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VERTICAL ELECTRICAL RESISTIVITY AND STRUCTURAL GEOMETRY
OF FAULTED, THERMALLY ALATERED AND FRACTURED CLASTIC
ROCK SEQUENCES AND CRYSTALLINE ROCK COMPLEXES OF T 'E

NORTH-CENTRAL CULPEPER BASIN, VIRGINIA

Charles E. Brown
ABSTRACT

Direct current-electrical resistivity soundings were completed using a
Schlumberger field array at nine sites in the early Mesozoic Culpeper basin, Virpinia
to ascertain basinal-rock characteristics. The apparent resistivity of lower Mesozoic
sedimentary rock sequence above pre-Mesozoic crystalline rock is highly variable.
Thick sequences of shale and siltstone or of sandstone can be characterized on the
basis of resistivity values, and generally the sequences are readily distinguishal'e
from crystalline geoelectrically resistive rocks. Apparent resistivities of the
sedimentary rocks above geoelectric basement range from 42 to about 700 ohn-
meters for unaltered sedimentary rock and 825 ohm-meters for thermally altered
rock. Geophysical well logs indicate that the sedimentary rocks with low resistivities
(less than about 350 ohm-meters) have a higher clay content and consist of
interbedded thin arkosic sandstones and thick sequences of siltstone and shale. Thick
beds of arkosic sandstone have apparent resistivities ranging from 500 to 700 chm-
meters. Geoelectrically resistive rock, which generally has the highest apparent
resistivity (generally more than 1,000 ohm-meters), and that includes Pre-Mesozoic
rocks ("basement"), is metamorphic or igneous depending upon the location in the
basin. Geoelectrically resistive rock includes Jurassic igneous rocks (thick extrisive
basalt flows and intrusive diabase sheets) as well as pre-Mesozoic "basement” rock of
metamorphic origin.

The distribution of diverse rocks with different electrical properties has made
the interpretations of resistivity soundings extremely complex; however, geoph;sical
models support the interpretation that different types of pre-Mesozoic "basement”
rock are present beneath the lower Mesozoic sedimentary rocks in the basin.
Geoelectric resistive rock comprised mainly of igneous rocks within the basin (or
within the sedimentary succession) or metamorphic rocks beneath the basin
generally have apparent electrical resistivities greater than 1,000 ohm-meters and
are as high as 4,400 ohm-meters in some areas. However, apparent resistivities in
local areas may be anomalously low (305 ohm-meters), because locally less-resistive
pre-Mesozoic "basement” rocks with lower apparent resistivity are present or
because of some other unidentified causes. Nevertheless, it is possible to determine
the depth values even where "basement"” resistivities are anomalously low on the
basis of the contrast between resistivities in sedimentary rocks and those in
crystalline rocks. The resistivity data were processed by an automatic iterative
computer program; results from the computer analysis were constrained by the
available geologic and borehole geophysical information. Depth to geoelectrically
resistive rock calculated from the soundings and geophysical models ranges from
4,500 ft (1371 m) in the east-central part of the basin, to about 5,100 ft (1555 m) in
the west-central part of the basin. This study provides a broad interpretation of the
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diverse character and distribution of the Mesozoic sedimentary and igneous rock and
of the pre-Mesozoic metamorphic rocks of the Culpeper basin.

INTRODUCTION

The Culpeper basin is a north-northeast-trending faulted trough at the
inner margin of the Piedmont geologic province along the east front of the Blue Ridge
geologic province in Virginia and Maryland (fig. 1). It is part of a belt of similar
Newark rift-basin structures of early Mesozoic age in eastern North America exposed
from South Carolina to Nova Scotia (fig. 2) (Bain, 1973; Ackermann and othes,
1976; Bain and Bisdorf, 1977; Bain and Brown, 1981; Froelich and Olsen, 1984). The
basin is about 20 km (12.4 miles) wide and extends for about 140 km (87 mile~) north
from the Rapidan River across the Potomac River and terminates near Frederick,
Maryland (fig. 3).

The inherent problems during this investigation are (1) distinguishing between
mainly Triassic sedimentary rocks and the underlying pre-Triassic crystalline rocks,
and (2) distinguishing sedimentary rocks and basalts from Jurassic diabase that
intrudes the sedimentary rocks. Previous geophysical studies in this area include
aeromagnetics (Johnson and Froelich, 1982), Bouguer gravity (Wise and Johr «on,
1980) and seismic reflection (Virginia Division of Mineral Resources (1982) and
Manspiezer and others, 1989), as well as electromagnetic, seismic refraction #nd
electrical resistivity (Daniels, 1980). The effort to better understand the geology and
hydrology in the Culpeper basin is ongoing and arduous because of associated geologic
complexity in the basin.

Purpose and Scope

This report describes the results of a study intended to refine and extend
knowledge of the subsurface geology in the Culpeper basin, Virginia, using direct-
current electrical resistivity methods.

The study included electrical resistivity field surveying using a Schluml erger
field array to collect raw data. Knowledge of the regional geology from previous
studies (Lee, 1977, 1978, 1979, 1980; Lee and Froelich, 1989; Froelich and Leavy,
1982; Froelich and Gottfried, 1988; Tollo and others, 1988; Drake and Morgar. 1981,
Drake and Lee, 1989; and Leavy and others, 1983) were supplemented by loce1 drill
hole data then incorporated with computer-processed data to produce the finel
interpretive models of the subsurface geology. Electrical resistivity field surveys
were completed in 1978 by Phoenix Geophysics, Ltd., under contract to the
U.S. Geological Survey (USGS). Daniels (1980) also provides a discussion of four of
the electrical resistivity profiles completed in Fairfax County.

The reader is referred to a series of USGS 7- 1/2-minute topographic
quadrangles on which each electrical resistivity site can be located. An index map
showing the 7- 1/2-minute topographic quadrangles that cover the Culpeper basin
and those containing the electrical soundings discussed in this report is shown in
figure 1. Electrical sounding sites 4A to 41 are located in the quadrangles as shown on
figure 3 and 4.





































































