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A MINERALOGIC STUDY OF CHURN IRILL CUTTINGS FROM A WELL THROUGH ;
THE BONE VALLEY FORMATION, HILLSBOROUGH COUNTY, FLORIDA

By Robert Bermen
ABSTRACT

The mineral constltuents of churna drill cuttings from a well through
the Bone Valley formation and into the Hawthorn formation were determimed.
The welght percent of each mineral is given, as well as a descrip@ion of
the samples and the methods used. In this well the Bone Valley farmation
is composed largely of montmorilleonite with smaller amounts of quartz and
apatite. The Hawthorn formation is calcareous and contains more dquartz
and less clay than the Bone Valley.

The quantitative evidence of relative mineral percentages in the two
formations does not indicate that the Bone Valley originated by residual

concentration of such Hawthorn rock as underlies it.
INTRODUCTION

On behalf of the Division of Raw Materials of the Atomic Enengy
Commission the Geelogical Survey is investigating the petrography of the
Bone Valley formation in Florida, and during the course of this investigatiom
it became necessary to obtain date on the nature, composition, and uranium
content of the underlying Hawthorn formation. As the usual mining practice
does not expose more than the upper 5 feet of the Hawthorn formation,
information from greater depths must be obtained from drill samples.

In 1949 a well was drilled in the KE 1/4 W 1/4, see. 17, T. 29 8.,

R, 22 E., Hillsbaorough County, Fla. Known locally as the Nelson well, it is
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about 4 miles south of Plant City, 2 miles southwest of the pit of the
Coronet Phosphate Company, and close to the northern limit of the phosphate-
producing area. This 1z the deepest well through the Bone Valley forma-
tion from which drilling samples have been obtalned and studied by detalled
petrographic and mineralogic methods.

The Hawthorn formation underlies a large part of the southeastern
Coastal Plain. It is middle Miocene in age (MacNeil, 1947) and consists
of interbedded quartz sands, clay, marl, and limestone., In the land-pebble
phosphate area it 1s characteristically a clayey or sandy limestone contain-
ing & small amount of phosphate.

The Bone Valley formation overlies the Hawthorn in west-central Florida.
It is a clayey and sandy phosphorite. About three-fourths of the phosphate
mined in the United States is produced from open pit mines of this deposit
in Hillsborough and Polk Counties, Fla., (fig. 1). Although the Bone Vallsy

formation is fossiliferous, containing manatee bones and sharks' teeth in

large numbers, few diagnostic fossils have been found, and the origin and

age of the formation are considered open questions (Cathcart and others, 1952).
Two general hypotheses have been proposed by students of the problem: that
the Bone Valley formation is a residuum derived in place by leaching the
carbonates from the Hawthorn formation, and that the Bone Valley 1s a Pliocene
deposit containing reworked Hawthorn residuum,

Overlying the Bone Valley formation 1s a zone of loose quartz sands and

surface soil,

-

WELL DATA AND SAMPIE TREATMENT

This well was drilled to a depth of 121 feet, going through the Bone

Valley formation and the upper 60 feet of the Hawthorn formation. A churn
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Figure 1,--Index map of Florida's land-pebble phosphate field showing

the location of the Nelson well in Hillsborough County. Dashed line
is approximate limit of Bone Valley formation,
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drill was used, and 30 bailer sampleé, ranging in weight from 5 to 50
grams, were collected for study.

These samples had been stored for three years and were in poor
condition. Most of them were firmly cemented énd stuck to the mildewed
c;oth of the small sample bags. Only the material from 1 to 18 feet, 78
to 105 feet, and 118 to 121 feet was loose; these samples contained very
little clay.

The largest rock fragments collected were about 3 mm in their largest
dimension. These were fragments of chert and phosphate nodules, Most of
the material is sand-sized quartz, clay, and clay-sized carbonates.

The first sample (1 to 18 ft deep) consists mostly of soil; it is dark
brown, with a good deal of humic matter and a few root fragments. From 18
to 30 feet the samples are medlum gray changing to a dirty white at about
60 feet. From 60 to 83 feet, the samples are very light tan, and the samples
below 83 feet are white,

Preliminary inspection with the binoéular and petrographic microscopes
and the X-ray spectrcmete; revealed the following minerals in various samples:
apatite, quartz, calcite, dolomite, chert, magnetite, montmorillonite,
attapulgite, and kaolinite. During more detailed work a few grains of zircon
and pyrite were found.

The following procedure was adopted for the detailed quantitative study
of the samples:

The samples were disaggregated by immersing them in water. The wetting

of the clay changed the sample from a solid lump into a slurry in a few minutes.

The water was decanted with the clay and carbonates in suspension. An
additional rinse of the quartz and phosphate nodules which had settled left

them free of clay and carbonates. A number of different methods were tried
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for recovering the suspended material. The most effective method was to
allow it to settle overnight in a separatory fumnel, draw it off at the
bottom into a weighed eveporating dish, and dry it under an infrared lamp.

The material that had not been decanted with the clay and carbonates
was dried and placed in a mixture of bromoform and acetone, specific gravity
2,69, The quartz, chert, and about 10 percent of the apatite floated., The
rest of the apatite and the magnetite sank. The splits were washed and
dried, and any magnetite was removed from the heavy portion with a hand
magnet and weighed.

This process ylelded four splits:

1. Magnetite.

2. An apatite split, containing about 90 percent of the apatite
and almost nothing else.

3. A quartz-rich split, containing most of the quartz, chert,
and about 10 percent of the apatite.

i, A clay and carbonate split that contains, in addition to the
clay and carbonates, some fine quartz and chert and a small
amount of apatite. ‘

Uranium and P05 were determined chemically on splits 2, 3, and 4. Split 1
contained virtually none of either.

Split 3 was dried and weighed, and the amount of chert was estimated by
means of the binocular microscope. This proved to be the most effective way
of dealing with the small quantities of chert. The split was then analyzed
for uranium and Pp0s, and the amount of apatite was obtained by multiplyling

the amount of P05 by 2.5. It had already been established by X-ray diffrac-

tion and the petrographic microscope that apatite is the only phosphate mineral

present. The aluminum phosphates characteristic of the so-called "leached
zone" were not found in these samples (Altschuler and Boudreau, 1949).
A diffraction pattern of split 4 was obtained on the X-ray spectrometer.

From this it was possible to determine the clay mineral and distinguish



between any calcite and dolomite present. A portion of split 4 was reserved
for chemical determinations of Pz0s5 and uranium, from which it was again
possible to calculate the amount of apatite. Another portion of split 4

was placed in 0.5 N HCl which dissolved the carbonates and the apatite. The
acid, with the clay suspended, was decanted, again leaving some quartz. As
far as could be determined with the petrographic microscope, this gives a
clean separation between the clay and remaining quartz and chert. The frac-
tions were dried in previously weighed evaporating dishes and the clay was
run on the X-ray spectrometer if not enough was present to obtain a pattern

the first time. The amount of chert in the quartz fraction was estimated.
DESCRIPTION OF THE MINERAIS

Most of the apatite nodules range in diameter from 0.1 to 2,0 mm with a
small amount of very fine material., They show the typical ovoid shape and
colors ranging from white through tan and brown to black. The larger and
lighter-colored nodules are absent from the Hawthorn formation., Under the
petrographic‘microscope no interference colors were observed. The refractive
index is fairly uniform, approximately 1.61l. Most of the nodules were uni-
form in color but showed small inclusions of some undetermined material.
Oolitic or cross-cutting textures or other textural or structural features
that might have shed some light on the origin of the nodules were absent.
The nodules are carbonate-fluorapatite (Altschuler and Cisney, 1952).

Chemical determinations for uranium and P05 were made on splits from
each sample. The percent uranium determined in split 2 of each'sample, the
apatite split; is listed in the last column of table 1 except in those cases
where the quantities involved are too small for substantially complete

recovery by the float-sink method. The greatest percentages of uranium are
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in the interval k2 to 53 feet, where the uranium content of the apatite
reaches 0,03 percent. The apatite from these samples of the Bone Valley
formation aweraged about 0,01 percent uranium and that from the Hawthorn
formation less than 0.005 percent.
Splits 3 and 4 contain small amounts of apatite. The amount of
uranium in these splits varies, in general, with the Pz0s content within
each sample, In these very small amounts there is no indication that any
of the other mineral constituents contains substantial amounts of uranium.
Most of the samples contain about 20 percent or more of quartz. In
the topmost samples and again at a depth of 100 feet, it constitutes 85
percent of the saﬁple, and in certain exceptional samples it is as little
as 5 percent. The quartz is colorless and clear, subangular, and between
0.5 and 0.05 mm in grain size.
Dolomite occurs in smsll amounts in some of the Bone Valley samples,
The topmost sample contained a fragment of dolomitized shell. In certain
other samples, the strongest dolomite line was detected in the X-ray spectro-
meter pattern of the clay fraction. At 57 feet in depth, the percentage of
dolomite rises abruptly to 48. The 65 to 70 ft sample is 93 percent dolomite.
This sample is cream colored. Under the petrographic microscope some of
the particles in the aggregates can be seen to have a rhombic crystal outline,
the coarsest particles being about 0.05 mm in diameter. Distinct extinctions
can be observed on the coarser grains, but the material in general is too fine-
grained for ordinary optical determinations. It was immersed in a liquid
with n = 1.680 (the omega index of dolomite) and was observed to have a
refractive index near this. Most of the dolomite is extremely fine grained,

however, and nothing could be observed except a generalized high birefringence.
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At about 80 ft in depth, the dolomite abruptly gives way to calcite.

Only in the T8 to 83 ft sample did the X-ray spectrometer pattern show
evidence of both calcite and dolomite, The X-ray pattern does not show

any calcite above 78 feet, Below 83 feet no dolomite lines appear. The
carbonate fractions of these lower samples were spot-checked for magnesium
with the visual spectroscope, and no significant amounts were deﬁected.

The calcite is extremely fine grained. No definite extinction can be

observed under the petrographic microscope; the material occurs as aggregates
with generalized high birefringence. Evidence of the ordinary refractive
index of célcite can be obtained at n = 1,66. The samples are macroscopically
a bright, clean, white.

Chert occurs sparingly in the Hawthorn formation samples and in one Bone
Valley sample as coarse gray or brownish-gray grains and chips with conchoidal
fracture.

A small amount of magnetite was observed in a few samples of the Bone
Valley formation as rounded grains of approximately O.1 mm diameter. Under
the binocular microscope the metallic luster distinguishes it from the black
phosphate grains. |

The clay minerals are present in amounts as high as 92 percent. The
Bone Valley formation averages 62 pé;cent clay. The Hawthogy formgtion samples
contain only 5 percent as an average, and in some samples tﬁe clay ié completely
absent. The clay minerals were distinguished by means of the X-ray spectrometer.
From the surface to 40 feet, the clay is entirely or mostly montmorillonite.
There 1s a transition to attapulgite,}/ which constitutes most of the samples

from 45 to 57 feet. The samples from 57 to’ 83 feet contain smaller amounts

}/ Attapulgite was first noted to be & constituent of clays in the land-
pebble field by E. J..Dwornik in the course of electron microscope study of
Bone Valley materials.
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of attapulgite. Attapulgite is not present below 83 feet. The samples
below 83 feet contain only a very little clay, except for the samples
from 109 to 112 feet, the only ones containing kaclinite, and 115 to 118
feet where montmorillonite makes up 32 percent of the sample,

The percentage of magnetite in the samples was calculated directly
from the weight of split 1. To obtain the percentage of apatite, the amounts
of Po0s5 in splits 3 and 4 were multiplied by 2.5,2/ on the assumption that
apatite 1s the only phosphate mineral present. These amounts were combined
with the weight of split 2. The estimates of chert in splits 3 and 4
were combined. The remainder of split 3 is quartz. The loss of weight
when split 4 is leached with acid, is accounted for as apatite and carbonates.
The apatite of this fraction has already been determined, and the remainder
is either calcite or dolomite, as indicated by the X~ray pattern. The
material that did not go into solution consists of clay and gquartz. The
clay can be decanted and the quartz dried and weighed. The results of these

measurements and calculations are given in table 1 and figure 2.

DISCUSSION OF THE RESULTS

The topmost sample, from 1 to 18 feet, probably represents the present
topsoil and the Pleistocene (?) sand. No leached-zone material is repre-
sented; it may not be present at this locality, or the sample may represent

only the top portion of the column between the surface and 18 feet, the

largest‘range of any of the samples.

The columm from 18 to 48 feet is probably equivalent to the so-called

"matrix" or commercially productive portion of the Bone Valley formation.

g/ The factor 2.5 is used, rather than 2.3, because carbonate~fluorapatite
generally contains about 2.5 to 3.0 percent COs and an equivalent deficiency in
P205 . .
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Table l.--Mineral composition of drill cuttings from the Nelson
well (percentage, by weight)

Apatite

SIS

=N =3

mg\‘;HjQ-sl

10
1k
20
32
26
L6
30
18
31
28

10

Dolomite

o

48
85
93

Calcite

13

morillonite

Largely mont-~

N O \J @ vV o \Ji

Attapulgite

Kaolinite

Chert

Magnetite

‘,—J

©©

=]

2

Zircon

Q2

U in apatite
(Chem, 1/)

0.010

0.022

0.011
0.011
0.008
0.009
0.032
0.031
0.029
0.006

0.005

0.006
0.004
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Table l.-~Continued

]
ﬁ'g Q .Sf-\
o +$ o
ER s . 18 B 8 )
4% 5 8 ¥ & 494 7 ¥ ., % g @
£ 0 + & - Q Q 0 & B ~ 1 9 3] fw i<
b B 4 5 3 38 £ 3 & § 5§ &
a <¢ 8 8 ﬂ <1 'S [ )
=75 2 2k 39 35
75-78 18 L7 27 8 0.002
78-85 1 27 L/ 62 10
83-95 1 63 33 3
95-105 2 . 86 12 2/
106-109 3 63 31 2 1
109-112 2/ 45 45 10
112-115 2 48 48 2 0.003
115-118 1 ki 19 32 L 0.001
118-121 3 | L7 b2 (Also 1 grain pyrite) 8

;/ Chemical determinations by A. B. Caemmerer, M. Delevaux, S. J. Lundine,
and A, C. Pietsch, of the Geological Survey.

g/ Less than 1 percent,
3/ Included with montmorillonite,

4/ Included with calcite.
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The material represented by the samples would not be commeréially minable
for phosphate.

In some of the phosphate pits there is a zone, exposed below the
productive horizon, which the miners call the "bed clay." This is composed
of limey and clayey material and locally contains high concentrations of %
phosphate. The bedding features in this zone are irregular and discontinuops

and may be transgressed and obliterated by secondary features. It contains

pinnacles, pendants, and discomnnected patches of more or less altered mate=-

rial. There seems little doubt that this zone is residual Hawthorn fbrmatﬁon.

Altschuler (1952) has reported attapulgite as a prominent constituent
of the "bed clay", and on this basis it might seem proper to assign the section
from 45 to 57 feet to this zone. However, as table 3 shows, the quantitative
mineral composition of this material is very much closer to the material aﬁove
it than that below it, and it seems unlikely that it could have been derived
as a residual product of the Hawthorn formation as the Hawthorn occurs belaw
57 feet. The chief difference between the 18-45 foot section and the 45-57
foot section is the predominance of montmorillonite in the upper section and
attapulgite in the lower. The transition is gradusl over three samples
representing 5 feet. The 12-foot thickness is also greater than is usually
observed in the pits. On this evidence the writer feels that the section flrom
45 to 57 feet should be included in the Bone Valley formation and that, if the
so~-called '"bed clay" is present at this locality, it is not well represented
by any of these samples.

At 57 feet the dolomite content rises from 3 to 48 percent, and the
carbonate mineral content is 12 percent or more in all the samples below.
The next sample shows that the apatite has dropped from 15 to 1 percent, and
with one exception, the samples below this contain 5 percent or less. vTheE

|

i
'
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clay content, which from 23 to 57 feet had not been less than 48 percent,
drops from 50 to 9 percent, and is 10 percent or less in all but two of
the samples below 57 feet., The transition between the Bone Valley and the‘
Hawthorn formation can be placed at 57 feet. ‘

The residusl hypothesis for the formation of the Bone Valley deposit
proposes that meteoric waters leached the carbonates from the upper part
of the Hawthorn formation, leaving the Bone Valley in place as a residual
deposit. |

From the data given in table 1, it is possible to calculate the compo-
sition of the material that would have resulted if this hypothetical leaching
process had continued, Table 2 shows the total percentage of noncarbonate;
minerals in each of the samples below 57 feet, and the percent composition,
of this noncarbonate fraction. Presumably this is what the Bone Valley |
formation would be like if it were strictly residual.

It is apparent that, if the Bone Valley were formed in this way from
material similar to the Hawthorn formation of these samples, it should con-
tain much more quartz and much less clay., In addition, the typical clay
mineral of the uppermost Hawthorn at this locality is attapulgite, whereas'
the Bone Valley contains a great deal of montmorillonite. |

Table 3 shows the average composition of the Bone Valley, the noncarbonate

- Hawthorn fraction, and the Hawthorn formation in the well studied.

The Bone Valley formation could hardly be derived from material such as
these samples of Hawthorn formation by simple leaching., Although it is m#sible
to assume that the now-leached upper Hawthorn contained much less quartz and
much more clay than the present Hawthorn, such an assumption amounts to |
creating a different stratigraphic unit and would seem to cancel out the

original advantages claimed for the "residual" hypothesis,
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Table 2.--Noncarbonate constituents of the Hawthorn formation
|

L

Chert and

et tﬁiiieiﬁmgie Apatite Quartz Clay other minerals
57-60 52 29 5k 17 -
60-65 15 T 67 20 6
65-T0 7 15 70 15 --
TO~Th 52 10 8k 6 -
Th=T5 61 3 40 57 -
75-78 T3 25 N 11 -
T8-83 38 3 ! 26 —
8%-95 67 1 94 - 5
95-105 88 2 98 - -
106-109 69 b 92 3 1
109-112 55 -- 82 18 L ~—
112-115 52 4 92 -- 4
115-118 81 1 5k %0 5

118-121 58 5 81 - ' 14



Table 3.--Average percentage composition of the formations in the

well computed on a foot-by-foot basis

Hawthorn

Formation ceseessssse Bone Valley Noncarbonate frace
Depth in feet .veevse 57-121 18-45  L45-57 tion of Hawthorn
M;[neral constituents

Apatite 3 6 11 6

Quartz )4"( 31 25 81

Clay 5 63 62 10

Carbonates bk - 1 -

Chert and others 1 -- 1 3
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