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New DGS Report on
Metamorphism and
Structure in the
Delaware Piedmont

Delaware Geological Survey
(DGS) Report of Investigations No.
56, "The Setters Formation in the
Pleasant Hill Valley, Delaware:
Metamorphism and Structure," by
Margaret O. Plank and William S.
Schenck, provides new information for
understanding of the crystalline rocks
of a portion of the Piedmont in north­
ern Delaware. The investigation"sup­
ports preparation of a new bedrock
geologic map of the Delaware
Piedmont by Schenck and Plank that
is projected to be published by 2000.
The results of the study are valuable
for applications in mineral resources
management and land use planning.

The report includes a detailed dis­
cussion of the metamorphism record­
ed by the minerals present in samples
of the Setters Formation obtained
from well Cb13-16 along the south­
east side of the Pleasant Hill valley
(see figure). The authors infer peak
metamorphic conditions between 620°
and 680°C and pressures of 4 to 6
kilobars, which are similar to those
estimated for the Wissahickon Forma­
tion in thrust fault contact over the
Setters at that location.

The report revises the structural
model of K.D. Woodruff and M.a.
Plank (1995, DGS Bulletin No. 19) for
the Pleasant Hill valley involving the
rock units Baltimore Gneiss, Setters
Formation, Cockeysville Marble, and
Wissahickon Formation. Instead of a
conformable contact between the
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Cross section showing the
revised structural interpretation
of the Pleasant Hill valley area.

Cockeysville and Wissahickon along
the northwest side of the valley, Plank
and Schenck found evidence for a high
angle thrust fault with Cockeysville
thrust over the Wissahickon.

Three geologic structures, the
Pleasant Hill valley structure and the
Landenberg (Pennsylvania) and
Hockessin-Yorklyn (Delaware and
Pennsylvania) anticlines, are parts of a
larger structure called the Mill Creek
nappe. A revised model for the Mill
Creek nappe shows the three structures
as exposures of the Baltimore Gneiss
or its Glenarm Group cover of Setters
Formation and Cockeysville Marble in
windows through a faulted thrust sheet
of the Wissahickon Formation. This
new model for the nappe is similar to
models proposed for other gneiss dome
areas in Maryland and Pennsylvania.

To obtain a copy of Report of
Investigations No. 56 or any other
DGS publications, call (302) 831-2834,
visit our web site at
http://www. ude l. edufdgsfdgs. html
and click on "Publications," or visit the
Survey office on the University of
Delaware Campus, Newark.
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Southern New Castle
County Ground-Water
Monitoring Network
By Stefanie J. Baxter

In July 1994, the DGS, in coopera­
tion with the Water Resources Agency
for New Castle County, New Castle
County Department of Public Works,
Delaware Division of Public Health,
and Delaware Department of
Agriculture, designed a multi-phase
ground-water quality monitoring net­
work for southern New Castle County
(see Winter 1997 issue of First State
Geology). The project was supported
by the New Castle County Department
of Public Works. The first year o(sam-,:7
pIing was started in August 1996 and
was completed in June 1997.

Results of analyses are presented
in two documents. The first document,
Phase III-Implementation, was com­
pleted in June 1997 and gives the
results of the first quarterof sampling.
This quarter of sampling was the most
comprehensive, incorporating analyses
of 28 parameters includin& inorganics,
radon and pesticides. The second docu­
ment, Phase IV-Continued Implemen­
tation, was completed in December
1997 and presents results of the sec­
ond, third, and fourth quarters of sam-



Figure A. Frequency Distribution of Dissolved Iron Figure B. Frequency Distribution of Nitrate-Nitrogen

Characterization of
ifers in the Potomac

Formation
By Thomas E. McKenna

A growing number of users are
tapping the interconnected water sup­
ply ofNew Castle County that is sup­
plied by surface water and by ground
water from the Potomac aquifer sys­
tem. The areal distribution and tempo­
ral fluctuations of the surface water
supply and the allocation of these
waters are relatively well constrained.
Much less is known about the quantity
and distribution of the water supply
within the Potomac Formation.
Because this Cretaceous-age formation
is an extremely heterogeneous fluvial
deposit, the distribution and connectiv­
ity of permeable zones is complex.
This geologic complexity results in
inadequate understanding of the mag­
nitudes and directions of ground-water
flow within the aquifer and hinders the
ability to make informed decisions on
the development of this water supply.
A new project will address this prob­
lem by mapping the distribution of flu­
vial facies in the Potomac and
integrating this information with
hydrologic data including aquifer tests,
water levels, and pumping schedules.

Specific questions to be answered
are:

(l) What are the variations in per­
meability within the aquifer system,
both vertically and areally? Can
we define a conceptual deposition­
al model (e.g., braided or meander­
ing stream) to help us map

Ground-Water Monitoring Network results
from sampling started in August 1996. permeability? How does such a

model compare with the current
classification of the aquifer into
10wer,Iniciclle, ~Il.9- uPR~r;Pl19R~~
able units?

(2) What are the hydraulic bound­
aries of the aquifer system? What
is the nature of the contact of the
Potomac Formation with the
underlying bedrock? Is this the
base of the aquifer? What is the
geometric relationship of the
Potomac to the Piedmont Province
along the Fall Line?

Answers to these and other ques­
tions about the hydrology of the
Potomac Formation will provide
important constraining data for ground­
water modeling, an important tool used
for management of water resources.

Nearby Pennsylvania
Earthquakes
By Charles T. Smith

The DGS seismic network record­
ed small Pennsylvania earthquakes in
June and November. Information from
the network as well as other seismic
stations enabled the U.S. Geological
Survey's National Earthquake
Information Center (NEIC) and the
Lamont Doherty Earth Observatory
(LDEO) to triangulate the locations of
the epicenters of the events.

The epicenter of the June 16,
1997, event was near Dillsburg,
Pennsylvania. It occurred at approxi­
mately 1:43 A.M. local time and had a
magnitude of 2.4 as recorded by sta­
tion MVL at Millersville, PA. This
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pIing. Seven parameters were tested
during these three quarters including
pH, iron, chloride, and nitrate.

Average iron concentrations
greater than the Secondary Maximum
Contaminant Level (SMCL) of 0.3
mg/L were detected in 50% of the total
number of wells sampled. The largest
concentrations occurred in wells
screened in the Potomac-Magothy
aquifer system followed by thos,Y
screened in the confined portion of the
Englishtown-Mount Laurel aquifer sys­
tem (Figure A).

Average nitrate-nitrogen concen­
trations greater than background levels
(0.4 mg/L) were detected in 63% of
the total number of wells sampled.
The shallow, water-table aquifer
(Columbia) had the largest percentage
of samples (96%) exceeding the back­
ground level followed by the uncon­
fined portions of the Rancocas aquifer
(57%) and Englishtown-Mount Laurel
aquifer system (56%) (Figure B).

The process of systematically
assessing water quality in southern
New Castle County began in Phase III
and Phase IV and has provided the
baseline from which future results can
be compared to determine the impacts
of specific land uses. Results are being
entered into a database that will enable
use of consistent and reliable data to
examine temporal variability on short­
and long-term time frames. Continued
testing will provide a tool that will
enable state and local officials to effec­
tively manage ground-water develop­
ment and use.

2 • First State Geology Winter 1998



event was followed by an aftershock at
10:04 P.M. local time on June 16. The
aftershock had a magnitude of 1.6 as
recorded by a Dickinson College
(Carlisle, PA) seismic station.

Pennsylvania also experienced a
magnitude 3.0 earthquake (NEIC) on
November 14 near the town of Lititz in
Lancaster County. This event occurred
at approximately 10:44 P.M. There
were a few reports of moved furniture
and hanging pictures.

A more descriptive report of these
events is available at the Millersville
web site at

http://www.millersv. edu. edu/-esci/
geo/paquakes. html

Significant Meetings
The State Geologist and other

members of the DGS staff serve on
more than 60 boards, commissions,
and committees in Delaware and repre­
sent the State to several federal agen­
cies and a variety of organizations. A
small sampling of significant meetings
during the second half of 1997 follows
together with some of the highlights.

o Association ofAmerican State
Geologists. Coordination of
state/federal activities; liaison with
a dozen federal agencies; promo­
tion of reauthorization of National
Geologic Mapping Act.

o U. S. Geological Survey.
Testimony on the Strategic Plan of
our counterpart federal agency.

o National Conference ofState
Legislatures. Display of geologic
activities and discussions with
state officials.

o Geological Society ofAmerica
Annual Meeting. Paper on strati­
graphic procedures presented in
support of geologic mapping activ­
ities. Associated meetings: North
American Commission on Strati­
graphic Nomenclature (revision of
Stratigraphic Code) and
Association of American State
Geologists (resolution urging con­
tinuation of support of research by
Minerals Management Service).

• Outer Continental Shelf (OCS)
Policy Committee. Resolutions

approving reports on federal com­
pensation to coastal states for
impacts of exploration in federal
offshore areas and procedures and
fees for access to OCS sand;
recommendations to Secretary of
the Interior.

e Continental Margins Symposium.
Exchange of technical information
and advancement of proposals for
federal research support; presenta­
tion of results of Delaware's sand
inventory project.

Comment on or requests for infor­
mation about the DGS's represent­
ations to government units and earth
science organizations are welcome.

Hydrology News
By A. Scott Andres

III "Effects of Agricultural
Drainage on Ground and Surface Water
Quality" is a multi-year, multi-discipli­
nary project to characterize ground and
surface water in two small agricultural
watersheds and recommend best
management practices (BMP) for con~

trolling the loss of nitrogen and phos­
phorus in drainage water. Begun in
1995, the project has ended after more
than 400 water and 300 soil and sedi­
ment samples and 10,000
measurements of ground- and surface­
water levels were collected by project
staff. Results and recommendations are
compiled in the final report, which
should be available in the near future.
Principal investigators of the project
were Thomas Sims, William Gangloff,
Pete Vadas (University of Delaware
Department of Plant and Soil Sciences),
A. Scott Andres (DGS), and Judith
Denver (USGS). Support for the project
was provided by the Delaware
Department of Natural Resources and
Environmental Control and the U.S.
Environmental Protection Agency in
cooperation with the University of
Delaware Department of Plant and Soil
Sciences and the Water Resources
Division of the U.S. Geological Survey.

Ii Roland E. Bounds reports that
the DGS drilling rig completed 30
years of service as of October 1997.
The rig was purchased by the

University of Delaware in 1967 with
gifts from a private foundation and the
Getty Oil Company. It has been used
extensively for augering, coring, and
hydraulic rotary drilling to depths of
200 feet.

DGS Participates
in Coast Day
By A. Scott Andres

Scott Andres, Roland Bounds,
Scott Howard, and Daria Nikitina of
the DGS, and Bill Ullman and Kathy
Traexler of the University of Delaware
College of Marine Studies installed,
sampled, and removed a 20-ft..;deep
well as part of a demonstration exhibit
for Coast Day, October 5, on the
University's Lewes campus. The
demonstration, "Water from the
Ground," was done to provide visitors
with an idea of the steps needed to
install a well and with how geologists
and geochemists work to understand
ground water. There were hands-on
components to the demonstration.
Visitors were encouraged to make their
own well logs from samples of geolog­
ic materials obtained from the borehole
and to handle the materials used in
constructing the well.

Response to the demonstration was
positive. Hundreds of people stopped
to see the exhibit, touch the samples,
and ask questions about geology,
ground water, and DGS and University
research. Plans are being made to
improve the interactive parts of the
demonstration for the next Coast Day.

Geologic History and
Ground-Water Geology
of the Great Cypress
Swamp
By A. Scott Andres

The DGS is contributing to a
Delaware Natural Heritage Program
project to understand better the natural
history of the Great Cypress Swamp,
located just west of Selbyville, DE. We
will compile and interpret existing
descriptions of sediments in outcrop
and from boreholes, age dates, and
paleontologic data to report on the geo-
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logic history of the swamp. In addition,
we will install and monitor a number
of shallow observation wells to analyze
and map depth to ground water.

Publications
Recent DGS Publications
Reports of Investigations

oNo. 56, The Setters Formation in the Pleasant Hill
Valley, Delaware: Metamorphism and Structure:
Margaret O. Plank and William S. Schenck, 15 p.

Other Publications by DGS Staff
• A. Scott Andres, 1997, Delmarva Well Water

Quality: Proceedings of the 1997 Delmarva
Broiler Housing and Flock Supervisors
Conference, University of Delaware Cooperative
Extension, p. 1-9.

o Robert R. Jordan, 1997, North American
Commission on Stratigraphic Nomenclature:
American Association of Petroleum Geologists
Bulletin, v. 81, p. 2066.

• Thomas E. McKenna, 1997, Fluid Flow and
Heat Transfer in Overpressured Sediments of the
Rio Grande Embayment, Gulf of Mexico Basin:
Gulf Coast Association of Geological Societies
Transactions, v. 47, p. 351-366.

• Thomas E. McKenna and J.M. Sharp, Jr., 1997,
Subsurface Temperatures, Fluid Pressures, and
Salinities in the Rio Grande Embayment, Gulf of
Mexico Basin, USA: Proceedings of the)Oth
International Geological Congress, v. 8,p.
263-274.

o Thomas E. McKenna and Xiang Li, 1997,
Development of a Geographic Information
System for Sedimentary Basin Analysis:
Proceedings of the Twelfth International
Conference and Workshops on Applied Geologic
Remote Sensing, v.2, p. 340-343.

Staff Notes
Presentations
o A. Scott Andres, "Hydrologic Transport of

Phosphorous," at the Workshop on Phosphorus
Compartment Flux Model for the Inland Bays
Watershed, University of Delaware College of
Agriculture, July 29, and at the Southern
Extension - Research Activity, Information
Exchange Group Workshop, Beaverton, OR,
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August 10-12; "Delmarva Ground-Water
Quality," at the Delmarva Broiler House and
Flock Supervisors Conference, Salisbury, MD,
September 16; "Effects of Agricultural Drainage
on Ground and Surface Water Quality," at the
Kent County Extension Service Workshop,
Dover, October 16; with Stefanie J. Baxter and
Thomas E. McKenna, "Ground Water in
Delaware," at the Delaware Rural Water
Association, Source Water Protection Workshop,
Dover, November 4-6.

o Robert R. Jordan, "Registration of Professional
Geologists in Delaware," at the joint meeting of
the Northeast Section of the American Institute
of Professional Geologists, New York Section of
the Association of Engineering Geologists, and
the Geological Association of New Jersey, May
20; "History of the North American Commission
on Stratigraphic Nomenclature," invited paper
for the symposium, "Geologic Mapping: Past,
Present, and Future," at the Geological Society
of America Annual Meeting, Salt Lake City,
October 23.

• Thomas E. McKenna, "Vertical Discharge of
Extremely Overpre 'lred Fluids Along Growth
Faults in the Rio Grande Emb<.lyment, Gulf of
Mexico Basin," at the Geological Society of
America Penrose Conference on Faults and Sub­
surface Fluid Flow: Fundamentals and Applica­
tions to Hydrogeology and Petroleum Geology,
Taos, NM, September 12; "Ground-Water Flow
Near a Geothermal Anomaly in South Texas,
Gulf of Mexico Basin," at the University of
Delaware, Geology Department Seminar Series,
October 2; "Fluid flow and Heat Transfer in
Overpressured Sediments of the Rio Grande
Embayment, Gulf of Mexico Basin," at the
annual meeting of the Gulf Coast Association of
Geological Societies, New Orleans, October 17;
with Xiang Li, University of Texas, "Devel­
opment of a Geographic Information System for
Sedimentary Basin Analysis," at the Twelfth
International Conference on Applied Geologic
Remote Sensing, Denver, November 19.

• Kelvin W. Ramsey, Robert R. Jordan, and
John H. Talley, "Connecting Onshore and
Offshore Near-Surface Geology: Delaware's
Sand Inventory Project," at the Fourth
Symposium on Studies Related to Continental
Margins, Corpus Christi, TX, November 17.

o William S. Schenck,"Geology of the Delaware
Piedmont Including Nomenclatural History," to

Delaware Geological Survey
University of Delaware
Newark, DE 19716-7501

the Delaware Nature Society, Ashland Nature
Center, December 4.

• John H. Talley and Stefanie J. Baxter, with
Deborah M. Mills and Bernard L. Dworsky,
Water Resources Agency for New Castle
County, "Utilization of Geology and Hydrology
in Land Use Management and Decision Making
in New Castle County, Delaware," at the 1997
Spring Meeting of the American Geophysical
Union, Baltimore, May 27-30.

Service and Awards
• Robert R. Jordan received the Scroll of

Recognition of the North American Commission
on Stratigraphic Nomenclature during the meet­
ing of the commission in Salt Lake City on Octo­
ber 20. He was reappointed for a three-year term
to the commission for the American Association
of Petroleum Geologists (AAPG). Also, Jordan
has been appointed to the House of Delegates of
the AAPG for a three-year term as a representa­
tive of the Geological Society of Washington.

• Congratulations to Thomas E. McKenna who
received his Ph.D. degree in geology from the
University of Texas at Austin. The title of his
dissertation is "Geologic and Hydrologic
Constraints on Fluid and Heat Flow in
Overpressured Rocks of the Rio Grande
Embayment, Gulf of Mexico Basin."

• William S. Schenck, met with the third grade
classes of Wilmington Christian School,
Hockessin, September 25, and Wilmington
Christian School, Newark, September 26, on
"Basic Facts About Rocks, What a Geologist
Does in the Field and What Tools are Used;" on
December 5, he conducted a workshop at the
DGS on rocks of the Delaware Piedmont for the
Delaware Department of Transportation,
Materials Group.

Externally Supported Projects
• From the Delaware Department of Natural

Resources and Environmental Control, Division
of Water Resources, Water Supply Section, to A.
Scott Andres for "Mapping Ground-Water
Recharge Areas in the Inland Bays Area" and to
John H. Talley for "Ground-Water Monitoring
of Coastal Aquifers in Delaware."

• From the Delaware Emergency Management
Agency, to Stefanie J. Baxter and Thomas E.
McKenna for "Geophysical Investigation of
Faults in the Piedmont and Coastal Plain of New
Castle County and Adjacent Areas."
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