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GEOLOGY OF THE ALUMINUM PHOSPHATE ZONE IN THE LAKELAND
HIGHLANDS AREA AND CLARK JAMES - SOUTH RIDGEWOOD TRACTS,
LARD-PEEBIE PHOSPHATE DISTRICT, POLK COUNTY, FLORIDA

By W. L. Bmerick
ABSTRACT

The upper unit of the Bone Valley formation in the ILakeland
Highlands area, T. 29 S., R. 2k E., and in the Clark James - South
Ridgewood tracts, T. 30 S., R. 2k E., both in Polk County, Fla.,
contains an aluminum phosphbate, or leached, zone that is higher in
vranium than is usual in the land-pebble phosphate district. The phos-
phate in these two areas has nearly 1} to 2 times as much uranium as the
general average of the district. A stratigraphic sequence consisting of
the Hawthorn formation of middle Miccene age, the Bone Valley formation
of Pliocene age, Pleistocene terrace sands, and Recent deposits is
generally present over most of the lend-pebble phosphate distriet.

The Bone Valley formation consists of massive clay- or phosphate-
cemented gquartz sands in the upper part, and unconsolidated, bedded, clayey
sands and phosphate pebbles in the lower part. Transgressing both parts
of the formation is a purely secondary zone, called the aluminum phosphate
or leached zone, that contains greater accumulations of aluminum phosphate
minerals and a higher content of uranium than is found elsewhere in the
formation. Owing to radicactivity differences, it is possible to separate

the upper part of the formation into upper clayey sands and a lower purely
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secondary zone. Three gradationsl types of secondary material that are
texturally different--a cemented sandstone; & vesicular sandstone, and a
wavellitic sand--are found in the lower secondsry zone of the upper part
of the formation. ‘

Gamma-ray logs of drill holes in both areas show that the highest
radioactivity is found in the aluminum phosphate zone. Isopach maps and
geologic sections show variations in thickness of the aluminum phosphate
zone in the report areas. There does not appear to be any relationship
between thickness of the zone and uranium distribution or soncentration in
the zZone.

Total minable indicated and inferred reserves of aluminum phosphate
material in the Lakeland Highlands area amount %“¢ about 15,500,000 short
tons, or about 2,600 short tons of U30g. Average grade and thickness of

the total reserves are about 0.017 percent 08 and 9 feet, respectively.

%
Total minable indicated and inferred reserves of aluminum phosphate
material in the Clark James - Souﬁh Ridgewood tracts are about 5 times
greater than in the Lakeland Highlands area. Average grade and thickness
of the Clark James - South Ridgewood tracts amount to about 0.021 percent

0308 and 9 feet, reexpet;1:1\»'ea1y°

OFFICIAL USE ONLY




OFFICIAL USE ONLY

7
INTRODUCTION

The upper part ot the Bone Valley formation in the Lakeland Highlands
area and Clark James - Sguth Ridgewood tracts includes an aluminum phos-
phate, or leached, zone ithat gamma-ray logging of prospect drill holes
indicates contains sbout 14 to 2 times as much uranium as is typical in
such deposits.

This report is based mainly on information obtained from litholegic
and gamma-ray iogs of drill holes in the two areas, The work was done by
the U. S. Geological Survey on behalf of the Division of Raw Materials of

the U. S. Atomic Energy Commission.
LOCATTON AND GEOGRAPHY

The Lskeland Highlands area {pl. 1) lies in T. 29 S., R. 2k E., Polk
County, Fla. The area is about 3} miles southeast of the city limits of
Lakeland and about 5 miles northwest of the city limits of Bartow. Highland
City lies on the eastern limits of the arsa. Geographically, the area is
a part of the rolling uplands, having elevations ranging from 105 feet to
slightly more than 260 feet above mean sea level, that extend northwestward
through central Florida. Closed drainage, circular marsh- and lake-filled
depressions, and steep-sided sinkholes are characteristic of the area.

The Clark James - South Ridgewood tracts (pl. 2) lie in 7. 30 S.,

R. 2k B., Polk County, Fla. Bartow, county seat of Polk County, lies

3 miles to the east. The tracts lie mostly on the east flank of a north-
south trending ridge, with elevations ranging from 130 feet on the east to
slightly more than 210 feet above mean sea level con the west.
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GEOLOGIC ASFECTS
Land-pebble phosphate district

A stratigraphic sequence present in most of the land-pebble phosphate
district includes the Hawthorn formation of middle Miocene age (MacNeil,
1947), the Bone Valley formation of Pliocene age (Simpson, 1930), Pleis-
tocene terrace sands (Cooke, 1945; MacNeil, 1950), and Recent deposits.

The Hawthorn formation is a buff to cream, sandy, clayey, dolomitic
and fossiliferous limestone containing pebbles or nodules of apatite and
unconformably underlies the Bone Valley formation in most of the land-
pebble phosphate district. A gray to green sandy and phosphatic residual
clay, called "bedclay," ranging in thickness from less than an inch to 6

feet, usually is found at the top of the Hawthorn formation im the district.
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The Bone Valley formation is an original stratigrephic unit consisting,
generally, of massive clay- or phosphste-cemented quartz sands in the upper
part, and unconsolidated, bedded, clayey sands and apatite pebbles in the
lower part. The gradation between the two parts takes place in s zone of
several inches, usually less than a foot. Transgressing both parts of the
formation is a purely secondary zone containing high accumulations of
aluminum phosphate minerals and a greaster content of uranium than is found
elsevhere in the formation. Usually, most of the secondary zone is formed
in the upper part of the formation but may include the top few inches or
feet of the lower part, depending upon the extent and depth attained by
leaching. As a result of the leaching that formed the secondary zone, the
original features of the upper part of the formation and the lower part,
where affected, were changed, although these changes may not always be
visible.

The upper part of the Bone Valley formation consists of massive clay-
or phosphate-cemented quartz sands and includes part of the secondary
aluminum phosphate zone that transgresses the upper and lower parts of the
formation. By using gamma-ray logs of drill holes, it is possible to
sepsrate the upper part of the Bone Valley, formation into (1) upper clayey
sands containing minor amounts of aluminum phosphate minerels, and (2) a
lower zone of phosphate~cemented sands, vesicular phosphate-cemented rock,
and leached apatite pebbles containing abundant aluminum phosphate minerals.
With & greater aluminum phosphate concentration and uranium content, the
lower zone is of more econcmic interest than the upper clayey sands. The
upper part of the formation ranges from zero to about 40 feet in thickness
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and averages about 6 feet in thickness (Cathcart and Davidson, 1952).
Colors range througn various shades of brown to white or cream. The upper
part of the Bone Valley formation, called the aluminum phosphate or’
"leached" zone, is described further on pages 13 to 23 of this report.

The lower part of the Bone Valley formation consists of the uncon=-
solidated, bedded, clayey sands and apatite pebbles with textures ranging
from pebbly sand and phosphate to clay-size material. Thickness of the lower
part ranges from less than a foot to more than 50 feet and averages about
20 feet in thickness (Cathcart and Davidson, 1952). The deposits usually
bave a reddish-brown color.

Unconsolidated tan to brown Pleistocene terrace sands vwnconiormably
overlie the Bone Valley formation throughout the district. Their thickness
ranges from zero to about 19 feet and averages about 7 feet. Tne terrace
sands are genosrally overlain or grade into relatively thin Receat sandy

and carbonaceous mucks, peats, and soils near the surface.
Lakeland Highlands area

Drill core shows the Hawthorn formation underlying the Lakeland
Highlends area to be a light gray to white or cream, sandy and clayey,
fossiliferous and phosphatic limestone. The residual bedclay at the top
of the Hawthorn formation is a brown to cream, sandy and phosphatic clay
of undetermined thickness.

The total thickness of the overlying Bone Valley formation in the Lake~
land Highlands area ranges from 12 to 37 feet and averages about 22 feet.

Data on the lower part of the formation are meager, but in this area the
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lower part probably has a mixture of lean and rich zones of minable apatite
pebbles, probably as s result of reworking of the formation during slumping.
The thickness of the lower part in the Lakeland Highlands area is unknown.

By using gamma-ray logs obtained £ir some of the drill holes in sections
10 and 11 (pl. 1), the beds above the pebble apatite can be divided into
(1) upper clayey sands containing only very minor amounts of aluminum phos-
phate minerals and with less than 0.005 percent U30g, and (2) & lower zone
containing sbundant aluminum phosphate minerals and with more than 0.005
percent Uj0g. The upper clayey sands range from zero to 164 feet and
average about 8% feet in thickness; the lower zone ranges from sbout 6 feet
to 27 feet and averages sbout 13 feet in thickness.

Unconsolidated quartz sands, probably of Pleistocene age, ranging in
thickness from zero to gbout 19 feet and averaging about 3% feet, overlie
the clayey sands. In places drill holes show all of the Pleistocene sands
removed by erosion, and the upper clayey sands covered by only a thin layer

of Recent soil.
Clark James -~ South Ridgewood tracts

The Hawthorn formation in the Clark James - South Ridgewood tracts is
a sandy, clayey, fossiliferous and phosphatic limestone. A grayish-white
to brown "bedclay" of undetermined thickness is present at the top of the
Hawthorn limestone in the area.

The karst-like surface of the Hawthorn formation in the Clark James -

South Ridgewcod tracts is reconstructed on the subsurface contour map
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(pl. 3) from the data of more than 1,500 prospect drill holes. Many sinkholes
and depressions, some of which were probably formed in comparatively recent
time, characterize the formation.

The overlying Bone Valley formation in the Clark James - South Ridgewood
tracts ranges from about 4 feet to about 32 feet and averages about 23 feet
in thickness. The lower part of the formation is a sandy and clayey deposit
of apatite pebbles and nodules that ranges from sbout 4 to 28 feet and
averages about 10 feet in thickness. The upper part of the formation in
this area, in general, can also be separated by gamma-ray logs into (1) upper
leached clayey sands containing very minor amounts of aluminum phosphate
minerals and with less than 0.005 percent U;0g, and (2) a lower zone con-
taining abundant aluminum phosphate minerals and with more than 0.005 percent
8308. In the upper part of the formation the upper clayey sands range in
thickness from less than an inch to about 40 feet and average about 17 feet;
the lower zone ranges in thickness from sbout 2% to about 28 feet and
averages about 1l feet.

Unconsolidated quartz sands, probably of Pleistocene age, ranging in
thickness from zero to about 15 feet and averaging about 7 feet, overlie the
clayey sands. Erosion during Recent time has removed par: of the sands and
in the stream channels most, or all, of it has been removed, as shown on

the geologic sections (pl. 2).
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ALUMINUM PHOSPHATE OR "LEACHED" ZONE

land-pebble phosphate district

The aluminum phosphate or "leached" zone in the upper part of the
Bone Valley formation generally contains higher concentrations of uranium
than does the rest of the formation. Although the aluminum phosphate zone
is formed mostly in the upper part of the formation, it may also include
the top few inches or feet of the lower part of the formation. This top
few inches or feet of the lower part included in the zone consists of partly
leached and whitened apatite particles of sand to cobble size that are
cemented into an indurated, or semi-indurated, mass by clay and phosphate
material.

Several characteristic types of secondary texture, or combinations of
these, depending upon the original lithology and texture of the rock and
degree of leaching, are found in the upper part of the formation. Alteration
of the clayey sand and pebble apatite of the lower part of the Bone Valley
formation produced an aluminum phosphate-rich vesicular type of sandstone
(Altschuler, Z. S., and others, 1956, p. 498) of variable occurrence and
thickness throughout the district. Alteration of the clay-cemented sand
in the upper part appears to result in either a hard, cohesive, light-
colored aluminum phosphate-cemented quartz sandstone, locally called "sand-
rock," or a compact, unindurated wavellitic sand.

From information obtained from lithologic logs, drill cores, and mine
face sections, the aluminum phosphate-cemented quartz sandstone (sandrock)

type ranges from zero to more than a foot in thickness in the zone, and
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the wavellitic sand type attains a thickness of several feet in places over
the district. The interstitial clay in the wavellitic sand is partly or
completely replaced by the sluminum phosphate mineral, wavellite

(2. 8. Altschuler, oral communication, 1956), and hardness in any of the
types is probably due te the wavellite and to redeposited silica in the
interstitial cement (Z. S. Altschuler, oral communication, 1956). Regardless
of texture the materisls have identical mineralogy. '

The aluminum phosphate zone in the land-pebble phosphate district is
characterized by the aluminum phosphate mineral, wavellite, the calcium
eluminum phosphate minerals, crandallite and millisite, and the celcium
phosphate mineral, apatite. Kaolinite, the iron oxides goethite and limonite
(Altschuler and others, 1954, p. 204), manganese oxide or hydrate, quartz,
and scattered accessory minerals that microscopically appear to be mostly
ilmenite, zireon, and rutile, are other minerals found in the aluminum
phosphate zone. Some or all of these minerals are present in variable amounts
in the lLakeland Highlands and Clark James - South Ridgewood areas.

The aluminum phosphate zone in the Bone Valley formation was probably
formed under fluctuating water table conditions by downward and laterally
percolating waters. Much of the variation in thickness of the zone with its
irregular bottom profile is possibly due to differences in lithology and
permeability of the Bone Valley material.

It seems likely that formation of most of the aluminum phosphate zone
bhad been completed before the end of Pliocene time, probably because 5£

changes in drainage. The geologic sections (pl. 2) show that, in places,
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all of the uppermost clayey sand part of the upper Bone Valley unit, and
probably some of the aluminum phosphate zone were removed by erosion be-~

fore deposition of the terrace sands in Pleistocene time.
Lakeland Highla;nds area

In the Lakeland Highlands area the aluminum phosphate zone is predom-
inantly a compact, unindurated, and generally massive-bedded mixture of
fine~- to medium-grained quartz sand, kaolinite, wavellite, and crandallite.
An isopach map (fig. 1) of the sluminum phosphate zone, constructed from
data obtained from gemma-ray logs of 38 drill holes, shows the approximate
variations in thickness of the zone in parts of sections 10 and 11. 'In
certain zones within this unindurated wevellitic sand, fragments of both
the cemented and the vesicular type sandstones were found in drill cores.
From the size of the fragments it appeared they came from a thin mass ranging
from less than an inch to sbout 2 inches in thickness. Mine face sections
elsewhere in the land-pebble phosphate district show that where the original
material contained apatite, the cemented and vesicular secondary types often
océur as gradational masses. The texture of the aluminum phosphate zone
in the lLakeland Highlands area might suggest that the original materisl
deposited was predominantly fine- to medium-grained quartz sands and clay
with only scattered thin lenses or masses of pebbly material included within
it. |

Except for the quartz in sand, wavellite is the most abundant mineral
in the aluminum phosphate zone of the Lakeland Highlands area, for apparently

all of the apatite was replaced or carried away, end crandallite generally
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is present only in trace amounts. The wavellite occurs sparingly in the
clayey sands and sbundantly in the lower material of the upper part of the
Bone Valley formation, where it has probesbly replaced all or nearly all
of the clay minerals. Wavellite was recognized microscopically as single
euhedral, colorless, bladed crystals, or as groups of delicate rosettes,
fibrous masses, and as single long ribbon-like crystals. X-ray examination
was required to establish the presence of any crandallite. Both wavellite
and crandallite were identified by X-ray analyses of samples taken from
the aluminum phosphate zone (tables 1 and 2).

Colors of the sluminum phosphate zone in the Lakeland Highlands area
are imparted mostly by iren oxides, either as a coating on quartz grains,
or as & stain or impregnation of the clayey material. The range of color
is from light tan to dark brown, depending upon the amount of iron oxide

present. Several drill cores in the area showed pronounced light and dark

layering in parts of the altered zone, owing to very thin, alternating layers

of iron-impregnated clay and silty sand. Where unstained, material of the

aluminum phosphate zone is white to cream color.

Clark James ~ South Ridgewocod tracts

All three types of secondary material--phosphate-cemented sandstone,
vesicular sandstone, and wavellitic sands--were found in drill cores from
the aluminum phosphate zone of the Clark James - South Ridgewood tracts.
Lithologic logs classified the lower secondary zone as “sandrock,” a local
mining term here including both the cemented and vesicular sandstone types.

The two types occur together in the secondaxry zone. These two types were
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also observed in a groundmass of clayey, wavellitic sands, where they must
have been present as thin, isolated layers. Lithologic logs indicate that
vaﬁable thicknesses of the secondary cemented and vesicular ssndstones were
encountered above the pebble apstite beds in the drill holes. The thick-
ness of these secondary masses ranged from sbout 2} feet to about 28 feet
and averaged about 11 feet.

All of the vesicular sandstone fragments in drill core samples from
the Clark James - Scuth Ridgewood trasgts were harder and heavier than the
usual white, lightweight variety exposed in c;xts or mine faces .e}.sewhere
in the district. Much of the hardness of both the cemented sandstone
and the vesicular sandstone in this ares is probably imparted to the rock
by the wavellite in the cement, and probsbly also by redeposited silics

»

(Z. S. Altschuler, oral communication, 1956).

Geologic sections on plate 2 show the variations in thickness of the
lower aluminum phosphate zone and the upper clayey sends. An isopach map
of the sluminum phosphate zone (pl. &), constructed from data obtained from
the gamma-ray logs of 135 drill holes {pl. 2), alsc shows the variations in
thickness of the zone in the area. The geologic sections and isopach map
show that the altered zone, in places, changes rapidly in a horizontal
direction from a thickness of several feet to less than a foot. For example,
on the western half of geologic section G-G' (pl. 2) and in the same area
on the southern ‘end of geologic section H-H', the gamma-ray log of drill
hole XY shows & '@hickness of sbout 29 feet of aluminum phosphate material.
However, the zone appears to thin out rapidly to the south, for the gamma-

ray log of drill hole XZ, about 750 feet south in section 22, indicates
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only about 0.1 foot of aluminum phosphate zone. About 750 feet east of drill
hole XZ, the aluminum phosphate zone again becomes several feet thick,
possibly because of more favorable lithology and permeability of the

original material.
URANIUM DISTRIBUTICN IN THE ALUMINUM PHOSPHATE ZONE
Lakeland Highlands area

Lithologic logs, supplemented by gamma-ray logs, of drill holes in
sections 10 and 11 of the Lakeland Highlands area show that the highest
radiocactivity is in the aluminum phosphatg zone. An isograde map (fig. 2)
of the aluminum phosphate zone, constructed from radicactivity data cbtained
from gamma-rsay logs of 38 drill holes, shows the approximate distribution
or concentration of uranivm in the zone in parts of sections 10 and 11,
Comparison of corresponding intervals on gamma-ray logs and X-ray anelyses
indicates that maximum peaks on the gamma-ray logs are in altered material
containing the aluminum phosphate mineral, wavellite, and the calcium-
aluminum phosphate mineral, crandallite. Normally, uranium preferably -
associates with apatite, but when apatite has been entirely removed the
uranium is enriched in crandallite {Altschuler, Z. S., and other, 1956,

P. 500). 1In this area X-ray determinations of aluminum phosphate zone
samples from several holes (tables 1 and 2) show wavellite to be predom-
inant and crandallite in only trace amounts. The X-ray determinaticns also
indicate that calcium phosphate (apatite) is not present in the samples.
Regardless of the predominance of wavellite in the samples, the trace
amounts of the more calecic crandallite, according to Altschuler and
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and others (1956, p. 500), would account for most of the total uranium.
Where only wavellite is reported there is still the possibility of un-
detected traces of crandallite or millisite, or association of the uranium
with iron. For example, in semple 10 of Hole D, table 2.

Figure 3 shows graphically the distribution of “308’ Paos s AJ.203 ’
Ca0, and Fe293 in the same drill hole represented by table 1 (p. 18). In
general, the Fe203 appears to parallel the 1’2(35 and U3°8 over all grade
ranges. It is unknown whether there is a definite linking here of iron
and uranium &s found in the Clark Jaﬁes = South Ridgewood tracts
(Altschuler and others, 1954, p. 204). There does not seem to be a great
deal of parallelism between A1203 3 P2()5 , and 113@8 until the 3308 content
reaches 0.005 percent or until the aluminum phosphate zone is reached.
9205 and 0308 parallel each other closely in both the clayey sands and the
lower a.lm?linum phosphate zone., The A1203 in the upper clayey sands of the
a.lu;ninum phosphate zone is probably all in the kaolinite, as indicated by
the X-ray analyses (table 1), but in the lower zone it is probably con-
tained mostly in crandallite, and in lesser amounts in wavellite and an
unidentiﬁeﬁ. clay mineral. At the bottom of the aluminum phosphate zone,
adjacent to unaltered apatite pebbles, there is an increase in Ca0 and
P305 and & decrease in “'20, s ?320 s 8nd UB°8° From microscopic studies
of other samples, the chemical and X-ray analyses of the aluminum phosphate
zone in this hole are considered to be typical of the aluminum phosphate

zone in the drilled parts of sections 10 and 11.
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Manganese ocrurs in this area near the base of the aluminum phosphate
zone, but apparently no relationship exists between it and uranium
(Z. S. Altschuler, oral communication, 1956).

Conclusions based on studies of gamma-ray logs, mineralogy, chemical
analyses, and X-ray determinations, snd normal associations make it appear
that the uranium in the aluminum phosphate zone in the Lakeland Highlands
area 1s mostly associated with crandallite, and to a lesser extent with

wavellite and possibly iron oxides.
Clark James - South Ridgewood tracts

A correlation of 25 drill hole gamma-ray and lithologic logs in the
Clark James - South Ridgewood tracts indicated that the highest peaks of
radioactivity in the aluminum phosphate Zone were concentrated generally
near the base of the zone, where leached apatite pebbles were present, and
to a lesser extent higher in the zone where leached apatite pebbles were
absent and only aluminum phosphate minerals were present. Altschuler and
others (1956, p. 498) found that uranium concentration increased in the
leached apatite pebbles at the basal part of the zone and decreased upward
in the section. They reasoned that continued leaching in the upper parts
of the zone caused the uranium to be removed and carried dowmward for re-
deposition and concentration in parts of the zone with less advanced stages

of leaching. The leached apatite pebbles grade upward into a “"sandrock.”
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Altschuler and others (1954, pp. 203, 20k4) found that a great deal of
the uranium in the Clark James - Scuth Ridgewood tracts is assoclated with
the iron oxides, goethite and limonite; that the iron-stained or ~impreg-
nated apatite is uraniferous; and that the uranium parallels iron more
closely than it does phosphorus or calcium. Although oxides of irom are
common within the Bone Valley formation, this is apparently the first
definite linking of uranium and iron in the land-pebble district.

Incrustations of manganese oxide, or hydrate, in & thin band near the
base of the aluminum phosphate zone, usually coincide with peak zones of
radiosctivity on gamma-rey logs. The occurrence of manganese in this part
of the section appears to be a coincidence of depesition and no relation
exists between it and the uranium (Z. S. Altschuler, oral communication,
1956).

Three gamms-ray and lithologic logs (pl. 5) illustrate the irregularity
of uranium distribution snd econcentration in the Bone Valley formation of
the Clark James - South Ridgewood tracts. The highest peak on the gamma-
ray curve of Hole A occurs in the lower zone about 2 feet above the base
of the upper part of the formation. A lithologic log of Hole A indicates
leached apatite pebbles in the lower part of the al@inm phosphate gone.
and probably most of the uranivm in this part of the zone is associated
with the leached apatite pebbles as a substitution for some of the calcium
in the aratite structure (Altschuler, Z. 8., Jaffee, E. B., Cuttitta, F.,
1956, p. 500). Higher in the aluminum phosphate zone where the apatite

has been entirely removed, the uranium assoclates mostly with crandallite
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and only to a minor extent with wavellite (Altschuler, Z. S., and others,
1956, p. 500). 1In this hole, then, most of the total uranium is probebly
associated with apatite and trace amounts of crandallite and in a very
minor way with wavellite.

Hole B illustrates high uranium concentration near the top of the
lower part of the Bone Valley formation (matrix) below the aluminum phos-
phate zone. In this hole the gammauray log shows radicactivity decreasing
upward through a thin lower aluminum phosphate zone, and although wavellite
is present in the zone most of the total uranium in the hole, as indicated
by the high peak of the curve, appears to be associa,fed with apatite pebbles.
Although not clearly shown by the lithologic log, it is probable that the
apatite pebble interval is leached deeper than the log indicates.

Hole C illustrates a thick aluminum phosphate zone containing wavellite,
and probably crandallite. As no leached apatite pebble interval is indicated
on the litheologic log, the uranium is probably associated mostly with
crandallite, and only to a lesser degree with the wavellite.

An isograde map of the aluminum phosphate zone (pl. 6), based on data
from 135 gamma-ray logs, illustrates the variable distribution of uranium
in the tracts. A comparison of the isograde and isopach (pl. 4) maps indicates
that there is no apparent relationship between thickness of the aluminum
phosphate zone 'a.nd uranium di'stribution or concentration.

The grade of uranium in the aluminum phosphate zone of the Clark James -
South Ridgewood tracts ranges from 0.007 percent to 0.051 percen’é U308,

and averages 0.021 percent 3308" This is almost twice the average grade
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of 0.012 percent 21303 found in the aluminum phosphate zone of the land-
pebble phosphate district. The gamma-ray logs showed that sn aluminum
phosphate zone was absent in 6 of the 135 holes.

Based on information from gamma-ray logs, lithologic logs, and the
results of earlier studies, the uranium in the Clark James - South
Ridgewood tracts appears to be associated in verying degrees with leached

apatite pebbles, crandallite, wavellite, and iron oxides.
RESERVES

Estimation of '3308 reserves for the Lakeland Highlands area is based
on B0-acre tracts. Indicated tonnage is based on 3 or more holes per
ho-acre tract; areas with less than 3 holes per 4Q-acre tract were calculated
as inferred tonnage. Grade figures resulting from the calculations were
based on chemical assays or gemma-ray logs. A thickness cut-off at 3 feet
and s grade cut-off at 0.005 percent U398 was used for minable uraniferous
aluminum phosphate material. No reserves were estimated for areas without
sample or drilling dats.

Based on gamma~-ray logs and chemical assays, indicated reserves in the
Lakeland Highlends area range from 5 to 16 feet in thickness and from 0.015
percent to 0.022 percent U30g. Average thickness and grade are 104 feet
and 0.018 percent U308, respectively. Ianferred reserves of aluminum phos-
phate materisl in the Lakeland Highlands area range from 3% to 184 feet in
thickness and from 0.006 percent to 0.0kl percent in U30g8. Average thickness

and grade are 7 feet and 0.016 percent 9303, respectively.
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Indicated and inferred reserves of sluminum phosphate material in the
lakeland Highlands area are given in tables 3 and U4 respectively. Total
minable indicated and inferred reserves of aluminum phosphate material for
the holes shown on plate 1 amount to about 15,500,000 short tons, or about
2,600 short tons of U3°8° Average grade of the total indicated and inferred
reserves is gbout 0.017 percent U308, and the average thickness is about
g feet.

The reserve area in sections 10 and 11 of the Lakeland Highlands is
based partly on gamms-ray logs and partly on chemical assays, whereas the
data for isolated holes along rights-of-way are based entirely on chemical
assay.

An ares northwest of Crews Lake in sections 21 and 22 of the Lakeland
Highlands area (plate 1) would possibly develop, with additional drilling,
into & reserve area of bettérathanwavemge grade though of insufficient
thickness for economical mining; an area northeast and east of Crews lake
in section 23 would probably develop into an area of above-average grade
and thickness with additional drilling. The area between Seward Lake and
Highland City in sections 1% and 15 (pl. 1) is unexplored but appears to be
favorable ground for aluminum phosphate material.

Total minable indicated and inferred reserves of aluminum phosphate
material in the Clark James - South Ridgewood tracts have been covered
elsewhere in unpublished reports (J. B. Cathecart, written communication,
1955). The reserves are sbout five times greater than in the Lakeland
Highlands area under existing informetion. Based on gamma-ray logs and
chemical assays, the indicated and inferred reserves of aluminum phosphate
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material in the Clark James - South Ridgewood tracts range from zero
to about .18% feet in thickness, and from about 0.007 percent to 0.051 percent
U3°8° Average thickness and grade amount to about 9 feet and 0.021 percent

9308 s respectively.
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