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were arranged in an upward-looking configuration (shielded :eU (ppm)and eTh(ppm) indiicate equivalent parts per million determined from counting of bismuth-214 and thallium-208, respectively.
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Culpeper basin are identified with “K,” “U,” and “T" labels de-
picting the radionuclide presumably causing the total-count
anomaly. Total-count values greater or less than 1.5 standard

signatures, indicating that location accuracy and instrument
calibration are generally good.
The ground-spectrometer data indicate that the spectrally
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anomalous. The area-wide statistics for this survey are:
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aeroradiometric anomalies shown on the map, a ground-based
four-channel gamma-ray spectrometer with a large volume
(118 in®) sodium iodide detector was used to measure the
components of the gamma-ray radiation field at 16 localities in
the Culpeper basin and vicinity. Some of the sampled sites are
east of the present survey area; however, these sites are
located on rock types comparable in character to areas within
the survey limits. Sites were selected mainly with regard to
favorable rock exposures and accessibility. Comparison of
their aeroradiometric character may be made by referring to
the previous surveys (Neuschel, 1965; Blanchett and others
1966; U.S. Geological Survey, 1980) shown on index. The
ground spectrometer data was reduced to radionuclide con-
centrations by use of the technique given by Stromswold and
Kosanke (1977).

To achieve constant geometry at each locality, the detector
unit of the instrument was suspended from a tripod about 1.5
feet above the surface. After temperature equilibration and
standardization against a barium-133 gamma-ray source, the
count-rate was measured at the following gamma-ray energies;
(1) total count, all energy between 0.5 and 3.0 MeV; (2) 1.46 MeV
from potassium-40; (3) 1.76 MeV from bismuth-214 in the
uranium-238 series; and (4) 2.62 MeV from thallium-208 in the
thorium-232 series. The counting time at each locality did not
exceed 10 minutes. The data are summarized in Table 1.
Duplicate measurements (A and B) were made at the same site
without moving the tripod. Spectral radiometric averages of
lithologic units in the Culpeper basin and vicinity based on
ground measurements are given in table 2.

GENERAL GEOLOGY

The Culpeper and Barboursville basins in Virginia are parts
of a belt of northeast-trending Mesozoic rift basins in eastern
North America. In northern Virginia, the Culpeper basin is
about 12 miles wide and extends from the Rapidan River north
for about 90 miles to the Potomac River; in Maryland (beyond

‘anomalies, for example, have ground spectra high in KUT

(localities 10, 11, and 12, Table 1). Similarly, UT characterized
aeroradiometric anomalies have ground spectra with strong U
and T components. Other lithologic types show a similar

gamma-ray aeroradiometric anomalies associated with land
used for agricultural purposes may be enhanced by radioactive
fertilizers (Grosz, in press). Commonly used fertilizer mixtures
consist of variable amounts of nitrate, potash, and phosphate
applied in either liquid or granular form. Potash and phosphate
are radioactive: potash because of potassium-40, and
phosphate because of associated uranium.

The relatively poor correlation between the total-count
channel counts of Table 1 and the contoured values of the
aeroradiometric map is probably due in part to the effects of
fertilizer, and in part to the fact that the airborne survey in-
tegrates radiation values from a much larger geographical
area than the ground survey. A larger number of ground-
survey values would probably correlate better with the air-
borne survey values.

RADIOMETRIC RESPONSE OF LITHOLOGIC UNITS

The diabase intrusive rocks in the Culpeper basin produce
broad aeroradiometric (total-count) lows that range in values
from 400 to 1000 cps (counts-per-second). The basalt flows also
produce lows, but with a narrower range, from 700 to 1000 cps.
The geographically narrow negative anomalies associated with
the basalt are neither as continuous nor as well defined as
those over diabase, because their steep westerly dip and
thinness result in narrow linear exposures. Other radiometric
lows include those in the vicinity of Culpeper, where lows were
recorded over the Triassic greenstone conglomerate that was
derived from Proterozoic Catoctin Metabasalt. In general, the
mafiec igneous units within the basin (diabase and basalt) and
two mafic units outside the basin (Catoctin Metabasalt and
Piney Branch Complex) yield consistently low radiometric
values.

The aureole of metasedimentary rocks (baked zone, hornfels)
adjacent to diabase imtrusive rocks in the Culpeper basin form
either a steep gradiemt or local radiometric highs, as opposed
to the lows over the intrusive dizbase. Daniels (1980) reports

aeroradioactivity map of the Seneca and part of the Sterling quadrangles,
Montgomery County, Maryland, and Loudoun and Fairfax Counties,
Virginia: U.S. Geological Survey Geophysical Investigations Map GP-564,
scale 1:24,000.

Conley, J. F., and Johnson, S. S., 1975, Road log of the geology from Madison to

Froelich, A. J., and Leavy, B. D., 1982, Map showing mineral resources of the
Culpeper basin, Virginia and Maryland: Availability and planning for future
needs: U.S. Geological Survey Miscellaneous Investigations series Map I-
1313-C, scale 1:125,000.

the map area), the basin continues northward for an additional that areas immediately adjoining baked zones in Fairfax 78°00'
20 miles to just south of Frederick. Immediately south of the County have higher radiometric values than the areas of baked
Culpeper basin, the Barboursville basin, a small faulted outlier and intrusive rocks. He suggests that the thermal effects of —~
of the Culpeper basin (Conley and Johnson, 1975), is about 2.5 the diabase intrusion may have extended beyond the mapped d
miles wide and extends from Madison Mills south for about 10 baked zone and that the highs may possibly be due to enrich- \
miles to just south of Barboursville, the town after which the ment of radionuclides mobilized from rocks closer to the hot # sl
basin is named (Lee, 1980). diabase.
The sedimentary rocks in these basins belong to the \ /
“Culpeper Group,” which ranges in age from Late Triassic to P
Early Jurassic (Cornet, 1977). The Triassic rocks are ) /
predominantly non-marine sandstones and siltstones (“red
beds”) with minor amounts of conglomerate. The Jurassic 2
rocks also include “redbeds” (sandstones and siltstones), but ) /
the sequence is characterized by coarse fluvial conglomerates \j’oo QQ:D /}\ /
(Lindholm and others, 1979), black and gray lacustrine shale,
siltstone and sandstone, and intercalated basalt flows. The / EXPL AN ATION
entire “Culpeper Group” in the Culpeper basin is intruded and .
locally metamorphosed by dikes, sills and stocks of tholeiitic 4
diabase of Early Jurassic age. Igneous rocks have not been /
reported in the Barboursville basin (Lee, 1977; 1979; 1980; ;
Lindholm, 1977; 1978). . , :
The Mesozoic sedimentary rocks in the Culpeper basin dip / . TRIASSIC AND JURASSIC ROCKS
generally westward toward a major normal fault system that - 38930 .
forms the linear western margin of the basin. The arcuate / Igneous units
eastern margin displays both high-angle normal faults of L
relatively minor displacement and unconformable contacts Q.o O
with the basement rocks (Leavy, 1980; Lindholm, 1978). A S Disliase
variety of foliated metamorphic rocks of Precambrian and & 77030"
Early Paleozoic age underlie the basins and crop out around
their margins (Virginia Division of Mineral Resources 1963).
These rocks include metabasalt with interlayered arkose, 1
felsic and mafic metavolcanic rocks, quartzite, phyllite, schist, Basalt
gneiss, and carbonate rocks.
Sedimentary rocks (and thermally metamorphosed equivalents)
\\
TG . .
‘ T —/ T Conglomerate, sandstone, siltstone, shale, and limestone
\ P h g (quartzite, hornfels, granulite, and marble)
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T thallium-208 (Thorium)

U bismuth-214 (Uranium)
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Primary grid size
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Quadrangle numbers are for total count aeroradiometric maps at a scale of 1:62,5000 (Virginia Division of Mineral ‘glt#t:de ; t """ SRS e CHRuLy siin sERigerale gn ZO}'({) ;?)((e)t]()lsz m) A.M.T.
Resources, 1981) and are as follows: 1-Leesburg, 2-Sterling, 3-Gainesville, 4-Manassas, 5-Warrenton, 6-Nokesville, 7- PECLTREIOT v iagirag me v ghowny o enmnry Sk e
Crystalvolume............... ..., 3500 in®
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(Blanchett and others, 1966, 1:24,000), A3 (U. S. Geological Survey, 1980, 1:48,000).
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