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INTRODUCTION

This report summarizes the radon potential of Montgomery County
in the context of its geology. Radon is a naturally ocecurring gas produced
by the radioactive decay of uranium. Radon produced by uraniferous rocks
and soils may enter a house through porous building materials and through
openings in walls and floors. Radon gas has a tendency to move from the
higher pressure commonly existing in the soil to the lower pressure
commonly existing in the house. The U.S. Environmental Protection
Agency (U.S. EPA, 1986a) estimates that elevated levels of indoor radon
may be associated with 5,000 to 20,000 of the 130,000 lung cancer deaths
per year. They also estimate that 8 to 12 percent of the homes in the
United States will have annual average indoor radon levels exceeding 4
picoCuries per liter of air (pCi/L). Above this level, the U.S. EPA
recommends homeowners take remedial action.

Many factors control the amount of radon which may enter a home
from the geologic environment. Soil drainage, permeability, and moisture
content effect the amount of radon that can be released from rocks and
soils (known as the emmanation) and may limit or increase how far it can
migrate. Well drained, highly permeable soils facilitate the movement of
radon. Soils with water content in the 8 to 15 percent range enhance the
emmanation of radon (Lindmark, 1985). Daily and seasonal variations in

- soil and indoor radon can be caused by meteorologic factors such as

barometric pressure, temperature, and wind (Clements and Wilkening, 1974;
Schery and others, 1984). Construction practices also inhibit or promote
entry of radon into the home (U.S. EPA, 1986b). In general, however,
geology controls the source and distribution of radon (Akerblom and Wilson,
1982; Gundersen and others, 1987, 1988; Sextro and others, 1987; U.S. EPA,
1983; Peake, 1988; Peake and Hess, 1988). The following sections describe:
1) the methods used to measure radon and equivalent uranium (eU) in soil;
2) the radon potential ratings that were developed for this study; and 3) the
characteristics of the rocks and soils in Montgomery County that give them
their radon potential.

METHODS

Five hundred and sixty-seven measurements of radon in soil gas and
two hundred and seventy-eight measurements of equivalent uranium in soils
were performed throughout the county to determine the radon potential of
the major rock types. Radon in soil gas was measured by inserting an 8mm
diameter, hollow steel probe into the ground to a depth of 75 em. Then, 10
em? of soil gas was extracted from the probe with a syringe (after purging
the probe) and measured in an alpha-sensitive seintillometer. (Information
on this technique can be found in Reimer, 1977 and Schumann and Owen,
1988).

At the same site where soil gas was sampled, equivalent uranium
was measured at the ground surface, using a portable gamma
spectrometer. The spectrometer measures gamma radiation from the
surface to a depth of 20 em. Equivalent uranium is then calculated from
the counts per second of radiation corresponding to the uranium spectra
(see Durrance, 1986 for a detailed explanation of this technique).

Indoor radon concentrations were provided to the U.S. Geological
Survey by the Maryland Department of the Environment and are
confidential. The measurements were performed by private contractors
during the winter of 1986 and were voluntarily reported to the Maryland
Department of the Environment by the residents of Montgomery County.
In general, the indoor radon measurements were made during a 2 to 3 day
interval, in the lowest habitable level of the home, using the charcoal
cannister technique.

Permeability measurements are from the Soil Conservation Service
Report on Montgomery County (Matthews and others, 1961) and indicate
water permeability. Water permeability is determined by measuring the
rate of water flow through a saturated soil in inches/hour. Slow
permeability is defined for this study as less than .6 inch /hour, moderate
permeability .6 to 2 inches/hour, and moderately rapid permeability 2 to 6
inches/hour.

RADON POTENTIAL RATINGS AND MAP UNITS

Rock units from the geologic map of Montgomery County, Maryland
(Froelich, 1975a) form the main basis for the map units outlined in red on
this map. Radon potential ratings of 1 (low), 2 (moderate), and 3 (high)
have been assigned to each map unit. These ratings were developed by
examining the characteristics of the rocks and soils, radon in soil gas,
indoor radon measurements, equivalent uranium, permeability, and soil
drainage for each rock unit.

1) A rating of low corresponds to a less than 40 percent chance
that levels of radon greater than 4 pCi/L will be found in a home measured
in this area. The readings will likely be in the 1 to 20 pCi/L range. Be
advised that a rating of low does not mean that radon will not be found in
these areas, but that the radon potential is low relative to the rest of
Montgomery County.

2) A moderate rating corresponds to approximately a 50 percent
chance of a home having elevated levels of radon. Indoor radon will fall in
the 1 to 20 pCi/L range but as many as 10 percent of houses measured in
this area can be greater than 20 pCi/L.

3) A high rating corresponds to a greater than 60 percent chance of
a home having elevated levels of radon. Indoor radon will fall in the 1 to 20
pCi/L range but as many as 30 percent of houses measured in this area can
be greater than 20 pCi/L.

The range of values for soil gas radon and indoor radon are shown by
symbols plotted in black on the map. From this work and previous work
(Gundersen and others, 1987, 1988) it appears that soil gas values of 500
PCi/L or less seldom yield indoor radon values greater than 4 pCi/L. Soil
gas radon concentrations between 500 to 2000 pCi/L, can cause elevated
levels of radon in the home, usually in the range of 5 to 20 pCi/L. Radon in
soil gas greater than 2000 pCi/L can cause levels of indoor radon greater
than 20 pCi/L. Permeability of the soil and housing construction greatly
effect these correlations, especially those soil gas measurements in the
middle range. Soil gas measurements of 1000 pCi/L, when ecombined with a
very rapid permeability in the soil and low pressure inside a house, can
cause a greater than 20 pCi/L reading in the house. Similarly, a soil gas
reading of 1000 pCi/L, when combined with a very slow permeability in the
soil, may result in less than 4 pCi/L in the house.

CHARACTERISTICS OF ROCKS AND SOILS

The northwestern portion of the county has the highest and most
varied topography, with elevations of up to 870 feet. To the southwest and
southeast the elevation gradually drops and the terrain becomes gently
rolling to nearly level. Most of the county is underlain by Proterozoic and
lower Paleozoic phyllite, schist, gneiss, and mafic igneous rocks of the
Piedmont. The southwest corner of the county, however, is underlain by
Triassic fluvial and lacustrine sediments of the Culpeper basin. The
following descriptions of rocks and soils were developed from field work
done by the authors and from the following references (Cloos and Cooke,
1953; Matthews and others, 1961; Cloos, 1964; Hopson, 1964; Froelich,
1975a, 1975b, 1975¢, 1975d, 1975e).

Rocks of the Piedmont
Phyllite (Map units 3p, 3p/s)

The northwest part of the county is underlain by interlayered green
and gray phyllites of the Ijamsville Phyllite. Green, chloritic phyllites are
composed of chlorite, muscovite, and quartz, with variable amounts of
chloritoid, magnetite, ilmenite, and iron-sulphides. Gray, carbonaceous,
phyllites are made up of muscovite, quartz, and graphite with variable
amounts of chlorite, magnetite, ilmenite, and titanite. Subordinate beds of
quartzite, schistose metagraywacke, quartzose phyllitie schist, and quartz
stringers are present. The rocks of this unit are strongly foliated, highly
folded, and well jointed. Beds are vertical or dip steeply to the east. A
major brittle fault (Cloos and Cooke, 1953) runs through the central portion
of the area underlain by phyllite.

Soils formed over the phyllite are well drained, of moderate
permeability, and average .5 to 1m deep. Average depth to competent
bedrock is 9m. From the map by Froelich (1975d), about half of the area
underlain by the Ijamsville Phyllite outcrops at the surface.

Equivalent uranium content of carbonaceous phyllites is higher than
that of the chloritic facies as is the radon in soils formed from these
rocks. The average equivalent uranium for the formation is 3 parts per
million (ppm) but can be as high as 4.4 ppm. Figure 1 shows the distribution
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Figure 1.—-Distribution of radon in soil gas for phyllite. Each number along
the bottom axis represents a range of radon values. Numbers along the
vertical axis show the number of measurements which fall in each
range. For example the bar over the 500 pCi/L label indicates the
number of radon measurements in the 0 to 500 pCi/L range.

of radon (Rn) measured in soil gas for the entire formation. As shown in
table 1, ninety percent of the soil gas measurements taken in phyllite are
over 500 pCi/L and table 2 shows 91 percent of the indoor radon
measurements reported thus far are over 4 pCi/L. Because of its
permeability, high equivalent uranium, and consistantly moderate to high
levels of indoor and soil gas radon, the phyllite is rated as having high radon
potential. ’

Where the phyllite is in contact with the schist (map unit 3p/s) these
two rock units are interlayered and deformation is more intense. Radon in
soil gas over the contact is consistantly high and the soils have moderately
rapid permeability and are well drained.

Schist (Map units 2s, 3s, 3s/m)

Mapped as the Wissahickon Formation this rock unit underlies a
broad region covering the central and eastern part of the county. It is
composed predominantly of quartz, feldspar, and biotite, with varying
amounts of muscovite, chlorite, magnetite, staurolite, and garnet.
Allanite, apatite, titanite, monazite, and zircon commonly occur as
accessories and are the probable source of uranium in this rock unit.
Quartzite, metagraywacke, and phyllite are commonly interlayered with
the schist. These rocks are well foliated, jointed, and highly folded.
Bedding is commonly vertical but may dip steeply to the east or west. Soils
developed on these rocks are very deep (greater than 2m), silty loams,
moderately well drained, and of moderate permeability. Depth to
competent bedrock averages 18m.

Equivalent uranium concentrations in this rock unit are moderate to
high with an average of 2.7 ppm and a maximum of 6.7 ppm. Eighty-four
percent of the soil gas measurements were greater than 500 pCi/L. As can
be seen in figure 2, however, most of these readings are at or below 2000
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Figure 2--Distribution of radon in soil gas for schist.

pCi/L. Sixty-nine percent of the homes reported have indoor radon levels
greater than 4 pCi/L. In general, this unit is rated as having a moderate
radon potential, except where it has been sheared and there it is designated
3s. The boundary around unit 3s is approximate and may extend further
south. It appears that the eastern exposures of ti.2 Wissahickon Formation
are, on the average, higher in radon potential than the western exposures.

Gneiss (Map units 2g and 3g)

Numerous bodies of gneiss lie within the Wissahickon Formation.
The northern outerops were mapped as the Sykesville Formation while some
of the central and southern bodies of gneiss were mapped as the Kensington
Granite Gneiss and Laurel Gneiss (Cloos and Cooke, 1953). The gneisses
are dominantly granitic in composition and include quartz-feldspar-
hornblende gneiss, quartz-feldspar-biotite gneiss, granodiorite, pegmatite,
and boulder gneiss conglomerate. This unit has a weak to intense foliation
and prominant jointing. Foliation is vertical or dips steeply to the east.
Soils developed on the gneiss are silty to sandy, micaceous loams with an
average thickness of greater than 2m. They are also moderately well
drained and moderately permeable. Depth to competent bedrock averages
12m. Equivalent uranium measured in this unit is moderate with an
average 2.4 ppm and a maximum value of 3.7 ppm. Seventy-five percent of
the radon in soil gas measurements are greater than 500 pCi/L. As can be
seen in figure 3 most of these measurements are at or below 2000 pCi/L.
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Figure 3—Distribution of radon in soil gas for gneiss.

Sixty-five pereent of the reported indoor radon measurements from homes
built on this rock unit were greater than 4 pCi/L. The gneiss in general is
given a moderate radon potential. Small localized shear zones with higher
soil gas radon have been found, but the abundance and extent of their
distribution is not known. Three large shear zones within the gneiss have
been identified and designated 3g. Two of the shear zones are in
Kensington Granite Gneiss in the eastern part of the county. High indoor
radon and high soil gas radon characterize both these shear zones.

Mafic and Ultramafic Rocks (Map units 1m, 2m, and 3m/s)

Mafic and ultramafic igneous rocks occur within the schist and are
typically bounded by faults. Lithologies include greenschist, quartz diorite,
tonolite, amphibolite, metagabbro, serpentine, and chlorite-actinolite-tale
schist. They are well jointed, massive to strongly foliated or sheared, and
contacts with other rock types are sheared. Foliation is usually vertical
but can dip steeply to the east or west. Soils developed on this unit are
moderately deep to very deep (1 to 2m), moderately well to poorly drained,
clayey to silty loams with slow permeability. Depth to competent bedrock
is 1 to 6m. Soils are slightly more permeable where the unit has been
sheared. Equivalent uranium in this unit is low to moderate with an
average of 2.1 ppm and a maximum value of 4 ppm. Sixty percent of the
homes reported have indoor radon greater than 4 pCi/L and 42 percent of
the soil gas measurements had greater than 500 pCi/L of Rn (fig. 4). Map
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Figure 4—Distribution of radon in soil gas for mafic and ultramafic rocks.

units designated as 2m and 3m/s are extensively sheared and produce higher
radon than unsheared mafic rocks.

Quartzite (Map unit 1qt)

The Sugarloaf Mountain Quartzite forms a prominant mountain in
Frederick County, adjacent to the westernmost part of Montgomery
County. It is made up of quartzite beds with minor phyllite in the
lowermost unit. Soil§S developed on this rock are well drained, moderately
deep (average 1m), moderately permeable, and depth to competent bedrock
averages 2.5m. Only two samples of soil gas were taken in this rock unit
(400 and 550 pCi/L). The aeroradiometric signature for this rock unit is
very low (Neuschel, 1965). The quartzite was not examined in detail in this
study and is tentatively assigned a low radon potential.

Rocks of the Culpeper Basin
Fluvial Sandstone and Conglomerate (Map units 1ss, 2ss, 3ss)

Red to buff, fluvial, quartzose sandstones and conglomerates of the
Poolesville Member of the Manassas Sandstone are found along the
northeastern and western edges of the Culpeper basin. These Triassic
sandstones are cross-bedded, conglomeratic in part, and dip gently to the
west. Interlayers of red siltstone and shale are present in variable
abundance.

The unit designated 3ss is made up of interlayered siltstones and
trough-crossbedded, channel sandstones. Green clay clasts with uranium-
rich coatings occur within these channel sandstones. Uranium may also be
associated with copper mineralization common to the sandstones. Soils
developed on this unit are moderately deep to deep (1 to 1.5m) sandy loams
that have moderate to moderately rapid permeability and are well
drained. Average depth to competent bedroek is 2.5m. Equivalent uranium
in this unit is moderate to high. As can be seen on the map, soil gas radon
is consistantly moderate to high. Only a few indoor radon measurements
for this area are available at this time. Based on the soil gas
measurements, permeability, and equivalent uranium this unit is given a
high radon potential rating.

The map units designated 1ss and 2ss are conglomeratic sandstones
that are commonly cross-bedded with very minor interlayers of siltstone.
Soil permeability and other properties are similar to those desribed above
for unit 3ss. As can be seen on the map, these sandstones produce low to
moderate amounts of radon in soil.

Siltstones and Shales, (Map unit 2st)

Triassic red siltstones and shales of the Balls Bluff Siltstone cover a
significant portion of the Culpeper basin within Montgomery County. They
consist of interlayered, quartz and mica-rich siltstones and shales which dip
gently to the west and are well jointed. Soils developed on this unit are
well drained, moderately deep to deep (1 to 1.5m), silty-clayey loams with
slow to moderate permeability. Depth to competent bedrock averages
3m. Equivalent uranium in this unit is low to moderate and soil gas radon is
low to moderate, except where the siltstones have been intruded by
diabase. Intruded siltstones have been metamorphosed to hornfels grade
and were mineralized with uranium during this process (Daniels, 1978).
These metamorphic halos around the diabase cause elevated levels of soil
gas radon in the sediments within 30m .or less of the diabase contact and
thus have moderate to high radon potential. They are recognized by their
distinet purple color.

Boil gas radon data and indoor radon data have been combined for
both the siltstones and sandstones of the Culpeper basin and are presented
in figure 5 and tables 1 and 2. Soils developed on the Triassic sediments
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Figure 5.-- Distribution of radon in soil gas for Triassic siltstones and
sandstones.

have low to moderate radon (average of 780 pCi/L), but may be as high as
3050 pCi/L. Equivalent uranium averages 2.2 ppm with a maximum of 3
ppm.

Diabase (Map unit 1d)

Diabase intrusions are common within the Triassic sediments of the
Culpeper basin. Soils formed from diabase are moderately deep to very
deep (1 to 2m), poorly drained clayey loams with slow permeability.
Average depth to bedrock is 6m. Equivalent uranium is low over these
rocks as is the soil gas radon. Although the diabase is rated low in radon
potential, the hornfels formed in the siltstone around the diabase is
moderate to high in radon potential.

Potomac Terrace Gravels (Map unit 2tg)

This unit outerops near the Potomae River in the Culpeper basin. It
is made up of loosely consolidated gravel, pebbles, and cobbles in a matrix
of sand and silt. Permeability is moderately rapid and soil formation is
very shallow. Although the unit has an average soil gas radon of 610 pCi/L
some of the readings were as high as 1950 pCi/L. The rapid permeability of
this unit may facilitate the movement of radon such that low radon in soil
gas may yield an elevated indoor radon level. This unit is given a low to
moderate radon potential rating.

SUMMARY

Table 1,--Radon in Soil Gas.
Rock unit No. of % Samples Average Median Maximum

Samples >500 pCi/L  pCi/L pCi/L.  pCi/L
Sheared rocks 28 100 2310 2300 4600
Phyllite 270 90 1430 1220 5340
Schist 116 84 1250 1150 4600
Gneiss 52 75 1360 1150 4100
Mafic 38 42 720 350 3300
Triassic sediments 83 52 780 550 3050
Terrace gravels 8 = 610 600 1950

Table 2.--Indoor Radon

Rock Unit No. of % Homes  Average Median Maximum
Homes >4 pCi/L pCi/L pCi/L  pCi/L

Phyllite 55 91 22.7 17.6 96.8
Schist 171 69 9.0 6.1 75.6
Gneiss 68 65 9.6 6.9  115.0
Mafic 25 60 14.3 7.4 115.0

MISCELLANEOUS FIELD STUDIES
MAP MF-2043

From the data in these tables and figures 1 through 7 it can be seen
that each rock unit in the county yields a distinet distribution of indoor
radon, soil gas radon, and equivalent uranium that can be used to determine
radon potential. Two rock units with high radon potential, the phyllite and
the Triassic fluvial sandstones, have high uranium concentrations that
formed during deposition. The sheared rocks found in the schist, mafics,
and gneiss are also rated high in radon potential (fig. 6). The origin of the
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Figure 6.—Distribution of radon in soil gas for sheared rocks occurring in
the schist, gneiss, and mafie rocks.

uranium concentrations in the sheared rocks, however, is deformational.
Low to moderate amounts of uranium already present in the schist and
gneiss may have been remobilized during the shearing of these rocks and
concentrated in the shear zone. An alternative model is that uranium was
left as an enriched residuum in the shear zone while other elements were
removed from the zone during deformation. All contacts between roeks of
the Piedmont should be suspected of being sheared and mineralized with
uranium.

Moderate radon potential exists for most of the rocks in
Montgomery County, especially the schist and gneiss which have very
similar values for radon in soil gas and indoor radon (tables 1 and 2). Only a
few rock units have relatively low radon potential, the mafic and diabase
rocks. The areas bounding these rocks, however, can have moderate to high
radon potential because of shearing associated with the mafic rock bodies
and low grade metamorphism associated with the diabase intrusives.
Anomalously high radon in soil gas and high indoor radon in these shear
zones is responsible for the high averages reported for mafic rocks in tables
1 and 2.

Figure 7 shows that the average soil gas radon measured in the
different rock units is linearly related to the average equivalent uranium
for each rock unit. The sheared rocks, however, show a slightly lower
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Figure 7.—Average radon in soil gas measured at 75 em versus the average
equivalent uranium measured at the surface for the major rock units.

average equivalent uranium than would.be expected. Sheared rocks are
subject to weathering more than other rock units because of the
deformational texture developed in the rock. Uranium tends to be leached
from the surface soils and; therefore, the equivalent uranium measured at
the surface may be slightly lower. Emmanation and permeability are
commonly higher in shear zones than in unsheared rocks such that more
radon escapes the rock and is available to be measured.

CAUTIONS WHEN USING THIS MAP

1) The results of this map indicate that no area of the county is free
from the potential for indoor radon levels greater than the U.S. EPA
remediation level of 4 pCi/L. Radon potential ratings are relative to each
other and are specific to Montgomery County,

2) All boundaries between the map units should be considered
approximate due to imprecisions in mapping and because of the often
gradational nature of geologic contacts. All geologic contacts in the
Piedmont have moderate to high radon potential because of the probability
of shearing.

3) This map should not be used as the sole source of information for
predicting indoor radon levels. Other factors such as house architecture
construction techniques, lifestyle, and use patterns by the residents can
strongly effect indoor radon levels. Small localized areas of higher or
lower radon potential are likely to occur within any given area of a
specified ranking because of these effects. Unmapped shear zones and
small bodies of contrasting lithologies can also cause anomalous radon
values. The scale of the map precludes identification of very small areas.
For more detailed assessment, use of other geologic and surface materials
maps along with this map is suggested (Cloos and Cooke, 1953; Matthews
and others, 1961; Cloos, 1964; Hopson, 1964; and Froelich, 1975a, 1975b,
1975¢, 19754, 1975e).

4) The indoor radon measurements shown on this map are winter
screening tests in that they were measured over a period of a few days.
Annual indoor radon levels are likely to be lower, because indoor radon is
commonly lower during other seasons of the year, especially summer, when
there is more ventilation. When considering the indoor radon statistics
shown in table 2 be advised that this data was volunteered and is not a true
random sampling.
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