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Figure 1- Hillshade created from 1m resolution LiDAR imagery. Heavy black line represents paths of cross-sections. Red dots show the locations of new test-holes drilled as part of this

mapping project in 2025. Red and black dots are historic test-holes drilled by the Conservation and Survey Division, the last digits of the hole identifier represents the year drilled. White and

black dots are registered wells used to create cross sections. Red lines show section boundary lines. Blue lines are quad boundaries.
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Local setting

The Clatonia and Pickrell Quadrangles are located in Southeast Nebraska, roughly midway between the cities of Lincoln (pop.300,619) and Beatrice
(Pop.12,290). These quadrangles primarily contain tributaries associated with the Big Blue River which runs through Beatrice except for Shaw Creek in the extreme
northeast edge of the Pickrell Quadrangle which drains into the Middle Branch of the Big Nemaha River near Adams, Nebraska in the neighboring
Adams Quadrangle to the east (Fig. 1).These maps are centered around US HWY 77, which provides a convenient transportation link between smaller communities
and larger population centers. Due to the proximity to Lincoln and Beatrice, small acreages in this region have become increasingly popular with commuting
residents. This increasing population in rural areas has placed an increasing demand on local resources.

Geologic setting

This region has had a long and complex geologic history including glaciation, stream dissection, and multiple episodes of loess deposition. These events resulted in the
accumulation of 30 or more meters of sediment that directly overlie Cretaceous or Permian aged bedrock. Subsequent modification of these sediments during the
Pleistocene and Holocene have resulted in a landscape dominated by dissected till, with loess covered uplands. Stream valleys of Clatonia Creek, Big Blue River,
Indian Creek and Pierce Creek tend to be wide and flat, with modern valley floors up to half a mile wide at some locations.

The dissected till landscape

Southeast Nebraska was glaciated during the pre-Illinoian between ~2,000,000 and 600,000 years ago when much of eastern Nebraska was covered by glacial
ice (Roy et al., 2004; Balco et al., 2005). As the glaciers receded, large quantities of poorly sorted glacial till were deposited. Locally, the till is blue to brown in color
and dominated by clay with silt, sand, gravel, and boulders. Locally, till may contain a high concentration of sand, a feature not typical of southeast Nebraska. Deposits
of dense, structureless blue to brown silts and clay also exist at depth. Due to the lack of coarse particles, these deposits are interpreted as alluvial or lacustrine silts and
clays likely sourced from glacial meltwater. Locally, sand deposits in the till provide important sources of groundwater for some domestic wells (eastern portion of
Cross Section A and east end of Cross Section B, test holes: 12-CP-2025, 01-CP-2025 and 03-CP-2025, 06-CP-2025 and 29-B-44). Glacial deposits in the mapping
area are either deposited directly on Cretaceous or Permian aged bedrock or deposited over pre-Pleistocene alluvial sands and gravels known locally as paleo channels.
Since the glaciers receded about 600,000 years ago, a dense network of smaller streams and tributaries have deeply dissected the till landscape, creating more than 30
meters of relief along some drainages. During the mid to late Pleistocene, the landscape was subsequently draped with multiple layers of windblown dust, known as the
Loveland (QI) and Peoria Loesses (Qp). Much of the loess deposited on steep slopes and valley walls has since been eroded away exposing the underlying glacial till
(Qt). Larger stream valleys have remnants of flat terrace treads (Qal2) 10-15 meters above modern stream level. Terrace treads may or may not be covered with Peoria
Loess. Land use in the dissected till landscape depends on local relief and availability of groundwater, but is generally pasture, irrigated or sub-irrigated row-crop
agriculture. Over the last several decades, the number of small acreages and residences have been increasing on this landscape.

Broad stream valleys

Several stream valleys tributary to the Big Blue River were deeply incised during the late Pleistocene, with the valley floor continuing to be shaped through the
Holocene. Several of these streams (Including Clatonia Creek, Indian Creek, Soap Creek and Pierce Creek) have broad flat valleys up to a kilometer across despite the
small size of the streams within them. The upper portion of the alluvial fills within the valley are largely silts and clays sourced from a combination of silty loess and
clayey glacial sediments (See Young et. al., 2014, Geoprobes 1 and 2). The lower portion of these fills (below 5-10 meters depth) are generally glacial till or occasion-
ally sand and gravel bodies. Due to historical downstream river modifications, these streams have been entrenched in a narrow valley to a depth of up to 4 meters.
During large-scale flooding events, the valley floors can be inundated with flood water. Alluvial sediments deposited in the broad stream valleys are fertile and farmed
extensively. Groundwater beneath the valleys varies, and land use generally consists of irrigated or sub-irrigated row-crop agriculture.

Natural resources
Soils

Soils formed in the dissected till landscape range from highly fertile Mollisols generally developed in loess deposits to thin less fertile Entisols
developed in glacial sediments. Soil fertility tends to be less on steep or eroded slopes where the uppermost soil horizons are absent or thin. Although
no glacial outwash was mapped on the Clatonia or Pickrell Quadrangles, small (less than 10 meters diameter) patches of sandy glacial outwash are
occasionally present in areas mapped as glacial till. Areas of glacial outwash are often identifiable in fields as areas with stunted crop growth.

Soils formed in floodplains of the broad stream valleys tend to be Entisols formed in alluvium. These soils generally consist of nutrient-rich silt
and clay sediments eroded from fertile upstream loess and glacial till deposits. Although Entisols in general tend to have lower soil fertilities, the nutri-
ent-rich flood sediments deposited in the valleys tend to have high soil fertility and are often generally classified as prime farmland by the NRCS.

Infiltration rates of soils throughout the mapping area are low and are particularly low in areas mapped as Loveland Loess (Ql) or glacial till (Qt).
Generally, soils in the Clatonia and Pickrell Quadrangles have infiltration rates from 40 to greater than 60 minutes per inch. Where soil infiltration rates
are greater than 60 minutes per inch, wastewater lagoons or other engineered systems must be used for onsite wastewater disposal. Some locations have
a seasonal high-water table of less than 2 meters, which requires additional engineering for onsite wastewater disposal systems. For those seeking to
locate housing developments, purchase land for a rural residence, or plan other developments in this region, performing percolation tests and ensuring
proper lot sizing to accommodate an appropriate onsite wastewater treatment system should be considered.
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Sand and gravel

Although no active sand and gravel mining operations are known in the mapped area, historically there have been significant sand mining
operations in the Big Blue River Valley. Limited sand and gravel resources may be available in the Qabl and Qab2 alluvium of the Big Blue River
Valley in the southwest corner of the Clatonia Quadrangle. No known outcrops of sand or gravel currently exist. Locally, sand and gravel deposits
are generally covered by several meters of overburden and are saturated with groundwater. Due to the complexities of mining operations, sand and
gravel resources in the mapped area have a limited economic importance.

Groundwater resources

Groundwater resources in the Clatonia and Pickrell Quadrangles range from abundant to non-existent. Therefore, availability of groundwater
should be a primary concern for those looking to locate housing developments, purchase farmland, or locate irrigation wells in the mapped area.
Although municipal water supply is available to residents of Clatonia and Pickrell, most properties rely on a private well to supply water for house-
hold use, livestock, and irrigation. When considering land for purchase, it is advisable to drill a test hole(s) on the property to determine if groundwa-
ter is available and if the amount will be sufficient for the intended land use.

There are three sources of groundwater in the Clatonia and Pickrell map area (Figure 2): 1- Coarse sand and gravel associated with the area’s
paleo channel aquifer system supporting high-capacity irrigation wells and domestic wells. Several continuous areas of paleo channel aquifer exist in
the southern portion of the Clatonia Quadrangle (plus two pockets in the northern part) and the northeastern portion of the Pickrell Quadrangle. In
some relatively isolated locations, gravel deposits exist at the base of the glacial till deposits and/or the base of the paleo aquifer system just above
bedrock (varying from 2 feet [<1 meter] to 25 feet [7.6 meters] thick). Examples of coarser sediment bodies along Cross Sections A to A’ and B to B’
are mapped as paleo channel bodies on Figure 2 in the Clatonia Quadrangle map. 2-In the dissected till landscape, fine to medium sands in glacial
sediments yield small to moderate quantities of water for domestic purposes locally, but the locations and thicknesses of these sediments are difficult
to predict. Lower yielding wells may be susceptible to drought and over-pumping. For low-yielding domestic wells, a properly designed water
storage and delivery system may help reduce water supply problems but may add significant cost to the installation of a water system (Woldt and
Benson, 2013). 3- Fine to coarse sandstones of the Cretaceous Dakota Group capable of supporting low and mid-capacity wells in the northwest part
of the Clatonia Quadrangle (plus two pockets in the southern part) and along the northern part of the Pickrell Quadrangle. The Dakota sandstones
vary in thickness and are spatially variable in the mapped area. Dakota siltstones and claystones (non-aquifer materials) are equally abundant and
locally interbedded with sandstone (undifferentiated designation on Cross Sections B to B’ and C to C’ represents aquifer/non-aquifer designations
too varied to represent visually or undetermined). Additionally, groundwater in the deeper Cretaceous Dakota sandstone units can be saline and not
suitable for domestic or agricultural use. Wells drilled into deep saline water of the Dakota Group in this region can be under significant artesian
pressure and result in flowing saline wells that can be difficult to control (See Young et. al., 2022, Supplemental Info Sheet).

There are 154 active water supply wells in the Clatonia Quadrangle, of which 31 are domestic, 120 are irrigation or livestock and three are
municipal. Additionally, the Clatonia Quadrangle has 58 inactive or decommissioned records. There are 97 active water supply wells in the Pickrell
Quadrangle, of which 64 wells are domestic, 27 wells are for irrigation or livestock operations, 5 for commercial/other uses and one is for municipal
supply. Additionally, the Pickrell Quadrangle has 52 well records listed as inactive or decommissioned. Well yields in both quadrangles vary widely
based on local geology and the availability of saturated aquifer material. The number of inactive and/or decommissioned wells (roughly 1/3 of the
total number of records evaluated) suggests that sand units, if encountered outside paleo channel and/or Dakota sandstone dominant areas, might not
provide long term water supplies. Well yields in the mapped area range from 1 gallon per minute to 1600 gallons per minute and pumping rates for
active domestic irrigation and municipal wells are mapped in Figure 2 (livestock wells not depicted). Total depths of wells range from 12-113 meters.

Key findings

1-The availability of groundwater in the Clatonia and Pickrell Quadrangles is highly varied. Areas with limited groundwater resources, gener-
ally across the central portions of both quadrangles, were identified based on an evaluation of pumping rates recorded at water supply wells within the
map areas and where the non-aquifer bedrock was encountered in test holes (claystones, siltstones, limestones, shales) at higher elevations relative to
surrounding bedrock. Bedrock elevations in the Clatonia Quadrangle were generally more deeply eroded with the lowest elevation depicted at test
hole 11-B-45 on Cross Section B to B’ at Soap Creek (approximately 1,150 feet/350 meters above sea level). When considering land for purchase or
development, it is advisable to drill a test hole(s) on the property to determine the availability water for the intended land use.

2-Borehole and other supporting datasets used for the cross section development and aquifer mapping for both quadrangles indicate that the
existing statewide bedrock map needs significant updating. Additionally, this map could be used to revise existing glacial till thickness maps for
eastern Nebraska.

3-Specific paleo channel deposits and their apparent differing source sediments (example: ancestral Platte River, glacial sources to the north-
east) were identified as test hole drilling progressed for quadrangle mapping and cross section development. The aquifer map and pump rate evalua-
tions further defined key paleo channel extents and provide new insights into one of the main aquifer systems vital to southeastern Nebraska.

4- Processes associated with the geologic evolution of the Clatonia and Pickrell areas are complex. Forming conclusions about the origin of
glacial sediments or the sequence of glacial events in the mapping area is difficult due to the age and subsequent modification of the landscape.
Further coring, test hole drilling and mapping in surrounding quadrangles to the east and south will aid to better understand the evolution of the
landscape of southeast Nebraska.

Methods

Surficial geology was interpreted from soil surveys (NRCS-USDA, 2019) in addition to field investigations. LiDAR imagery (NRCS-USDA,
2019) was used to identify breaks in slopes and other geomorphic features while mapping. Subsurface data was obtained using the mud rotary drill-
ing technique at sites 01-CP-2025, 03-CP-2025, 06-CP-2025, 09-CP-2025, 10-CP-2025, 12-CP-2025 and 13-CP-2025). Other subsurface data was
obtained from historical CSD test holes, the Nebraska Department of Water Energy and Environment Registered Well Database (https://nednr.nebras-
ka.gov/Dynamic/Wells/Wells), and the Nebraska Oil and Gas Conservation Commission http://datamining.nogcc.ne.gov/ .
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