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INTRODUCTION

In 1956 the U. S. Geological Survey began an investigation of the relation of
airborne radioactivity survey data and magnetic-survey data to the lithology, stra-
tigraphy, structure, and uranium deposits of the Coastal Plain area, southeast Texas.
The airborne survey, completed in June 1956, covered an area of about 14,700 square
miles. The accompanying map is a preliminary compilation of the radioactivity data
obtained in the central part of the area, as shown on the index map.

This work was done on behalf of the Division of Raw Materials, U. S. Atomic
Energy Commission.

GENERAL GEOLOGY

The radioactivity data were compiled on a mosaic of county road maps, as the road
network provided the most feasible means of identifying the flight path of the aircraft
and hence of locating the radioactivity data with respect to identifiable landmarks.

The geology shown on the accompanying map was compiled from published and
unpublished maps of the Geological Survey. These geologic source maps were pub-
lished or compiled at various scales on a variety of base materials. In several places,
it was difficult to resolve discrepancies between the geologic source maps and the
county base so that the positions of the geologic contacts on the accompanying map
represent the authors’ best estimation based upon the data at hand.

The surveyed area extends from the rolling prairies of the upper Coastal Plain
across the middle Coastal Plain, to the almost flat coastal terraces of the lower Coastal
Plain. The area is underlain by marls and chalks of the Gulf series (Cretaceous) in the
upper Coastal Plain; interbedded sands and clays of early Tertiary age and tuffs and
tuffaceous sands and clays of later Tertiary age in the middle Coastal Plain; and clays
and sands of late Tertiary and Quaternary age in the lower Coastal Plain. Nonmarine
units are interbedded with marine units; the latter contain grains of glauconite
and beds of bentonitic clay. = Most nonmarine Tertiary clays and sands contain
lignites and other carbonaceous matter.

The areais drained by two important streams, the San Antonio and the Guadalupe
Rivers, which flow southeast from the Edwards Plateau to the Gulf of Mexico. Wide
flood plains and terraces parallel the rivers southeast of San Antonio and New
Braunfels. The several levels of these alluvial deposits, not shown on the accompany-
ing map, represent stages in the downcutting of the streams to their present level and
range from a few feet to about 50 feet or more above the streams. In the vicinity of
San Antonio, higher terrace-gravel deposits, cemented by caliche, cover large areas and
may be the upstream equivalent of one of the coastal-terrace deposits in the lower
part of the area.

The sedimentary rocks of the Coastal Plain comprise a gentle southeastward-
dipping homocline whose strata generally thicken downdip as a result of subsidence
contemporaneous with deposition. In the northwestern part of the area a belt of the
upper Coastal Plain about 10 miles wide is cut by numerous northeast-trending,
nearly parallel normal faults. They are arranged steplike, downthrown to the south-
east, and are part of the Balcones fault system, a zone of faulting extending from near
Georgetown, 125 miles northeast of San Antonio, to western Uvalde County, 100 miles
west of San Antonio. Some of the faults in this area are believed to have a displace-
ment of 500 feet or more. About 20 miles southeast of the Balcones system are other
faults, not concentrated in a zone like the Balcones. Here, in contrast to the Balcones
zone, individual faults are generally upthrown toward the southeast (with some
notable exceptions) and may be southern extensions of the Luling and Mexia fault
systems. The faulting occurred over a long period while sediments of the Tertiary sys-
tem were accumulating; the displacement continued at least until late Miocene time.

RADIOACTIVITY MEASUREMENTS

The radioactivity measurements were made with scintillation-detection equip-
ment utilizing six 4-inch diameter by 2-inch thick Nal (Tl) crystals, mounted in a
DC-8 aircraft (Davis and Reinhardt, 1957). Aerial photographs were used for pilot
guidance and the flight path of the aircraft was recorded by a gyrostabilized, con-
tinuous-strip-film camera (Jensen and Balsley, 1946). The distance of the aircraft
from the ground was measured by a continuously recording radar altimeter. Flight
traverses were made along parallel lines spaced at one-mile intervals at a nominal
altitude of 500 feet above the ground and were oriented in a northwesterly direction,
normal to the regional strike.

CHARACTER OF THE GAMMA RADIATION

The gamma radiation recorded by the detector along the flight path, referred to
below as the gross count rate, consists of four components: (1) radiation emitted from
the upper few feet of the earth’s crust; (2) radiation emitted from particles in the
atmosphere; (3) cosmic radiation; and (4) radiation from contaminants in the aireraft
and detection equipment.

Component 1 is termed the net count rate. The sum of components 2, 3, and 4 is
referred to as the atmospheric background. In order to determine the atmospheric
background, flights are made several times a day at an altitude of 2,500 feet above the
ground, at which level component 1 is essentially eliminated.

COMPILATION OF DATA

Radon and particles in the atmosphere vary according to atmospheric conditions
so that the radiation intensity at a given location is a time-dependent quantity. If
replicate measurements are made along a given flight line during periods of different
atmospheric conditions, the configuration of the replicate profiles may be similar but
the profiles may shift vertically with respect to identical radioactive sources on the
ground. In other words, the profiles may have the same shape and amplitude but
different absolute values of radiation intensity.

Atmospheric-background fluctuations are slow and the background may therefore
be considered a constant for a given flight line. A total of 94 measurements of atmos-
pheric background were made during the period of this survey. The intensity ranged
from 190 to 330 counts-per-second (cps) and had a mean value of 230 cps. The
average deviation from the mean was 13 percent.

The position of the gross-count-rate profile along a given flight line with respect
to the zero coordinate varies according to the magnitude of the atmospheric back-
ground; that is, as the atmospheric background increases, the departure from the zero
coordinate increases. In order to relate each profile to a common datum, profiles were
shifted vertically where the atmospheriec background departed from the mean value
(230 cps) by more than the smallest radiation intensity unit that could be conveniently
treated (50 cps). The profiles were shifted in the amount of the departure, so that the
background component is always within a range of + 50 eps with respect to the mean
value of background.

To determine the most feasible contour interval it was necessary to estimate the
accuracy of measurement. It was found that at eight localities adjacent flight lines,
instead of being subparallel, had inadvertently crossed, so that two measurements had
been made at each locality. The deviation from the mean net count rate ranged from
1 percent to 23 percent; the average deviation was * 9 percent. Moreover, the rela-
tively small scale of the base map and the relatively wide flight-line spacings permit
depiction of only the gross features of the radiation pattern. All facts considered, a
contour interval of 100 cps was thought to be appropriate.

After datum adjustment, the profiles were nested to determine the orientation
and continuity of the radiation features. Contours were drawn on the base map ac-
cording to the authors’ interpretation of the continuity of radioactivity features shown
on the profiles. In order to minimize the subjectivity, the contours were drawn without
consulting the geologic map. At localities of strongly contrasting radioactivity levels,
little difficulty is experienced in tracing the continuity, but as the amplitude of the
radioactivity features decreases, the method becomes increasingly subjective and
where little radiation contrast exists, the location of the contours may actually have
little meaning and simply indicate a relatively homogeneous emitting surface.

INTERPRETATION OF DATA

The extent to which useful information can be extracted from the survey data
depends directly on the geometric simplicity of the outcrop pattern and the magnitude
of radiation-intensity contrast among contiguous geologic units. The Coastal Plain
area is ideal in both respects because the outerop patterns, southeast of the Balcones
fault system, consist of fairly regular, subparallel bands comprising mainly alternating
sands, clays, tuffs, and other clastic materials. Residual soils are widespread, and their
compositions reflect the character of the underlying bedrock materials. The observed
radioactivity patterns are primarily due to the radioactivity of the residual soils, and
the most notable trends occur where the bedrock consists of moderately radioactive
clays and weakly radioactive sands in juxtaposition.

Several generalizations can be made on the relation of the radioactivity data to
the geology: (1) the average radiation intensity measured over a stratigraphic unit or
facies seems to be chiefly a function of the mineralogic and textural character of the
bedrock, modified by subsequent soil-forming processes, which for convenience will be
referred to as normal distribution of radioactive materials; (2) anomalous areas rang-
ing from several tens to several hundreds of square miles are characterized by ab-
normally high radioactivity, and in some localities are associated with uranium
deposits (the anomalous areas commonly cut across stratigraphic boundaries and may
reflect some dispersion phenomena related to slightly uraniferous terrane, and, in some
places, to uranium deposits); the largest of the anomalous areas contains the most
important ore deposits found to date in the surveyed area; (3) other anomalous areas
seem to be confined within the outerop of particular stratigraphic units and may be
due to local concentrations of heavy minerals or some other primary feature in these
units; and (4) Pleistocene and Recent fluvial deposits locally mantle the bedrock,
masking the character of the underlying bedrock and imparting drainage-oriented
trends to the radiation pattern.

The adjusted net count rate recorded over the various geologic formations of the
Coastal Plain ranges from a low of less than 70 e¢ps over the Carrizo sand in southeast
Guadalupe County to a high of about 800 ecps over the Jackson group in western
Karnes County. The radiation-intensity values cited may be used to calculate the
corresponding equivalent uranium (eU) content of the source rocks by means of
equations derived by Sakakura (1957). Results of such calculations indicate that, at
the localities described above, the Carrizo sand contains less than 10 ppm eU and the
Jackson group contains about 30 ppm eU. Thus, the maximum range in count rate in
the surveyed area represents a variation in eU content of only about 20 ppm.

In the Balcones fault zone the bedrock outcrop pattern of Cretaceous and early
Tertiary rocks is complex. However, in many localities the bedrock is mantled by
fluvial terrace deposits of Pleistocene age, which are the source of the measured gamma
radiation, rather than the underlying bedrock. Unfortunately, the terrace gravels
present in and northwest of the Balcones fault zone where they occur in significant
amounts, have been mapped in detail only in Medina County. In Medina County, the
radioactivity patterns are roughly alined with the terrace gravels and no correlation
with the underlying bedrock is apparent. As might be expected therefore, there is
little apparent relation between the survey data and the geologic boundaries shown
on the accompanying map elsewhere in.and northwest of the Balcones fault system.

Southeastward from the Balcones fault zone, linear patterns coincident with
outerop belts of stratigraphic units first become apparent over the Wilcox group in
and northeast of Bexar County, where a poorly defined lineation of radioactivity highs
coincides with the upper part of the Wilcox group. In southwestern Bexar County an
anomalous area was recorded over a ferruginous sandstone in the upper part of the
Wileox group. No uranium minerals have been reported in this locality.

The Carrizo sand, overlying the Wilcox group, gives rise to a well-defined radia-
tion low and is probably the best defined unit in the entire geologic section insofar as
the radioactivity data are concerned. The easily traced linear pattern results from the
weakly radioactive Carrizo being underlain and overlain by the more radioactive
upper strata of the Wilcox and lower strata of the Mount Selman, respectively. The
Carrizo sand generally contains little clay but the percentage of clay in the upper part
of the Wilcox formation and lower part of the Mount Selman formation is higher;
apparently the lithologic difference is responsible for the contrast in radioactivity,
either directly or indirectly. The radioactivity contrast, however, amounts to only
about 10 tg 15 ppm eU, according to calculations based upon the relative radiation
intensities.

A similar situation occurs higher in the stratigraphic column where the Sparta
sand, having a very low radioactive content, is underlain by the Mount Selman forma-
tion (locally the Weches greensand member) and overlain by the Cook Mountain
formation, both of which are slightly more radioactive than the Sparta sand. Both
units contiguous to the Sparta sand contain more argillaceous material and glauconite
than does the Sparta. The Sparta “low” is rather well defined in Wilson and Gonzales
Counties where the Sparta is mapped as a separate formation. Beyond the south-
western mapped limit of the Sparta sand, the radioactivity low becomes poorly defined
and is obliterated by alluvial deposits of the Atascosa River. Southwest of the river
the upper part of the Mount Selman formation is quite low in radioactivity, but the
limits of the low are poorly defined and embrace an outcrop area much wider than
that of the Sparta sand.

In Gonzales County anomalous radioactivity was recorded over ferruginous
glauconitic sandstones in the Reklaw and Queen City sand members of the Mount
Selman formation, and although some prospect pits have been dug, no uranium
minerals have been reported from these areas.

In most of the surveyed area there is little radioactivity contrast between the
Cook Mountain formation and the overlying Yegua formation, although in Atascosa
County the Yegua is somewhat lower in radioactivity.

Within the area of this survey it is difficult to determine the normal distribution
of radioactive materials in the Jackson group. In the northeastern half of Karnes
County the average eU content is calculated to be about 10 ppm, which, based upon
data obtained outside of the surveyed area, may represent a normal distribution.
Elsewhere in the area anomalous conditions are common throughout the formation.
The largest, most intense anomalous radiation area extends from western Karnes
County southwest to San Miguel Creek and coincides with the area of most intense
uranium mineralization (Steinhauser, 1956; Eargle, 1957). The northwestern limit of
the anomalous area roughly coincides with the outcrop of the basal part of the Jackson
group but locally crosses into the outcrop of the underlying Yegua formation. On the
southeast the anomalous area extends well into the Catahoula tuff in northwestern
Karnes and Live Oak Counties. If a gross count rate of 600 cps is assumed to be an
average for the anomalous area, the eU content is calculated to be about 20 ppm,
which indicates that the anomaly represents an excess of only about 10 ppm eU over
the normal value.

Southwest of San Miguel Creek, there are several anomalous areas extending from
the Yegua formation through the Catahoula tuff. Here, the peak intensities in the
Yegua and Catahoula are as great as those in the Jackson but are generally lower than
in the anomalous area northeast of San Miguel Creek.

Southeast of the outcrop belt of Catahoula tuff, the radiation intensity drops
rather abruptly to a relatively low level. In this area the orientation of the radiation
patterns changes from a northeastward strike direction to a southeastward direction.
Some of the southeast-oriented patterns are related to the Lagarto clay, Goliad sand,
apparently reflecting the deltaic character of the Lagarto clay, Goliad sand, and

younger sediments.
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