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Abstract

During the lllinoian glaciation(approximately 180,000 tb25,000 yearagd glacial lobes advancing

into lllinois deposited an extensive till sheet (i.e., the Vandalia Member till). However, very little is
known about the retreat phase that followed this major ice adv&rmosional events and the
heterogeneous sediments associated to the lllinoian deglaciation may also have important
hydrogeologic implications. Specificallyhe occurrence and emplacement of these heterogeneous
deposits, informally referred to as the Gladfaeglacial unit, into and overlying the Vandalia
Member till, may impact the integrity of this extensive till aquitard, and possibly influence
groundwater flow to the deeper and regionally important Mahomet aquifer. Tisusuitpose of this
research iso improve knowledge of the heterogeneous character of the Glasford deglacial sediments

and their threglimensional (2D) hydrostratigraphic architecture.

The methodology to study the Glasford deglacial unit relies on the detailed analysis of 7 centinuou
coresand interpretations of 4 geophysical profilefich provide key stratigraphic control to estimate
unit geometry and establish the vertical succession of facies assemblages in the wbit. A 3
geological model was createding gOcad®, a geomodeljrsoftware across a 2642 khstudy area

and the deglacial unit having a subsurface volume domain of 5.%0X10tilizing all available data
sourcesncluding 38 continuous core6,9 downhol e geophysicalnedrogs,
surface geopysical profiles;triangulated surfaces were interpolated representing the top and bottom
of the Glasford deglacial unit and key internal layers. These surfaces provided a frameworbfor a 3
cellular partition, where descretizing the model allowed for rimgppf hydrofacies assemblages that
represented mappable heterogeneitiesoairse and finegrained sediment in the Glasford deglacial

unit.

Results of the subsurface facies analysis led to the identification of three main facies types that form
the Glasford deglacial unit: 1) massive, matsypported diamicton; 2) interstratified sand and gravel;

and 3) finegrained massive and/or bedded sediment. Using key seismic reflectors and interpretations
based on neasurface seismic profiles as well as geatdgigs from numerous boreholes, these facies
were assigned to two features of possible regional extent: 1) a broad channelized erosion surface
informally named the Champaign valley; and 2) an extensive tabular unit overlying the valley fill and

extending aross the entire study area. Grouping of facies into distinct facies assemblages was useful
iii



to distinguish sediments thatiti either the Champaign valley or compose the tabular ihjor
heterogeneities have been recognized in these features anddnapegional scale represented by
fine- and coars@rained sediment assemblages that comprise 46% and 54% respectively of the
Glasford deglacial unit volume. Laterally continuous coarséned sediment assemblages are
primarily located in the Champaign valley and potentiaéipresentiocal aquifersof limited but
usefully productivityfor eastcentral lllinois These small aquifers are characterized by hydraulic
conductivities rangingrém 1.07x10 m/s to 1.78x10 m/s Fine-grained sediment assembladese

an average hydraulic conductivity value of 4.38%If/s and thus mayepresent discontinuous
aquitardsimpeding water flow.However, thesefine-grained sedimentissemblagesannot be
considered homogeneous aquitards becauseiotéitural variabilityand limited lateral continuity.

The geological modetleveloped in this studgontributes tobetter understanding the complex
subsurface geology in eastntral lllinois. Results of this study confirm the high degree of
heterogeneity in the Glasford deglacial unit that includes features of glacial erosibihese
findings question, at least locally, the integrity of the underlying Vandalia Member till as a regional
aquitard unit.Overall, the Glasford deglacial unit is a complex subsurfacariagginal package of
sediments, which challenges the aqudquiard conceptlt is argued herein that some {icentact or
ice-marginal sediments units may be laterally extensive as a whole, yet internally too heterogeneous
to be mapped aenaquifer or aquitard at a regional scale. A new conceptual hydrostratigtapdic

the hybridlayer (partaquifer/ paraquitard), is thus proposed to better describe these uhitsn&w

hybrid layer is meant to augment the traditional aquifer/aquitard concept representing
hydrostratigraphic bodies that may not form laterallenasive aquifer or aquitard units. These hybrid
layers may better represent conceptually the complemarginal deposits that are found across-east
central lllinois, and perhaps other similar areas affected by glacial lobe fluctuations during multiple

glaciations.
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Preface

This research was collaborative effort between the lllinois State Geological Survey (ISGS), the
lllinois State Water Survey (ISWS), and the University of Waterloo. This 1yedii projectwas
fundedunder acontracfi | mpr ovi ng t he Gr oundwat equiferfntiwing Mo d e | o]
Geological Mapping and Geophysical Exploration of Champaign Cpubgtweenthe lllinois-
American Water Company (IAWC)SGS, and ISWS. Research undertaken by the author fulfilled
the requirements of a subcontract between the ISGS arldnikiersity of Waterloo in 2002010.
Additional funding was provided from the ISGS for the period of 2ZBAD1l under a separate
contract. During this period, the ISGS received additional funding from the United States Geological
Survey tlough the NatiorlaCooperative Geologic Mapping Program (STATEMAP) to complete a
surficial geology map of a USGS 7miinute quadrangle in easéntral lllinois. The research
completal by the author also fulfilled requirementstbfs second subcontract between the ISGS and

the University of Waterloo.

The research assisted the ISGS and ISWS in better understandipeptbgical, geophysical, and
hydrogeologicakharacteristics of the subsurface depdsit€hampaign County and adjacent areas.
Efforts to mapthe geology ath groundwater flow pattesnof the Mahomet and overlyingjaifers
have been a focus of many past and ongoing studies by the ISGS and TB&\tta collected
duringthis most recenstudyimproved the geological frameworkf Quaternarydeposis in this patr

of lllinois. The sediments thatompose these depos#isongly influence recharge to, and discharge
from, the Mahomet aquifeaind overlying aquifers in the region

This thesis is an extensiaf the project undertaken by the ISGS and the ISiMBhich sediments
above the Mahomet aquifer in the Glasford Formatvereexamined to provide understanding of the
geology and possible groundwater flow patteémsghe subsurfaceConsequently, data collectéal
the ISGSISWS project verefurther examined inhis thesis. Mny individualsat the ISGS collected

and interpretedatathat wereprovided to the author for further examination.
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The most significant contributions to the thesis by the ISGS include:

1 All the continuous coreand samplesare stored at the ISGS and associated analytical
laboratory data (e.g., grain size, clay mineral composition,. gtor) furtherinformation
describing the drilling process, core and sample collection, and laboratory analyses refer to
Chapters 5 and 10 &tumpf and Dey (in press).

9 Access to archived data collection during previous studies and databases developed by the
ISGS for the current project. Geologic descriptions, interpretations, and models were
provided to the author for further analysis and exatim. See Chaptersfin Stumpf and

Dey (in press) for specific references to the data, databases, and models.

1 Processe data, profiles, and interpretations from nearface reflection seismic surveys
covering approximately 8.8 km as well as processasmic velocity profiles from selected
boreholes. Fofurther information on the methodologies used and the raw and processed data
refer to Chapters-8 in Stumpf and Dey (in press).

1 Processed data, profiles, and interpretations from Electrical Earth Resistivity surveys
conducted covering approximately 10 km. For further information on the methodologies used

and the raw and processed data refer to Chapter 7 in Stumpf and Dey (in press)

9 Access to borehole geophysical log data (raw and processed data) collected for the ISGS
ISWS project and borehole data archived from previous investigations. Additional
information on the tools used, the data collection, and results and interpretegionthe

logging are provided in Chapter 9 in Stumpf and Dey (in press).

9 Access to georeferenced phatmsaics, coordinates, and elevations from total station and

GPS for the Higginsvillsection provided by Chris Stohr.
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