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Abstract

An integrated geochemical and petrological procedure was used to in-
vestigate the controls on uranium distribution in some carbonate, phosphate
and other sedimentary rocks. The fission track registration technique, along
with geochemical analysis of uranium was applied to effectively locate,
evaluate and identify the patterns of uranium distribution within these rocks
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and their constituents. Differences in the density of the tracks were found in ^
isotropic andanisotropic grains of coprolite, ovulite, glauconite, calcite and
collophane, as well as, apatite and other phosphatic particles. The variations
in uranium cocentrations seem to be related to more than one type of urani-
um incorporation mechanism, particularly caused by syngenetic and epige-
netic processes. It was concluded that the obtained variations in U content
are due to a combination of sedimentological, textural, geochemical, physi-
ochemical and a few other controls and mechanisms.

1-Introduction:

A fission track registration following irradiation under appropriate ther-
mal neutron flux (5.11 1 X 1016 n.cnr2 .S~') was performed on a number of
samples. The procedure was similar to the application of this method by
Bowie et al. (1972), which in turn was based on that of Kleeman and Lov-
ering(1967).

An integrated petrological and geochemical procedure was used to facil-
itate the precise location of uranium content in some fourty carbonate,
phosphate other sedimentary rocks. The total uranium concentration was
determined by Instrumental Neutron Activation Analysis (INAA). The fis-
sion track registration technique which is used worldwide by many workers
(Basham, 1980; Brynard, H.J 1983) was applied in the present work to ef-
fectively locate, evaluate and identify the uranium distribution whithin the
studied samples. Moreover, this technique was also used to compare the
relative enrichment of uranium between and within different constituents of
the sample, in an attempt to understand the incorporation of uranium in the
phosphate minerals.

2-ResuIts and discussions:

Differences in the concentration of the fission-tracks were found in iso-
tropic and anistropic grains, ovulite, coprolite, glauconite, calcite grains
and calcitic cements, collophane, apatite and other phosphate particles.
Lexan plastic fission-track registration maps of the thin sections show that
uranium follows closely-the presence of the phosphate grains (apatite, col-
lophane, pellets, bone fragments and fish teeth) in many of the preparations.
This is similar to earlier finding of Jubeliy, Y., 1986 and Abbas , M., 1987 .
This seems also to be in good agreement with the well established interpre-
tation by many authors of uranium enrichment in the phosphorite as a result
of isomorphous substitution of U (ionic radius 0.97 °A) for Ca (ionic radi-
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us 0.99 °A) in the phosphate minerals (Inglesrud et al., 1948; Thompson,
1954; McKelvey et al, 1956; Bell, 1963; Altschuler et al., 1958; Sheldon,
1959; Tooms et al., 1969; Altschuler, 1980; Mott and Drever, 1983). How-
ever, such an interpretation should be used with caution when explaining
the remarkable variation in uranium content within the same phosphorite
horizon and from one phosphate grain to another, while in other cases, ura-
nium occurs within microstructures and fissure-fillings of microcryptocrys-
talline varieties of grains and collophane mud (Fig.4 and 5).

In addition, undiscernable uranium phases occur most commonly as
very dense spotty centred fission tracks locally reflecting increased levels
of uranium possibly of secondary origin (Fig. 5) No uranium was found as-
sociated with either the calcite cement or the glauconite grains present in
some thin sections (see Fig.3). In these cases, the variation in uranium con-
tent can be explained in terms of the time for which the phosphate minerals
were exposed to the source solution in which substitutions took place, or as
a function of its uranium concentration.

Therefore, it is more appropriate to relate uranium enrichment and varia-
tion to more than one type of process such as substitution. To that end, oth-
er physio-chemical factors are believed to play a major role in the whole
enrichment process. Some of these factors are: differential absorption; pref-
erential coprecipitation; replacement; and secondary enrichment. The ab-
normal levels of uranium in the marine phosphorite can therefore, be ex-
plained in terms of primary (syngenetic) and secondary (epigenetic)
processes rather than relating them to a single mode of enrichment. In fact,
part of the variation in uranium content is found to be associated with textu-
ral differences in the grains and within the rock (Fig. 5). To ellucidate this
textural relationships among fission-track, and petrographic phases, a study
of the microphotographs (Figure. 6) helped to establish a relative timing of
different diagenitic events in which uranium enrichment and depletion can
be recongnized. At least three periods of diagenetic history can be traced in
the grain which is illustrated in this figure. There is: a uranium-rich collo-
phane mud, which is believed to be a primary phase; this, was later subject-
ed to reworking and weathering during which detrital components were in-
troduced in the grain and dilution occurs. This phase gives rise to a very
poor pattern of fission-track in the overgrowth part, reflecting a low urani-
um concentration. This second stage was accompanied or directly followed
by a third phase, which involved partial chemical leaching of uranium re-
sulting in its uneven distribution prior to redeposition.
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Figure (1) : Photomicrograph (I and III) of Polished thin sections of phos-
phate rocks. The Matching Fission track registrations on Lex-
an print (II and IV) of the fields shown in (I and II). Tracks
are associated only with some phosphatic grains. (Pellets and
bone fragments)



Figure (2) : (I) Photomicrograph of Polished thin sections of phosphate
limestone (II).
(II) Fission track registrations on Lexan print of the field
shown in (I), uranium vary according to textural differences
witin the phosphate grains themself.

Me



y

•*->. •

i i

Figure (3) : (1) Photomicrograph of Polished thin sections of
glauconiticphosphatised limestone (II) (C = calcite, G =
glauconite, P = phosphate grains).
(11) Fission track registrations of the field shown in (I). No
tracks are associated with the calcitic cement or the
glauconitic grains .



Figure (4) : Photomicrograph of two thin sections of carbonate rocks,
with superimposed Lexan track registration prints with slught
downward offset to show the association of the tracks with
microfissures and some microcrypto crystalline grains and
mud.
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Figure (5) : Matching thin section (I) with the corresponding Lexan fission
track registration superimpoed (II): Dense tracks are associat-
ed with secondary uranium mineral grains.



Figure (6) : Photomoi :rograph of a detailed texturel relationships of phos-
phatic grain (a) and the related fission track registration (b)
showing differenturanium enrichment.



Figure (7) : Pbotomicrograph showing variety of reworked phosphatic
grains in a thin section of phosphatic limestone (1). The
Dense urranium tracks (II).



On ihe other hand, earlier photomicrgraphs (Figure.4,6 and Figure 7)
showed a variety of revvokcd well crystallized francolite grains. Some are
small, fissure-fillings and dissemminated in the matrix, others are bigger
and perfectly rounded (Fig.7). The fission track registration of those grains
and their niicroprobe anslysis indicate that uranium correlates significantly
with the reworked isotropic phase of phosphorite minerals. This further
supports the possibilily of different modes of uranium replacement, and in-
eorparaiion in ihe grains of the studied rocks. Another type of dense fission
tracks was found to be related to secondary events of fracturing and cracks,
in this case the combined SEM image, microprobe X-ray images and analy-
sis, mincralogical and petrological studies showed that the fission tracks
were generated by secondary uranium mineral grains precipitated from ura-
nium-rich solution in a iate stage of diagenesis (Fig. 8 and 9). The photomi-
crographs in these figures clearly show the brightness of the uranium min-
erals relative to oilier grains (demonstrating the usefulness of the JEOL-733
scanning electron microprobe in identifying and then analysing these min-
eral grains). Kesults of uranium analysis in selected samples (Table. 1) and
the microprohe analysis of one uranium mineral grain (Table. 2) are pre-
sented.

Table 1. Uranium contents inmineralized specimens.

Sample No,

UM 1
I;M 2
THOI
1)527

C.P.S.

280
200
280

350

U ppm.

196
112

199
230

Location

J. Om jorn
J. Om jorn

J. Tabaque
J. Tabaque

Rock Type

Phosphorite
Phosphorite
Red Organic Shale

Red Organic Shale

3 Reasons for variations in uranium content:

Possible reasons for the observed variations in uranium content may be
due to any combination of the following:

(I ) Change of the Fh-pH conditions in the depositiona! environment.

(2) The content of, carbonate, bicarbonate, phosphate, sulphate ions and

organic maii. r.

i v! The demenuv species, particularly of uranium in the sea and inter-
stitial (pore) waiers.



(4) Differences in temperature, turbulence and depth under which rocks

were formed.

(5) The stuctural framework and the texture of the rock.

(6) The topography (relief) of the depositional environment.

(7) The effects of hydrothermal fluids and other mineralized solutions.

(8) Weathering, reworking and the role of ground and surface waters.

(9) Rate of accumulation of phosphatic and other sediments.
However, useful indications about the mechanism in which uranium was

incorporated in the sample can be drawn from the fission track registrations
and can be summarized in the following conclusions.

Table 2. Microprobe analysis of Uminerals; identification = carnotite
group, formula K2(UO2)2 V2 Og 3H2 O

ELMT

Na: 1
M g : l
Al: 1
Si: 1
P : 2
S : 1
K: 1
Ca: 1
Ti: 1
V : 2
Cr :2
Mn: 1
Fe: 1
Cu: 1
Zn:2
Sr: 1

Mo: 1
Cd: 1
U: 1
Ba: 1
0 : 1
Tatal

% ELMT

0.183
0.009
0.000
0.145
0.000
0.512
4.812
0.163
0.239
9.686
0.049
0.000
0.046
0.076
0.337
0.000
0.000
0.000

71.522
0.000
12.219

100.000

ATOM %

0.56
0.27
0.000
0.362
0.000
1.122
8.642
0.286
0.351
13.353
0.066
0.000
0.058
0.084
0.362
0.000
0.000
0.000
21.1
0.000
53.627
100.000



Figure (8): Scanning electron microscope (SEM) photomicroghraph show-
ing platy uranium minerals and prisms of celestite (ce).
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Figure (9) : Scanning electron microscope image illustrationg the bright-
ness and morphology of the uranium minerals.
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4 - Conclusions of the fission track studies:

(1) The distribution of uranium in the studied samples was found to be
multimodal and is ckaracterized by the following associations:

(a) Uranium is primarily associated with vrious phosphate grains
(ovules, coprolite, and pellets) and phosphate minerals (apatite of
francolite, collophane mud, detdtal cellophanes, and
hydroxyfluorapatite).

(b) The anount of uranium in these minerals seems to show
conspicuousvariations.

(c) Uranium is primarily related to mud-like fissure fillings and
pelletalgrains

(2) - From the track density and its distribution within the vanous kinds
of organic matter, it seems that the adsorbtion of U varys widly, although
the organic matter is essential for the genesis of the phospharite and many
play a significant role in the incorporation of U in the phosphate rocks.

(3) Uranium enrichment is found to be related either to syngenitic or
epigenic events. The latter was accompanied, in some cases, by the
formation of secondary uranium minerals in microfractures or within
cement matter and by reworking processes.
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