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(ABSTRACT)

This study is a geophysical investigation that uses reflection seismic and potential field data
to contribute to the development of a structural model of the North American Atlantic Passive
Margin beneath the Atlantic Coastal Plain of northeastern Virginia. Specifically, this study focuses
between 37.5° and 38.5° north latitude and 75.5° and 77.5° west longitude. The geophysical data
include two seismic lines that were reprocessed at the Regional Geophysics Laboratory at Virginia
Polytechnic Institute and State University. In addition, gravity modelling is performed in order to
test the model developed from the seismic data.

Several important results have been achieved from this study. Lower Cretaceous fluvial
sediments are less reflective than the overlying marine sequence. This observation is most obvious
toward the east, particularly on line CF-1. Reverse faulting, which might be related to movement
within the basement, is observed in at least one location on line NAB-11A, near Loretto, VA.
Curiously, the dip is in the opposite direction of other reverse faults observed within the coastal
plain.

The thickness of Triassic strata in the Taylorsville basin is constrained by seismic reflection
data and gravity modelling. Results indicate that the basin is approximately 3 ki deep. The strata
within the basin appear to be poorly reflective except where they locally onlap the bottom of the
basin, which is marked by a prominent reflector that is interpreted to be a diabase sill associated

with Jurassic magmatism. In addition, the basin appears to be intruded by moderately dipping



dikes that were fed by the sill. The occurrence of basaltic material within the basin is confirmed
by well log data.

Probably the most important result of this study is the tectonic implications of prominent,
arcuate potential field anomalies and their relationships to changes in midcrustal reflectivity ob-
served on the east side of line NAB-11A. Gravity modelling confirms the likelihood of a near-
vertical, anomalous, mafic mass that extends to the Moho. This observation is supported by the
loss of contiguous reflections in this area. A similar observation was made along the southern ex-
tension of the same anomaly by Coruh and others (1988) who proposed that this feature is a dike
swarm associated with Mesozoic rifting. It is proposed here that this body also could be an ancient
Mesozoic magma chamber that collapsed during cooling after the Atlantic margin passed into the

drift sequence.



Acknowledgements

I would like to thank John Costain for acting as my principal advisor and for offering a
research topic of personal interest to me. His familiarity with geophysical and geological studies
along the Atlantic continental margin, in addition to his suggestions for tectonic models, was in-
valuable. His rapid reviews of early versions of this manuscript also are appreciated. I also would
like to thank Cahit Coruh for acting as co-chairman on my committee. His extensive knowledge
of seismic data processing techniques was invaluable for achieving the quality data presented in this
study. His recommendations for a working tectonic model also are appreciated. Many thanks to
Bob Milici for his active participation as my third committee member. He provided many en-
lightening conversations about data interpretation and possible structural models.

I am grateful to Mildred Memitt for all of the time that she spent helping me with DISCO
programming, to Bob Montgomery for maintaining the VAX 11/785 and to John Wonderly for
assistance on the IBM PC. Thanks also to Edwin Robinson for suggestions with regard to gravity
modelling and to Lynn Glover I for his input on regional tectonics.

Finally, I would like to thank my wife Peggy for all of her love and encouragement. Her
faith in me has been an inspiration.

Summer financial support was provided to me by the Department of Geological Sciences.

Funding for a data kit hookup to the IBM mainframe was obtained from Shell, Inc. . Computer

Acknowledgements iv



funding for the reprocessing of seismic data was provided by the Virginia Division of Mineral Re-

sources under contract # AA009100 .

Acknowledgements v



Table of Contents

Introduction and Purpose of Study . . ... ... ... i i i e e e, |
GeOlOEY .o e e e e et e e e 5
Tectonic HIStOry . . . ..o e 5
The Taylorsville Basin ... ... ... ... e e et 7
The Atlantic Coastal Plain ... ... ... .. ... .. . e 8
Data Acquisition and Processing ... ... .. ittt e i e 11
Line NAB- LA 12
Line CEF-1 o 13
DSCUSSION . .. e e e e e e 16
Deep Crustal Reflections .. ... . ... 16
Relationship of Potential Field Anomalies to Changes in Reflectivity . ............. 19
The Taylorsville Basin . .. ... o e 19
The Coastal Plain . . ... ... 37
Gravity Modelling ....................... 37

Table of Contents vi



ConCluSIONS . . e e e e e e e e e e 49

Further Research ... ... . et 51
References Cited ... ... ... . i i i i i it i it 52
Appendix A. Gravity Profile along Line NAB-11A ... ... .. . i i i 55
4L 57

Table of Contents vii



List of Illustrations

Figure
T'igure
Figure
I'igure
Figure
I'igure
T'igure
IFigure
Tigure
Figure
Figure
Figure
Figure
Tiigure
Figure
T'igure
T'igure
Figure
Figure
Figure

Tigure

Lo Study area ... ... e 3
2. Location of seismic lines ... ... ... e 4
3. Mesozoicrift basins . . ... ... 6
4. Uninterpreted line drawing of line NAB-11A .. ... ... ... ... ... ... .. ... 17
5. Interpreted midcrustal reflections .. ... .. ... .. ... i i L 18
6. Uninterpreted line drawing of line CF-1 .. ... .. ... .. ... ... . ... ....... 20
7. Line drawing of line I-64 . ... .. ... .. ... 21
8. Gravity anomaly map . .. ... e 22
9. Magnetic anomaly map . .......... ... e 23
10. Change in reflectivity on line NAB-11A .. .. .. ... ... .. .. ... ... .. ...... 24
11. Total depth of the Taylorsville basin . ... ....... ... ... .. ... . ......... 26
12. Onlapping within the Taylorsville basin . . ... ... ... ... ... ......... 27
13. Normal faulting within the Taylorsville basin . ............... ... .. .. ... 28
14. Dikesfed by the sill ... ... .. . . . . 29
15. Dikes in the west part of the basin ... ... ... .. .. ... . 30
16. Raypath diagram . ... ... ... 31
17. Real and synthetic shots . . ... . ... . . . . . . 32
18 Real and synthetic CDPs .. .. .. . . 33
19. Real and synthetic stacked data . . ...... ... ... ... . ... .. . ... 34
20. Comparison of the unmigrated and migrateddata .. ............. ....... 35
21. Log data within the Taylorsville basin . ............ ... ... ... ... ..... 36

List of lllustrations viii



Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

22.
23.
24.
25.
26.
27.
28.

29.

Increase in thickness of the coastal plain sediments .. .................... 38

Lack of reflectivity in the Lower Cretaceous sediments . ................... 39
Logdatanear line CEF-1 ... .. ... . . . . . e 40
Reverse faulting in the coastal plain sediments . .......... ... ... ... ...... 4]
Velocity study on line NAB-11A ... ... ... .. . ... . 43
Gravity model 1 .. .. .. e 46
Gravity model 2 . . ... e 47
Reflections corresponding to the potential field anomalies ................. 48

List of Ilustrations ix



List of Tables

Table 1. Stratigraphy of the Taylorsville Basin (After Weems, 1980) . .................
Table 2. Acquisition parameters for lines NAB-11Aand CF-1 .................. ...

Table 3. Rock types and rock densities assumed for gravity modelling . ...............

List of Tabhles



Introduction and Purpose of Study

This study is a geophysical investigation that uses reflection seismic data and potential field
data to contribute to the development of a structural model of the North American Atlantic Passive
Margin beneath the Atlantic Coastal Plain of northeastern Virginia (Figure 1). Specifically, the
study area is located between 37.5% and 38.5° north latitude and 75.5° and 77.5° west longitude.

In spite of the numerous investigations conducted in this area, many questions about the
subsurface geology persist. In particular, there is ambiguity with regard to the depth and geometry
of the buried, Mesozoic Taylorsville basin as well as the geometry of the Hylas fault zone, along
which the basin might have developed; there also is uncertainty about the hydrocarbon potential
of the basin. In addition, there is no general agreement about the origin and tectonic significance
of prominent arcuate potential field anomalies that straddle the Taylorsville basin. Furthermore,
lateral variations in the thickness of the coastal plain sediments, in addition to the orientation of
faults and associated structures, need clarification.

Geological data are limited to the small exposed part of the basin and to core holes within
the Atlantic Coastal Plain. The integration of geophysical data and current geological data is es-
sential to understanding the tectonic framework of the Atlantic continental margin. The
geophysical data used in this study are comprised of two seismic lines (Figure 2) that were reproc-
essed at the Regional Geophysics Laboratory at Virginia Polytechnic Institute and State University

with the Digicon Interactive Seismic Computer software package (DISCO v. 8.0; CogniSeis, 1990)
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on a VAX 11/785. Gravity modelling was performed on the Micro-innovations software package
(1989).

Several important results are achieved by modelling the subsurface geology of the study
area. Paulting within the coastal plain sediments is observed in at least one location. In addition,
seismic and potential field data constrain the thickness of the Taylorsville basin strata. Finally, re-
flector geometries and their locations with respect to potential field data have significant tectonic

implications.
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VIRGINIA

Figure 1. Study area: The study area is in the coastal plain of northeastern Virginia.
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Line NAB-11A ——
Taylorsville Basin

0

Richmond Basin

Figure 2. Location of seismic lines: Line NAB-11A parallels the Rappahannock River in VA and
fine CI'-1 is west of Chincoleague, VA.
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Geology

Tectonic History

The North American Atlantic continental margin is a passive margin that exberienced nu-
merous tectonic episodes throughout geologic time. The eastern U.S. is marked by the
Appalachian mountain chain that developed as a result of multiple plate collisions during the
Paleozoic (Klitgord et al., 1988). The Late Paleozoic Alleghanian orogeny resulted in the formation
of the megacontinent Pangea. This event was followed by crustal extension that began in the Late
Triassic forming a succession of independent basins that filled with sediments from the surrounding
highlands (Van Houten, 1988). These basins extend 2000 km along the Appalachian Piedmont
(Manspeizer and Cousminer, 1988; Figure 3). Rifting continued into the Early Jurassic during
which time therc was an episode of multiple basalt extrusions and diabase intrusions that lasted
approximately 500,000 years (Manspeizer and Cousminer, 1988). This tectonic stage probably in-
volved thermal doming and crustal attenuation due to considerable heating of the lower lithosphere
(Keen and de Voogd, 1988; Manspeizer et al., 1988).

Since the Middle Jurassic, the Atlantic margin experienced significant subsidence on its
eastern edge due to cooling of the lithosphere as it moved away from the spreading center. This

criterion was used by Manspeizer and Cousminer (1988) to indicate that the margin has been in a
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drift stage that continues today. The disconformity in the geologic record that marks this tectonic
transition is referred to as the postrift unconformity.

The most western deep crustal penetrating faults associated with Mesozoic rifting mark the
landward limit of the rifted continental crust that has been stretched and faulted. The basement
hinge zone marks the eastward limit (Klitgord et al.,, 1988). The basement hinge zone is the
landward edge of marginal sedimentary basins where basement deepens rapidly in the seaward di-
rection (Klitgord et al., 1988). A variety of structures, which include rotated half-grabens bounded
by scaward dipping border faults, tilted blocks bounded by landward dipping faults and thick
sedimentary wedge sequences, are associated with the hinge zone along the Atlantic margin

(Klitgord et al., 1988).

The Taylorsville Basin

The Hylas zone, which forms the western boundary of the Taylorsville basin and which is
exposed in Goochland and Hanover Counties, is a fault zone that underwent at least 2 deformations
(Bobyarchick and Glover, 1979). Dextral shearing began in the ductile regime following the
emplacement of the Late Alleghanian Petersburg granite (Gates and Glover, 1989). This defor-
mation moved into the brittle-ductile regime before ceasing sometime in the Permian. During the
Mesozoic, the Taylorsville basin probably formed along the preexisting Hylas fault as a result of
reactivation in the brittle regime.

The Taylorsville basin contains Carnian age rocks (Manspeizer and Cousminer, 1988) that
comprise the Doswell Formation (Weems, 1980; Table 1). This formation, which is restricted to
the Taylorsville basin, has three members. The Stagg Creek Member is a massive sandstone and
conglomerate that nonconformably overlies the Petersburg granite on the southeast side of the basin
and nonconformably overlies undifferentiated metaigneous and metasedimentary rocks on the north
and northwest side of the basin (Mixon et al., 1989). The Falling Creek Member, which lies

conformably over the Stagg Creek Member, is composed of flaggy, laminated sandstone. In addi-
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tion, green siltstone and green, gray and black shale are common. Coal also has been documented
in this member (Weems, 1980). The Newfound Member, which is the uppermost member of the
Doswell Formation, is composed of a conglomeratic facies that intertongues with a fine grained
facies. The conglomeratic facies also contains massive and crossbedded sandstones. The fine
grained facies contains massive, red and light brown siltstone. The top of this member consists
mostly of semi-consolidated breccias. On the basis of color transformation of palynomorphs, the
Taylorsville basin is considered to contain thermally mature strata of type I, and possibly type 1II,
kerogen (Milici et al., 1991). The abundance of coarse grained reservoirs within the Taylorsville
basin indicates a potential for hydrocarbon recovery in the lower part of the basin. Texaco has
explored for hydrocarbons in the northern part of the basin (Petzet, 1992; Shen, 1992). Several dry
wells, including one as deep as 10,135 feet, have been drilled (Petzet, 1992).

The Fork Church fault is a prominent fault that produced drape folding in the Falling
Creek Member on the northwest side of the basin. In addition, synclines and monoclinal structures
are observed within the Newfound Member (Weems, 1980). It is possible that en echelon faulting
observed in the Richmond basin also is present in the Taylorsville basin (Weems, 1980).

The Taylorsville basin strata have been intruded by north and northwest trending diabase
dikes that do not extend beyond the basin margins (Weems, 1980). Igneous rocks found in Newark
type basins of the central and northern Appalachians are high-T1, quartz-normative, tholeitic basalts
or diabases (de Boer et al., 1988). Basalt flows generally are restricted to the area between Nova
Scotia and Virginia, while intrusive equivalents are distributed between Newfoundland and
Alabama (Manspeizer et al., 1988). No flows or sills were recognized in the Taylorsville basin by

Weems (1980).

The Atlantic Coastal Plain

The Atlantic Coastal Plain is represented by a sequence of exposed Cretaceous and Tertiary

sediments that unconformably overly Triassic strata and crystalline basement rocks. The Lower
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Tahle 1. Stratigraphy of the Taylorsville Basin (After Weems, 1980)
Age Name Character
% | siltstone/ Siltstones, massive, and sandstones, massive,
- 'E sandstone poorly consolidated, rare conglomerates except
.g é facies in top several hundred feet.
=] ©
© S
*3 g -§ sandstone/ Sandstones and conglomerates, massively cross-
= "3 o | conglomerate | bedded, well consolidated, rare siltstone lenses.
E Z 1 facies
TRIASSIC &
E’ Falling Sandstones, well bedded and flaggy, and
_g a Creek shales, gray to black, fissile, some siltstones and
£ 1/ Member rare coals. Sandstones and shales commonly
S calcareous.
2
3
s Stagg Sandstones, massive to massively crossbedded,
Creek and conglomerates, massive, rare siltstone
Member lenses.
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Cretaceous coastal plain is dominated by fluvial deposits. Locally, marine deposits have been
identified on the basis of paleontological data (Olsson et al., 1988). A marine transgression, which
began in the Upper Cretaceous (Albian) resulted in extensive deposition of beach sands and lagoon,
marsh and delta front deposits (Olsson et al., 1988).

The coastal plain of northeastern Virginia is cut by northeast-trending, northwest-dipping,
high-angle, en echelon, reverse faults (Mixon and Newell, 1977). This fault system, referred to as
the Stafford fault system (Mixon and Newell, 1977), exhibits 15 to 60 meter offsets. On the basis
of structure-contour maps of Cretaceous and Paleocene lithostratigraphic units, which indicate re-
current movement along this fault system, most of the deformation is interpreted to have taken

place in Cretaceous to Middle Tertiary time.
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