear to have been a very high energy
glaciofluvial environment. It is uncertain if the
glaciofluvial deposits at either Section Qor 1B were
proglacial or subglacial deposits.

Wisconsinan Alluvium

General. Fine-grained late Wisconsinan-age
alluvium is extensively exposed in the central and
downstream portions of the emergency spillway
(Section 0, Fig.4;and Section 1, Fig. 5). Atsection
1 the alluvium is buried by Des Moines Lobe basal
till (Dows Formation, Alden Member). Prior to
grading of the emergency spillway, Des Moines
Lobe till probably covered the alluvium over the
entire area. At Section 0D the late Wisconsinan-
age alluvium buries Wisconsinan-age loess. The
base of the alluvium is buried by slump at the other
sections. Fourradiocarbondates from wood buried
within the alluvium at Section 0 and Section 1
indicate that the alluvium accumulated between
about 17,000 and 14,000 years ago (IFigs. 4 and 5).

Primary Properties. This unit consists of lami-
nated tothinly-bedded fine-grained (dominantly silt
loam} alluvium with thin (up to 1 cm thick) discon-
tinuous (lenticular), wavy lenses of fine to medium
sand. On freshexposure the unit is unoxidized and
unleached (UU). The fine-grained parts of the
deposit are dark gray (N 4/0) while the sand lenses
are gray (N5/0). We interpret these colors and the
oxidation state indicated by them to be primary
features of the deposit. Theunitalso contains wood
and other plant macrofossils, moilusc shells, and -
fossil insects.

Secondary Properties. Few secondary alter-
ation features are evident in the late Wisconsinan-
age alluvium. As aresult of the recent exposure of
this unit to the atmosphere, portions of it are



oxidizing. Oxidation is most pronounced in and
around the sand lenses. Fine-grained portions of the
deposit alsooxidize toan olive brown color. These
color changes are surficial and the original,
unoxidized colors of the deposit can be observed by
scraping and digging into the exposure.

Depositional Environment. Sedimentary struc-
tures (bedding features) indicate that this depositis
alluvium. The absence of coarse grains and channel
forms indicate that this is not an active channel
deposit. The nearly planar bedding, fine texture,
and thin, discontinuous lenses of fine to medium
sand suggest a relatively low energy fluvial envi-
ronment. The features observed in this unit in the
emergency spillway exposures are consistent with
a rapidly aggrading floodplain environment. The
thin sand lenses are interpreted as small-scale splay
deposits originating during flood events.

The geometry of this unit is very poorly under-
stood. The northern valley wall is present north of
the Holocene drainageway which crossed the emer-
gency spillway prior to construction. The southern
part of the deposit is unknown, but occurs farther
south than the southernmost emergency spillway
exposure (Section (). We suggest that the late
Wisconsinan-age alluvium was deposited in a
backswamparea assoctated with ahigh-order stream
valley.

This is the only locality in the state where such
fine-grained late-Wisconsinan floodplain alluvium
has been observed and described. Fossil plants,
molluscs, and insects associated with this deposit
provide us with a unique picture of a relatively
large, high-order stream environment just prior to
the Des Moines Lobe glacier advance in central
Towa.

Wisconsinan Loess

General. Wisconsinan-age loess is exposed at
Section2 and 10in the emergency spillway (Fig. 1).
This depositis buried by either Holocene alluvium
{Section 2) or by Des Moines Lobe Dows Forma-
tion (Alden Member) glacial tills (Section 10). The
loess, inturn, buries pre- Wisconsinan age alluvium
inthese exposures.
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Loess bencath Des Moines Lobe glacial depos-
its is a common occurrence in the southern portion
of the Des Moines Lobe landform region (Ruhe,
1969; Kemmiis et al., 1981). Numerous radiocar-
bon dates indicate that ice of the Des Moines Lobe
glacier buried the loess around 14,000 years ago. In
Tllinois, Wisconsinanloess found in a similar strati-
graphic position (buried by Wisconsinan-age
Wedron Formation) is rock-stratigraphically clas-
sified as a formation, the Morton Loess. The loess
began accumulating in south-central lowa around
21,000 years ago. Loess buried beneath the Des
Moines Lobe till is equivalent to portions of the
loess that form the surficial deposit outside the
margins of the Des Moines Lobe.

Primary Properties. Loess exposed in the
emergency spillway has properties typical of that
found beneath Des Moines Lobe glacial deposits
elsewhere. The deposit is silt loam in texture with
low sand content (less than 5 percent here). The
loess is massive, unbedded. The matrix is calcare-
ous and mollusc shells are common.

Secondary Properties. Post-depositional alter-
ation of the loess has produced many of the
morphologic features observable in the deposit
today. Most of these alterations are weathering-
related, but are not called pedogenic here since they
have not resulted in the development of soil hori-
zons and secondary soil structure. Some of the most
obvious features of the loess here are its grayish
brown color with brown mottles and secondary,
vertically elongate iron concretions (pipestems).
The grayish brown colors, mottles, and pipestems
are genetically related. Whenloessisthiscolorand
has mottles and/or secondary accumulations of iron
oxides (pipestems or tubules) associated with it, it
isreferred to as deoxidized (Hallberget al., 1978).
Loess exhibiting these colors has been found to
have low total free iron content relative to loess
exhibiting yellow and browner “oxidized” colors
(Danielsetal., 1961; Bradburyetal., 1977; Hallberg
et al.,, 1978). Originally the loess, since it is a
windblown deposit, was probably in an oxidized
state. Shortly after its deposition, or following
burial by Des Moines Lobe glacial deposits, the



loess became saturated. Iron compounds were
mobilized and migrated toward macropores or other
areas where a change in Eh {oxidation potential)
caused precipitation as mottles or concretions. In
the lower portion of Section 10 the loess exhibits a
dark greenish gray color (5GY 4/1). When loess is
this colorit is referred to as unoxidized (Hallberg et
al.,, 1978). Tron ions in this zone tend to be
dominated by the ferrous (Fe2+) form. Also asso-
ciated with the unoxidized zone of the loess in
Section 10 are smudges of organic material. The
presence of these organics may promote the
unoxidized state of the loess here as microbial
decomposition of the organic matter consumes any
oxygen reaching this zone. This would retard
segregation of the soluble iron compounds under
the saturated conditions existing in the deposits.

Soft secondary accumulations of carbonate min-
erals (calcite) are abundant in the loess at Section 2,
Carbonate concretions are ubiquitous in unleached
loess section in Iowa. The mobilization (dissolu-
tion and movement in with the soil solution) of
carbonate ions inthe loess is primartly produced by
weathering associated with soil development at the
land surface. The secondary carbonate concretions
form when carbonate in solution segregates and
precipitates lower in the weathering zone profile as
the soil water solution becomes saturated with
respect to calcium carbonate. Accumulation of
secondary carbonates isindicated in standard weath-
ering zone terminology in the descriptions by the
arabic numeral 2 at the end of the weathering zone
designation; for example MRU?2 (Hallberg et al.,
1978).

Section 10 also exhibits secondary properties
associated with soil development in the lower 84 cm
of theloess. The organic smudges in this partof the
deposit accumulated when this deposit formed at
the land surface during the Wisconsinan. These are
equivalent to O or A (topsoil) horizons which
develop at or near the present land surface as result
of the accumulation of htter, shallow roots and
other organic matter. Another indication that his
zone has been altered by pedogenic activity is the
fact that it is noneffervescent (leached). Loess is
originally calcareous when deposited. This zone
was probably leached of primary carbonates when
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it was near the land surface.

Thislower zone at Section 10is correlative with
the ‘basal loess sediment,” an informal recognized
in the lower portion of the Wisconsinan loess
throughout Iowa. This zone accumulated during
the onset of loess deposition in Iowa when the rate
ofloess deposition was slow enough that the deposit
was often leached before being buried. In many
areas a paleosol, the ‘basal loess paleosol,” is
developed into the basal loess sediment. The
Farmdale Soil is in this identical stratigraphic
position in Illinois (Follmer, 1983).

Another phenemena often associated with the
basal loess sediment is a mixing zone at the base of
the deposit where subjacent material is mixed with
lower portions of the basal loess sediment. Such a
mixing zone is evident in the particle-size plot of
Section 10. The lower approximately 25 cm of the
“loess” contains much more sand than the overlying
loess because of mixing with underlying pre-
Wisconsinan deposits. This mixing probably re-
sulted from biogenic activity and slopewash when
this part of the section constituted the land surface
at the beginning of loess deposition.

Depositional Environment. Late Wisconsinan-
age loess was deposited in south-central Iowaon an
eroded landscape with surface relief similar to that
present south of the Des Moines Lobe today. Soils
of variable morphology were developed on that
landscape. At the time loess deposition began the
landscape was occupied by a spruce-larch forest
(Baker et al., 1980). Based on pollen studies in
eastern Jowa the forest was probably closed at the
onset of loess deposition, then began to open as
loess deposition rates increased (Bakeretal., 1980,
R. G. Baker, personal communication). As the
loess fell, it accumulated in several environments
on the land surface. Three of these are represented
in the emergency spillway. Loess at Section 2 feel
on awell ormoderately well-drained portion of the
landscape, while that at Section 10 fell on an
adjacent, poorly-drained area. Both Sections 10
and 2 are located on the northern margin of a pre-
Des Moines Lobe valley. Aspects of the
paleotopography will be discussed in a following
section. The third environment in which loess fell



inthisareais on an actively aggrading Wisconsinan-
age floodplain discussed previously.

Pre-Wisconsinan Age Alluvial Fills

General Aspects. Anotherunique feature of the
Quaternary exposure in the emergency spillway is
the presence of relatively fine-grained pre-
Wisconsinan age alluvium. The alluvium fills a
valley cut into the Pennsylvanian rocks south of the
accessroadcrossing theemergency spillway (Fig.1).
Wisconsinan-age loess, Des Moines Lobe till and
glaciofluvial deposits, and Holocene alluvium/col-
luvium bury the pre-Wisconsinan alluvium. Vari-
ous unconformities (erosion surfaces and/or soils)
separate the pre-Wisconsinan and Holocene depos-
its.

Primary Properties. This unit is the most
variable of the Quaternary deposits exposed in the
emergency spillway, ranging from fine-grained clay
loam to pebbles. Numerous primary sedimentary
features are preserved in these sediments. Several
fining-upward sequences are present. These usu-

ally consist of sand or pebbly loam grading upward

to clay loam or silt loam. Often 10-20 cm thick
troughs of clast- or matrix-supported pebbles and
cobbles occur at the base of a fining-upward se-
quence. They truncate underlying deposits. The
troughs are greater than 10 m (30 ft) in lateral
extent. Pebbles and coarserclasts are dominated by
local Pennsylvanian lithologies, although erratic
clasts are also present.

Secondary Properties. Post-depositional alter-
ations have extensively modified the pre-
Wisconsinan alluvium. Paleosols are developed
into the upper portion of the pre-Wisconsinan de-
posits at both Sections 2 and 10. The buried soils
are morphologically well expressed. The upper-
most paleosol at Section 10developed on a poorly-
drained landscape position. Thisisindicated by the
gray and dark greenish gray matrix colors (5Y 4/1
and 5GY 4/1-5G 4/1) and greenish gray mottles.
Slickensides are common inthe clay loam textured
Bglband Bg2b (subsoil) horizons of this paleosol.
The slickensides develop as aresult of shrink-swell
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phenomena induced by wetting and drying and/or
freezing and thawing. The Cg horizon matenal
beneath this soil also has a dark, reduced color
indicative of poor drainage.

In contrast to the scil developed at Section 10,
the buried soil developed in the upper portion of the
pre-Wisconsinan alluvium at Section 2 is moder-
ately well-drained. The lighter colored brown
matrix colors, inconjunction with yellowish brown
mottles in the B horizon, indicate that it developed
on a moderately well-drained landscape position.
This soil also has a Btb horizon (zone where
significant secondary accumulation of clay has
occurred). The 3Eb and 3EBb horizons above the
3Btb are the zones from which the clay eluviated
(moved). The 3EBb horizon also exhibits thin
discontinuous silans, zones where the icon and/or
clay has been stripped from the sand and silt grains
and or where clay- and silt-size quartz has accumu-
lated on the ped faces (Brewer, 1964). From a
distance these zones appear as grayish brown
patches.

The marked clay bulges in these soils are prob-
ably depositional in origin. The profile at Section
2 does show evidence of clay translocation in the
form of cutans, but the overlying 3EBb is also clay
loamtexture. Heavy-textured soils developed into
the upper portion of fining-upward sequences are
common occurrences on floodplains. Soils devel-
oped inheavy-textured deposits also tend to exhibit
finer size and stronger grade soil structure than do
soils formed under similar conditions in lighter-
textured deposits. This phenomena can lead to
erroneous interpretations of the relative degree of
soil profile development (which is often equated
with length of weathering) when comparing soils
developed in alluvium of differing textures.

Another buried soil is developed lower in the
pre-Wisconsinan alluvial sequence at Section 10
between a depth of 551 and 590 cm. This soil has
an AM soil profile and would be classified as an
Entisol (soil classification is discussed in a publica-
tion by the Soil Survey Staff, 1975). Soils such as
this can develop in a very short time in floodplain
environments. Mottles are acommon feature in the
pre-Wisconsinan alluvium. These developed dur-
ing periods of alternate saturation and aeration as



outlined in the discussion of mottles in the loess.
Subvertical joints are evidentin the lower 4m (13 ft)
of Section 10. These may have been produced
during dry periods prior to the late-Wisconsinan.
Iron exides have accumulated along the joint faces.
The original carbonate status of the pre-Wisconsinan
alluvium is unknown. Today the deposit is
noncalcareous throughout.

Depositional Environment. Bedding structures,
texture of the deposits, presence of fining-upward
sequences, and superimposed paleosols all indicate
that his is an alluvial deposit. The size of channels
observed suggest that this alluvium was deposited
in a large valley. The fine texture and general
absence of bedding structures in the bulk of the
deposit suggest that these are overbank deposits.

The valley was incised into Pennsylvanian bed-
rock, and its northern valley wall was located at
approximately the location of the access road cross-
ing the emergency spillway today. Similar pre-
Wisconsinan alluvial deposits are exposed north of
the Visitor Center along the eastern shoreline of
Saylorville Lake (Bettis and Hoyer, in prepara-
tion). The northern valley wall is exposed along the
eastern shoreline. In that area Pre-Illinoian age
glacial till forms the valley wall. A ‘Late Sangamon’
Paleosol is developed on the till surface. That
paleosol descends into the pre-Wisconsinan allu-
vium and bifurcates into several, superimposed
paleosols developed into the alluvium.

The Latest Holocene:
features of the 1984 and 1993 emergency
spillway channel (‘Saylorville’ Canyon)

Besidesthe spectacular geology exhumed along
the floor and walls of the emergency spillway, the
channel itself displays a variety of interesting ero-
sional and depositional features. The Pennsylva-
nian strata have locally influenced channel erosion
in a number of ways. The stepped longitudinal
profileinthe Pennsylvanian-age rocks results from
the differing erodability of the various Pennsylva-
nian strata. Related to this lithologic control is the
undercutting of more competent rocks (such as the
Swede Hollow Fm. sandstone) as softer underlying
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rocks (such as Swede Hollow Fm. shales) were
eroded away.

In map view, the erosion of the Pennsylvanian
rocks takes on a V-shape widening down channel.
Presumably this shape results from greater veloci-
ties, and hence greater erosion, in the center of the
emergency spillway channel.

In the uppermost reaches of the emergency
spillway channel, above where the Swede Hollow
Fm. sandstone is breached, both a main and side
channel system were cut in the overlying fill mate-
rials. Downstream of the area of bedrock controlin
the channel, two pools, part of a pool-and-bar
sequence, were scoured in the Quaternary deposits
(Fig. 1). Alsodownstream, the valley widensintwo
loops along the left bank at described Section Oand
2 (Fig. 1). In both cases, the widening resulted
where flows in the spillway were able fo easily
excavate cohesionless materials in the emergency
spillway walls: at Section O stratified glaciofluvial
sands between the Des Moines Lobe till and fine-
grained late Wisconsinan-age alluvium (Figure 4)
were excavated; at Section 2 cohesionless mad-
made fill of Pennsylvanian rock fragments (which
infilled the former side valley crossing the site} were
eroded (Figure 2, cross-section C-D).

Depositional features in the emergency spillway
channelinclude joint-bounded blocks of sandstone
left as lagged-out remnants in the upper reaches.
Downstream, where the channel is cut in Quater-
nary deposits, 2 bars, megaforms, were deposited
as part of a pool-and-bar sequence. The bars are
conspicuously composed of imbricated ‘gravel clus-
ters” (Brayshaw, 1984, 1985), macroforms con-
sisting of large blocks of Pennsylvanian bedrock
oriented withtheir long axes transversetoflow (i.e.,
rollers, oriented across the valley) upon which other
bedrock blocks are progressively imbricated.

Tt should be noted that neither the erosional nor
depositional features were deposited by astreamin
equilibrium. Flooding in the emergency spillway
was a very short-term, high-magnitude event where
features rapidly evolved, but full channel equilib-
rium, which would have resulted from continued
flow, was never achieved. Because of this
disequilibriumcondition, relating various erosional
and depositional features to observed flow condi-



tions (stream power, etc.) would be incorrect.
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Figure 1. Stratigraphic section for the Mississippian in Iowa (Horick, 1973).
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INTRODUCTION

The focus of this joint field trip is water in central lowa. Water in the subsurface, i.e.
groundwater, occurs in a variety of geologic units ranging in age from Mississippian to late
Pleistocene. Anunderstanding of the hydrogeology in this region necessitates adiscussion of
the major geologic units and aquifers. The purpose of this article is to give a general summary
of the geologic units, their water-bearing potential, and other relevant properties.

BEDROCK UNITS

The bedrock geology in central Towa consists
primarily of Pennsylvanian, Mississippian, Devo-
nian, Silurian, Ordovician, and Cambrian age units.
Bedrock units strike northwest to southeast and dip
to the southwest and into the Forest City (struc-
tural) Basin. The topography on the bedrock
surface in central lTowa (which may be on the top of
either the Mississippian or Pennsylvanian rock)
varies considerably in the region, due to the pres-
ence of two north-south trending buried bedrock
valleys. Elevations vary from 213 m (700 ft) above
mean sea level in the valley floors to 274 m (900 ft)
above sea level on bedrock highs; thus, the depth to
bedrock (and thickness of Pleistocene sediment) in
the region may vary anywhere from 30 to 100 m
(100 to 330 ft). These valleys were probably pre-
glacial stream valleys that may have also served as
meltwater channels during the Pre-Illinoian glacia-
tions.

The deepest usable groundwater source is the
Cambro-Ordovician aquifer: however, rocks of
Mississippian age comprise a major aquifer in
central Jowa. The most prevalent rock type is
limestone, although shale, sandstone, and siltstone
are alsocommon, The Mississippianis subdivided
into three major Series, which are commonly di-
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vided into the following formations (Anderson,
1983; see also Fig. 1):

In central lowa, the most productive Mississip-
pian aquifers are found in the Gilmore City and
Hampton Formations (Horick and Steinhilber,
1973), although production rates (< 100 gpmy} are
still well below those from most alluvial aquifers
(1000 gpm) in Jowa. Domestic wells supplying less
than 10 gpm are commonly located within the
Burlington-Keokuk and the St. Louis Formations
in central Iowa. Recharge areas for the Mississip-
pian Formations are not well defined, although
some may occur in localized outcrops in central
Iowa. High SO,4 concentrations in the Mississip-
pian aquifer south of Ames suggest that some
recharge may occur through Pennsylvanian shales
and sandstones. It has been suggested that all the
Mississippian aquifersdischarge into major streams
such as the South Skunk River (Horick and
Steinhilber, 1973). This is certainly true of Bear
Creek innorthern Story County, but it is not known
whether the aquifer discharges into smaller tribu-
taries such as Walnut Creek.

Rocks of Pennsylvanian age in central lowa are
represented by the Cherokee Group. As we have
seen in the Saylorville Canyon, the unit contains
primarily carbonaceous shale and siltstone units,
and secondarily sandstone, coal, anhydrite/gyp-
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{(basal titt) and the Morgan Member (supraglacial
sediment)(Kemmis etal., 1981). Other members of
the Dows Formation recognized inlowa include the
Lake Mills, Pilot Knob, and Noah Creek Forma-
tions (Kemmis et al., 1981: Quade, 1992).
Supraglacial sediment of the Morgan Member is
variable in composition and averages 44 percent
sind, 42 percent silt, and 14 percent clay in lowa.
Where present, it is frequently the surficial uniton
the tandscape and may contain discontinuous sand
lenses. The Alden Member is compositionally more
uniform and averages 48 percent clay, 37 percent
silt, 10 pereent cliay 1n Jowa (Kemmis et al., 1981).
Mostof thisumt was deposited eitherby lodgement
or melt-out processes. The thickness of this unit
rangesfrom4.51025 m(15 to 80 ft). Both till units
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appear light yellowish brown (2.5 Y 6/4) where
weathered (oxidized) todepths of about4 m (13 ft)
in upland areas - probably a result of water table
lowering during the mid-Holocene. The weathered
zoneisabsentintopographic lows and near creeks,
partly due to removal by erosion and also due to a
lesser degree of Holocene weathering in lower
topographic positions. Fractures containing pre-
cipitated iron oxides are commonly seen in the
upper 5 m {13 ft) of the weathered till and show a
preferred orientation approximately 30 to 45 de-
grees from the ice-flow direction (Lee, 1990).
Unweathered (unoxidized) Alden Member till 1s
dark gray (2.5Y 4/0), and more cohesive and higher
in bulk density than the weathered till above. Itis
primarily basal till. Fractures have been recog-



nized to depths of 10 m in this zone.

The till landscape in central lowa Iowaconsists
of low-relief (< 6 ft or 2 m high) arcuate-shaped
ridges that are parallel to the former ice margin
(ENE to WSW inthis area) and to the end moraines
(the Bemis moraine to the south near Des Moines
and the Altamount moraine near Gilbert). These
features (Fig. 3) have been identified and described
as corrugation ridges or minor moraines (Kemmis
et al., 1981; Stewart et al., 1987). They were
apparently formed from basal till and meltwater
sediment squeezed into crevasses at thie base of the
ice. The numerous topographic lows (“Prairie
Potholes™) can be found in betweenthe se ridgesand
many drainages, such as Walnut Creek, probably
formed parallel to the ridge trends during the Ho-
locene. These topographic lows have beenthe locus
of sedimentation during the Holocene for sandand
silt deposits of coltuvial origin (Walker, 1966).
Most of these potholes were filled to c apacity with
water due to the abnormally high precipitation
experienced in 1993, and many formed connected
drainageways across the landscape.

The late Wisconsinan tifl in central [owa over-
liecs a Wisconsinan (Peoria) loess unit, deposited
between 14,000 and 17,000 years B.P., which
consists primarly of eolian silt and clay and is a
maximum of 8 m (25 ft) thick in this area. Coring
in association with both the Wainut Creek and
Ames Till Hydrology Projects suggests that the
contact betweenthe loess and thetill is often sharp
and that an increase in silt is often noted near the
bottomof thetill and near the contact. Coringinthe
Walnut Creek watershed has suggested, however,
that a thick zone of a chaotically-interbedded
diamicton, consisting of late Wisconsinan till, loess,
andeven Pre-linoian till, mayexistat thiscontact.
Our preliminary interpretation is that this material
was incorporatedas blocks of sediment whentheice
overrode the landscape, and then was not homog-
enized, perhapsdue toashortdistance of transport.
Another unique chiaracteristic of the loess isthat it
has unusually large organic carbon percentages
{(near | percent). The carboncontentis the resultof
i spruce forest that grew on the land surface prior
tothe advance of the Des Moines Lobe. The forest
was buried and incorporated into the 1ce, which
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laterdeposited its debrisastill. Thisisanimportant
partof the geochemical story in central fowa and it
will be discussed in detail at the Ames Till Hydrol-
ogYy stop.

Beneath the loess unit is a thick (100m), Pre-
Illinoian glacial sequence consisting of multiple tail
unitsandgravel. Pre-Illinoian depositsin Iowa are
known to be older than 500,000 years, and are
equivalent to the previously described Nebraskan
and Kansan units in thisregion. Pre-Illinoian units
recognized in eastern [owa consist of the Wolf
Creek Formation and the Alburnett Formation,
both of which are thought to be more than 500,000
years old (Hallberg, 1986). Till members of the
W olf Creek Formation, the most likely Pre-Illinoian
Formation present in central lowa, are the Hickory
Hills, the Aurora, and the Winthrop (Hallbergetal.,
1984; Hallberg and Kemmis, 1986). The pre-
Illinoiantillunit is somewhat finer-grained than the
late Wisconsinan till unit above it and averages
(standard deviation in parentheses; N=7) 36 per-
centsand(4.7), 39 percentsilt (3.3), and 25 percent
clay (3.6) at the Ames Till Hydrology Site, A
Y armouth-Sangamon paleosol exists at the top of
the uppermost Pre-Iilinoian unit (Hallberg, 1986).
Palmaquistetal. (1974)identified two Pre-Illinoian
till units in the vicinity of Ames.

Two major sand and gravel units of unknown
origin (although probably outwash) occur within
the Pre-lllinoian sectiongenerally atdepths of 34 to
38 mabout 69 to 76 m below the ground surface.
These units maybe associated with bedrock valleys
that trend through the region and are usually absent
on subsurface bedrock highs. These units supply
mostofthe landownersinthe Walnut Creek Water-
shed andenvirons withdrinking water. The zones
of groundwater recharge and discharge for these
units are not known. Some recharge may come
fromdirect vertical recharge throughthe overlying
till, and some may come from further to the north
where the units may be shallower.

The Pleistocene sediment in Iowa has always
been considered to be an effective confining unit
(aquitard) overlying the major bedrock aquifersin
central lowa, therefore protecting them from con-
tamination. However, recent studies (Kross etal.,
1 990) showed that NO;-Ncan be detected in about



18 percent of the domestic wells in the state. The
routes of this contamination through till units are
not clear; however, recent studies in central lowa
suggest that contaminants may be transported via
alternate routes such as fractures or poor well
construction. The tll itself may also be more
permeable than we once thought. Heterogeneity
(sand) and fractures cause the hydraulic conductiv-
ity of the weathered (oxidized till) to be quite high
(10310 10-3 ms~! ) and it approaches that of some
aquifers. The weatheredtill generally contains NO;-
N concentrations of about 10 mg L-1. However, the
weathered zone i1s thin in many areas and is defi-
nitely notauniformunit in the landscape. By farthe
greatest thickness of tillbelongs tothe unweathered
(unoxidized) till, and its hydraulic conductivity is
much lower (10-8ms-1). Overall vertical hydraulic
gradicnts in this unit average about 0.05 and aver-
age vertical linear velocities are onthe order of cm
per year; therefore, unless the till isth in, nosignifi-
cant contamination of underlying aquifers should
occur within our lifctimes. As we will see later on
this field trip, redox potentials in the till are
incompatable with large concentrations of NO3-N,
The hydraulic conductivity of the Pre-Illinoian till
is considerably less than the till units above and
approaches the K values seen clsew here only in
shale (10°'! ms-! ). The bulk density of this
material 18 generally greater than 2, probably a
result of compression by later ice ad vances in the
region and perhaps some diagenetic changes. Al-
though vertical hydraulic gradientsare largeinthis
unit (> 1.0), velocities are less than | cm yrl,
Redox conditions in this uint are also unfavorable
for preservation of NO;-N.

Holocene Units

The Holocene history of central lowa is marked
by a period of decreased rainfall, higher tempera-
ture, and increased prairie vegetation between about
8,000 and 3,000 years B.P. (Van Nest and Bettis,
1990; Dorale et al., 1992). Recharge decreased
significantly during thisinterval,asevidencedbya
decline in lake levels as much as 9 to 10 m below
present levels in northwestern JTowa (Van Zant,
1979). Depth to the water table in central lowa
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probably increased, perhaps to 5 m, allowing oxi-
dation of minerals and organic carbon in the till.
Following the dry period, rainfall increased and a
period of erosion began at about 3,000 years B.P.
whichstripped sedimentfrom the high points in the
landscape and deposited them in the low points,
suchasinthe numerousbogs and potholes in central
Iowa (Walker, 1966; Ruhe, 1969), Tributaries
such as Worrell Creek at the ATHS probably
eroded headward during this period by taking ad-
vantage of existing low spots in the landscape.

Walnut Creek is a fairly recent arrival on the
landscape of central lowa, During wastage of the
Des Moines Lobe at about 12,000 years B.P., the
South Skunk River was a meltwater channel that
incised and widened its valley through the Alden
Member till unit, older Pre-Illinoian till units, and
Mississippian bedrock. The channel has since been
filled by late Wisconsinan (deposits of the Noah
Creek Formation) and Holocene alluvium. The
incisionproduced very steep valley walls and tribu-
tariessuchas Walnut Creeck eroded headward to the
west. Based on analogies with the Buchanan
Drainage, a tributary on the east side of the South
Skunk River, basal dates in altuvial fill sequences
in WalnutCreek shouldbeabout 10,000 years B.P,
{Van Nest and Bettis, 1990); thus, Walnut Creek
probably evolved through several episodes of en-
trenchment, headwarderosion, and alluviation dur-
ing the Holocene. Further modifications of the
channel were made (by humans) during recent
times.
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INTRODUCTION

The Ames Till Hydrology Site is the major component of Iowa’s Aquitard Hydrology
Study. The elaborate instrurmentation at this site 18 the result of coordination among many
different projects to develop a facility where investigators can collaborate on the difficult
problems of understanding w ater and chemical transport in fine-grained materials. The site
ts known by many names — dependent upon what project is under discussion, but formally
this is Field 5 of the Agricultural and Biosystems Engineering Research Center farm.

The Till Hydrology Project was designed to develop improved methods for characterizing
the hydrogeologic properties Of fine-grainedtills and to compare new, innovative technologies
and techniques with traditional ones. This paper provides a brief historical overview of the
problem and the development of the Till Hydrology component of the Ames Site.

Till Hydrology? Some History

Till hydrology. To many this sounds like an
oxymoron — how can you study the hydrology of
something as ‘impermeable’ as till? En years past,
oo many geologists, engineers, and well drillers,
oftenreferred totill in lowa and surrounding areas,
as ‘impermeable,” as a ‘tight’ clay, as *blue’ clay
(or brown clay), or “stiff” clay.

Over the past 30 years or so, as society has
moved from waste “dumps’ to landfilli ng to contain
our wastes, upland sites, underlain by relatively
thick till deposits, have often been the preferred
locations for waste disposal. We have counted on
the ‘impermeable’ till to act as a container for
leachate that might issue from the was tes, prevent-
ing the icachate from getting into aquifers. Tradi-
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tionalsite investigations would often use standard,
smalil soil cores (1-3 inches in diameter, 3-6 inches
long) to determine laboratory permeability-satu-
rated hydraulic conductivity (K) for these materi-
als, and commonly measured K values of 10" cr/
sec — verrry slowly permeable — but not imper-
meable! Under the prevailing notions, it was not
uncommon to discuss sampling with consultants
and find that some core segments, or the data from
somecores, had beendiscarded as unrepresentative
becausethey had a“crack” in them and the K values
were much too high — and obviously something
was wrong with the sample.  Also, it was not
uncoemmon to read in a site report that a borehole
hadbeenleft open inthetilito assess the depth tothe
water table, but that, after 24 or 48 hours, no
appreciable water was in the hole, and hence there



was no water table, or even that the deposits were
“unsaturated” because they were ‘impermeable’.
Hydraulic estimates using such datasuggested that
there would not be any seepage problems and that
what leachate was generated would move soslowly
through such materials that it would be 100s of
years before it might possibly reachan aquifer, and
even then the delivery rate of contaminants would
be so low that it would not have any significant
effect.

While these conclusions seemed consistent with
the preconceptions of the day regarding till, prob-
lems arose at many waste disposal sites. Also a
variety of research was beginning to indicate; that
whiletill may be anaquitard, itisn’t ‘impermeable;’
till stratigraphic and depositional stud 1 es suggested
that it may not be & nice homogeneous substance,
prone to such generalizations; and that standard
techniques of determining hydraulic properties may
not be adequate to characterize the hy draulic prop-
erties of such materials (e.g., Hughes et al., 1971;
Johnson and Cartwright, 1980). Exammples: most
tillin the midwest ts not ‘clay,’ and in factthe clay
content (as properly defined by grain-s 1 ze analysis)
is often rather low. While it may be ‘s tiff,” ormore
properly firm, consolidated, orcohesi ve, notalltill
even fits this description. Problems that arose —
chemical contaminants from landfills begantoap-
pear in nearby wells — in a period of years —not
hundreds. At some sites the water table rose, or
seeped right into the facility causing drairage
problems and leachate generation pro blems. Field
investigations began to show that fie Ld measured
responses indicated K values 2 to 3 orders of
magnitude greater than small cores had estimated
(c.g., Lutenegger, Kemmis, and Hallberg, 1983).

Cracks, Joints, and Wormh oles

Studies of till genesis showed that some glacial
deposits evolved in a supraglacial environment
while others weredeposited subglacial ly, impariing
very different material properties (e. g., Kemmis,
Lutenegger, Kemmis, and Hallberg, 19 83; Kemmis,
Hallberg, and Luenegger, 1981). Supraglacial
deposits may include a myriad materials — from
till, tosand and gravel — impartinga v ery different
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hydrologic condition than the ‘stiff” clay of yester-
year! The subglacial till exhibited many of the
properties generalized — it was often a ‘stiff’
deposit, and relatively uniform. The ‘stiff” nature
evolved because it had been loaded and/or overrid-
den by ice; pressure that consolidated the deposit.
But just because it was consolidated did not mean
it was uniformly ‘impermeable.” These processes,
as well as subsequent weathering, imparted other
structural considerations to the material. Diage-
netic and structural processes impart fractures and
joints in lithified materials such as sandstone or
limestone — so why nottill? Field investigations,
particularly into the stratigraphy and properties of
older, pre-Wisconsinantills showed that they were
‘yointed.” And that such joints often extended
downward from structural features in the soil —
likelyrelated to both stressrelease and desiccation.
These joints were the cracks in the core samples that
used to be thrown out. In field exposure, after a
rain, water could be seen ‘running down’ these
cracksand freely moving out of these joints, some-
times 30-40 feet below the landsurface. Such
observations, as wellas water-quality studies clearly
indicating that modern land-applied chemicals or
nutrients were penetrating the till and entering
aquifers over fairly widespread areas(e.g., Libraet
al., 1984), helped to unveil a new concept — now
often referred to as preferential flow. The flow of
water and solutes (chemicals in solution)} through
preferential paths in the soil and geologic materials
{ranging from worm burrows in the soil, to joints in
the till); flow that takes place much more rapidly
than flow through the matrix, and may even occur
w hen the material is not saturated (i.e., when there
is no gradient for flow through the matrix).
Inbrief, this outlinesthe need for the t11l hydrol-
ogy study, and the reasoning behind the develop-
mentofthetill hydrology field site. Itisimperative
that we develop refined concepts of the hydrology
of suchdeposits — anddefine better field methods
of investigation to characterize the real hydrologic
properties. We need torefine our knowledge of the
integration of the hydraulic characteristics, of wa-
ter and solute transport through such materials, to
improve site design for waste disposal — particu-
larly for hazardous materials. The site was devel-



oped here at Field 5, because of some of the pre-
existing instrumentation, and to provide a perma-
nent installation that Iowa investigators could con-
tinue to use as a resource on such needed research
for many years to come.

As partof the lowa Groundwater Protection Act
of 1987, special funding was dedicated to these
studies. Further support by Iowa State University,
the Leopold Center, and grantsto several co-inves-
tigators besides the authors (particularl y Dr. Ramesh
Kanwar and Dr. James Baker, Agricultural and
Biosystems Engineering; Dr. William Simpkins,
. Geology Department; and Dr. LaDon Jones, Civil
Engineering; lowa State University) have facili-
tated the extensive instrumentation and develop-
ment of this research site.

AN OVERVIEW OF THE AMES SITE

The field investigation at the Ames site began
with a detailed description of the till sequence /
stratigraphy derived from continuous cores col-
lected at the top, mid-stope, and toe of the hillslope.
This was found to be one of the most important
picces of information collected at this site. Unfor-
tunately, It is also one the least complete pieces of
information collected at many ground water inves-
tigation sites. These borings were completed as
monitoring points with standard construction prac-
tices. This is typically two-inch, flush-threaded
PVC pipe, connected to a 2.5 foot factory-slotted
PVC screen. A sandpack is put around the screen
and is extended approximately one foot above the
slots. A one foot seal of bentonite chips is placed
above the sandpack and a cement-bentonite grout is
tremmicd from the seal to the surface. Protective
steel housings are set in a concrete surface plug to
protect the above ground PVC pipe.  Shelby tube
samples were collected from the zone to be screened
inevery piezomeler.

Atsites 1 and4, at the top of the hill, piezometers
are nested in individual borings throughout the
Wisconsinan till, PPre-Illinoian till, and into the
hedrock. Site 3, at the base of the hill, is similarto
site onc. The other sites all have well nests that
monitor both the oxidized and unoxidized
Wisconsinan till, The effects of boreh ole diameter,

45

well/screen material, and screen slot-size were stud-
ied atsite 7. Borehole diameters ranged{rom three
inches to eleven inches. Materials included PVC,
Teflon, and 304 stainlesssteel. Slot sizes included
0.0l inchto0.1 inch withageotextile wrap. These
borings were all about 20 feet deep. There were no
significant hydraulic orchemical effectsrelated to
these variables.

Electronic transducers were nested in single
borings and wired to a datalogger at sites 1 and 3.
The transducers measure in situ pressure that can
be related to the hydraulic head — i.e., the water-
level, or potentiometric surface, in each hole. The
transducer ports are matched to the midscreen
elevations of the piezometers at each site. While the
piezometer sampling frequency varies fromtwice a
week in the summer to monthly in the winter, the
dataloggerscollect measurements every 15 minutes
and calculate an averageevery hour. This provides
a nearly continuous record of water-level elevations
at each site. Water level trends measured by each
sy stem(piezometers vs.transducers) are very simi-
lar. However, piezometers have a dampened re-
sponsetochanges in waterlevel. Relatively short-
termreversals in vertical gradients were detected by
the transducers, but these were not apparent in the
piezometerdata. Hydraulically pushed transducers
were also matched to both piezometers and trans-
ducers burted in a boring. These transducers also
performed very well compared to the buried trans-
ducers. The installation of the push-intransducers
was very easy and very fast. There are the obvious
tradeoffs using these instruments, no soil samples
or groundwater samples can be collected. How-
ever, ease of installation and their ability to be
reused may make their use attractive in certain
settings.

The shelby tube samples that had been collected
fromeach piezometer hadone or more permeameter
tests conducted on each sample. Single-well hy-
draulic tests (bailer tests) have been conducted at
leastonce on all of the piczometers. The test results
fall into two general groups; the first group has a
larger hydraulic conductivity and are piezometers
finishedinthe oxidized Wisconsinantill. The other
group has a smaller hydraulic conductivity and are
the piezometers finished in the unoxidized



Wisconsinan till. Although variations of about an
order of magnitude were noted within the groups,
this ts not unusual or significant with respect tothe
test method and materials. Several field tracertests
were conducted in the field in both the oxidized and
unoxidized Wisconsinan till. The results of all
these different tests indicate an apparent scale
dependency for hydraulic conductivity , withthelab
permeameter tests on core samples resulting inthe
smallest, and field tracer tests yielding the largest,
hydraulic conductivities. The greater the “radius”
or dimensions of the material tested, the more
“joints” or other preferential flow path s the testcan
actually involve, resulting in a greater effective
conductivity. This has important imp lications for
sitedesign, particularly related to past i nadequacies
of standard 1-2 inch core samples.

Spatial variability of unsaturated hy drauliccon-
ductivity has alsobeen measured insurface soilsat
this site. Infiltration studies are also being con-
ducted with the installation of a 10 foot diameter
borehole to a depth of approximately 14 feet. The
boring is cased, sealed, and instrurmented with
suction lysimeters and transiometers in a radial
pattern around the borehole and with depth. Arti-
fictal rainfall experiments using various chemical
tracers have documented how rapidly water and
surface applied chemicals can travel through the
fine-grained till and reach the water table.

The groundwater chemistry hasbeen character-
ized for the major cations and anions (moderately
hard water), dissolved heavy metals (generally iron
and manganese above the minimum detection lev-
els), selected agricultural chemicals and volatile
organic compounds. Analyses of natweral radicac-
tive and stable isolopes withdepth has indicatedthe
relative “age” of the groundwater with depth, and
has shed some light on apparent local flowpaths.
Tritium (*H)concentrations are generally below
minimumdetectionlevelsin samplescol lecteddecper
than about 20 feel - - showingthat the waterat these
depthsis older than 1955, Deuterium, oxygen-18,
and carbon-14 will be discussed inmore detailinan
article in this guidebook by Dr. Williarm Simpkins.
The information collected at this site has high-
lightedthe need fordetailed geologic, hy drogeologic,
and groundwater chemistry investiga tions to pro-

vide the information necessary to accurately char-
acterize the hydrogeology of fine-grained tills.
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INTRODUCTION

The purpose of thisresearch at the Ames Till Hydrology Site (ATHS) was to use hydraulic
head, hydraulic gradient, hyd raulic conductivity data in several geologic units, in addition to
isotopic dating techniques, particulary Carbon- 14, to determine the potential for groundwater
contamination of underlying aquifers. A total of 46 piezometers were installed in late
Wisconsinan till, Wisconsinzan loess, Pre-Illinoian till and gravel, and Pennsylvanian sand-
stone startingin 1988. Depths of these piezometers range from 3 to 128 m{10to 421 ft) below
land surface.

Hydraulic heads were mea sured monthly in piezometers and hydraulic conductivities of the
units were determined in orde r toestimate the velocity of groundwateratthesite. We alsoused
a some atmospherically derived tracers - tritium (3 H), §180 (180/190), and 8D (D/H), and
Carbon-14 (14C) and 8'3C ( }3C/'2C) of the dissol ved organic carbon (DIC), to determine
the age of groundwater. Durirag the course of that in vestigation, we foundthatthe tilland loess
at the site contained dissolved methane (CH,) gas, which provided a very interesting, but
complex, geochemical environment for study.

In this article, we present the results of hydrogeological and geochemical studies at the
ATHS incentral lowa. We w111 discussthe hydrogeology of the site, discuss the origin of the
dissolved C'Hy, describe the hydrogeochemical environment in which itoccors, and present
ideas concerning the role topography and ground w ater recharge may play in affecting the
vertical distribution of CHy. "The age of groundwaters in central lowa will be discussedin a
separate article . The results of this study suggest that both hydrological and geochemical
barriers exist in groundwate r systems that preclude the vertical migration of agricultural
chemicals,
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BACKGROUND

Pre-Illinoian units recognized in eastern lowa
consist of the Wolf Creek Formation and the
Alburnett Formation, both of which are thoughtto
be more than 500,000 years old (Hallberg, 1986).
Till members of the Wolf Creek Formation, the
most likety Pre-Illinoian formation presentincen-
trat Towa, are the Hickory Hills, the Aurora, andthe
Winthrop (Hallberg et al., 1984; Hallberg and
Kemmis, 1986). A Y armouth-Sangarmon paleosol
cxists at the top of the uppermost Pre-T1linoian unit
(Hallberg, 1986). Two distinct loess units are
common inlowa: 1) an“early Wisconsin” or “basal
Wisconsin™ loess, which is correlative to the Roxana
silt in Minois, the Gilman Canyon Formation in
Nebraska, and has now been included within the
newly proposed Pisgah Formation,and 2) the “Wis-
consin™ or “upper Wisconsin” loess, whichis cor-
relative to the Peoria Loess elsewhere in the Mid-
west (Ruhe, 1969, 1976, 1983; Hallberg, 1986,
Bettis, £990). The radiocarbon age of the Pisgah
toess ranges from greater than 31,000 yearsB.P.to
about 18,000 years B.P. Radiocarbon dates within
the Wisconsin foess in Towa range from about
29,000 years B P.10 14,000 years B.P. Datesatthe
base of the loess range from 29,000 years BP. to
17,000 years B_P.and decrease in age with distance
from the Missouri River, which was probably the
source ol 'much of the fine-grained sed tment (Ruhe,
1976, 1983; Hallberg, 1986).

Full-glacial and periglacial conditions of the
late Wisconsinan occurred betweenap proximately
21,000 years to 16,500 years B.P. inlowa and most
of the upper Midwest. At the time of the Des
Moines Lobe ice advance at about 14,((K} vears
B.P., a coniferous forest, consisting of Picea
(Spruce) and Fraxinus (Hemlock), had established
itself on the Wisconsin loess (Baker et al., 1986;
Baker 1992). The subsequent advance by Des
Moines Lobe ice buried that forest and entrained
particulate organic material which wa s later depos-
ited in till.  Spruce logs and blocks of organic
material are common at the top of the loess and in
the overlying late-W isconsinan til (Kemmisetal,,
1981). The wood dates indicate that the age of the
Wisconsin loess tneentral Iowa isbetween 17,000
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and 14,000 years old (Kemmisetal ., 1981;Hallberg,

1986). Eight radiocarbon dates from coniferous
wood inthe lower partof the till or upper part of the
underlying loess range from 14,700 years B.P. to
13,680 years B.P.; thesebracket the date of the Des
MoinesLobeice advanceinthe region. The ATHS
lies within the Des Moines Lobe, the depositional
areaofthe last glacial advance into Iowaduring late
W isconsinan time between 14,000 and 12,000 years
ago (Halibergand Kemmis, 1986). The water table
generally occurs 1 to3mbelow land surface in the
late Wisconsinan till.

Research for this study was conducted at the
Ames Till Hydrology Site (ATHS), which is lo-
cated in Field no. 5 on the lTowa State University,
A gronomy and Agricultural and Biosystems Engi-
neering Research Farm, approximately 7 km west
of Ames, Iowa (Fig. |}. Two contrasting topo-
graphical and hydrogeological settings, represented
by Piezometer Nests 1 and 4 and Piezometer Nest
3, were chosen for thisinvestigation, Elevationsat
the site decline from a high of 339 m, in the north
near Nests 1 and 4, to 334 m, in the south near Nest
3, overadistance of 357m. The slope declines to
W orrell Creek, whose headwaters begin just to the
northwest of the ATHS.

RESULTS
Geology

Data from this study confirm that the ATHS is
underlain by late Wisconsinan till, a Wisconsinan
loess unit, Pre-Iltinotan till, and Pennsylvanian
sandstone (Fig. 2). In Core 1 (see Fig. 1 for
location), the upper till unit ts massive, leached of
carbonate in the upper | m, and oxidized to a light
yellowish brown color(10YR 5/4) inthe upper 3.4
m. Below that depth, itis unoxidized and exhibits
a dark gray color (5Y 4/1 to 3/1). The late
W isconsinan till unitaverages (standard deviation
in parentheses) 46 percent sand (1.4), 40 percent
silt (1.6), and 14 percent clay (1.2) is extremely
uniformwithdepth (N=21)(Fig. 3). Siltpercentage
increases atabout 20m, justabove theloess contact
at this site. Mississippian limestone, Pennsylva-
nian sandstone and coal,and Cretaceous age sider-
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Figure 1. Map showing the location of the Ames Till Hydrology Site (ATHS) within Boone County, Iowa, and

the Des Moines Lobe.

ite and shale are the common clast lithologies found
in the titl. Pyrite is also present, and although
mostly disseminated in the till matrix, one sample
from Core 3 at 30 m depth showed a pyrite crystal
of cubic form, approximately 0.5 c¢m wide and
rimmed by an oxidation “halo.” Oxidation may
have oceurred between the time that the core was
retrieved in 1989 and the present. The core exhibits
horizontal and sub-vertical, iron-oxide coated frac-
tures whichoccurtoadepthof 13m (E.A. BettisIIT,
written comm., 1991).

The stratigraphy in Core 3 consists of 2.8 mof
silt loam and loamy sand alluvium, whichis leached
of carbonate and only slightly oxidized to a light
olive browncolor(2.5Y 5/4). This unitoverliesthe
late Wisconsinan till unit, which is massive,
unleached, unoxidized and exhibits a dark gray
color (5Y 4/1). The tili from Core 3 is not signifi-
cantly different than Core 1 and averages 45 per-
cent sand (2.2), 40 percent silt (1.2), and 15 percent
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clay (1.4)(N=20). Grain size percentages are eX-
tremely uniform with depth, except foran increase
in the silt percentage atadepth of 13 m, which may
suggest proximity to the loess contact.
The Wisconsinan loess unit below the till is
unoxidized, dark gray (5Y 4/1), and mostly
unleached and averages 6 percent sand (6.3), 73
percentsilt (9.7),and 21 percent clay (7.7) (N=10).
Terrestrial snail shells (gastropods) are common.
There are suggestions of bedding in the unit which
may indicate that part of itis waterlain or reworked
as slopewash. The Pre-Iliinoian till unitbeneath the
loess unit is unoxidized and dark gray (5Y 5/1).
The till unitis somewhatfiner-grained than the late
Wisconsinan till unit above it and averages (N=7)
36 percent sand (4.7), 39 percent silt (3.3), and 25
percentclay (3.6). These grain size percentages are
consistent with till members of the Wolf Creek
Formation (Hallberg, 1986). A remnant of a
Y armouth-Sangamon interval is suggested at the
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Figure 4. Profiles of (POC) percentage with depth at (a) Nest 1/4 and (b) Nest 3. In general, values in the late
Wisconsinan til] unit are homogeneous and increase with depth towards the loess unit, C date from wood at

Core 2 (Nest 1/4) is shown,

top of the Pre-Illinoian section by acolor change to
adark gray (2.5Y 470) and a slight increase in clay
percentage.  Iron-oxide coated (7.5YR 4/4),
subvertical fractures were observed in the core;
these are consistent with the extensive fracturing
seen in surface exposures of Pre-Illinoian till in
castern lowa (Kenuniset al., 1992), A strong H,S
odor was noted duringunwrapping of the core and
suggested areducing environment,

Wood and disscminated organic material (char-
coal) are prominent inthe core and are manifested
in the unusually high percentage of particulate
organic carbon (POC) in the unit (Figs. 4a and b).
Three distinet zone s of organic carbon occurin the
late Wisconsinan toll from Cores 1 & 2. Valuesin
the oxidized, upper part average (standard devia-
tion in parentheses) 0.35 percent POC (0.03), a
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typical value for parent material in till in central
Towa (Soil Conservation Service, 1978). POC
increases abruptly intheunoxidized zone; values in
the upper 17 maverage 0.56 percent (0,07). Below
17 m, POC increases to its highe st value of 1.05
percent; the average value in this zone is 0.89
percent (0.09) (Fig. 4a). A large (2 cm) wood
fragment was extracted from the late Wisconsinan
till at 22.3 m. The POCin Core 3 averages 0.58
percent (0.05) and is very homogeneous with depth
(Fig. 4b). Coniferous wood and disseminated
organic material (charcoal) are ¥more apparent in
the loess unit, particularly below 27 m. Large (2
cm) wood samples were extracted from depths of
23.7 m, 27.7, and 28.6 m- the Iatter sample was
processed forradiocarbondating andyielded a 14C
date of 16,390 + 120 yeas RCY B P (Beta-50160).




The 813C value of the wood sample wa s determined
tobe-25.7 o/oo. The 14C date and the stratigraphic
setting suggests that the entire loess unit is of late
Wisconsinan age. POC in the loess averages 0.64
percent (0.26), which is not significantly greater
than values in the 111l unit immedijately above it;
however, the variability inthe percentagesand the
visible abundance of wood fragments stand in
contrast to the overlying till (Fig. 4a). Webelicve
this relationship provides good evide nce forincor-
poration of the organic carbon into the till as ice
overrade the loess (see Kemmis etal., 1981). POC
in the loess decreases gradually to values near().1
percent at its base (Fig. 4a). Wood fragments and
disseminated charcoal are visually absent in the
upper part of the Pre-Ilinoian till unit and POC
percentages there are near zero.

A bouldery, sand and gravel unit was encoun-
tered within the Pre-Tllinoian section ait about 73 to
79 m below land surface. The origin of this unitis
unknown, but it is commonly found outside the
ATHS is presumably the remnants of an outwash
deposit. Pennsylvanian sandstone and shale of the
Des Moines Series were encountered at 954 m
below land surface (Fig. 2).

Hydrogeology

Based on water levels measured at the ATHS
and recorded from well construction reports, hy-
drauviic gradients are primarily dowrniward in the
region; thus, a potential exists for down ward ground-
walter flow through the Pleistocene units towards
the underlying aquifers. Hydraulic conductivity
(K) varies withdepth and with the specific geologi-
cal units measured (Fig. 5). K values showninthe
upper 3 m at Nests 1/4 reflect the influence of
coarse-lextured Holocene sediment and/or frac-
tured, supraglacial sediment containing stratified
sandunits (Vondra, 1993). Hydraulic conductivity
(K) decreases significantly in the underlying
unoxidized till, where the geometric mean K=3x
1% ms ! (log transformed standard deviation =
0.6)(Table t). Below the late Wiscons inantillunit,
hydraulic conductivities in the upper part of the
toess (K =3 x 10% m s-1) and in the lower part of
the loess (K =4 x 108 ms-1) are similar to those in
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the overlying late Wisconsinan till (Table 1). Hy-
draulic conductivity decreases to 2x 10-1 1 ms-lin
underlying Pre-Illinoian till, which is presumably
the cause for the steepening of hydraulic gradient
theretovalues near 1.0(Simpkins etal,, 1992a). K
values are highest inthe Pre-Illinoian gravel and in
the Pennsylvanian sandstone (Fig. 5).

Hydraulic heads measured in the piezometers
between 1989 and 1992 indicate both lateral and
vertical (downward) components of hydraulic gra-
dientthrough the late Wisconsinan till. Maps of the
water-table surface (Kanwar et al., 1990) indicate
a water table depth of 2 mor less and a horizontal
component of flow with a hydraulic gradient of
about 0.01 in the upper 3 to 4 m of sediment. The
hydraulic gradient is induced by the decline in
surface elevation of about 5.8 m between Nests 1/
4 andNest 3. Underthe present conditions, ground-
w ater flow in the upper, more permeable zone may
conduct most of the groundwater laterally toward
surface waters or it may be interce ptedby drainage
tiles (Jones et al., 1992),

Vertical recharge through the till is suggested by
a consistent, downward vertical hydraulic gradient
of 006 at Nest 1/4 in the upland topographic
setting. Incontrast, hydraulic gradientsat the base
of the slope at Nest 3 areat the limit of detection and
average 0.002 during most of the year. These data
suggestthat there is muchless potential for vertical
rechargeat Nest 3; groundwater may have a signifi-
canthorizontal flow component there. Assuminga
bulk porosity of 0.28 and the geometric mean K
givenabove, the average vertical linear velocity at
Nest 1/4 is 27 cm yrl; thus, 130 pore volumes
should have passed vertically through the till here
since the retreat of the Des Moines Lobe. The
average vertical linear velocity at Nest3is only 0.9
cm yrl; thus, only 4 pore volumes have been
transmitted vertically there since ice retreat. The
differences in vertical velocities are supported by
the tritium data (Table 1), which suggest a deeper
penetration of tritiumintothe till at Nest 1/4 thanat
Nest3. Groundwateratthe base of the loess could
only beabout 300 yearsold, based on these velocity
estimates.

In contrast, the vertical hydraulic gradient
through the Pre-Illinoian till approaches 1.2 (Fig.
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Figure 5. Variation of hydraulic head and hydraulic conductivity (K) with depth at the ATHS. Low hydraulic
vertical head gradients exist in the late Wisconsinan till and loess; however, the Pre-Hllinoian till produces

vertical hydrautic gradients > 1.0,

4), whichis anunusually high gradient for ground-
waler environments. This may indicate that the
Pre-1llinoian section has not completely recovered
fromthe hydraulic stress imposed by the advance of
the Des Motnes Lobe into the region. Using a K
value of 3x 10- 1 ms-1 (asuspect value because the
head in this 2-inch piezometer is still recovering
after 2 ycars) and a bulk porosity of 0.22, average
vertical Hinear velocities should be only 0.4 cmyr
I through the Pre-IHinoian section. Using these
calculations, groundwater inthe Pre-IH1inoian gravel
unit may be 14,000 years old.

Hydrogeochemistry
The hydrogeochemistry of groundwater sampled

at Nests 1/4 and Nest 3 is similar with respect to
major ions, PCO, values, and saturation indices of
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calcite, dolomite, and gypsum (Table 1 and 2). Log
PCO, values range from-1.3 to -2.0, and ground-
water is near saturation with respect to calcite and
dolomite. These values are similar to those calcu-
lated for groundwatertillin Saskatchewan (Keller
et al., 1991), Alberta (Hendry et al., 1986) and in
southeastern Wisconsin(Simpkins, 1989). Incon-
trasttothe Canadian and Wisconsin studies, ground-
water at the ATHS is very undersaturated with
respectto gypsum. Althoughthe IDes Moines Lobe
ice advanced over gypsumdeposits 50 km north of
the ATHS and probably incorporated gypsum into
the till, gypsum undersaturation is apparently the
result of anaerobic microbial SO,4 reduction.
Differences in redoxhydrogeochemistry canbe
used to distinguish two hydrochemical zones of
groundwater: shallow groundwater (< 4 m) and
deep groundwater (>4 m)(Table 1). Groundwater
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Table 2. CO; partial pressures (log PCOy} and saturation indices (log SI) calculated by WATEQF.

Piezometer log log Sl log SI log Sl log SI
no. PCO, Calcite Dolomite Gypsum Siderite
Nest 1/4

1-10 2.0 0.0 -0.4 =21 -11.9
1-15 -1.9 +0.3 +0.3 4.5 -11.5
1-25 19 +0.2 +0.2 1.7 +0.1
1-30B 2.0 +0.4 +0.5 -2.0 0.2
1-45 -18 +0.2 +0.1 241 +0.2
1-60A 20 +0.4 +0.4 NC +0.8
4AH-1B 1.5 +0.3 +0.1 NC +1.2
4AH-1A -1.3 +0.3 +0.2 NC +1.2
Nest 3

3-9A -1.8 +0.4 +0.3 -1.8 -12.1
3-15B -18 +03 +0.2 -3.1 +1.0
3-25D 20 +0.6 +0.8 2.3 +1.0
3-36E -18 +0.5 +0.6 2.2 +0.9
3-51F -1.6 +0.4 +0.5 -3.8 +0.9
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NG = §554 concentration below delacfion Iimit; SI not calcuiated.




inthe shallow zone in Nests 1/4 and 3 is character-
ized by trinumactivities of 17-20 TU, large positive
Eh values, dissolved O, and NO3-N, and low NH,-
N concentrations (Table 1)(Figs.6a and b). NO;-
N concentrations are particularly high (16 mgL-1)
in piezometer 3-9A at Nest 3. SO, concentrations
in the shallowest piczometers are sirmilar to those
found in precipitation (13 mgL-1), but lower than
that found at | m depths in tile drainage water (61
mg L-1) at this site and region (Baker et al,, 1975;
Tabatabai and Laflen, 1976). Fe concentrations
are ncar the detection limit. Saturation indices in
the upper4 m suggest that groundwater is oversatu-
rated with respect to the oxidized form of Fe-
minerals, such as goethite (not shown). Thus, the
hydrogeochemical datasuggest that thie groundwa-
ter is recently recharged and exists in an oxidizing
environment.

In the deep groundwater zone below 4 m, the
hydrogeochemical environment chan ges toamore
reducing onc. Tritium activities dec rease to near
the detection limit, dissolved O and N'O4-Nare not
detectabie, NH4-N increases, and Fe increases (par-
ticularly in Nest 3). SO, values are also near the
detection limit and Eh values decreas e sharply at4
m, then gradually reach minima inthe loess(Table
1y{Figs. 6aandb). Although the absolute values of
most of the Eh vatues suggest an oxidi zingenviron-
ment throughout the till and loess  section, the
relative values inconjunction withthe geochemical
datasuggestthe onsetofareducingen vironmentat
depths greater than 4 m. Low SO4 concentrations
suggest that SOy reduction may occur, although
actual F1,S concentrations are 0.2 mg; L-!in4AH-
IB and 0.1 mg L in 3-15B - all other samples
showed concentrations below the detection limit of
0.0 mgl.l

Groundwater at the ATHS also contains some
unusually high concentrations of DOC. Whereas
values of DOC concentrations inNes t 1/4 average
4.4 mp 1.1 (S§.D.=1.4) and are within the normal
range tor groundwater (Thurman, 1985), DOC
concentrations insiimples fromNest 3 average34.7
mg - 1(8.12.=19.6) and generallyexceed all values
shown in Nest 1/4 (Figs. 7a and b).  The highest
DOX concentration of 54.3 mg L'l occursat 15,7
mdepthat Nest 3, which greatly exceeds concentra-
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tions measured from soil A-horizon extracts at the
ATHS (T.B. Moorman, verbal comm., 1992); this
suggests that the origin of this material is not
downward percolationof modern soil organic mat-
ter. DOC values from Nest 3 also exceed those in
the underlying loess unit.

We also discovered methane (CHy) in the till
and loess at this site. Some background informa-
tion on CHy is provided here for the reader to help
understandthe significance of this discovery. Meth-
ane (CHy) can be derived from abiogenic sources
(inorganic reactions) and biogenic sources {(from
biologically-formed organic matter) and can be
producedinanumberof different near-surface and
subsurface terrestrial and marine environments.
Abiogenic CHy has beenidentified in groundwater
in the Canadian Shield (Sherwood etal., 1988) and
in mid-ocean ridges (Welhan, 1988). Biogenic
CH 4 has been documented in marine environments
(Reeburgh, 1976; Martens and Berner, 1977;
Schoell, 1988) and anaerobic groundwater envi-
ronments, including peat bogs, lignite deposits,
glacial, lacustrine, and eolian sediment (Meents,
1960; Wasserburg et al,, 1963; Coleman, 1976;
Barker and Fritz, 1981, Coleman et al., 1983;
Grossman et al., 1989; Romanowicz et al., 1991).
Conditions favorable to CH,4 production may be
found in anaerobic and low Eh (pE) environments
whereauseable substrate exists to provide energy.
Methanogenesis represents the last of a series of
reactions (the “ecological succession” suggested by
Claypooland Kaplan, 1974) where electron accep-
tors such as Oy, NO3-, Mn#+, Fe3+, and SO4%- are
used sequentially to oxidize organic matter.
M ethanogenesis is constrained to sediment intet-
vals where the electron acceptors preceding SO42-
in the thermodynamic reduction sequence are ab-
sent, and generally where SO,42- concentrations
have beenreduced to<1.0mmol L-! (Martens and
Berner, 1977; Reeburgh, 1980; Whiticar et al.,
1986). Methanogenic bacteria may co-exist with
sulfate-reducing bacteria, but the latter will “out-
compete” methanogensforhydrogen (Winfrey and
Zeikus, 1977; Abram and Nedwell, 1978a, 1978b;
Lovleyetal., 1982).

“Biogenic” CHy is produced from microbial
activity or thermocatalysis related to petroleum
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formation. Microbial CH,4 predominates in most
freshwater lakes and swamps (Rudd et al., 1974;
Strayerand Tiedje, 1978) andin deep ocean basins
(Barnes and Goldberg, 1976; Reeburgh, 1980).
Thermocatalytic or “thermogentc” CH, is associ-
ated with petroleum reservoirsornatural gas fields
and also with their storage and distribution systems
{Coleman et al., 1977; Barker and Fritz, 1981).
Kinetic fractionation of hydrogen and carbon iso-
topes accompanies the biogenic productionof CH,,
and the degree of fractionation can be used empiri-
cally todifferentiate a microbial versus thermogenic
source for the gas (Fuex, 1977; Schoell, 1980,
Barker and Fritz, 1981). In general, the 813C-CH,
of microbial CH, 1s less than -58 + 5 o/00 and for
thermogenic CH,4 is greater than -58 + 5 o/00 (Fuex,
1977). Microbial CH, rarely contains hydrocar-
bons higher than ethane (Barker and Fritz, 1981).
Zones of methanogenesis show highdi ssolvedinor-
ganic carbon (DIC) or bicarbonate (HCO4) con-
centrations and enriched 8!3C-DIC values.
Methanogenesis, which can produce both CH,and
C(), by acetate fermentation (see below), preferen-
tially depletes 12C and enriches the CO, in 13C.
The CO, promotes dissolutionof carbonate miner-
als present in the aquifer, which, inturn, causesan
increase inthe DIC and HCO4 concentrations inthe
groundwater.

Methanogenesis is a2 complex process and can
proceed via several possible metabolic pathways
and use several possible substrates. The two major
metabolic pathways are acetate ferme ntation:

CH; COOH — CHy + CO,
and €07 reduction:
C02 + 4l l2 —> 2H20 + CH4

Schoell (1980), Whiticar et al. (1986), and
Whiticar and Faber (1986) showed theoretically
that crossplots of 8!3C-CH, and 8D-CH, values
and crossplots of 8D-CHy and 8D-H,0O values
separate acetate fermentation and CO5 reduction
pathways into two separate fields. Whiticaretal.
{1986) used plots of published 813C-CH 4 and 3D-
ClHy vatlues to show that microbial CH 4 produced
in freshwater environments, including, groundwa-
ter, can tollow either the acetate fermentation or
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CO, reduction pathway. Laboratory experiments
suggest that the dominant metabolic pathway in
recent freshwater sediments is acetate fermentation
(L.ovley and Klug, 1986). CO, is produced from
the breakdown of organic acids prior to the produc-
tion of CHy, but it may be reduced subsequently to
CH,. Thus, acetate fermentation occurs primarily
in younger sediment and under warmer tempera-
tures. It will precede CO, reduction, which is
dominant in older and colder sediment (Schoell,
1988).

CH,, atabove-ambientatmospheric concentra-
tions, occurs inall groundwater sampledin Nests 1/
4 and 3 (Table |; Figs. Saand b). The gasextracted
from the water samples contains mostly CHy, CO,,
N»O, and N,; there are no hydrocarbons other than
CHy in the gas phase. CH, concentrations in
groundwater range from less than 1 ug L™! in the
near surface piezometerstoamaximumof43mgL-
1 in theloess; however, notunlike the other geochemi-
cal data, concentration profiles differ considerably
betweenNest 1/4 and Nest3. At Nest 1/4, concen-
trations increase gradually to near the maximum
value of 43 mg L-! at 18.3 m and do not vary
significantly below that depth. In contrast, high
concentrations of 29.9mg -1 occur within 4.3 mof
the land surface in Nest 3. No CH, data are yet
available for the top of the Pre-Illinoian sequence
immediately below the loess unit.

O1C-CH,4 values in Nests 1/4 and 3 range from
-64.81 o/oo to -81.10 o/o0 and values of 8D-CH,
range from-194.0to-239.9 o/oo (Table 1)(Fig. 7a
and b); these are typical ranges for CH, produced
by microbial systems (Barker and Fritz, 1981;
Whiticaretal., 1986),especially those that produce
CH, from CO, reduction (Schoell, 1988). 813C-
DIC values increase systematically with depth in
both nests from a minimum of -14.07 o/o0 in a
shallow piezometer in Nest 1/4 to a maximum value
of +8.1 o/ooin the deep piezometer in the loess (Fig.
7a and b). Trends of 813C-DIC values appear
unrelated to trends of 813C-CH 4 values; but, 813C-
IDIC values show a muchcloser relationship to CH,
concentrations (Table [). Forexample, higher CHy
concentrations and moreenriched 61*C-DIC values
occur at shallower depths in Nest 3 than in Nest 1/
4. Thefirst positive /*C-DIC values occur at 24.3



m depth in the loess in Nest 1/4; the first positive
O3C-DIC values occur at 7 mdepth in Nest 3. The
depth at which the first positive 8!3C-DIC values
occur may indicate the depth of penetration of
recent CO, and DIC from the soil zone. This
hypothesis will be discussed later tn the paper.

We took samples from our original cores and
placed them into evacuated tubes to e valuate their
CH,4 production potential. Amended samples from
Core 2 produced showed CH4 production in the
laboratory during a two-week incubation period.
These results suggest that methanogens are indig-
enous to at least the lower part of the till and
throughout the loess unit. In general, rates were
highestin the loess materials and in materials from
the lower part of the late Wisconsinan till where
POC was greatest. Production rates were 1.73ng
CH4-Clg/d (21.3 m; Wisconsinan till), 1.33 ng
CHy-Clg/d (259 my; loess), 1.77 ng CH,-Clgid
(28.9 m; loess), and 0.68 ng CH,-C/g/d (32.9 m;
Pre-lllinoian till). Because the core samples were
amended with nutrients and CHy was produced
underideal conditions, the serates should be consid-
cred only asestimates of the CH4 production poten-
tial inthese units. Thisshowsthat methanogens are
present in these units and suggest that they are
actrve in sity.

Carbon-14 dates of CHy gas and wood in the
loess suggest that CH is produced from the organic
carbon i situ. The WC activity of the CHy gas
sample taken fromthe piezometerin the upper part
of the loess at 24.3 m is 17.30 + .21 PMC,
corresponding to a 14C date of 14,093 + 96 years
B.P. lLikewise, the 4C activity of the CH, gas
sample taken from the piezometer in the lower part
of the loess at 309 mis 13.62 + 0.26 PMC, which
corresponds to a C date of 16,015 + 152 years
B.P. These '4C dates are in excellent agreement
with the Cage of the organic matertal sampled at
28.6 mat the ATHS (16,390 120 years B.P), as
wellas published "C dates (Kemmis et al., 1981)
{rom the top of the buried Wisconsinan loess in
central lowa,

60

DISCUSSION
Origin of CHy

CH, ingroundwateratthe ATHS was produced
by microbial processes. Evidence for this conclu-
sion consists of 8!3C-CH, values in CH, that are
more depleted than -58 o/oo (Fuex, 1977) and the
absence of hydrocarbons higher than CH,. Addi-
tional evidence for microbial production of CHy 1s
provided by the positive 3!3C-DIC values found in
groundwater, which are typical values for micro-
bial fractionation of carbon isotopes (Baedecker
and Back, 1979a, b). The age of the CH, confirms
a geologically recent substrate for methanogenesis,
and not one tied to thermogenic processes may be
associated with coal-bearing Pennsylvanian strata
in the region. 8'3C-CH, and 8D-CH, data also
suggest that the primary metabolic pathway for the
CH, isreduction of CO, gas, not acetate fermenta-
tion.

Recent laboratory studies have demonstrated
that CH, can be produced in both the till and loess
without amendents of any kind. In fact, the pre-
dominant CH, producers are wood chips within the
till and loess. A complicating factor is that little is
also known about the spatial variability of CH,
production fromsitetosite. Variability could result
from an unequal distribution of POC in the till and
loess, or perhaps an unequal amount of useable
substrate. Forexample, itis possible that the large
volume of biomass in the loess has allowed it to
produce CHy for 12,000 years and still produce it
today, while the useable substrate in the till has
since been depleted and CH, production is declin- -
ing or has ceased.

Wehypothesize thatthe differencesinthe shape
of the CH, and DOC concentration profiles be-
tween Nest 3 and tn Nest 1/4 reflect differences in
vertical groundwater velocities and recharge rates.
Higher vertical groundwater velocitiesinthe upslope
recharge position (Nest 1/4) not only enable disso-
fution and transport of more DOC from the till, but
they transport more electronacceptors deeper inthe
profile than at Nest 3 (Fig. 8). O, is consumed by
oxidationof CHy, and alternate electron acceptors,
suchas NO,, Fe3+, and 3042’, oxidize carbon and
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are reduced at the top of the CHy profile to N, O gag,
Ee2+, and SZ-, respectively. In contrast, the rela-
tively low vertical velocities inthe downslope pogi-
tion at Nest 3 provide an ideal environment for the
accumulation or preservation of 10OC and CHy;
Nest T has been insulated from deep peneteation of
electron acceptors thatcould oxidize CH (Fip 6).

Redox Geochemistry

Ourevidence suggests that low redox conditions
exist today below 4 min the till and are tivorble
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for the production of CH,; however, the system
does not exhibit the typical redox zonation de-
scribed elsewhere (Champetal., 1979; Jackson and
Patterson, 1982). Redox zonation in groundwater
occurs because microorganisms need energy from
organic carbon and will oxidize a carbon substrate
anaerobically using a specified order of alternate
electron acceptors (Stumm and Morgan, 1981).
Redox zones are identified by the disappearance of
anelectron acceptor or anincrease in the concentra-
tionof the reduced formofthe electron acceptor. At
the ATHS, however, electron acceptors, in particu-



lar Q,, NO3, and SOy, disappear at relatively the
same depth. For example, after O, is used to
oxidize carbon in the upper 4 m or so, the next
possible electron acceptor, NO3, also disappears
(Figs. ba and b). At this same depth, we have also
measured above-ambient concentrations of N,O,a
product of denitrification, in groundwater. AtNest
Jinparticular, NO; disappears where CHy concen-
trations increase abruptly (Figs. 6b and 7b), sug-
gesting that CHy may provide the carbon substrate
for denitrification.

Bascd on the first disappearance of SO in the
concentration profiles, SO may also be utilized as
an alternate electron acceptor at about 4 m. If this
is the case, then SO, concentrations should be
below the detection limit in all the piezometers
screened below 4 m; however, some groundwater
shows SO, concentrations upto 81.5 mg L-! (Figs.
Ga and b; Table 1). Concentrations are less than 1
mmol L-1 (Table 1), the threshold value which
would still allow methanogenesis to predominate
over SOy4 reduction; therefore, the presence of SO,
alone does not preclude SO, reduction or
methanogenesis. Additional data are consistent
with the hypothesis of SO,4 reduction below 4 m.
H»S odors are ubiquitous in deep piezometers and
tests for presence or absence of SO, reducing
bacteria have shown them to be present in most
groundwater below 4 m. Preliminary results of
8345-S0O  analyses alsoindicate that the 3%Sinthe
residual SOy show values as high as +10.60 ofoo,
which suggests enrichment due to microbial pro-
Cesses.

Considerablecvidence exists for the presence of
an amorphous FeS precipitate in the till and loess.
Feot activities calculated by WATEQF suggest
that groundwater may be saturated with respect to
FeS at HS-! concentrations less than 0.03 mgL-! -
a value that is consistent with our observation of
very low H, S concentrations. FeS precipitate was
identificd on permanent inertial pumps in piezom-
cters 1-30, 1-45,3-25D, and 3-36E. In core samples,
H,S gas was detected when HCH was placed on
fresh core samples - a common laboratory test for
the presence of FeN precipitate in soil (Dener and
Lynn, 1989), In addition, the results of S0y
deternminations (not shown) performed under aero-
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bic conditions on unoxidized till in Core 1 showed
SO 4 concentrations upto 300 pug g1, avalue that is
not consistent with the measured aqueous concen-
trations (Table 1). We have performed similar
analysesonunoxidizedtilland extracted SO4 under
completely anaerobic conditions. These samples
produced little extractable SO4 (< 10 ug g1); this
evidence suggests that the additional SO, seen in
the aerobic extractions was due to the oxidation of
an unstable sulfide mineral, presumably FeS pre-
cipitate. Perhaps the increase in Fe?+ concentra-
tions with depth reflects the removal of Fe2* at
shallow depths by FeS precipitation; future studies
will examine the role of Fe in this system in more
detail.

The detectable SO, concentrations in ground-
waterobserved underthese redox conditions could
be artifacts related to piczometer construction and
the piezometer environment. SO,4 concentrations in
piezometers 1-30B (9.1 m)and 3-25D (7.0 m) have
declined by about 75 percent since they were first
sampledin 1989, while groundwaterinthe remain-
ing piezometers has maintained similar SO, con-
centrationsduring the same time period. This trend
suggests that oxidation of FeS in the immediate
vicinity of the piezometer screen caused an initial
spikein SO concentration, which thenhas decayed
with time due to SOy reduction. The decrease in
SO, may also be due to groundwater flushing of
indigenous SO, 1n the bentonite seal (Kelleretal.,
1991). We are monitoring SO4 concentrations at
the site over time in order to assess the temporal
variability of this parameter, to determine the ulti-
mate source of the SO, and to determine if aredox
zonation exists in this system.

SUMMARY AND CONCLUSIONS

We investigated the hydrogeology and
hydrogeochemistry oftilland loess atthe ATHS in
central lowa. Fromthe hydrogeological studies, we
determined that the groundwater within the weath-
ered (oxidized) late Wisconsinan till isquite young,
and that groundwateratthe base of the Wisconsinan
loessisnoolder than300years. Groundwater ages
increase markedly in the Pre-Illinoian till and are
about 14,000 years old there. In short, based on an



examination of the hydrogeology, the highest po-
tential for groundwater contamination appears to
existinthe near surface, oxidized till environment.

We also presented evidence that the late
Wisconsinan till and loess sequence in two
hydrogeological settings at the ATHS are charac-
terized by high concentrationsof CH,4 produced by
microbial processes. The data are consistent with
the hypothesis that methanogens util 1zed particu-
tate organic carbon (POC) and dissol ved organic
carbon (DOC) derived from a coniferous forest
growing on the loess at the time Des Moines Lobe
iceadvanced into the region 14,000 years ago. The
overriding ice incorporated wood into the till that
wasthen deposited and buried the fore st remnant of
the loess. Carbon-14 dates on CH, and laboratory
data indicate that CH, is produced in grroundwater
inthe loess at present, and recent laboratory experi-
ments have shown us that itis produced in thetill as
well. We interpret the differences in the vertical
profiles of CH4 concentrations to be due mainly to
differences in the topographic setting aand the mag-
nitude of vertical recharge at the piezometer nests.
The role of spatial variability of CH 4 production
and consumption in the till landscape, also an
important factor, has not been evaluate d and will be
the subject of future work.

The results of this research have important
implications for cvalvating the water quality im-
pacts of agriculture in the Midwestanc specifically
to the area of the Des Moines Lobe. I'm additionto
the hydrologic barriers to the vertical migration of
contaminants that we have shown, tall units that
conform to our hydrogeochemical model will pro-
duce low redox conditions. Unless recharge rates
are unusually high, the till units will promote
denitrification, Fe3+, Mn#*, and 8042' reduction
and perhaps methanogenesis. If CHy providesthe
carbon substrate for denitrification under these
redox conditions, it is unlikely that NO3-Nderived
from agricultural practices can be transported
through any thickness of till and contaminate an
underlying aquifer,
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WALNUT CREEK WATERSHED, IA

Stream X

;

Tile 0 Scale 1:82922

Figure 1. Map of Walnut Creek watershed showing location of stream channels, drainage tile systems and
stream and ole momitoring stations.
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DISTRIBUTION OF AGRICHEMICALS
IN WATER RESOURCES
OF THE WALNUT CREEK WATERSHED,
MANAGEMENT SYSTEMS EVALUATION AREA

by

Michael R. Burkart
U.S. Department of Agriculture
Agriculiral Research Service
National Soil Tilth Laboratory
Ames, ITowa 50010

Research in the Walnut Creeck watershed is a result of collaboration among the U.S,
Department of Agriculture, A gricultural Research Service, U.S. Environmental Protection
Agency, U.S. Geological Survey, and faculty from Iowa State University, Walnut Creek is
one of 10 areas in the midwe st being studied in the Management Systems Evaluation Areas
(MSEA) program. Some results of preliminary research are available from the watershed,
however, most projects arein a phase ofreconnaissance, methods development, orinitial data
acquisttion.

The goal of the MSEA program is to understand the effect of current agricultural
management systems on water resourcesand to develop altemnative systemstoimprove water
quality. Three MSEA projects existinlowa; in the Loess Hilis of the southwest; in the area
with thin Pre-Illinoisan till of the northeast; and Walnut Creek. Walnut Creek was selected
to represent hydrologic conditions associated with ‘Wisconsinan till and poorly dissected
terrain. Inaddition, the adjacent SkunkRiver alluvial aquifer affords an opportunity to study
the impact of management sy stem onan aquifer which is particularly vulnerable to contami-
nation from agricultural chemicals.

Walnut Creek drains 5,600 ha(Fig. |)of mostly cropland dominated by cornand soybeans.
The soilsin the watershedare characterized by the Clarion-Nicollet-Websterassociationand
are formed on late Wisconsin drift. The permeability of most soils allows relatively rapid
vertical drainage although horizontal drainage is limited to local depressions under natural
conditions. Yield potential for crops onthese soils are quite high because of the deep soil
profiles, high water holding capacity, and high fertility levels, Consequently, this watershed
represents some of most ideal land for crop production in the midwest corn and soybean
producing region.

There are four aspects of the hydrologic system being actively studied in the watershed.
These include; natural ground water contributions to streams; runoff; artificial subsurface
drainage; and stream recharge to analluvial aquifer. The transport of agrichemicals is the
principal focus of the hydrologic research with herbicides and nitrate of greatest interest. The
hydrologic setting of the research area offers an opportunity to study a complex set of
interactions between ground and surface water and the resulting effects on nitrogen and
herbicidecontamination.
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Runoffis hypothesized to constitute a relatively
minor contribution to stream flow except under
extreme conditions such as those encountered in
1993. Preliminary data from the most upstream
open-channel monitoring station (A on Fig. 1)
tlustrates the discharge of water and selected chemi-
cal loads in the stream. The area contributingtothis
station is 2,540 ha and includes a large area with
subsurface tile drains, Thecumulative loadsforthe
nllustraled period (Fig. 2) were 150, 0()() kg (58
kgha ly of NO»s-N; | 1 000 g (4.5 gha’ 1y atrazine
and 19,000 g (7.3 gha” hy metolachlor (Soenksen, et
al., 1993). All chemical loads increased during
stormtlow, particularly the herbicide loads. How-
ever, NO;-N loads also increased during base flow
periods, even in winter months.  Most of the
herbicide load was transported during storm flow
periods in May and early June, 1991 shortly after
chemical application. In 1992, storms were less
frequent and the herbicide load was less than in
1991,

Natural ground water contributions to streams
isactively being rescarched. A series of wellnests
at the stop labeled A (Fig. 1) are being installed as
one of several profiles being studied by William
Simpkins and others atIowa State University. That
research is expected to increase understanding of
the rate and timing of ground water flow and
resulting transport of chemicals to the stream.
Because there is no aquifer directly in contact with
the stream in the arca shown on Figure 1, discharge
is not likely to be large enough to measure through
stream-channel seepage methods. Consequently,
wellnests will be used to define hydrau lic gradients
and hydraulic conductivity necessary to calculate
the potential discharge to the stream.

Artificial subsurface drainage re presentsone
of the more interesting aspects of the hydrologic
system in the watershed. Over the last 70 1o 80
years, farmers and County governments have col-
laborated todevelop extensive underground draip-
age systems in large areas of the midwest (Fig. 3).
These systems are designed to drain the closed
depressions and maintain a watertable depthof 1.5
0 2 meters throughout much of atypical growing
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scason. Tile drains in this watershed are installed
in fields and connected to larger drains (Fig. 1)
beneath topographically low areas of each field.
These in turn are connected to county tiles, one of
which forms the headwaters of Walnut Creek. An
intermediate size drainage system is being moni-
tored at site B (Fig. 1), also a stop on the field trip.
At thisstationatile surfaces in a pool maintained by
a contributing area of 320 ha. Cumulanve NO;3-N
loads were 22 kg (0.06 kgha” ) during stormflow
periods when direct surface inlets to the dralnage
network are active and 2,800 kg (7.9 kgha ) in
tileflow derived frominfiltration through soil (Fig.
4: Soenksen, et al., 1993), Cumulative loads of
atrazine were 3.5 g ﬁ0.0]O gha'l) from stormflow
and 180 g(0.50 gha™ ") from tileflow. The cumula-
tive load of metolachlor load was 2. 6 g(0.010gha”
1Y in stormflow and 130 g(0.35gha’ ) in tileflow.

These results indicate that water which has
infiltrated soil contributesconsiderably more herbi-
cides and nitrate to the stream than does surface
flux immediately following storms. If this is the
general case inthe watershed, the load of chemicals
passing the stream station A (Figs. 1 and 2) may
also be largely attributed to subsurface drainage.
The implications of this conclusion for designing
systemstoimprove waterquality are quite different
from those which would address problems associ-
ated with overland runoff as a principal transport
mechanism.

Streamrecharge toanalluvial aquifer occurs
east of the area mapped in Figure 1. Before
discharging into the Skunk River, Walnut Creek
flows across the floodplain for a distance of more
than 2000 meters. It has often been observed that
during periods of base flow in Walnut Creek little
or nodischarge reachesthe Skunk River. Plans for
1994 aretoestablish well nests and stream monitors
to measure the loss of water from Walnut Creek
to the Skunk River alluvial aquifer. These mea-
surements will be used todetermine the potential for
introducingagrichemicalstoatype of aquiferamong
the most vulnerable tosurface contamination in the
region, Much previousresearch in similar aquifers
was based on the hypothesis that agrichemicals
were introduced from anon-point, areally distrib-



[ e ) |l oI
58 g ale g G8E a5 i (e

{o01ANDG
DONBAIONUO]) [I08 ‘KIOINAAU] SSOIROSIY [BUOOEN o} WOl ®iedg)
1SOMPIEE A1 W 28 vuRIp [PIDGTLR (EM DU JO GONNgLusyy ¢ g

b

L2 S )

e - L8

vEE - Tl




3,000

2,000

1,000

DAILY CHEMICAL LOAD, iN KILOGRAMS

5,000

4,000

3,000

2,000

DAILY CHEMICAL LOAD, IN GRAMS

DALY STREAMFLOW, IN CUBIC METERS PER SECOND

1 ¥ ¥ 1 1 I 1 1 I
[ Cumulative nitrate-N load Daily ]
B nitrate-N .
! load J
r 4

1 1A 1 ] | 1

T T T T T T T T T T T T T T
3 . i i rload 0 eamameseas b
[ Daily metolachlor load / Cumulaiive metofachior load ot -
- Cumuiative atrazine load 4
' / LT
i __.__-.--—-—————-ﬂ—-' -
: ,’-—-—-—-' ——————————— P i e T S - ]
s / _
[ ]
L Daily atrazine load ]
[ i a 1 I ) N Y } 1 sl ~l I i §Y S

T T T T T T T T T T 1 T T

B e
I J
I d

i 1A 1 | }

1991

1992

150,000

100,000

50,000

20,000

16,000

12,00C

8,000

4,000

Figure 4. Daily concentrations of atrazine and nitrate with daily total discharge at tileflow station B (from
Soenksen et al., 1993},

73

CUMULATIVE CHEMICAL LOAD, IN KILOGRAMS

CUMULATIVE CHEMICAL LOAD, IN GRAMS



uted source. It will be critical to determine the
potential load of agrichemicals from linear sources
such as small tributary loss to aquifers. Plans also
includeresearch toidentify the fate and transportof
contamninants within the alluvial aquifer to deter-
mine the relative contribution of direct contaminant
infiltration and that from the losing stream. If
stream loss constitutes a major source of contami-
nation, the implications for land-use and manage-
mentsystems design may extend beyond managing
land immediately overlying vulnerable aquifers.
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GROUNDWATER / SURFACE WATER INTERACTION AND
HYDROGEOCHEMISTRY IN THE WALNUT CREEK WATERSHED

by

William W. Simpkins and Beth L. Johnson
Department of Geological and Atmospheric Sciences

Towa State Unaversity
Ames, Towa S0010

INTRODUCTION

Combined funding from the U.S. Department of Agriculture - Cooperative State Research
Service (CSRS) for the Walnut Creek MSEA Project and fromthe U.S. EPAMASTER (Midwest
Agrichemical Surface/Subsurface Transport and Effects Research) Program have allowed us to
investigate the hydrogeology and water quality within the Walnut Creek watershed. Prior to this
work, 80 piezometers were installed underthe auspices of the U.S. Geological Survey in Iowa City
primarily for collection of water quality data and some hydraulic head measurements. The data
from these piezometers allowed us to construct a very crude water table map (Fig. 1) for the
watershed and outline critical areas for further study.

Perhaps the greatest unknown factorinthe Walnut Creek watershed is the interaction between
groundwater and the creek itself. It seems reasonable to assume that this interaction may be
affected by the different geological environments 1n the watershed. For example, the creek is
channelized in its upper reaches (the western part), where it also receives mostly tile outflow. In
the central part of the watershed, the creek is cut into till and some alluvium is present. Incision
is greatest in the eastern part, where the creek could be flowing on Pre-Illinoian till units (Fig. 1).
Finally, Walnut Creek enters into the SkunkRiver via a channelized reach cutinto the Skunk River
alluvium (Fig. 1). Each of these areas probably has a slightly different hydrogeological
environment, which, in turn, may affecttheamount of groundwater discharge and the water quality
input into Walnut Creek.

Because of the large area co vered by the watershed, it would be financially impractical to put
inhundreds of piezometers and then continue to monitor them through time. Instead, we identified
what we thought were parts of the creek that were ty pical of the larger system, with the idea that
we would instrument and monitor these reaches very intensely and then extrapoiate the resuits to
larger areas of the creek. As a result, weidentified several transects in the watershed that would
be used forresearch sites during the next few years of the study. Presently, the Black’s Gage site
(26 piezometers) and the Highway 69 site (30 piezometers) are the only transects under
investigation. Other transects have beenidentified but have been put on hold pending additional
funding and evaluation of the results of the first two transects. Bids for drilling and piezometer
installation at the two transects ranged from $24,000 to $56,000, and the low bid was accepted.
Drilling started in mid-August 1993 - delayed considerably by abnormally high sammer precipi-
tation. After these piezometers are in place, we plan to drill acontinuous corehole in each section
(18) to determine the glacial stratigraphy and vertical hydraulic gradients throughout the
watershed. This will hopefully give us a better idea of the boundaries of the groundwater
“watershed” and help us to refine the water-table map in Figure 1.

The purposeof this article is to discusssome of the preliminary hydrogeological investigations
atthe Black's Gage site. A separate articlediscussin g our non-traditional piezometer installation
techniques is also included in the guidebook.
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Figure 2. Site topography and piezometer locations for the Black’s Gage Transect.

METHODOLOGY AND
PRELIMINARY RESULTS

The Black’s Gage site consists of 26 piezom-
eters set at depths between (.6 and 40 m. The
piezoimeters are grouped into three nests (BT, BM,
and BC) on the south side of the creek (Fig. 2). The
piezometers were installed in these positions so that
both horizontal and vertical components of ground-
water flow into Walnut Creek could be analyzed. A
single 40 m deep piczometer was installed on the
north side of the creek adjacent to the private well
at the house for the purpose of investigating CHyg
transport in the Pre-Iilinoian till. Some new and
non-traditional methods were used during the in-
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stallation process (see accompanying article). Note
that perennial springs have located themselves at
the bottom of the slope at the contact with the
alluvium (Fig. 2).

The location for this site was chosen partly
because of the existing hydrologic instrumentation
and the weather station, and partly because the
geology appeared to be straightforward. In Janu-
ary 1993, as part of the MASTER program, EPA
drilled acorehole approximately 1.6 km northwest
of this site. The units identified in that core
indicated nearly 2.6 m of alluvium and colluvium
overlying late Wisconsinan diamicton (till).
Wisconsinan loess, complete with gastropod shells,
was encountered at 7.3 m. Although we did notdrill
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further than 7.6 m, we assumed that loess would be
8 mthick or less, and that the Pre-Illinoiantill would
probably lie justbelow the loess; however, when we
initiated coring at Black’s Gage at the BT Nest (
30.5 m continuous corehole), we found that the
upper 17 mhere was composed completely of very
homogeneous late Wisconsinan till. Furthermore,
the interval from 17 to 30.5 mcontained a diamicton
composed of a mixture of loess, pebbly loess and
till, and Pre-1llinoian till in random stratigraphic
sequence (Fig. 3). Coringnear the stream at the BC
Nest indicated that this diamicton, including some
large 10 cm wood chips which from studies at the
ATHS actually produce CH4, begins almost im-
mediately below the present creek bed. The contact

intarval
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Cross-section showing depths of piezometers and preliminary stratigraphy at the Black’s Gage

with this material at the BM Nest is unclear,
althoughthe Shelby tube sample indicated tillat 18
m. We interpret this mixture to consist of blocks of
substrate that were incorporated by the ice as it
overrode the area, The blocks were, perhaps dueto
a short distance of transport, not homogenized to
the degree that the Alden Member generally ap-
pears elsewhere. Incontrast to this heterogeneous
mixture on the south side of the creek, drilling for
the 40 m piezometer by the farm house indicated a
possible stone line at 12.8 m, a possible paleosol
(Yarmouth-Sangamon gumbotil) at 13.7 m, yel-
lowish-brown Pre-1llinoian till from there to 23.7
m, a sandy zone from 23.7 to 26.5 m, and finally,
unoxidized, Pre-Illincian till from 26.5 to 40 m.



Table 1. Major cation and anion analyses for the Biack’s Gage Transect.

Piez. Depth Unit Temp pH Spec.Cond. Diss C: Mg Na K HCO3 804 (1 Fe Mn NO3-N
no.  (m) ©) @ 25C 02
BT-§ 1.5 oxid. till 169 7.50 672 ND 168 28 5 03 342 25 48 0.005 0007 138
BT-10 3.1 oxid. till 145 7.45 687 315 104 28 5 02 327 27 67 0.026 0.058 152
BT-15 52 unoxid.till 116 7.55 1582 083 259 72 20 6.6 355 654 10 53 1.1 BDL
BT-28 7.6 unoxid.till 102 7.80 694 086 93 28 19 43 443 12 51 0.7 124 BDL

This is the sequence that we had suspected toseeat
our other piezometer nests, and illustrates how
heterogeneous these sediments can be over rela-
tively short lateral short distances. At this time,
only the hydraulic heads in the shallowest piezom-
eters have achieved static equilibrium, and headsin
the deeper piezometers, particularly the 40 mone,
are still recovering. We hope to present some
preliminary hydraulic head data at the time of the
field trip. Samples for microbiological analysis
have been taken from all parts of the core and are
being stored in sterile Mason jars inside an anaero-
bic hood.

Recent geochemical analyses confirm our sus-
picions that NO4-N occurs primarily in the oxi-
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dized zone of the till and are absent from the
unoxidized zone (Table 1). This fits with our
hydrogeochemical model of the Ames Till Hydrol-
ogy Site. The water chemistry in BT-15 is very
interesting and needs furtherinvestigation, although
the Fe and Mn are consistent with our geochemical
model. We do not know at this time whether CH,
is presentin this system. [tis a bit worrysome that
we stili find dissolved O, fairly deepinthe profile,
but this along with Cl could represent remnants of
shallow groundwater thatleaked into deeper zones
during the drilling process. We will monitor these
parameters over time to determine when ambient
water chemistry is re-established in this system.



USE OF NON-TRADITIONAL PIEZOMETER INSTALLATION
TECHNIQUES FOR HYDROGEOLOGICAL STUDIES
IN THE WALNUT CREEK WATERSHED

by

William W . Simpkins, Beth L. Johnson, Jarmes M. Eidem, and Michael R. Weis
Department of Geological and Atrnospheric Sciences
Iowa State University
Ames, Jowa 50010

INTRODUCTION

Researchatthe Ames Till Hydrology Site sugge sted that traditional piezometer installation
techniques were inadequate to unambiguously determine the hydraulic gradientsand geochemical
processes inthe late Wisconsinantill, loess, and Pre-Illinoiantill. The problems concern four
subjectareas: 1) standard 2-inch diameter piezometers (wells) have a very slow response time
and do reflect static equilibrium quickly, 2) standard drilling techniques smear the borehole
annulus and seal off fractures intill, 3)rotary rigs add drilling fluid and contaminate the test
formation and 4) the bentonite seals used toisolate the testing interval in the piezometer also
add Na and SOy to the water, which perturbs the geochemical and microbiological environ-
ment. To solve these problems, we adapted some installation techniques patterned after those
used by the Centre for Groundwater Research at the University of Waterloo. Based on the
results of our initial installations, these new techniques appear to be as good as the standard
ones, and may even be more cost effective in some instances.

METHODOLOGY

The standard well installation method is shown
inFigure 1. In general, adrillrig uses a hollow-stem
auger or rotary rig to access the desired depth.
When the interval is reached, the center plug of the
hollow-stem is withdrawn and a 2-inch diameter
pipeis placedin the borehole. Sand or gravel (filter
pack) is placed around the pipe screen to about | ft
above the top of the screen. Then bentonite chipsor
aslurry are pumped on top ot the sand and into the
center of the hollow stem augers as they are with-
drawn from the hole. While these methods may
work well for very permeable aquifers, they create
problems for low permeability formations. First,
we discovered through studies at the ATHS that
drilling fluid thatis forced into the low permeability
formation through the use of a rotary rig, and it is
impossible to retrieve that fluid in a reasonable
amount of time. Therefore, we specified the use of
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an augerrig only for the Walnut Creek piezometers.
Second, we specified a smaller pipe diameter at
‘Walnut Creek. Ifthe hydraulic conductivity (K} of
the tillis 10-8 ms-1, it could take several months for
a statichydraulic headtobeachieved inthe piezom-
eter. Ifitis 107! ms™!, you could wait for over 1
year! We used 1.25 inch diameter piezometers to
decrease the response time and to be able to calcu-
late hydraulic gradients accurately at any one time.
The small diameter pipe also enables us to sample
more frequently for water quality and still allows
time for the hydraulic head in the piezometer to
equilibrate completely before the next measure-
ment period.

The installation of the piezometers themselves
was a bit more tedious. First, we specifed that
drilling start with hollow stem augers that have
been washed and decontaminated with water of
known composition between boreholes. At 3 fi
above the desired depth (Fig. 2; Step 1), a standard



3 inch diameter, 3 ft long Shelby tube was pushed
(using drill rod and a centralizer) 3 ft into the
desired piezometer interval using the tophead, and
the sample was retrieved and sealed in the Shelby
tube at the surface (Step 2). Next, an outward-
flared (0.125 inch outward flare) Shelby tube was
attached to the drill rod and sent back down the
original 3 inch tube hole. The flared Shelby tube
will reamn the tube hole diameter to 3.25 inches and
open potential fracture surfaces (Step 3). The
flared Shelby tube was then pushed an additional
0.5 ft beyond the original tube hole to allow the
cuttings (from scraping the tube hole) to stayinthe
tube and be brought to the surface.

The piezometers consisted of 1.25 inch diam-
eter, Schedule 40 PVC pipe, withO-rings. Screens
were factory .020inch slot, 3 ft long, and werefiited
with a Geotextile sock in place of a filter pack. At
the top of the screen, a specially-designed, 3.5inch
diameter PVC plug was screwed onto the pipe(Fig.
3; Step 4). The purpose of this plug was to fitinto
the top of the Shelby Tube hole and separate the
screened intervalfromthe bentonite se al above (see
attached diagram). In order to matntain an addi-
tional physical barrier between the screened inter-
val and the bentonite, 1 ft of till cuttings (dried and
crushed) were placed down the hole above the plug
using atremie pipe. The cuttings were “‘cooked” on
site using two portable propane stoves, crushed by
hand, and then passed through a funnel to make sure
they would fit into the tremie pipe. We were
optimistic tn thinking that we could cook 3 ft of
cuttings with two people and two propane stovesin
the time it took to drill the borehole, so we hadto
revise our estimate down to ! ft of cuttings. Three
ft of bentonite pellets orchips were then placedon
top of the dried cuttings (Fig. 3; Step 5) and the
remainder of the borehole annulus was sealed with
a pumpable bentonite grout mixture to avoid bridg-
ing. The grout was alsolaced withabromidetracer
from a water tank containing approved water from
the City of Kelley (Fig. 4; Step 6). The purpose of
the bromide was to help determine the long-term
integrity of the well casing. Protective casing was
installed at the top of the pipe with concrete to
protect against curious bovines.

We alsoexperimented with a number of angled
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piezometers in order to examine fracture flow in the
till (Fig.5) and also to measure hydraulic potentials
beneath Walnut Creek (Fig. 6). Because many
fractures are vertical, an angled piezometer will
theoretically intersect more fractures than a vertical
piezometer. Three angled piezometers will be
installedatdepths of 5, 15and 30 ft beneath Walnut
Creek for the purpose of determining hydraulic
gradients to the creek (Fig, 6). These piezometers
were drilled at an angle of 45 degrees and required
a special shoe on the bottom of the drill rig mast in
order to support the augers.

RESULTS AND CONCLUSIONS

How did these installation techniques work?
‘Water analyses from 11 piezometers are shown in
Table 1. Based onthese analyses, it appears that no
bromide has been artificially introduced into the
piezometers; however, some SO, is present in all
piezometers and high SO4 concentrationsare present
in BT-15 and BC-40, which could be due to bento-
nite contamination. On the other hand, by drilling
into the till we have allowed O, into zones that are
anaerobic, so we mightexpect some initial spike in
S50y, as we saw at the ATHS (see previous article).
The two high SO, piezometers also show higher
than average Cl values, which may indicate that
groundwater that is high in Cl (such as from the
oxidized till) is leaking down into the screened
interval, perhaps before final screen emplacement.
The background concentration of Cl inthe grouting
wateris 1.2 mg L-!, sothat is not a likely source of
contamination. Note thatonly the shallow piezom-
eters have both significant NO;-N and Cl concen-
trations; these are both derived from agricultural
activities.

Although it is too early to make a final judge-
ment, the non-traditional installation techniques
appeartobe working better or at least as well as the
standard installation techniques. Hopefully, the
extra work put into these installations will benefit
us by providing excellentdata in the years to come.
Atleastif contaminationis suspected or identified,
we will know the source and perhaps be able to
remediate it,
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Piezometer Installatin
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Step 3

Pussh 3" Shelby tube with
0.1 25" outward flare
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Figures 2 to 4, Installation techaique used for vertical piczometers in the Walnut Creek Watetshed,
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Table 1. Major anions sampled from piezometers at the Black’s Gage Transect.

Piez. no. Br Cl S04 NO3-N
BT-5 <0.6 4.8 24.5 13.8
BT-5 ang <0.6 3.7 19.9 13.3
BT-10 <(.6 6.7 27.0 15.2
BT-15 <1.2 11.0 654.0 BDL
BT-15 ang <0.6 16.2 6.6 BDL
BT-25 <0.6 5.1 11.6 BDL
BC-5 <0.6 6.6 19.4 BDL
BC-15 <0.6 2.9 7.8 BDL
BC-25 <0.6 <0.2 7.8 BDL
BC-40 <0.6 10.2 409.2 BDL

BDL = below the detection limit
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WATER QUALITY IN PRIVATE WELLS
WITHIN THE
WA ILNUT CREEK WATERSHED

by

William W. Simpkins, Ahmad R. Ariffin, William D. Gibbons, and Beth L. Johnson
Department of Geological and Atmospheric Sciences
lowa State Uni versity
Ames, ITowa 50010

INTRODUCTION

There is great interestin thee waterquality of private wells inagricultural areas of Iowa. As
part of our studies in the Walnut Creek watershed, we sampled 47 private wells for the
traditional water quality parameters of NO;-N and pesticides (atrazine, alachlor, metolachlor,
and metribuzin). In addition, we sampled wells for parameters that would indicate recent
contamination (tritium and C1) and that would yield information about the redox state of the
groundwater (Fe, Mn, 80,4, CHy, and813C-DIC). The purpose of this article is to demonstrate
that conjunctive use of these parameters can yield information about the contamination
potential and geochemical processesin the aquifers underlying the watershed.

RESULTS

Samples were obtained during the Summer and
Fall of 1992 and many wells were resampled in
1993. Methods for this sampling are detailedinthe
article on the Ames Till Hydrology Site. The
composite resultsare shown in Table 1. In general,
there are four major aquifers that are used within
the watershed: anupperand lower gra vel unitinthe
Pre-Illinoian, sandstones in the Pennsylvanian or
the upper part of the Mississippian, and Mississip-
pian limestones, primarily of the Burlington and
Gilmore City Formations. The results of all our
sampling indicate that concentrations of pesticides
that are used in the watershed were below the
detection limit in all wells, and that NO3-N wag
near the detection limit, with the exception of afew
wells. These dats are corroborated by the tritium
and chloride data, which generally su ggest thatno
recent water has miprrated intothe well . Tt should be
noted that high Cleoncentrations inthe Pennsylva-
nianand Mississippian units are naturze N y-occuring
and do not indicate contamination,

Maore interesting, from a geochemical perspec-

1!

tive are the redox indicators in the system. Most
groundwater from the wells show high Fe concen-
trations, which suggestsaredox environment con-
ducive to Fereduction, CH, is also found, but it is
constrained primarily to the upper gravel unit,
Carbon-14 dates on the gas (provided by a Grant
from the Iowa Science Foundation) indicate that it
1s 14,000 to 17,000 years old; thus, the gas was
formed in the Wisconsinan loess above and has
migrated vertically intothe gravel. It makes sense
that most of the gas has only made it 20 to 30 m
below the source horizon, and not into deeper units.
In addition, where large amounts of CH, are present,
SOy, is generally absent. This relationship may
indicate a SO, reduction-CH, oxidation process
known previously only inoceanic sediments. SOy
reduction processes are suggested by the very de-
pleted 13C concentrations of dissolved inorganic
carbon, which are very close to that for the particu-
late organic carbon that may be present in the Pre-
Ilinoian units. SOy concentrations increase in
deeper units, and CH, concentrations there are
barely above ambient air levels. This suggests
either that CH4 has not migrated to these depths



(perhaps inhibited by the Pennsylvanian shale) or
that all the loess-derived CH, hasbeen oxidized to
CO, by SO, and much SOy still remains, We are
presently investigating thisrelationship and hope to
report on our findings soon.

SUMMARY AND CONCLUSIONS

Based on our sampling of private wells in the
Walnut Creek watershed, we found that none of
themn showed evidence of substantial contamina-
tion. Inaddition, we found that the hydrogeochemical
environment of the groundwater is so reducingthat
the preservation of NO3-N is unlikely. These
findings, along with Carbon-14dates of the ground-
water showing very old water, sugge st that where
large concentrations of NO3-N are found ina well
in this region, it is far more likely that contamina-
tionhas come from a breach inthe casi ng or through
the well pit.

92



Table 1. Analyses of major cations, anions,tritium and pesticides for private wells within the Walnut Creek
Watershed. All values in mg/L unless otherwise noted.

Contamination indicators
Pest.{ug/l)

Woalt na. Depth (1) Tritium(TU} cl

Pre-lllinolan gravel {upper unit)

WCA-5a 100 <6 0.7
WCA-8 100 <6 0.0
WCA-103 10 <6 2.9
WCA-11 125 <6 0.9
WCA-5b 130 10 0.0
WCA-81 134 <6 0.0
WCA-12a 161 <6 1.3
WCA-95 165 <6 1.2
WCA-T4 167 <6 1.8
WCA-6 180 <6 0.0
Maan 137 <6 0.9
Pre-tlinoian gravsi (lowar unit)

WCA-41 190 16 0.9
WCA-55 180 <6 33
WCA-18 210 <8 0.0
WCA-13 214 <8 0.9
WCA-92 218 <8 1.2
WCA-31 220 «B 1.2
WCA-34 220 <B 1.2
WCA-31 220 «6 14
WCA-93 220 i 0.4
WCA-28 223 <6 1.4
WCA-102 225 <G 4.7
WCA-24n 227 -6 0.0
WCA-71a8 23t -0 53
WCA-12 240 <8 1.9
WCA-49a 240 =6 0.0
WCA-25 250 - 2.2
WCA-61 250 =8 0.0
WCA-22n 254 <8 1.0
WCA-21 260 «f 1.9
WCA-73 260 -t 10.2
WCA-69a 279 X 13.0
WCA-15 k) ] 0.0
WCA-46 K -0 0.0
Maan 2M ) 2.3

<0.2
«<0.2
<0.2
<0.2
<0.2
«(.2
<0.2
<0.2
«<(.2
<0.2
<0.2

<0.2
=0.2
<0.2
<02
<(.2
<0.2
<02
<0.2
<02
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
«<0.2
<(0.2
<0.2
(.2
0.2
<0.2
=0.2
<02
<0.2

Pannaybvaninn or Minsisnigpian Bt 1 ouis sandstones

WOCA-20
WCA-45
WCA-47
WCA-84
WCA-72
WCA- OB
WCA-100
Mann

260
20%)
2H5
i
286
280
200

262

-t 1.8

7 4.2
) 3.5
-t a.3
+h 9.3
-t 9.8
-t 1.9
-1 6.3

<0.2
=02
<0.2
<0.2
«<0.2
<(.2
<0.2

=0.2.

Misslanippian limastone e (Burlington and Gilmore City)

WCA-3
WCA-I
WCA 44
WCA-71ab
WCA 82
WCA
WCA 1M
Maan

jo1i'1]
aat
340
2t
Ath
447
d00
a6h

«f) 1.7
8 13.3
-t 52.3
ofi 9.8
o 0.0
-0 35.8
oty 3.7
-h 16.7

P = analysis panding, NB - not sampled,

<02
<0.2
<0.2
«{.2
<(.2
<0.2
=0.2
<0.2

NO3-N  NH4-N
1.9 NS
0.0 0.0
0.0 P
0.0 1.7
NS NS
1.0 NS
0.0 NS
3.6 30
0.0 8.6
1.3 1.8
0.9 3.0
26 1.4
0.8 NS
1.2 0.0
0.0 1.0
2.8 2.0
1.3 0.0
1.4 18
0.9 1.9
3.0 22
1.3 1.0
0.0 P
1.2 1.4
12 g7
0.0 16
0.0 NS
0.0 NS
2.0 4.6
1.2 1.2
1.1 oc

11 N§
3.7 1.5
3.5 NS
1.3 28
1.4 1.9
1.3 4.7
0.0 3.0
0.0 NS
Q.0 9.7
1.9 9.1
0.0 8.0

10.7 129
2.1 87
1.0 1.7
13 15
0.0 NS
1.2 7.9
1.0 NS
1.0 5.0
3.9 25
1.3 37

Redox indicators

804 Diss. Fe Diss. Mn CH4{umol/L) CH4(mg/)

3.2
0.0
0.0
108.0
2.1
7.8
168.8
0.0
98.3
7.8
46.0

150.7
153.0
2.0
109.8
158.7
14.8
16.4
56.4
161.2
58.1
268.8
1247
280.3
126.2
511.0
336.2
320.4
159.4
145.3
358.2
368.3
0.0
385.0
185.8

533.8
7348
603.5
985.2
762.1
882.0
453.5
736.9

83.4
543.3
884.9
416.4
191.6
645.9
410.4
453.7
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0.54
1.80
1.09
1.41
0.59
1.39
1.93
3.33
2.24
0.73
1.50

2.95
1.22
1.66
1.25
1.24
1.7
1.22
1.49
1.91
1.13
0.65
2.37
2.03
2.14
2.41
1.79
2.72
1.75
1.60
0.74
3.77
0.00
3.25
1.78

1.79
2.71
2.68
3.80
5.94
4.55
2.20
3.68%

4.88
1.05
2.08
0.46
2.51
2.10
0.13
1.89

0.02
0.14
0.04
0.03
0.02
0.03
0.04
0.16
0.05
0.02
0.05

0.06
0.02
0.04
0.04
0.04
0.03
0.02
0.03
0.03
0.04
0.10
0.04
0.03
0.03
0.07
0.03
0.02
0.06
0.03
0.13
0.07
0.02
0.06
0.04

0.03
0.06
0.05
0.06
0.15
0.07
12
0.08

0.04
0.02
0.03
0.02
0.05
0.02
0.05
0.03

2417.49
549.60
574,30
0.48
313010
799.14
0.58
2438.00
2.08
56.30
1196.81

0.86
0.69
4,02
0.47
1.23
1.36
12.26
0.95
1.27
2.07
0.69
0.86
126.12
0.48
3.74
0.45
0.61
6.25
0.55
0.42
0.53
2.68
0.55
7.35

1.07
1.40
0.59
0.47
2.24
1.1

1.33
1.19

5.83
0.60
0.38
2.37
0.70
0.60

1.75

38.68
8.79
41.19
0.01
50.08
12.79
0.01
39.01
0.03
Q.90
19.156

0.01
0.01
0.06
0.01
0.02
Q.02
0.20
0.02
0.02
0.03
0.01
0.01
2.02
0.01
0.06
0.0
0.01
0.10
0.0
0.01
oo
0.04
o.c1
0.12

0.02
0.02
0.01
0.01
0.04
0.02
0.02
0.02

.09
0.01
0.01
0.04
0.0
0.01

0.03

DOC  C13-DIC (o/oo)

1.6
53
P
1.7
9.8
6.2
3.7
201
P
7.4
8.2

3.4
8.3
2.9
4.8
3.5
4.4
5.0
0.8
4.7
4.9

1.5
11
3.5
2.9
3.6
0.7
5.7
4.1
2.5
0.7
6.4
18
3.6

4.1
0.9
2.4
0.6
1.1
0.8
1.6
1.2

3.4
0.5
0.9
1.0
4.4

0.8
1.8

-11.83
-14.92
P
-17.28
NS
-18.50
-18.68
-2.90
-19.11
-24.68
-15.99

-17.47
-18.67
-26.88
-22.20
-17.20
-20.19
-18.11
-22 .62
-20.20
-23.67

-24.24
-11.12
-19.15
-16.08
-22.35
-17.45
-24.01
-21.70
NS
-5.78
-26.20
-15.19
-19.55

-18.50
-15.33
-15.82

NS
-13.11
-13.42
-17.3¢
-15.00

-17.25
-1.77

-3.60
-10.18
-20.06

-4.70
-18.80
-12.34
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CONSTRUCTED MULTI-SPECIES
RIPARIAN BUFFER STRIPS IN IOWA

by

Richard C. Schultz and David J. Hansen
Department of Forestry
Iowa State University

INTRODUCTION

Iowa is a mosaic landscape of agricultural crops, pasture lands, native woodlands, and a network of
streams and crecks for drainage of abundant rainfall. "The soil on this landscape produces some of the
world's best crop yields. Settlement of the land and the increased mechanization of agriculture caused
removal of many natural woodland corridors along streams and creeks. Loss of this permanent riparian
ccosystem resulted in the movement of agrichemicals from millions of hectares of farmland into surface

water and groundwater.

Restoration of riparian buffer strips is a Best Management Practice (BMP) that

can that can function similarly to matural riparian communities and thus reduce agricultural impacts on

surfacc water,

AGROFORESTRY AND BUFFER
STRIPS

Combinations of trees, shrubs, and grasses
can be developed that contribute to sustainable
agriculture by functioning as nutrient and
sediment sinks for non-point source (NPS)
pollutants. Innovative designs that use specially
sclected fast-growing tree species can be grown
as short-rotation woody crop (SRWC) systems.
SRWC systems produce fiber products or
biomass-for-energy in 5-8 years and timber
products in 15-20 years. The selected species
reproduce vegetatively by stump or root sprouts.
As a result, sites need only be planted every 3 to
4 harvests. The large root systems allow very
rapid regrowth that provides continuity in water
and nutrient uptakc and physical stability of the
soil throughout the life of the stand. Trees
combincd with shrubs and native prairie grasses
increasc biodiversity and thus improve wildlife
habitat and aesthctics. To date, however, there is
little rescarch-based information on the design,
technical capabilities, and appropriate
management  approaches for  reconstructed
riparian communitics,
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The Iowa State Agroforestry Research Team
(IStART), along with researchers from the
Departments of Forestry, Agronomy, Geological
and Atmospheric Sciences, and Animal Ecology
at Jowa State University, has established a
riparian buffer strip management system on the
Risdal farm along Bear Creek north of Roland,
Towa. The impact of agriculture on the surface
water quality of the whole watershed is being
studied by the Agroecology Issue Team of the
Leopold Center for Sustainable Agriculture at
Towa State University. The goal of this project is
to develop a riparian management system and
Study its ability to trap sediment and to function
as a nutrient and pesticide sink. At the same time
the buffer strip should provide wildlife habitat
and potential economic returns for the landowner,
generally in the form of biomass for energy.
Funding for this project has come from the
Leopold Center for Sustainable Agriculture, the
Towa Department of Natural Resources, and the
U.S. EPA Region 7 in Kansas City. The strips
are 66 ft wide in order to qualify for the set-aside
width for the Conservation Reserve Program
(CRP). In this paper, the stucly site will be known
as the Constructed Multi-Species Riparian
Buffer Strip site or CMRBS.
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PHYSICAL SETTING OF THE CONSTRUCTED MULTI-SPECIES
RIPARIAN BUFFER STRIP (CMRBS) SITE

by

William W. Simpkins
Department of Geological and Atmospheric Sciences
Iowa State University

Richard C. Schultz
Department of Forestry
lTowa State University

INTRODUCTION

The study site is located on a privately-owned farm that supports a typical soybean and com rotation.
The CMRBS was constructed on a 66-ft-wide (20-m-wide) strip adjacent to Bear Creck north of Roland,
Iowa. The physical setting of and farming practices on the site are typical of central lowa; thus, the results
of this study could be extrapolated to areas that exhibit similar geological, soil, and agronomic settings .

PHYSICAL SETTING

The Bear Creek Watershed is located in
north-central JTowa north of Roland, and lies
within the Des Moines Lobe - the depositional
remnant of the late Wisconsinan glaciation in
fowa (Figure 1). On its eastern margin, the
watcrshed is  constrained by the Altamont
morainc, which trends nearly north-south in this
arca and which lies several miles west of the
tcrminal Bemis moraine (Figure 1). The total
length of Bear Creck is 2.6 mi (34.8 km) and it
intersects 17.2 mi (27.8 km) of major tributaries
before it empties into the Skunk River south of
Story City. The watershed drains 17,180 acres
(7160 ha) of farmland, most of which has been
subjected to tile-drainage during the last 40
ycars. About 85% of the watershed is devoted to
corn and soybean agriculture. Prairie vegetation
originally dominated most of the gently
undulating topography except for the forests that
lic ncar the mouth end of the creek. Soils are
well-drained to poorly drained and formed in till
or local alluvium and colluvium derived from till.
Roland, a town of 1,100 people, is the only
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community in the watershed and there are no
major recreational areas,

The site lies along a 3300 ft (1000 m) reach
of Bear Creek on a privately-owned farm that is
approximately 1.5 mi (2.4 km) north of Roland.
Until 1988, livestock were allowed to graze down
to the present stream bank, which caused severe
stream bank erosion. The farmer, Ron Risdal,
having expressed concern about the crosion of his
stream banks, allowed construction of the
CMRBS on his property beginning in 1990,
Corn, soybeans, alfalfa hay, oats, and "Christmas
trees" are grown on the farm and the corn and
soybeans are rotated on an annual basis. During
the past four years, pesticides applied on the
farm have included Commence (chlomazone) in
1989 and 1991, Extrazine (atrazine and
cyanazing) in 1990, 1992, and 1993, and
Eradicane (EPTC) in 1990 and 1992. During the
past twelve years, impregnated urea pellets have
been applied at the rate of 120 1b ac™1 (134 kg
ha=1). On legume fields, 80 Ib ac™1 (90 kg
ha=1 ) of 120-6060 (N-P-K) are applied
annually.
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Topographic Map
CMRBS Site
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Figure 2. Preliminary topographic map of the CMR 13S site showing location of piezometer nests.
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Ground elevations at the farm decrease
gradually down to the creek (Figure 2).
Pleistocene deposits of the Des Moines Lobe
(Alden and Morgan Members) and Holocene age
sediment dominate the surficial materials, and
overlie Mississippian age bedrock, composed of
primarily limestone, dolomite, sandstone and
shale (the Mississippian units are described in a
next article in the guidebook by Witzke and
Bunker). The most surprising feature of the
geology at the site was the depth to bedrock.
Although maps provided by the lowa Department
of Natural Resources - Geological Survey
Bureau (IDNR-GSB) indicated that the
Pleistocene sediment was probably less than 100
ft (30 m) thick and there were no visible bedrock
outcrops, bedrock was encountered at depths of
22 f (6.7 m) near the entrance to the farm and at
depths of 12 to 15 ft (3.7 to 4.6 m) below the
alluvium and adjacent to the present channel.
Excavations of the creck bed for the weir
installations indicated that weathered limestone
and siltstonc lie less than 5 ft (1.5 m) below the
channecl. The presence of bedrock at shallow
depths complicates the hydrogeology of the site
and provides a route for groundwater that
bypasses the CMRBS. As a result, much of the
hydrogeological research has been directed
towards distinguishing groundwater flow in the
shallow unconfined and the deeper bedrock
aquifer.

EXPERIMENTAL DESIGN

In order to provide an objective evaluation
of thc CMRBS, scctions of the Bear Creek reach
were divided up according to a split block
statistical design. The reach of the creek under
study was divided into three blocks: inside bend,
outside bend, and straight reaches (Figure 3).
Five 300 ft (90 m) plots were located within each
block. Trcatments  consisting of three
combinations of planted trees, shrubs, grass, and
two controls, were randomly assigned to the plots
within cach block. The planted treatments
consisted of five rows of trees planted closest to
and parallel to the creck ata 4x6 ft (12x18
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m) spacing. Different species of trees were used
in each of the three treatments. One treatment
consisted of a poplar hybrid (Populus X
euramericana 'Eugenei) which has been
extensively tested and is readily available in
Towa. The second treatment contained green ash
(Fraxinus pennsylvanica Marsh.) and the third
treatment contained a mixture of four rows of
silver maple (dcer saccharinum L.) with a center
row of black walnut (Juglans nigra L.). Upslope
from the trees a row of red-osier dogwood
(Cornus stolonifera Michx.) and a row of
ninebark (Physocarpus opulifolius L). The
shrubs were planted ata3 x 6 ft (0.9 x 1.8 m)
spacing. Finally, a 24 ft wide (7.3 m) strip of
switchgrass (Panicum virgatum) was planted
upslope from the shrubs. Controls consist of
pasture grasses similar to those that were present
on the previous grazing areas. Most trees are
being grown on a 6- to 8-year rotation, depending
on the species. Black walnut is being grown on a
45- to 55-year rotation. Views of the site in
1990, 1991, and 1993 arc shown in Figure 4.

REFERENCE

Ryan, W], 1993, A preliminary hydrogeological
assessment of a constructed multispecies
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unpubl. M.S. thesis, Department of
Geological and Atmospheric Sciences, Iowa
State University, 147 pp.
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DESCRIPTION OF BEDROCK CORE FROM THE CMRBS SITE

by

Brian J. Witzke and Bill J. Bunker
Iowa Department of Natural Resources
Geological Survey Bureau

INTRODUCTION

Bedrock core obtained from the CMRBS has aided the stratigraphic and hydrogeologic studies at the
site. The core occupies a very important location between two predominant facies of the Mississippian in
Iowa and it may provide the necessary link to document the transition between the two facies. Shales and
chert units seen within the limestone should provide effective aquitards or confining units for groundwater
flow in different parts of the Mississippian aquifer and prevent transport of agrichemicals into the deeper

parts of the aquifer.

CORE DESCRIPTION AND
INTERPRETATIONS

As part of the hydrogeological
investigations at the CMRBS site, the IDNR-
GSB was contracted in May 1991 to drill and
obtain a bedrock core in order to characterize the
general stratigraphy of the site and to help install
piezometers into this corehole. The core has the
notable distinction of being the last one drilled by
the GSB outside of the Manson Impact
Structure; the GSB's drilling program was
terminated shortly thereafter due to state
budgetary pressures. The core penetrated the
entire thickness of Mississippian strata (260 feet
or 79.3 m){Figure 1). Geographically speaking,
the core occupies a critical region in which
important facies transitions occur within the
Mississippian sequence of Iowa. It is equidistant
between the seemingly disparate Mississippian
stratigraphies of southeastern and north-central
lowa. Prior to this core, little subsurface
information was available to document the
transition between the large-scale facies belts of
these areas; as such, it constitutes a possible link
between facies of the Burlington Formation to the
south and Gilmore City Formation to the north
and may help unravel that particular relationship.

The lowest interval in the core is assigned to
the Maynes Creek Formation, which is
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characterized by dolomite, cherty in part (Figure
1). Porous, fossil-moldic intervals occur near the
base, and calcite-filled vugs and stylolites are
scattered through the formation. Two prominent
irregular hardground or discontinuity surfaces
are noted, one of which is tentatively used to
mark the top of the formation. A similar surface
bounds the contact of the Burlington and
Wassonville formation in southeast Iowa (the
Maynes Creek and Wassonville formations are
stratigraphically equivalent). A dolomite interval
at 237.3 to 255.7 ft (72.3 to 78.0 m) - above the
upper surface and below the oolite unit -
resembles the Maynes Creek in part, but lacks
chert and includes dolomitized packstone
lithologies. The interval is tentatively included
with the lower "Gilmore City" facies, pending
further biostratigraphic study.

Limestone and dolomitic limestone strata
above the Maynes Creck unit are provisionally
labeled as "Gilmore City" Formation;, however,
these units include a mixture of carbonate
lithologies not typically seen in the classic
Gilmore City exposures. The interval contains
carbonate facies that closcly resemble strata of
the lower Burlington Formation (Dolbee Creek
Member) of southeast Iowa. In particular, the
limestone units display crinoidal packstone to
grainstone fabrics and very common stylolites
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that are typical of the lower Burlington
Formation. However, the oolitic limestones
within the core are uncharacteristic of lower
Burlington strata, are more typical of Gilmore
City Formation in northern Towa. Thus, we
tentatively suggest that the core is transitional
between northern Gilmore City and southern
Burlington facies, and that the two formations
are correlative in part. The top of this interval in
the core is marked by a prominent, irregular
surface that is probably a hardground or
discontinuity surface.

We assign the next higher interval at 128.4
to 177.2 ft (39.1 to 54.0 m)(Figure 1) more
assuredly to the Haight Creck Member of the
Burlington Formation. The Haight Creek in
southern lowa 1is characterized by faintly
laminated cherty dolomite strata with a
prominent glauconitic zone at the base. These
lithologies are also seen in this core, although the
cored interval is exceptionally glauconitic and
unlike anything seen in typical Haight Creck
strata to the south. This interval in the CMRBS
core is the most glauconitic interval yet
recognized anywhere in the entire Mississippian
section of lowa, and in some beds, much of the
interval reveals a prominent dark green color.
The CMRBS site occurs near the northern extent
of the Haight Creek Member in Iowa, and the
exceptional glauconite enrichment in this core
may be due to its position at the margin of a
proposed shelf break of the peritidal facies of the
Gilmore City Formation to the north. The
prominent shales and shaly strata in the lower
part of this interval should be of interest to
hydrogeologists, because they should be a major
aquitard or confining unit in the
hydrostratigraphic sequence. Brecciation occurs
in the middle part of the Haight Creck member,
and it is probably related to karst development.

Limestone strata of the Cedar Fork Member
(Upper Burlington Formation) are also identified
in the core (Figure 1). These strata are
dominated by crinoidal packstone and grainstone
lithologies, glauconitic in part, and are typical of
the Cedar Fork Member in southeast Iowa;
however, unlike classic Cedar Fork exposures,
the beds are recrystallized and dolomitized to
varying degrees. A prominent bone bed with
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blackened fish bone material occurs regionally at
the top of the Burlington Formation across
southern Iowa and adjacent parts of Illinois and
Missouri; a similar bone bed is recognized in the
CMRBS core at 97.5 ft (29.7 m)(Figure 1).

The units overlying the Burlington
Formation stratz (to 64.2 ft or 19.6 m) are
included in an informal "Keokuk-Warsaw"
interval (Figure 1). The interval is characterized
by shales with interbedded, porous, fossil-moldic
dolomite. The interval is notably shalier than
that seen in typical Keokuk strata of southeastern
Iowa. Siltstone, which is only known from high
elevations in the Warsaw Shale of southeastern
Iowa, occurs at the bottom of the interval.
Megaquartz void-linings or geodes, typical of
Keokuk and Warsaw strata in southeastern Iowa,
are also seen in the core. As in most of
southeastern Iowa, a prominent erosional
unconformity that truncates the top of the
Keokuk and Warsaw strata beneath the so-called
"St. Louis" Formation across southeast Iowa, can
be seen in the core. Again, the shale units
probably function as effective confining units
between the Keokuk and Burlington aquifers and
the "St. Louis" aquifer at this site.

The uppermost bedrock unit of the core and
the site is assigned to the "St. Louis" Formation,
a probable correlate of the type St. Louis
Formation in Missouri (Figure 1). The basal
interval shows a fining-upward sequence starting
from sandstone and ending in shale. This interval
is capped by an interbedded argillaceous calcitic
dolomite and shale interval. Shales found within
the "St. Louis" intervals in the core may serve as
a aquitards of confining units for the St. Louis or
underlying Burlington aquifers. Based on the
drilling logs from piczometers installed at this
site, shale units within the St. Louis Formation
may be laterally discontinuous, and thus may
affect the extent of confined and unconfined
conditions in the aquifer.



Recommended references for the
Mississippian stratigraphy of southeast
and north-central Iowa include the
following:

Woodson, F.J., 1989, An excursion to the
historic Gilmore City quarries: Geological
Society of lowa, Guidebook 50, 41 p.

Witzke, B.J., McKay, R.M., Bunker, B.J., and
Woodson, F.J., 1990, Stratigraphy and
paleoenvironments of Mississippian strata in
Keokuk and Washington counties, southeast
Towa: Iowa Department of Natural Resources,
Geological Survey Bureau, Guidebook Series
no. 10 (54th Tri-State Geological Field
Conference), 105 p.
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PLEISTOCENE AND HOLOCENE GEOLOGY OF THE CMRBS SITE

by

William W. Simpkins
Department of Geological and Atmospheric Sciences
Iowa State University

INTRODUCTION

A description of the Pleistocene and Holocene geologic units at the CMRBS has been integral part of
the hydrogeological investigations at the site. Although the CMRBS site lies within the Des Moines Lobe,
the "overburden" was considerably thinner and more complex than at sites west and south of Ames that
were described earlier in this guidebook (see Simpkins, W.W., Geological and Hydrogeological Setting of
Central Iowa, p. 37). Some differences between the CMRBS and other previously-discussed sites are as
follows: 1) the diamicton is thin and is mostly oxidized, 2) there is a significant amount of sand consistently
interbedded with the diamicton, and 3) the oxidized diamicton is somewhat less dense and sandier than it is
to the south and west of this site. Groundwater flow in and the hydrologic function of the till units (e.g., an
aquitard?) here at this site may be different than the conceptual models presented earlier in the guidebook.

PLEISTOCENE GEOLOGIC UNITS

Glacial sediment from auger grab samples
and from coreholes at the CMRBS was analyzed
for particle size according to the methods
described in Walter et al. (1978). The results for
the corchole are shown in Table 1 below.
Diamicton at the CMRBS (standard deviation in
parentheses) averages 53 percent sand (5.8), 30
percent silt (3.9), and 17 percent clay (3.4). In
general, these values show a much higher sand
percentage than is typical for till of the Dows
Formation. Kemmis et al. (1981) showed that till
of the Alden Member of the Dows Formation
(basal till} in central Iowa averages 48 percent
sand, 37 percent silt, and 15 percent clay. The
Morgan Member, which consists of supraglacial
sediment or diamicton, averages 44 percent sand,
42 percent silt, and 14 percent clay; however, the
Morgan Member exhibits enough variability in
particle size percentage that the samples above
would probably fall within one standard
deviation of the means given by Kemmis et al.
(1981). The presence of the diamicton between
significant thicknesses of sand (up to 6 ft or 1.8
m), the sandier nature of the diamicton, and the
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close proximity of the site (1 mi or 1.6 km) to the
Altamont moraine (Figure 1) suggest that the
uppermost diamicton and sand in the upper 11 to
15 ft (3.4 to 4.6 m) comprise the Morgan
Member and likely indicate a supraglacial origin.
In contrast, the unoxidized diamicton in this core
and elsewhere on the site shows particle size
percentages much closer to those cited by
Kemmis et al. (1981). With reference to the
corehole, oxidized diamicton and sand belongs to
the Morgan Member. Oxidized diamicton at
17.3 and 19.4 ft (5.3 and 5.9 m) is likely basal
till of the Alden Member (Dows Formation).

In addition to the heterogeneity within the
Pleistocene section, there are a number of areas
at the site where sand and gravel predominate at
or near high surface away from the creek, e.g. at
Piezometer Nests 6, 17, 19, and 21. These could
represent fluvial surfaces that were active during
or shortly after deglaciation (Noah Creek
Formation?). A lower terrace system above the
present floodplain occurs at Piezometer P11C
and extends castward at about the same elevation
along the slope. Some of the coarse gravel here
has been mined previously for aggregate and the
farmer is now growing Christmas trees on these



deposits. The terraces are significant features at
the site because the gravel and sand have a
significantly higher hydraulic conductivity than
the till. Because the terraces lic directly

downgradient from fields where agrichemicals
are applied, samples from the groundwater often
show significant quantities of NO3-N and
metabolites of atrazine.

Table 1. Particle size distribution of glacial sediment in the P21 corehole.

Depth in Sediment Percent Percent Percent
ft (m) description sand (< silt clay
2mm)

45(14) diamicton, oxid. 56 26 18

55(1.7) diamicton, oxid. 63 20 27

6.3(1.9) diamicton, oxid. 52 30 18

8125 diamicton, oxid. 59 28 13

9.9(3.0) diamicton, 52 33 15
mixed

11.3(3.49) diamicton, 55 33 12
unoxid.

14.0 (4.3) sand, med. wl- 94 0 6

srid
17.3(5.3) diamicton, oxid. 46 30 24
19.4 (5.9) diamicton, oxid. 50 31 19

HOLOCENE GEOLOGIC UNITS

The flood plain of Bear Creek consists of
loamy alluvial sediment with some organic
material. Much of it may be post-scttlement
alluvium. Two particle size analyses of the upper
part of the material showed 49 and 56 percent
sand, 31 and 23 percent silt, and 20 and 21
percent clay; these analyses suggest that most of
this sediment is reworked til! of the Dows
Formation and may be partly colluvial in origin.
Sandy and gravelly zones, presumably channel
lag deposits, often occur at the base of the
organic upper unit and both generally rest
immediately on till - both oxidized and
unoxidized. Although it fairly coarse-grained
and piezometers within it produce large amounts
of water, samples of groundwater from the
alluvium generally have not shown high
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concentrations of NO3-N or metabolites of
atrazine.
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HYDROGEOLOGY AND HYDROGEOCHEMISTRY OF THE CMRBS SITE
by

William W. Simpkins
Department of Geological and Atmospheric Sciences
Iowa State University

INTRODUCTION

Unlike many previous buffer strip projects cited in the literature, the CMRBS project has from the
beginning supported a significant hydrogeological and hydrogeochemical research component. This
emphasis is due primarily to three factors listed below:

1. Previous buffer strip studies have failed to understand completely the groundwater flow system
beneath the buffer strip and have failed to document important groundwater geochemical processes both
inside and outside the buffer strip.

2. Many previous studies have examined the role of buffer strips in presumed single aquifer systems
predominated by horizontal groundwater flow. In lowa and in other parts of the Midwest, vertical
components of flow occur in groundwater systems associated with streams, and many groundwater systems
consist of thin till overlying a bedrock aquifer (such as the CMRBS). Evaluations of buffer strips in likely
geological and agronomic settings are necessary to provide the justification for increased construction of
these strips.

3. Although the Mississippian aquifer is considered susceptible to groundwater contamination,
relatively little is known about the location of its recharge and discharge areas. This study will contribute to
our understanding of local to regional groundwater flow systems and the hydrogeochemistry in the
Mississippian aquifer.

The purpose of this article is to provide a status report on the hydrogeological and hydrogeochemical
research at the CMRBS and to demonstrate the importance of geology to the evaluation of the buffer strip
at this site and elsewhere.

METHODOLOGY strip and it could discharge unaffected into Bear
Creck. Thus, in addition to the local
The original conceptual model of groundwater flow system developed in the till and
groundwater flow at this site assumed that alluvium, the hydrogeological investigations
groundwater flowed primarily through the till expanded in 1990 to look at the local and
and discharged into the stream; however, drilling regional flow system developed in the
in the Fall of 1990 indicated that bedrock was Muississippian limestone aquifer.
much shallower - less than 12 ft (3.7 m) in some To date, 46 standpipe piezometers and 27
areas - than had been expected at the site. This minipiezometers have been installed on land and
"new" aquifer impacted the buffer strip in the creek for the purposc of monitoring
evaluation considerably, because groundwater in hydraulic head and calculation of hydraulic
the bedrock aquifer would never "see" the buffer gradients and for obtaining water samples both
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for water quality and geochemical research. Ten
piezometers were installed into till, alluvium, and
sand in the Fall of 1990 and Spring of 1991. The
drilling suggested that the till contained many
thick sand units within it (see¢ discussion in
earlier guidebook article) and that the alluvium in
the floodplain rested on both till and bedrock. In
1991, we engaged in a joint venture with the
IDNR - GSB to delineate the bedrock units at the
site and install piczometers to get a better idea of
the hydrogeology of the bedrock aquifer. The
first part of this effort was the corchole shown
carlier.  After coring, 4 piczometers were
emplaced in the corehole separated by bentonite
(Figure 1). Twenty three piezometers and a
pumping well were installed at that time, along
with 1 water table piezometer in the till. In
August 1992, twelve piezometers were installed
at or near the water table in till, sand, and
alluvium, In 1993, 12 drive-point
minipiezometers were been installed in the creek
bottom and 15 drive-point minipiezometer were
installed in the intense monitoring area in the
southwestern part of the CMRBS.

Data collection activities at the site consisted
of monthly and bimonthly water level
tneasurements using an electric water level tape.
Water quality samples were obtained monthly
from the piezometers, tiles, and Bear Creck.
NO53-N and NHy N were determined initially
with a Lachat system and then with a ion specific
¢clectrode and ion chromatography.  Water
samples were analyzed for atrazine using the
ELISA (Enzyme-linked immunosorbent assay)
developed by Ohmicron Corporation. Duplicate
samples from specific piezometers, tiles, and
Bear Creck were sent to the University of Towa
Hygienic Laboratory in Iowa City for analysis of
common pesticides (including atrazine) and the
two common metabolitess of atrazine -
descthylatrazine  and  deisopropylatrazine.
Cations were analyzed by ICP-MS and Atomic
Absorption.  Anions were analyzed by ion
chromatography.  Tritium was analyzed by
electrolytic enrichment and standard scintillation
counting at the Environmental Isotope
Laboratory at the University of Waterloo. 14C
dating of dissolved inorganic carbon was done by
Tandem  Accelerator Mass  Spectrometry
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(TAMS) at IsoTrace Laboratories at the
University of Toronto. Slug tests were conducted
using a solid PVC slug (Ryan, 1993). A
Campbell Scientific weather station was also
installed at the site in 1992 and has recorded
weather data on a daily basis until the present.

PREVIOUS WORK

The geology and hydrogeology of till and the
Mississippian aquifer in Iowa have been
discussed both in this guidebook and in the
literature (see previous article on p. 47). The
investigations into the hydrogeology of till at the
Ames Till Hydrology Site have focused mainly
on basal till of the Alden Member. The site is
between the Bemis and Altamont moraines and in
the area of minor moraines or corrugation ridges
that consist mainly of basal till.  Supraglacial
sediment of the Morgan member is sometimes
present in the upper 10 & (3 m) or so in the
Walnut Creck watershed. In contrast, the
CMRBS site is much closer to the Altamont
moraine and appears to contain a greater
percentage of supraglacial sediment. Little is
known about the organic carbon content and the
nature of groundwater flow systems that develop
in this type of heterogeneous material; hopefully,
this investigation will shed some light on the
subject.

Probably the most useful compendium of
information on the Mississippian aquifer is the
publication by Horick and Steinhilber (1973)
(Mississippian Aquifer of Iowa). In that
publication, the authors suggest that vertical
recharge occurs in all of the aquifer (Gilmore
City through the St. Louis) near groundwater
divides and that groundwater discharges into
major rivers in the region. The potentiometric
surface map of the Mississippian aquifer, which,
necessarily lumps the St. Louis, Burlington, and
Maynes Creek - Gilmore City aquifers into one
unit because of a lack of unit-specific head data,
suggests that groundwater flow is generally from
northwest to southeast along the strike, except
where discharge occurs, presumably in major
drainages such as the Jowa and Skunk Rivers.
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The CMRBS site is located approximately 4.5 mi
(72 km) east of the Skunk River; thus,
groundwater flow in the bedrock at the CMRBS
site is likely either horizontal towards the river or
slightly upward indicative of discharge to the
Skunk River.

RESULTS AND DISCUSSION
Precipitation

The years 1992 and 1993 have been two of
the wetter years in the recent record in central
Iowa (Figure 2). Rainfall at the CMRBS in 1992
was near normal at 32.4 in (822.5 mm); however,
in 1993, the CMRBS station had recorded 50.7
in (1286.5 mm) by the end of August 1993. This
precipitation was in contrast to the drier than
normal years that had preceded 1992. Major
flooding of Bear Creck occurred at the CMRBS
during the July and August rainfall periods.

Hydraulic Conductivity

Twenty-six slug tests were conducted at the
site to determine the hydraulic conductivity of the
different units (Table 1). In general, bedrock
units at the site showed similar K values, with the
exception of shale, which shows a considerably
lower values. K values for till are typical for
oxidized till of the Des Moines Lobe in central
lIowa (Simpkins and Parkin, 1993).

Local Groundwater Flow Systems

The conceptual model of groundwater flow
towards Bear Creek is shown in Figure 3. Based
on this conceptualization, which assumes an
unconfined groundwater flow system and a
separate, always-confined bedrock groundwater
flow system, Ryan (1993) constructed
preliminary water table and potentiometric
surface maps from average water-level
measurements taken in the latter part of 1991 and
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all of 1992 (Figure 4). The contours suggest that
both the unconfined and the confined
groundwater flow systems flow laterally towards
Bear Creek and eventually discharge into it.
Some shallow groundwater may be lost to tile
drainage, although the small number of tiles and
the steepness of the topography may negate that
effect. Although it is an attractive conceptual
model of groundwater flow, it appears to be
overly simplistic; this will be discussed in the
next few paragraphs.

Table 1. Geometric mean hydraulic
conductivities (K) for geologic units at the
CMRBS site.

Unit K (ms—1)
St. Louis Fm. limestone 6x 10~6
St. Louis Fm. sandstone 5x%10-6
St. Louis Fm. shale 1x10=7
Dows Fm. diamicton (till) 3x1076
Noah Creek (?) gravel 1x10°6

The unconfined groundwater flow system
appears to be recharged at the site. Evidence for
this includes hydrographs for piezometers
screened at the water table that respond quickly
to major precipitation events (Figure 5). Many
of the highest heads were seen during periods of
abnormally high precipitation in Summer 1993.
Hydraulic gradients at the site taken from nested
piezometers suggest vertical components of
groundwater flow in the unconfined system. The
vertical component is slightly downward in the
upland parts of the site, and may be slightly
upward directly adjacent to the stream. Even
piezometers within 50 ft (15.2 m) of the stream
have shown a downward vertical gradient for
most of the study period (Figure 5a).

The relationship between the unconfined flow
system and the bedrock (confined?) flow system
is less clear at the site and may vary
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considerably. Data from Piezometer Nest 19
(Figure 6a) suggests a downward vertical
gradient between the piezometer in sand (P19A)
and the piezometers in bedrock. This would
indicate that the bedrock aquifer could be
recharged by groundwater at the site; thus, the
bedrock aquifer could be contaminated by
activities at the site. The head in the water table
piezometer (in sand) and in both bedrock
piezometer rise and fall in sink with each other;
this suggests a good hydraulic connection
between all three piezometers. In contrast, data
from Piezometer Nest 21 (Figure 6b), which is
some distance from the creck, indicated that
heads in the bedrock aquifer (P21E) were above
the water table (P21A) during 1993. In fact,
artificially high heads at P21A during 1992 were
caused by discharge of water on the ground
surface from P21G (the flowing well) until
March 1993, It appears that the natural
condition at this nest is for heads in the bedrock
aquifer to be higher than the water table; thus,
this part of the bedrock aquifer cannot then be
recharged from above at this location.

Within the bedrock aquifer itself, flow
appears to be nearly horizontal in the upland
areas, and upward directed in the bedrock at
stream level. The magnitude of the hydraulic
gradient is not constant across the site and this
indicates the effect of heterogencity and the
presence or absence of confining units. Away
from the creek in Nest P19, there is a noticeable
lack of a vertical gradient over 32 ft (9.8 m)
distance in the bedrock (Figure 6a) and a
predominantly horizontal gradient in bedrock is
hypothesized for this nest. In contrast, bedrock
piezometers near the stream consistently show an
upward-directed vertical hydraulic gradient,
suggesting that groundwater is discharging into
the stream from the bedrock aquifer. One “end
member" situation occurs at Piezometer Nest 3
adjacent to Bear Creek, where it can be seen that
water levels in the deeper bedrock piezometer are
at least 1 ft higher than those in the shallow
bedrock piezometer (Figure 7a). The vertical
hydraulic gradient is about 0.05. The small head
gradient would be expected because there is not
much resistance to flow in the limestone and
sandstone bedrock.; the shale unit becomes more
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of a hydrologic factor east of this nest. For
example, in Piczometer Nest 13, there is a about
a 9 ft difference in head over a distance of about
10 ft between the screened intervals, resulting in
a vertical head gradient of 0.9 (Figure 7b).
Flowing artesian conditions occur here, and also
at Nest 8, because hydraulic head must build-up
beneath the shale between the bedrock
piezometers in order to discharge water into the
creek. It is likely that a shale unit is the
predominant bedrock unit beneath the creek on
the castern one half of the site. We inadvertently
tested that hypothesis by putting in drive-point
minipiezometers into this unit under the creck
bottom - these produced no water in 4 months.
The drive-point minipiezometers produce water
at the other two nests to the west, primarily
because at those locations they are in weathered
limestone.

The previous discussions highlight a
particularly important hydrogeologic problem at
the site, namely whether there exists a continuous
confining unit (aquitard) to maintain confined
conditions in the bedrock aquifer. What are the
potential confining units? Ordinarily, till units
that overlic bedrock aquifers are assumed to
function as confining units or aquitard (see
earlier article by Bruner and Hallberg, p. 43);
however, the Pleistocene section here contains
enough sand that a true confining unit may be
absent or very thin in some parts of the site. In
addition to K values from sandstone, limestone,
and till units that are quite similar (Table 1), true
confined aquifers would probably not show
hydrographs such as those shown in Figure 6a.
It is tentatively concluded on the basis of very
little data that, at best, the till at the site provides
a very discontinuous confining unit for the
bedrock aquifer.

Other confining units exist atop and within
the bedrock units. For example, shale units sit at
the alluvium/bedrock interface and directly
underlic the creek on the eastern edge of the site.
A sample of this material at Nest 10 showed a
particle size percentage of 10 percent clay, 45
percent silt, and 45 percent clay. These may act
to separate the unconfined groundwater flow
system i the till/alluvium from the
confinedbedrock flow system. Where the shale
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unit is absent, the till/alluvium and bedrock
aquifers belong to the same flow system. In
addition, thick shale units occur within the
bedrock sequence and act as a local confining
unit on some parts of the site (¢.g., Nest 13) and
not in others (¢.g., Nest 19). Depending on their
location relative to the creck, shale units can
either impede downward flow to deeper parts of
the aquifer or cause large upward-directed head
gradients near the creek. In addition to the shale
units, pre-glacial weathering on the limestone
bedrock surface secems to have produced some
residuum that was often encountered at the
bedrock surface. Cuttings from such units may
be what the driller called "tan shale" in the
geological logs . Particle size analysis of one
sample of this material at Nest 13 yielded 3
percent sand, 48 percent silt, and 49 percent clay.
The extent of this residuum is not known,
although excavations of the creek bottom on the
west end of the site during emplacement of the
weirs showed mainly a weathered limestone, but
not a distinct weathering horizon.. Bear Creck
may have eroded this unit during downcutting of
the channel.

In summary, the hydrogeology at the
CMRBS is quite complex. In general, an
unconfined groundwater flow system exists in the
till/sand/alluvium that recharges at the site and
discharges into Bear Creek. Where shale units
are absent atop or within the bedrock, this
unconfined system may include bedrock units
within the St. Louis limestone. Till units are not
continuous enough to support a confined aquifer
condition in the bedrock. A separate
groundwater flow system exists in the bedrock
and it generally exists under confined conditions
either due to shale units at the top of the bedrock,
or shale units within the bedrock, or both.
Upward hydraulic gradients near the stream
suggest that this flow system also discharges into
Bear Creek. Where contiguous shale units are
present, they provide a confining unit may result
in the sealing off of the bedrock umits from
recharge at the site. In many instances, heads in
the bedrock aquifer are higher than the water
table, indicating a non-recharge condition at the
site.

Geochemical data (see later discussion)
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support these interpretations. Tritium activitics in
groundwater suggest that groundwater in the
alluvium and shallow bedrock is similar in age;
hence, there is effectively no confining unit where
the alluvium rests on bedrock. Similarly, the
water from the deeper piczometers below shale
units show ages greater than 50 years; this age
suggests that the water has migrated here from
somewhere off the site. The chemical
composition of the groundwater also provides
"markers" for the separation of these waters and
that topic is discussed in a later section.

Regional Groundwater Flow Systems

Hydraulic head relationships in Piezometer
Nest 21 have provided insight into the nature of
regional groundwater flow in the St. Louis
(P21D), Keokuk (P21E), Burlington (P21F), and
Gilmore City/Maynes Creek (P21G) aquifers
(Figure 8). Upward-directed hydraulic gradients
occur throughout the piezometer nest installed in
the corehole, For example, heads in Kecokuk
limestone (P21E) are always 1 ft (0.3 m) higher
than those in the St. Louis shale unit (P21D)
above it, although the latter piezometer may not
be giving a true head reading due to some
problems in its instailation. It may be better to
use P21C as (Figure 6b) as the representative
head at the top of the St. Louis aquifer.
Groundwater from the deeper two piezometers,
set in the Maynes Creed/Gilmore City and the
Burlington units, have even higher potentials and
flow at the land surface (Figure 8). Flowing
wells in this part of Story County are not
unusual, and there are numerous such wells that
occur just south of Story City near the now
defunct "Artesian Service" gas station on
Highway 69, and along the Keigley Branch, a
tributary to the Skunk River which is just north
of and trends parallel to the northwest to
southeast-trending Altamont moraine. However,
most of the flowing wells are not more than 125
fi (38 m) deep and they all occur in a
topographically low area near the Skunk River.
This relationship suggests that the hydraulic head
drive that produces the flowingwells is due to
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some adjacent topographic high, such as the
Altamont moraine. Flowing (artesian) conditions
also occur in the city well at Story City. The
well lies just above the floodplain of the Skunk
River and is completed in the Gilmore City
Formation.

Because flowing wells at the CMRBS site
occur on what appears to be a topographically
high area, this phenomenon proposes some
interesting questions about regional groundwater
flow systems in the Mississippian aquifer.
During the first few months of monitoring, the
head gradients in the piezometers were all
upward directed, suggesting that Bear Creek is
actually a groundwater discharge point for the
entire Mississippian aquifer (Figure 8). However,
the physical nature of the bedrock units suggest
this is unlikely. Shale units such as those in the
Warsaw Formation are excellent confining units,
and it would be unlikely that much discharge is
moving through them. So, what causes the
upward hydraulic gradients? Two hypotheses
are proposed here. First, they could represent a
regional groundwater discharge to the nearby
Skunk River, some 4.5 mi (7.2 km) to the west.
At Story City, the surface elevation of the city
well in the Gilmore City Formation is about 970
ft (280.5 m). Thus the hydraulic head (it flows
in Story City at +12 ft) is nearly 100 ft (30 m)
lower than the head in piezometer P21G at the
CMRBS. A decline in head in the aquifer
towards the west would consistent with
groundwater discharge into the Skunk River, so it
is possible that the Gilmore City/Maynes Creek
aquifer discharges into the Skunk River, and that
the conditions seen at Nest 21 are indicative of
that discharge. This evidence supports the
conceptual model of groundwater flow of Horick
and Steinhilber (1973). However, because nested
piezometers do not exist within each aquifer, it is
difficult to prove with certainty that a
groundwater discharge condition exists in each
agquifer.

Because of the ambiguity introduced by a
lack of vertical gradient data in each aquifer, a
second possible explanation must be considered -
that heads in the aquifers only represent heads
carried from their respective recharge areas and
that groundwater discharge is not occurring. For
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example, in order for any head to be at a position
12 ft (3.7 m) about the ground surface in P21G,
the recharge area must also be that high or
probably higher in elevation. Higher ground
surface elevations up to 1200 ft asl (366 m asl)
only occur northeast of the site in Hardin County.
Bedrock maps also suggest that the subsurface
elevation of the Gilmore City Formation rises to
elevations of 1100 ft (335 m asl) in northern
Hamilton and Hardin counties to the north of the
site. In either case, the heads measured in P21G
are likely due to a regional-scale, confined
groundwater flow system where water is flowing
south to this site from recharge areas in the north
or northeast.  Similar relationships would hold
for the Burlington and Keokuk aquifers at the
site.

The relationship between P21F and P21G
complicates confirmation of either of the
interpretations given above. During the Summer
of 1993, piezometer P21F was evacuated with
nitrogen gas to see if the screen was clogged,
thus causing an inaccurate head reading. Shortly
after purging, head values in this piezometer
increcased by almost 10 i (3 m), to a total
elevation of about 1062 ft (323.8 m), and we
began to measure heads at that time.
Unfortunately, the head rise was also coincident
with the abnormally wet summer of 1993; the
effect of that precipitation is definitely seen in the
head values from P21G (Figure 8). At the end
of the summer, the Burlington aquifer possessed
a higher hydraulic potential than the Maynes
Creck/Gilmore City aquifer; thus, the former had
the potential to vertically recharge the latter and
not vice-versa as had been the case in the
previous two years of monitoring at this site.
Downward directed, vertical heads between the
Burlington and the Gilmore City aquifers support
the Horick and Steinhilber (1973) model
conceptual model, which suggests that
groundwater in the Burlington aquifer should
recharge the underlying Gilmore City/Maynes
Creck aquifer where the two are both present -
except, of course, near discharge areas where
the gradients should be upward. It is also
curious that towards the end of 1993, the heads
in the two piezometers are nearly equal and may
be returning to the pre-1993 conditions. Why



would this occur? One possibility is that the
Burlington aquifer has responded faster to the
1993 recharge than has the Gilmore City/Maynes
Creek aquifer. This seems counter-intuitive to
observations of a lower flow rate (i.e. lower K)
from the Burlington aquifer than the Gilmore
City/Maynes Creck aquifer. Another possible,
and perhaps more intriguing, explanation is that
heads in the Burlington aquifer are responding to
stage fluctuations in the Skunk River; i.e., when
the Skunk River rose to record levels this
summer, so did the heads in the contributing
aquifer. This phenomenon is known as the "back
pressure” or "backwater effect”". Elevation and
geological data appear to support this hypothesis.
Geological maps indicate that the Skunk River
has downcut to the Burlington aquifer (see
Horick and Steinhilber, 1973) and the channel of
the Skunk River at Story City (about 950 ft msl
or 289.7 m) and the elevation of the Burlington
aquifer at the CMRBS (about 940 ft msl or
286.6 m) are similar. Some "backpressure"
effect would also be shown in the underlying
Gilmore City/Maynes Creek aquifer, although the
magnitude of response would likely be much less.
The effect would not be as great in the St. Louis
aquifer, because it may unconfined in areas to the
west of the CMRBS.

In summary, hydraulic heads in the Keokuk,
Burlington, and Gilmore City/ Maynes Creek
aquifers have the hydraulic potential to discharge
upwards into the St. Louis Formation aquifer and
ultimately to Bear Creek; however, this probably
does not occur because of thick shale confining
units between the aquifers. It is more likely that
the Burlington and Gilmore City/ Maynes Creek
aquifers discharge into the Skunk River to the
west of this site and that the upward-directed
heads somehow reflect a regional groundwater
discharge condition. The bedrock aquifer that
really affects the CMRBS site is the St. Louis
aquifer, which as mentioned earlier, may not be
recharged on the site and may only be recharged
near drainage divides. The St. Louis aquifer
supplies the farm well and most of the
neighboring farms that have not yet connected to
rural water systems.
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Groundwater Age

Groundwater at the CMRBS site is between
about 11,000 years old and recent, according to
both enriched tritium and 14C-DIC dating
techniques (Table 2). Based on an interpretation
of the site drilling logs and the tritum data,
groundwater in the deeper confined aquifer at the
site has values <0.8 T.U. (the detection limit) and
is definitely older than 30 years - probably older
than 50 years. Groundwater at the water table
shows values close to modern input value of 10
T.U. in this region. Below the water table in the
unconfined system, some groundwater appears to
have entered the system in the early to mid-
1980's (30 to 32 T.U.).

Tritum was mnot detectable in any
piezometers in the P21 Nest. Uncorrected 14C
ages of dissolved inorganic carbon (DIC) indicate
that groundwater in the Burlington aquifer is
11,164 years old. Groundwater in the Gilmore
City/Maynes Creek aquifer is 6,667 years old.
This is an age relationship that is consistent with
a predominantly upward gradient found at the
site. Corrected 14C-DIC ages will probably be
younger for both of these aquifers, based on
dates calculated for similar units in central Iowa
by this author. A 14CDIC date for
groundwater in P21E is pending and may shed
some light on the age relationships.

Hydrogeochemistry

One of the main research tasks in this project
is to determine what effect buffer strips may have
on water quality. To that end, a considerable
cffort has been made to understand the hydro-
geochemistry of the groundwater at the site with
special regard for water quality parameters such
as NO4 and pesticides. Complete geochemical
analyses of 24 samples submitted in July and
September 1993, Tritium samples were taken in
1992,

Groundwater can be divided into three
groups based on the hydrogeochemistry. In
Group 1, groundwater in piezometers that are
screened near the water table (i.e., P1A or P17A)



show higher temperatures, more dissolved Oj,
more Cl (fertilizer?), and more NQ3-N than
decper piezometers (Table 2). They also show
very low dissolved Fe concentrations, which
suggests that oxidizing conditions prevail there.
Tritium activities near recent input values occur
in these waters and suggest the groundwater is
very young. The water also contains trace
amounts of pesticides. In short, these
hydrogeochemical characteristics suggest that
groundwater has been recently recharged and that
contamination of the groundwater has occurred
due to recent agricultural practices at the site.

In Group 2, piezometers in the unconfined
groundwater flow system (i.e, P1B or P6C)
show temperatures that are near the mean annual
temperature of 10 C, no dissolved O3, little or
no NO3-N or pesticides, and large
concentrations of dissolved Fe (Table 2). The
groundwater also shows some tritium activities
that are not modern values and some of these
waters may be 5 to 10 years old. The high
concentrations of Fe combined with little or no
NO3-N suggest a redox environment favorable
for denitrification; this is a topic of future
rescarch at this site. In short, groundwater in
these piezometers is older and if contamination
has occurred in the past, most of the
contaminants have  probably  undergone
significant transformation.

Finally, Group 3 piezometers in the confined
bedrock aquifer show the same characteristics as
the second group above, but tritium activities are
all below the detection limit of 0.8 T.U.(Table 2).
Not only is this water significantly older than any
water on site, but the slightly lower SOg4
concentrations suggest that SO, reduction has
occurred. This is definitely true in groundwater
in the Gilmore City/Maynes Creek aquifer
(P21G) where SO4 concentrations are below
the detection limit and CH,4 concentrations of 2
mg L~1 are present. The CHy detected here is
presumably of the same age as that discussed for
the Ames Till Hydrology Site (see Simpkins et
al., this guidebook, p. 47). CHy is also present
in groundwater in the Burlington aquifer (P21F)
at this site and it may have arrived there with
downward recharge or via upward discharge
from the Gilmore City/Maynes Creek aquifer.
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Water Quality

In addition to piczometers, waters from Bear
Creck and the tile drains were routinely sampled
and analyzed for pesticides, NO3-N, and Cl. In
general, the water quality of Bear Creek is
typical of surface water in Iowa. It routinely
carriecs NO3-N concentrations above the EPA-
designated MCL value of 10 mg L-1 and
atrazine concentrations ranging between 0.10 and
0.25 ug/L. Concentrations of atrazine have
increased to values near 2.0 pg/L during storm
events. Tile drains show similar concentrations.
The greatest increases in NO3-N and atrazine
concentrations occur soon after they are applied
to the fields and during rainfall events. These
relationships, as well as evidence from other
studies in Iowa, suggest that most agrichemical
enter surface water through tile drainage and
runoff - not groundwater discharge.

Concentrations of NO3-N above the MCL
are commonly found in shallow piezometers
(Table 2; Figure 9). Values vary according to
the amount of groundwater recharge and
antecedent conditions. High concentrations of
NO3-N seen at P1A and P11C in 1991 are
probably the result of NO3-N that was
mobilized from the soil zone by precipitation in
1991 after drought conditions that may have
encouraged storage of NO3-N in the unsaturated
zone. Concentrations of NO4-N have declined
since that time indicating removal of stored
NO3-N in the system.

Atrazine has been seen in shallow
groundwater at the site throughout the project -
according to the ELISA results {Table 2). Cross
checks of the same samples using GC-MS
indicate that the parent compound atrazine has
actually never occurred in groundwater (Figure
10a and b). In piczometers P1A and P11C, it is
actually the metabolites and not the parent that
have been detected. This result is consistent with
other studies which have shown that the ELISA
method is unable to resolve the daughter from the
parent compound (E.M. Thurman, verbal comm.,
1993). Deisopropylatrazine, the least stable
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Figure 10. Comparison of ELISA atrazine analyses and GC-MS analyses of atrazine, descthylatrazine, and
deisopropylatrazine, for (a) P14, (b) P11C
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Figure 10 (cont'd.). Comparison of ELISA atrazine analyses and GC-MS analyses of atrazine, desethylatrazine, and
deisopropylatrazine, for (c) Bear Creek, and (d) Tile 1.
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and least persistent of the two metabolites, also
appears in both piezometers. The age of
groundwater in these piezometers suggests that
the transformation may happen quickly but that
the chemicals persist in the groundwater at least
for a few years. Metabolites are not present in
the older groundwater (Group 2 in Table 2) in the
system, suggesting that total mineralization of the
pesticide occurs within 5 to 10 years. Deeper
groundwater at the site is older than the first
application of atrazine in the 1960's, so it should
not contain atrazine or its metabolites.

It is interesting to compare water quality data
from piezometers to those in the creek and Tile 1
(Figure 10c and d). Data from creek and tile
samples both indicate the presence of the parent
compound atrazine and some indication of
desethylatrazine - the most rapidly-formed, most
stable, and most persistent compound. Only the
tile drain, which is subject to inflow from the
water table, shows detections of
deisopropylatrazine. Thurman et al. (1991)
suggested that the ratio of desethylatrazine to
atrazine (the DAR ratio) of [ or greater can be
used as signature of a groundwater source of
atrazine, and that values <<l are indicative of
surface runoff of applied atrazine. The results of
this study show that DAR ratios > 1 always
occur in groundwater and never occur in Bear
Creek, which in general shows DAR ratios < 1.
This also suggests that the groundwater input of
chemicals in Bear Creek is much less than from
other sources. Data from Tile 1 show a mix of
both "end members" (creek and groundwater),
which suggests that both groundwater and
surface water (runoff) provide atrazine and its
metabolites for the tile drains.
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SUMMARY AND CONCLUSIONS

In summary, geological, hydraulic head,
hydraulic gradient, water quality,
hydrogeochemical, and isotopic data were used to
help decipher the groundwater flow systems and
to determine the processes of groundwater
contamination at the CMRBS. The CMRBS
supports an unconfined groundwater flow system
in till, sand, alluvium, and shallow bedrock.
Groundwater in this aquifer 1s recently recharged
on the site, discharges into Bear Creek, and
shows evidence of contamination from recent
agricultural practices at the site. This is the only
groundwater flow system at the site that will be
affected by processes within the CMRBS.

A discontinuous confined aquifer within the
St. Louis Formation also occurs at the site. This
aquifer i1s confined by shale units within the
formation and only recharges on site where the
shale is absent at the top of the bedrock.
Although groundwater in this flow system also
discharges into Bear Creek, it may be
considerably older and will not be impacted
significantly by agricultural activities at the site.
Similarly, groundwater in this aquifer will not be
affected by processes within the CMRBS.

Finally, deep aquifers in the Mississippian
within the Keokuk, Burlington, and Gilmore
City/Maynes Creek Formations, also show
upward hydraulic gradients at the site, but it is
unlikely that they infiuence the local groundwater
flow systems there.  Their hydraulic head
relationships may be more related to regional
groundwater discharge at the Skunk River.
Groundwater age in these units also suggests that
water entered those groundwater flow systems
well before agricultural activities began in the
region.
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DETERMINATION OF THE QUANTITY AND QUALITY
OF GROUNDWATER INFLOW TO BEAR CREEK

by

William W. Simpkins and Gregory A. Caron
Department of Geological and Atmospheric Sciences
Iowa State University

INTRODUCTION

Delineation of groundwater flow systems and their associated water quality are important to the
CMRBS project because it is important to know what effect, if any, the buffer strips will have on
groundwater quality as it moves towards surface water. Questions such as: "Will all the groundwater flow
systems at the site be affected by the buffer strip?” and "Do buffer strips have the ability to sequester NO3
and pesticides from the groundwater?" come to mind in this regard. In order to answer these questions,
however, it is first necessary to determine the quantity and quality of groundwater discharge to Bear Creek.
If the quantity of groundwater inflow is significant and groundwater is contaminated by agrichemicals, then
buffer strips may have a significant impact on stream water quality, providing that they come in contact
with the groundwater from the aquifer. If groundwater inflow is small relative to stream discharge and/or
if the quality of groundwater indicates no contamination, then constructed buffer strips may function
primarily to decrease runoff of contaminated surface water but will not affect groundwater quality.

METHODOLOGY

The focus of much or our activity in 1993
was to install equipment at the site that will help
us to determine the quantity and quality of
groundwater mflow and chemical loads by
several different methods. Previous studies on
this creck used Darcy's Law to determine very
crude estimates of groundwater inflow to Bear
Creek. Preliminary estimates showed that inflow
from the unconfined aquifer was about 0.105
ft3/s (2.97 L/s) and inflow from the confined
aquifer was about 0.007 ft3/s (0.198 L/s)(Ryan,
1993). Becausec these estimates were based on
average head, K, and hydraulic gradient data,
these values were subject to a fairly large error.
Nevertheless, they indicate the relative magnitude
of groundwater inflow to the creeck. Following
that study, our approach has involved installation
of drive-point minipiczometers, seepage meters,
and weirs in Bear Creek and on Tile 1 to
determine groundwater discharge into the creek
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more precisely, These methods and their
preliminary resuits will be discussed in the next
few sections.

Drive-Point Minipiezometers

Three sets of four stainless steel, drive-point
minipiezometers were installed in the bottom of
the channel of Bear Creek. The purpose of these
minipiezometers was: 1) to measure (vertical)
hydraulic gradients through the stream bottom
and their variability in time and space, and 2} to
provide an access point for groundwater quality
samples from the stream sediment and also the
underlying bedrock. Early versions of these
minipiezometers were plagued with many
difficultics. We first attempted to manually drive
expendable points using a fence post driver and
then inserting a teflon tube with a small screened
section into the pipe as it was pulled out. The
bedrock and unoxidized till beneath the channel



proved formidable obstacles for this method, and
we often bent or crushed the points. Sometimes
the well seal was questionable, as well. Although
we did succeed in installing a number of these
minipiezometers in this manner, animals
promptly destroyed the tubing. We were
unaware that beavers love teflon!!! Finally, some
unusually high stream flows overcame the fence
posts supporting the tubing and buried the
minipiezometers.

Recent work at the University of Waterloo
has demonstrated the use of gasoline powered
jackhammers as an inexpensive alternative to
emplacing piezometers with drilling equipment.
Unfortunately, there is only one company that
manufactures gasoling-powered jackhammers (in
Sweden). Many firms rent electric hammers,
which would ordinarily work fine, except that
one would have to use it while wading in the
stream - not an attractive alternative. With luck,
we were able to sccure a Pionjar jackhammer
from a local construction company. We ordered
Waterloo-type drive-point piezometers containing
a hose barb fitting from Solinst Canada, Inc.
Polyethylene tubing (3/8 in ID) was attached to
the hose barb. The stainless steel screen was
screwed into a 6 inch stainless steel pipe section,
which was in turn attached to several 3 f
sections of standard 3/4 inch ID black (cast iron)
water pipe. The jackhammer was used to drive
on the black pipe sections and set the screen.
The black pipe also support the piezometer
tubing and protects it from stream debrs,
sunlight, and large rodents.

Three locations in Bear Creek were chosen
for emplacement of the  drive-point
minipiezometers: one below the upstream weir,
one just before the bridge, and one just upstream
from the downstream weir. Each nest included
four minipiezometers and they were aligned
perpendicular to the bank. The minipiezometers
closest to the stream bank were placed only about
2to 3 ft (0.6 to 0.9 m) beneath the sediment-
water interface. These included minipiezometers
GP1, GP4, GP5, GP8, GP9, and GP12. They
were most likely finished in unoxidized
diamicton. The innermost two minipiezometers,
including minipiezometers GP2-3, GP6-7, and
GP10-11, were driven to depths from 3 to 6.5 ft
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(0.9 to 2 m). The deeper of these piezometers
were probably finished in limestone or shale
bedrock. Hydraulic heads were measured and
water quality samples taken on weekly basis.
Water samples were analyzed for NO3-N,
atrazine by ELISA, and CL

Seepage Meters

Minipiezometers provide hydraulic head
data, from which we can calculate a hydraulic
gradient. Assuming we know the hydraulic
conductivity (K) of the sediment, we can then use
Darcy's Law to determine the vertical flux of
water into the creek. A more direct method,
however, is to measure the groundwater
discharge directly. One method that we are using
at the site involves seepage meters, which are 55
gallon drums driven into the stream bed.
Attached to the top of the meter is a plastic bag
that measures groundwater inflow. These meters
yield a rough value for the amount of
groundwater flux from the stream bed during a
given period of time through the cross-sectional
area of the drum. Values of flux from seepage
meters yield reasonable seepage values, but only
for a small part of the area of the stream bed.

Weirs

Another more "energy-intensive” method of
determining groundwater inflow is to install
permanent control structures in the stream to
document the variation of stream discharge
between two points in the stream. An easier
method to determine stream discharge would be
to use a hand-held velocity meter (such as a
Pygmy meter) and an estimate of the cross-
sectional area of stream. However, this method
is prone to error, and it is betier to have a
permanent structure where discharge is measured
cach time so that accurate and precise data can
be gathered. Our working hypothesis for this
study was that the difference in discharge
between the upstream and downstream weirs,



minus any tile inflow, was due to groundwater
inflow. We installed three control structures, or
weirs, in Bear Creck. Weirs are an obstruction
or dam built across an open channel over which
(water) flows, often through a specially shaped
opening or notch. Many shapes or types of weirs
exist, but we chose triangular or V-notch weirs
for this project (Figure 1). For any weir, the
stream discharge is proportional to the height of
water in the pool upstrecam of the weir; thus,
weirs are designed to operate under the
assumption that only one depth of water in the
upstream pool can exist for a given discharge. In
essence, the weir shapes the flow of water so as
to allow a single depth of flow reading that is
uniquely related to the discharge.

Standard  terminology and  design
requirements for weirs are relatively
straightforward. Triangular weirs come to a
'point’ at the base of the V-notch. This is termed
the crest of the weir. The downstream edge of
the weir plate is often beveled or chamfered.
This provides the essential ventilation for the
stream of water, or the nappe, flowing through
the notch . Water passing across the V-notch
does not contact the downstream edge of the weir
plate, and cssentially 'springs' past it. Accurate
stream discharge measurements can be calculated
only under free flow conditions. If the flow
beneath the weir rises to the extent that the nappe
becomes submerged, the accuracy of the
discharge rate is affected.

Two in-stream weirs and one tile monitoring
weir have been installed at this field site. The in-
stream weirs have interior angles of 150 degrees
and a maximum head value of 1.75 ft (0.5 m).
The equation for discharge calculations
associated with flow across triangular weirs is:

Q=2.5 (tand /2)(H)2-3

where:  Q = discharge in cubic feet
per second (cfs)
0 = interior angle of V-notch
in degrees
H = water head observed above
the crest of the V-notch
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At maximum head conditions:
Q=25 (tan 150 /2)(1.75)2-3
and thus Qpax =37.8 cfs.

The weir box on Tile 1 is a triangular weir
that has an interior angle of 120 degrees and a
maximum head value of 1 fi. So, at maximum
head conditions:

Q =2.5 (tan 120 /2)(1.00)2-5
and thus Qpay =4.33 cfs.

We can use the weirs to determine
groundwater inflow to Bear Creek in the
following manner. Assuming a stream gradient
in equilibrium, mass balance suggests that the
components of stream discharge are:

Qtotal = Qstream + Qprecip. + Qrunoff
+ Qtiles £ Qgroundwater

Precipitation and runoff can be neglected in
most cases, and discharge from the smaller
drainage tiles can be measured as needed. A
simplificd mass balance equation can be
developed:

Qtotal = Qstream + Qtiles + Qgroundwater
and solving for the groundwater component,
xQgroundwater = Qtotal - Qstream - Qtiles

This equation says that the difference in
discharge between the upstrecam and downstream
weirs is due to gains or losses from groundwater
and tiles along the reach of interest; therefore,
Qtotal is represented by Q at the downstream
weir, and Qstream is represented by the
discharge at the upstream weir.
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Figure 1. Scale drawings of (a) in-stream weirs in Bear Creek and (b) weir box on Tile 1.
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RESULTS AND DISCUSSION

Based on some preliminary hydraulic head
data, the minipiezometers show upward-directed
hydraulic gradients in the sediment underlying the
creek. This was expected, based on the upward-
directed hydraulic gradients that occur in all the
bedrock in the vicinity of the stream. Data could
not be obtained from GP9-12, because these
piezometers appear to be in shale bedrock and
have not yielded very much water since their
installation. = We suspect that the hydraulic
gradients across this unit are quite high. Water
quality analyses through from September 9 to
October 6, 1993, indicate no significant amounts
of agrichemical contamination in the drive-point
piezometers. The highest NO3-N concentrations
occurred in GP3 and GP4 at the west end of the
site, where values up to 3.2 mg/L were observed.
ELISA atrazine concentrations are generally <
0.1 pg/L in the drive-point piezometers. In
summary, the results suggest that groundwater is
not a major contributor to surface water
contamination in Bear Creek.

Seepage meters were placed in various
positions and sediment types (gravel, sand, and
silt) within the creek bed. Approximately 0.1 to
1.0 L of discharge were captured in one hour in
the meters when the measurements were taken
during the Summer of 1993. Discharges were as
high as 2.1 x 10™3 L/s per m2 of stream bed.
Assuming an approximate area of the stream bed
of 5000 m2 (1000 m long by 5 m wide) in this
section, the cumulative discharge extrapolated
from the maximum seepage flux would be 10.5
L/s - a value not too different from the original
estimates of Ryan (1993). The data from the
scepage meters emphasize how variable the
discharge can be in a stream bed as a result of
the underlying sediment type. It is quite possible
that most of the discharge in the study site occurs
in the western part where limestone and not shale
underlies the bottom of the channel.

Weekly measurements of discharge from all
three weirs at the site from October 7 to
December 4, 1993 show that groundwater
discharge to Bear Creek varied from 0.06 cfs
(1.69 L/s) to 0.52 cfs (14.84 L/s) during that
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period (Figure 2). These values are of the same
magnitude as those calculated by the other
methods discussed above. Chemical loads of
atrazine in the stream ranged from 5.2 g/day to
13.5 g/day for three dates in that period, whereas
the tile only contributed from 0.75 to 0.97 g/day
to the stream. Because groundwater has shown
no significant NO3-N or atrazine concentrations
during the monitoring period, we assume that it
does not contribute to the chemical load in Bear
Creck; in fact, it may act to dilute the existing
chemical concentrations in the creek. In addition,
groundwater discharge is only a fraction of the
total discharge in Bear Creek during non-
baseflow periods (1% or less); therefore, high
concentrations of contaminants in groundwater
would be necessary in order for it to impact the
ambient chemical concentration of the stream.

SUMMARY AND CONCLUSIONS

The quantity and quality of groundwater
inflow to Bear Creek have been calculated using
a variety of direct measurement methods.
Although preliminary data indicate that
groundwater discharge may reach in the 10's of
L/s, it only amounts to a small fraction of the
total stream discharge. There is also lttle
evidence of groundwater contamination of the
geological units immediately underlying the
stream bed. Thus, our preliminary conclusion is
that groundwater does not contribute
significantly to degradation of water quality m
Bear Creek.

We plan to collect data from drive-points
minipiczometers and weirs during periods of
baseflow this winter to determine if these
relationships still hold under low flow conditions.
Ultimately, we will use a groundwater flow
model to simulate the groundwater flow and
contaminant transport at this site; this will allow
yet another estimate of groundwater inflow and
contaminant flux.
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