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Radon (Rn) is a colorless, odorless, radioactive gas produced by the radioactive decay of ura- Programs, v. 21, no. 6, p. A145.
S— 7 _ _ - = S nium. The isotope ???Rn (3.8235 day half-life) is a progeny (“daughter” isotope) of radium-226 Gunderson, L. C. S., Schumann, R. R., Otton, J. K., Dubiel, R. F., Owen, D. E., and Dickinson,
| \\ Y \’ > o // // \\‘\ ,'/’ y f in the uranium (**8U “parent”) radioactive-decay series. It occurs in nearly all soils. Because it K. A., 1992, Geology of radon in the United States, in Gates, A. E., and Gundersen,
i \ < ~j =~ Fe > L \ 72 ‘/)’ ' /k is a gas it may enter homes or buildings through cracks in floors and walls, and other avenues L. C. S, eds., Geologic controls on radon: Boulder, Colorado, Geological Society of
\\/ ( : | _ \ B 7J -~ i such as drains and sump pumps. Areas of the home close to the soil, particularly the base- America Special Paper 271, p. 1-16.
[ 40° 30 / \ == =TN= r 40° 30" — ment, commonly have the highest radon levels. Klement, A. W., 1982, Natural sources of environmental radiation, in Klement, A. W., ed., CRC
// \ ) SOMERSLE}\ handbook of environmental radiation. Boca Raton, Florida, CRC.
/ N 77 \k Environmental studies indicate that radon is a carcinogen. Approximately 5,000-20,000 deaths Kozinski, Jane, Szabo, Zoltan, Zapecza, O. S., and Barringer, T. H., 1995, Natural radioactivity
// HUNTERDEJN (/ T T T T~ P per year in the United States may be due to lung cancer resulting from long term exposure in, and inorganic chemistry of, ground water in the Kirkwood-Cohansey aquifer system,
/ _ / S=ay to radon (United States Environmental Protection Agency, 1986). In New Jersey, 500 deaths southern New Jersey, 1983-1989: U. S. Geological Survey Water-Resources Investiga-
/ i ”\z/ Ny 4 o =7 per year may result from long-term indoor radon exposure (Cahill and Stern, 1989). The U. S. tions Report 92-4144, 130 p.
EXPLANATION // J - Environmental Protection Agency recommends that homes with radon levels above the 4 pico- Owens, J. P., and Gohn, G. S., 1985, Depositional history of the Cretaceous Series in the U. S.
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Geologic data, including the type of sediment and rock and their distribution, can be used to

delineate areas of known or potential elevated radon. Because different sediment and rock United States Environmental Protection Agency, 1986, A citizen’s guide to radon. OPA-86-004.
) ) ] types (formations) contain varying amounts of uranium, locating these formations on a geologic Woodruff, K. D., Ramsey, K. W., and Talley, J. H., 1992, Radon potential of the glauconite sedi-
Navesink Formation 7 Piedmont map can be used as a guide to where moderate to high levels of radon might occur. ments in the coastal plain of northern Delaware, Final Report to the Delaware Depart-
" UNCONFORMITY-—~_—— TTTTTTTmTTTTTTes , N ! I ment of Health and Social Services, Div. of Public Health, Health Systems Protection,
Mount Laurel Formation _ng_h_'frl‘is_ __________ f L I ~ o l 'I_'he purpose of thls_map is to sl_'ngw possible areas of elevateq radon based prlmquly on the Radiation Control, Contract no. 92-105: Delaware Geological Survey, Newark, Dela-
Upper Cretaceous : \\/ - lithologic and chemical comppsmon of the hc_:st_ rocks and their contact zones. This map should ware, 43 p.
Marshalltown Formation Piedmont ‘ U 7 be used only as a general guide. If a home is in an area that may have a high potential for ra-
| - - don, then testing of the dwelling by a certified radon laboratory is recommended.
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- Cheesequake Formation " /\ | The geology shown on this map is from the “Geologic Map of New Jersey: Central Sheet” Daughter isotope: An isotope resulting from radioactive decay.
| w I (Owens and others, 1995a) and “Geologic Map of New Jersey: Southern Sheet” (Owens and
GEOLOGIC FORMATIONS WITH LOW Coastal others, 1995b); det_ailed dc_ascriptions of th(_a map l_Jnits can be found there. Qver_all. the Ngw Fluvial: Produced by the action of a stream.
RADON POTENTIAL Plain Jerse){ F:oastal F_’Ialn consists of severgl distinct ||thq|og|es that were deposited |n_ two major _ _ _ _ o
depositional environments: 1) nonmarine and marginal marine delta; and 2) marine shelf (Ow- Half-life: The time required for half of a sample of a radioactive isotope to decay.
Cohansey, Kirkwood, Raritan, ens and Sohl, 1969). The deltaic deposits include the Potomac, Raritan, Magothy, Woodbury,
Red Bank, Wenonah, Woodbury, Englishtown, Kirkwood, and Cohansey Formations. The Potomac, Magothy, Englishtown, Heavy minerals: A mineral from a sedimentary rock having a specific gravity greater than 2.9.
Magothy, and Potomac Kirkwood, and Cohansey Formations are typically quartz sand with interbedded thin to thick
Formations clay-silts. The Raritan and Woodbury Formations are predominantly clay-silt deposits and Ironstones: Any rock containing a substantial portion of an iron compound.
MAP SYMBOLS o 7 AREA OF DETAIL are interpreted as the marginal marine or prodelta deposits of a “muddy” delta system. The
v Cohansey in its outcrop is almost entirely quartz sand which was deposited in barrier beach Isotope: Any of two or more forms of an element that have different atomic weights due to dif-
® 4 sample location and barrier-protected environments (Carter, 1978). The marine shelf deposits, including the ferent numbers of neutrons found in the nucleus. The chemical properties of isotopes

Cheesequake, Merchantville, Marshalltown, Wenonah, Mount Laurel, Navesink, Red Bank, are identical.
Tinton, Hornerstown, Vincentown, Manasquan, and Shark River Formations, consist of varying
amounts of glauconite sand, clay-silt, and quartz sand.

County boundary
Marine shelf: The gently sloping submerged portion of the continental margin extending from

outside study area

and equivalent uranium were measured in quartz sands of the Magothy, Kirkwood and Cohan-
sey Formation, and the silty quartz sands of the Red Bank Formation (Gunderson and Peake,

— 40° 00 — — — Municipal boundary 40°00" — the shoreline to the continental slope.
) ) Low radon values are generally associated with the nonmarine fluvial and deltaic quartz sands.
Geologic formations For instance, in a transect across the New Jersey Coastal Plain, the lowest soil radon values Natural gamma log: A record of the amount of natural-gamma radiation that is omitted by all

rocks. The gamma-emitting radioisotopes normally found in rocks are potassiuim-40
and daughter products of the uranium- and thorium-decay series.

] e

1992). Quartz sand typically has a low uranium concentration of 0.45 ppm (Klement, 1982).
Paleoenvironment: An environment in the geologic past.
Higher soil radon concentrations were measured in glauconite-bearing sands and glauconitic
clays such as those of the Navesink and Hornerstown Formations. In a study of radon in Parent: A radionuclide regarded in relation to the nuclide or nuclides into which it is trans-
the Texas, Alabama, and New Jersey Coastal Plains, the highest soil radon measured was formed by decay.
16,200 pCi/L in the Navesink Formation of New Jersey (Gunderson and Peake, 1992). In the
Delaware Coastal Plain, uranium concentrations of 3 to 7 ppm (and as high as 114 ppm) were Picocuries per liter (PCi/L): A unit expressing the concentration of radioactive constituents in
recorded in glauconite sediments (Woodruff and others, 1992). Gundersen and Schumann solution as the radioactivity (picocuries) of the solute per unit volume (liter) of water.
(1989) attributed the higher radon values of glauconite to the fact that uranium is concentrated One picocurie is equal to 1 x 10-12 curies, where one curie is the amount of radiation
near the surface of the glauconite grains. emitted by one gram of radium. One picocurie represents 2.2 radioactive decays per
second.
Radon may also be more common at the contact zone of geologic formations, especially in
marine shelf deposits. Reworked deposits tend to concentrate phosphatic and bone material Prodelta: The outermost seaward part of the subaqueous delta which is usually composed of
which contain uranium. Uranium is associated mainly with apatite in the phosphate nodules the finest silts and clays.
and in the bone material (Altschuler and others, 1958).
Radioactive-decay series: The series of radionuclides successively formed by the radioactive
The concentration of uranium (Table 1) was measured in the following formations and their decay of a long-lived parent radionuclide before a stable isotope of a product element
contact zones: 1) the Marshalltown/Englishtown Formations; 2) the Navesink/Mount Laurel is formed.
Formations; and 3) the Hornerstown/Tinton Formations. The Navesink/Mount Laurel contact is
a consistent marker throughout the entire Atlantic Coastal Plain (Owens and Gohn, 1985). The
unconformity is recognized in outcrop because it occurs below a massive pebbly quartz sand
containing sand- to pebble-sized phosphatic fragments, and because of a pronounced posi-
tive spike on natural-gamma logs. These logs record the amount of natural gamma radiation . . -
Ve Spi urar-gs s se f0gs Y uralg L radiat Table 1. Uranium values (U) in parts per million (ppm) from selected Coastal
emitted by earth materials, and generally measure decay products of uranium, thorium, and . . .
- . he S . Plain formations and their contact zones.
potassium-40. Thus a high positive gamma spike is indicative of an elevated concentration of
radioactive elements. . . .
\ = foactiv Section 1 - Navesink and Mount Laurel Formations
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. /S\ The contact of the Hornerstown and Navesink Formations commonly contains a reworked zone Location: I_<eyport qua_dra_ngle, 74. 13'12% 40° 23 OS .
. - N ) ) ; o " s . ) . ) Laboratory: XRAL Activation Services, Ann Arbor, Michigan
including bone material. This “bone bed” exhibits enriched uranium concentrations. Uranium Data received: January 16. 1990
is known to substitute for calcium in the bone forming mineral apatite. Enrichment of the ura- atareceived: January 16, U
nium at these intervals may also be the result of circulating ground-water (Altschuler and oth- Navesink —(59‘2—m)
1 . . ’
ers, 1958) Navesink/Mount Laurel contact 6.1
Consistently high levels of uranium were measured at the formational contacts studied (Table Mount Laurel 4.2
1), and range from 6.1 to 46. m uranium. The highest uranium concentration rein . ; ) .
), and range O. 6.1 t0 46.5 ppm uraniu € highes u a ur concentrations were | Section 2 - Vincentown, Hornerstown, and Tinton Formations
zones that contained phosphate nodules, or where consolidated ironstones occur. Some of . A A B
. S . . : Location: Roosevelt quadrangle; 74° 24' 30"; 40° 14' 05
the geologic material within 5 ft of the contacts also contained levels of uranium high enough to o ) L
) Laboratory: XRAL Activation Services, Ann Arbor, Michigan
cause elevated indoor radon levels. ?
Data received: January 16, 1990
Fluvial sediments containing uranium are also potential sources of radon gas (Gunderson and ) U (ppm)
} T : : ) Vincentown 1.4
others, 1992). In a study of natural radioactivity in the Kirkwood-Cohansey aquifer system in Hornerstown 34
southern New Jersey, Kozinski and others (1995) identified the highest concentrations of ra- HO € sto 13-6
— 39° 30" i dium in water samples near the outcrop area of the Bridgeton Formation. These highest con- ornerstown ’
39° 30" — . ; . : : : : Hornerstown/Tinton contact 14.6
centrations were attributed to the leaching of uranium and radium from sediments which are .
- ; : : ) - Hornerstown/Tinton contact 40.3
mineralogically immature compared to the Cohansey and Kirkwood Formation (Kozinski and Tinton 65
others, 1995). The surficial geologic map of the central New Jersey sheet, which shows the T to 3'4
distribution of the Bridgeton Formation, is in preparation. When the central sheet is completed, inton ’
i thi b ised to include the Bridgeton. . . .
(|) 1|0 mi 15 map may be revised fo include the Bridgeton Section 3 - Navesink and Mount Laurel Formations
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(') é 1I0 K Another source of uranium, thorium, and radium are heavy minerals such as zircon, sphene, 'I&oc?thn.bl\!ev_rv Egy?t q;adtragllglté 4 33R16 ’540 ?7 OGt
m and monazite (Gunderson and others, 1992). In work in the South Carolina Coastal Plain, nalysis by. err_ap us Fortable ©amma Ray spectrometer
) . . . ! Model GR 256 with GPS-21 Nal detector
Owens and others (1989) report a good correlation between high radioactivity and monazite .
L. - ) . Samples taken and analyzed: December 16, 1992
scale: 1:250,000 concentration. Some of these heavy minerals may be abundant enough locally in the New U m
Jersey Coastal Plain to cause elevated radon levels. Heavy minerals have been mined from Navesink _(.QD_)l 6
the Cohansey and Kirkwood Formations in New Jersey; however, the lack of radon data from Navesink 0'9
these areas precludes any correlation with heavy minerals at present. . ’
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