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ABSTRACT

The aero-radionetric' survey map of Lere
(sheet 147) was studied with a view to selecting
an area for detailed ground investigation to
determ ne the radioel enment potentials of the
region. The map reveal ed several anomalies out
of which the one with high uraniumcount, |ow
pot assi um count and zero nmagnetic intensity
occuring on flight line 32 was choosen for further

ground investigation.

The ground spectronetric investigation
was ained at characterising the anomaly in terns
of its radioelenents content ie uranium thorium
and potassium The investigation was particularly
conducted to determ ne the uranium potentials of
the anonalies detected in the region. Data was
coll ected using a DI SA-300 ganma ray spectroneter
at stations spaced 50m apart. Analysis of data
i ndi cated that about 30% of the surveyed area could
be characterised as an area of possible uranium
m neral i zati on.

Avai | abl e data from urani um geochem stry was
conpared with the equival ent uranium concentrations
calculated from the field ganmma-ray spectronetric
data. The conpari son showed that the uranium
concentrations in the area may be of |ow grade.
Thus an i ndependent geochem cal analysis of the rock

sanples in the area need be carried out.
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CHAPTER ONk

INTRODUCTION

1.1 preview
Geologlcal and Geophysical 3urveys in
search of uranium deposits could be said to have

started in Nigeria in 1947 when the mineral
pyrochlore, containing substantlial amount of
uranium was discovered by the Geological Survey
department in small granite bodies on the Jos
Plat=au. The occurrence of these granite bodies
were surveyed 1ln greater detall in 1949/50 by
atomlc cnerqgy division of the Geological Survey
of Great pritain which carried out considerable
laboratory analysis of the rock samples, These
samples inciude Core samples from 12 boreholes in
the area altogether totalling 700m deep, The
pyrochlore was found to contain about 3.3% U,0q
but extraction of the uranium from the mineral
proved difficult (OECD & IAEA, 1979),

In 1969, an airborne radiometrlc survey
covering éS,OOO km® was undertaken by the
Intarnational Resources Gooperatlon for ocean
exploration of the ynited States. The survey
covered two areas underlain by sediments of the
gundumi and Illeo formations, Bima and Yolde
formations in the then Sokoto, Bauchl and Borno
divisions respectively, Though some areas wikth

radiometric anomalies were identified, no ground
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follow up was carried cut‘(OECD & IAEA, 1979);

In 1973/74, the Geologlcal Survey department
contracted out the airborne gamma Spectrometer |
surveying of four contigious areas;

1. Sokoto and Middle Niger area (Hunting)

2, Centgal North (Katsina - Jos) (Hunting)

3. Lower Benue and Adjolning Area (Fairay)

4. Uppeﬂ Benue and Adjoining Region (polservice)
Thase Surveys werse completed and reports submitted
in 1975/76. The Geological survey department
commenced ground follow-up in 1876. Thils programme
consisted of traversing identifled areas with gamma
spectrometers and scintillometers followed by
datailed radiometric survey on grids, geological
mapping, pitting, trenching and diamond drilling.
Areas covared include about 20,000 km2 in gokoto
state, 10,000 kmz in cross River and Benue States
and 8,000 km2 in the Niger and Benue Rivers
confluence area of Northern Nlgeria. No
appreciable quantity of Uranium was found therefore

no further drilling was carried out (CECD & IA£A, 1979).

In 1975, the Nigerian Mining Corporation
carried cut a feasibility study on the prospect
df uraniuﬁ mineralization in Nigerla. Thils was
followed by a geochemlcal and reconnaissance ground
traversing with scintillometers. A total area of

35,000 l:m2 in north-eastern Nigeria was covered in



-.3_

this programme. This programme was expanded

in 1981 to 1nclude the Central area of Nigeria.
Reconnaissance fileld work commenced in October,
1981, Readings were taken using total count
scintillometers (sspz) and thae rasults were
contoured on a map of 1:100,000 standard Sheats
(Dada et al, 1982), 1In a report in 1979, the
(OECD) expected an increase in the lavel of U
exploration depending on the success of the efforts
then. It however noted that the Federal Governments
position on U exploration was not clear although

a decree establishing the Nigerian Atomic Energy
Commission (NAEC) (now Energy Commission of
Nigeria (ECN) was promulgated, The naed for such

a commision necessarily means an increase in the
area of U exploration/in the exploration of the
radioelements to the industry/establishment. Also,
the need for nuclear energy to play a prominent
role in future energy supply was clearly demonstrated
in the concluding report of the world Energy
conference (WEC) released in September 1978. All
these moan that there is going to be an increase

in the area of U exploration both locally and
internationally.

In Nigeria, already, the initial stage in
the large scale exploration for the radio-elements

was launched when high sensitivity aero-radiometric

surveys were carried out in 1975, The Survey covers

the lower Benue area, the Middle Niger and the
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Sokoto area conducted by Fairly Surveys 1td. and

Hunting Geology and Geophysics Ltd, respactively
on bahalf of the Federal Ministry of Mines and |
Powers Although intensive ground follow-up
surveys have been carried out in some areas since
1977 (for example) the Nigeria Uranium Mining
Company (NUMCO), the Nigerian Mining Corporation,
the Geological Survey of Nigerla and by the
Energy Research and Development Centre of the
University of Ife), there 1ls very little
information on Uranium Occurrences in Nigeria.
The little available information on uranium

- occurrences in Nigeria are mainly from indlividuals
whe have analyzed a few rock samples and uranium
oras from some locations around the Nigerian
Younger Granite province. However, the work of
Uywah (1984) and Dawu (1986) who carried out
detalled Ilnvestigatlion of radiometric anomalies
in the 50ﬁoto Basin and Bisidhl areas of sokoto
and the plaleau States respectively, forms a very
important step for a large scale exploration of U
and allied minerals.

”bnly few ground radiomestric surveys have been
reported on the basement rocks of Nigeria. The
present work is an investigatlon of an asroradiometric
anomaly on the basement complex of Nigerla using

geophysical technique. The anomaly is contained in
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Sheet 147 (aecroradiometric map of Lera), The map
sheelb was carefully studied to identify the anomaly
patterns. Based on the preliminary study, an
anomaly with high uranium and thorium contents

was selected,

Uranium @%ﬂerals and thelr occurrence

Uranium is an oxyphile element occuring in
minerals of varying degrees of chemical complexity
espacially in assoclation with the more acidic
rocks of the lithosphere (Bowia, 1970).

Economic Uranium deposits occur in both volcanic
and plutonic rocks, in metamprphic rocks and in
stratified and non stratified sedimentary rocks

but the largest known reserves occur in sedimentary

rocks (podson, 1972),

Uranium ore deposits can ba classified into
three major types - detrital, hydrogenic and
Igneous - metamorphic. Although some igneous -
metamorphlc deposits form as primary concentrations,
detrital and hydrogenic deposits formed as
secondary concentrations at or near the surface
of the earths crust are knowne. The uranium in
these environments are believed to have been
initially exposed to the surficial environment in
felsic inktrusive and volcanic rocks in concentrations
generally less than 50 ppm. These are then

concentrated in the present environment by secondary

ProCesses,
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The classification of uranium deposits

just like any other ore deposit is difficult in

that Lt requires an interplay of genetic,

geometric, mineralogical, petrographic, tectonic

and chemical factors - some of which may be

conflictings The classification shown in Table 1.1

below is an attempt to reconcile these numerous

factors so that thelr similarlties may be emphasiaed.

Table 1,1 Types of important uranium peposits (BOowie, 1970)

T T T T T [ Characteristic | cCharacteristic
VYRS af Daposs Elements Minerals
IGNEQCUS & METANMORPHIC | Nb, U, Th, Cu Uranothoriantte,
Carbonatite Py Thy Z pyrochlore betarite,
peroskite, nicolite,
chalcopyrite, Iemenite,
apatite and zircon.
HYDROGENIC
Peralkaline Syenites Nb, U, Th, Cu As 1n above
Pi, Tiy r
Pegmatitic Th, U, Mo, NDb Uraminite, Uranothorite
molybderite, betafite
allanite, fluorite.
porphyritic U, Th, Mo, Nb Uraminite, Uranothorite
Ti, 2r Monazite, zircon,
fluorite, sulphites,
DETRITAL Uy Th, Ti, Re Uraminite, brannerite,
Conglomerate AU pyrite, monazite

4
The ores in both quadrivalent (U'") and

6
haxavalent states (U*").

The quadrivalent group

which includes uraminite, Coffinite , and davidite are
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generallylblack In colour, grading to browniéh
black and da;k brown in the oxidized materials.
Most uran;um minerals occur as uranyl compounds.
Natural uranium is present as v*? 1h most sub-

+6

surface cenvironment because the U state is stable

only under oxidising conditions (Rrich et al., 1977),

Except in some shales and igneous metamorphic
deposits, uranium is not found in sufficient
guantity in the common rock types 1ln the earths
crust to be extracted econcmically. The average
uranium in common rock - types is 3.5 ppm in felslc
granites and 3 ppm in syenites (Uwah, 1984),

The average crustal abundance of uranium is about
2 ppm (Rich et al, 1977). The relative abundance of
Thorium and uranium in common rocks of the aarthts
crust and the abundance of Thorium and Uranium in

minerals of igneous rocks are shown in Table 1.2

and Table 1,3, respectively,
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Table 1.2  Average Relative abundance of Thorium and

Uranium in various rock Typcs (Adapted—

from Adams et al, 1954 and Parker and
Ruzicka, 1979).

ROCK THORIUM URANIUM
(ppm) (ppm)

gilicic intpusive 1 - 25 1 -6
Silicic extrusive 9 - 25 2 -7
Basic intrusive D5 = 5 0.3 -2
Basic extrusive 0.5 - 10 0.2 - 4
Ultrabasic low 0.001 - 0.03
Alkaline low 0.1 - 30
Silicic pegmatite 1 -2 1 -4
Clay and shale - Jud
Limestone - 242
peep-Sea clays - 143
sandstone - 0.45
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Thorium and Uranium in Minersls of Igneous

Table 1.3
rocks (Adams, et al 1954)
|
Mineral Thorium Uranium
{ppm} (ppm)
ACCESSORY
Allanite ( 500 ~ 5000) ( 30 - 700)
(1000 - 2000} ( 7 100)
Apatite (20 - 150) { 5 -~ 050
{50 = 250) ( 10 - 50 (2)
Epldote 50 - 500 20 - 50
Ilmenite 1 -~ 50
Magnetite 0.3 - 20 1~ 30
Monazite 25,000 ~ 200,000 500 -~ 3000
sphene 100 ~ 600 100 - 700
Xenotime low 500 - 35,000
zircon (100 -~ 2500) 3300 - 3,0003
( 50 - 4000) 100 - 6,000
MAJOR
Biotite 0.5 -~ 50 1 - 40
Hernblende 5 - 50 1 - 30
potassium feldspar 3 -7 0.2 ~ 3.0
Muscovite 2 -8
Olivine Low 0.01
Pyroxene 2 - 2% 0.01 - 40
uartz 0.5 - 6.0 0.1 - 50
Qua (300 tors
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The lowest - grade ore deposits such as

Rossing deposits contain approximately 240 g
U308/t or approximately 325 ppm U. Some granites
and syenites and their extrusive equivalent contain
up to 50 ppm uranium with 'hot spots' to a few
hundred ppme In a few casas, peralkaline syenites

locally contain up to 3000 ppm y.

nt Complex Rocks in

e o W ——n

uranium mineralization in Baseme
ﬁﬁﬁﬁﬁg?""”'””“'"‘ b

The Basement Complex rocks in Nigeria are
exposed mainly in the northern, south-western and
south=eastern parts of the country. Rahaman, (1976)
recognized five petrological units within the
Basement Complex of Nigeria namely;

1) migmatite gnelss complex
11) slightly migmatized to non-migmatized para
schists and meta~igneous rockse.
iii) cCharnockitic rocks, metagabbros and pyroxene
dionitese.
iv) older granites
v) unmetamorphosed dolerite dike and hypabyssal

intrusivese.

Limited geochemical studies on the basement
rocks of gouth-western Nigeria lndicate that the
schisks and quartzites have low uranium contents

(average of 0.3 and 1.1 ppm U, respectively)

(Rahaman & Oshin, 1984). The average uranium

concentrations (average 3.4 ppm U) are also observed
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in some metascdiments and gneisses in the north-
eastern part of the country. However, airborne
radiomelric survey has indicated a belt of uranium
anomalies in the migmatite - gneiss complex
stretching from Katsina-ala to pongo in the then
North-gastern Nigeria. These are believed to contain
some uranium mineralization of economic importance
(Rahaman & Oshin, 1984),

Studies carried out on the Qlder Granites from
central and north-eastern Nigeria indicate possible
U enrichment (Rahaman & Oshin, 1984), preliminary
geo-chemical work has also been carried out to assess
the possibility of finding uranium deposits in the
Older Granite rock of north-east and south-west of
Nigeria, lost of the analyzed samples from north-
eastern jigeria have less than 5 ppm U although
higher uranium contents (10 ppm) are recorded in
anatectic migmatites and porphyritic granites
associated with anatectic migmatite. Examples of these
are found arcund Mayo Belwa and Jalingo areas of
Gongola State, Some pegmatites around Adada, north-
east of Yola, contain as much as 72 ppm Ue. This
value is about 18 times as much as the average
concentration of uranium in normal granitlic rocks and

suggests a possible low grade uranium mineralization.

ground gamma~ray spectrometric surveys along
some btraverses in the basement complex rocks in the

1fe-Ilesha area of South western Nigeria did not
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indicate any significant radiometric anomaly
(Rahaman ¢ Oshin, 1984). similarly, geochemical
studies show that granitic rocks in this area in
general record normal average granitic uranium
concentration. However, in the Erio, Aramoko area,
one menber of the Older Granite series (a coarse
porphyritic granite) has been shown to contain as
much as 30 ppm U. This may not be indicative of any
uranium mineralization but suggests that the
porphyritic granite may act as source rocks for
continental sandstone type deposits (Rahaman & Oshin,
1584).

An interesting finding in the pasement Complex
of Nigeria is the occurrence of uranium anomalies at
the boundary between the Ppre-Cambrian Basement Complex
and the overlying Cretacecus sediments in places such
as Kontagora, Wawa and Nasarawa, These areas of

uranium anomaly may be further investigated for uranium

potential (Rahaman & Oshin, 1984),

Radiometric Anomaligg

The task of delineating a radiometric anomalous
region involves an initial reconnaissance survey of
the areca, The purpose of this survey stage is to
decide whether or not it is worth while to undertake
a systematic gamma ray survey of the area in question.
This decision can normally be made from a few tens
of hours of relatively fast gross-count aero-survey at
an altitude of 100 to 150 m, A fairly constant and low

counts mey indicate absence of uranium enrichment and
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such areas can be eliminated for further surveys.,
This, howcver, does not mean that the area so
eliminated are unfavourable for uranium exploration

by other methods (Uwah, 1984).

In most systematic reconnalssance surveys, the
total counts are analyzed and contoured to delineate
areas of abnormally high radicactivity. These
abnormally high radicactlve areas are termed anomalous
areas. The total counts which indicate ancmalies are |
generally too erratic and variable to be contoured and

|
they genérally cover only a small area, In some cases,
however, the anomalies cover sufficliently large areas |

to be contoured on large scale maps (williams and

Scherbastskoy, 1951).

Gamma ray spectrometry is used both in the
reconnalssance and detailed surveys. The anomalies
recognised from the preliminary Surveys are of
great practical importance for they may be an indlication

of deposlits of radicactive ore.

|

.Gamma ray spectrometric method does not measure
uranium directly. The measurement is based on Bi-214
(one of the daughters in the U-238B decay series).
Nl=214may be separated from the uranium deposit if
there arc favourable conditions (for example presence
of faults and joints) to enhance radon migration
thereby causing disequilibrium in the U-238 decay

chaine. Therefore radiometric anomalies may not
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necessarily correlate with uranium mineralization
(IAZA, 1980). Hence radiometric anomalies require
thorough investigation before conclusions are made

as to their economic importance.

Location and geology of the Area

The area is located in the South;eastern part
of Lere (sheet 147) between latitudes 10° 10'N and
10015'N and longitudes 8045'5 and BOSO'E. It is
near a village called Katake in Jengre L.G.A of plateau
state. There ié @ minor rcad from Jengre to the area
of study (Flg 1.1). The area has some shrubs and
scattered_cultivations. it is devoid of waterways,
The only water way is river Karami which passes through
the landscape. Some. outcrops are located just before
the river towards Katako.

The area is within the crystalline basement
adjoining the Jos plateau. The geologlcal sequence
is made of plutonic and volcanic rocks belonging to
Pre Cambrlan to lower paleozolc age group. |

The rocks comprise mainly of migmatites and
gneisses ;hich are all members of a single orogenic
cycle (Fig 1.2). They are believed to have been formed
largely from pre-existing gnelsses by process of

granitization (Buchanan et al, 1971). The migmatites

occupy a large area but in general, exposure is
1imited and the few outcrops do net rise much above

the surrounding rellef, petrologically, they are

-
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made up of varisbkle grain size. The gneisses are
pre—dominantly of granodiorite composition but
subordinale granitic or tonalitic phases also occur.
The gene¥a1 texture is medium - grained and grano-
blastic wilh coarse porphyroblastic feldspar showing
a variable and frequently locallzed occcurrence. The
gneisses are usually foliated (Buchanan et al, 1971),
The rack types are covered with soil of varying

te:-m‘:ur'ee..’|

1.6 Alm of the present survey,

The inain aim of the present study is to carry
aut an investigation of an aeroradiometric ancmaly
identified on the aero-spectrometric map of Lere
(sheet 147) prepared by Hunting Geology and Geophysics
{1976) in order to characterise the anomaly in terms
of its radicelement contents. In particular, the
investigation aims at determining the uranium
potentials of such an anomaly. This is more so that
the results of this study could be used in the
interpretation of similar anomalies recorded in ether

areasof the basement complex of Nigeria.
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CHAPTER TwO

PRIHCIPLE%_UF RADIOACTIVITY AND RADIOMi[RIC
i EXPLORATION METHODS

principles of Radicactivity;-

The Fuclei of some elements disintegrate
spontaneously emitting energetic particles and
electromagnetic radiation and in doing so are
transformed into nuclel of other elements., The process
of disinteyration is called radiocactivity and the
elemznts that undergo such a process are called
radiocactive @lements, The daughter elements may also
be radioactive in thelr turn. The particles emitted
are alpha (X)) and beta ( P) particles which are helium
nuclei and electrons, respectively. The ™~ particles
carry positive charge while the p- particles are
unstable and carry negative charge, 1In the emission
of these particles electromagnetic radiations are
emitted. The electromagnetic radlation consists of
gamma (S) rays which are X-rays but of very short
wavelength and therefore possess hlgh energy. 1In
addition to &, p and ¥ emission processes, there is
also another type of nuclear transmutation called
electron capture or K - capture. This is likewise an
interaction between the nuclecus and its extra nuclear

electrons. It happens more freguently with electrons

in Ehe Lnner shells.

There are many naturally occurring radioactive
alemenks and very many artificially produced ones.

Natural radioactivity is confined principally to the
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disintegration products of 3 elements namely;
uranium, thorium and potassium. In addition to
these, other naturally occurring radlocactive isotopes
are kKnowne, Examples of these include rubidium and

the rarc ecarth elements samarium and lutecium.

Whereas potassium undergoes a simple form of
radioactive decay, the decay of uranium and thorium
is complex and proceeds sequentially along a chain of
disintegration, gach of the particles emitted during
radloactive decay has its own characteristics and the
gamma rays are characteristics of the elements which
emikt them, Natural sources of gamma radiation in
rocks originate from uranium and thorium decay chain
and the decay of potassium=40, The decay chains of
uranium and thorium, and some of the gamma rays
emLltted by Ltheilr daughters are shown in Table 2.1,

All the three isotopes decay to a stable isotope of

lead (Telford et al, 1976),

pach of the radioisotopes emits gamma radiation
of characteristic energy and the gamma ray spectrum
of a roclk exhibits peaks of varying intensities
corresponding to these characteristic energies.
Figure 2.1 shows examples of such peaks for granite
gneisse About 11% of the natural potassium is K - 40
(half life = 1.3 x 10° yrs). 1t decays by electron
capture Lo Ar-40 yielding gamma rays of energy 1.46 MeV.

gamma rays with this energy are used in gamma - ray
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TABLE 2} RAUIDACTIVE SERIES QF THORIUM AND URANIUM{Teltord ,1976)
ELEMENMT 1SQT0PE Hf\LF._LlFE DECAY RM’:’HA”ON B-FaAY N OF 3
__] comsiam £ NERGIE S{Mgy
Thortsm BoThz | uxww | 15808 | o5 | 0059 -
Radium ggRo?28 | o sttty | 3 6% | B 0.03 >10
Actinium thcm 6.1 Mo 109 | B % 0.06 -0.97 5
Thor um M2 | ey 1sadd | os 0.085-0424 -
Radum gR02¢| 64 days 2200% | oy 0-24-0-79 -
Rodon pgnt 0 1 51 sac 13107 « 0.5 -
Polonium B_,‘F'ﬂ?'c' 0.1 sec. 4.2 o B - 5
Lead a2 | 06 rex16° | B % 011-04t »10
Bismuih B n? €06 min 191108 By ¥ 0D4- 27 -
Polor. n ar_F'oz'? 03 1166uc. 2.3 x10%® o, —_ 5
Thaliium 707 | aren 17660 | B % 028261 10
tead | g™ Siable - > 10
Uronivm g% | maxrcfye | 34007 | & sF | 0.07-0:0 »10
Thosium o8 | 258m 1ax6® | B 0.08-031 s
Protagtinum gt | 3uxittys 65208 | o8 0-29-0-36 10
Tactinium 59h< | 216510y 07 B3 0-09-0.19 4
Thotivm i 8.2 day £35x107 | o® 0.05-003 | »10
Francium | #amin s2ad’ | A 0.05 01 -
Radium wro?d | 1irdoy 616210 | o 0.03-045 -
Radon yghrt!? &sec. 07 3 0:22-0-4 -
| Astatine as“m 5 sec. vigad? | ap - -
Polgnium a‘Pozl > -8 l65s¢r. 18 IO2 ] — _
Aslgling asAt?'5 10" see 6.9 4107 o - -
Bismuth maiz’s gmn veend’ | a,p - -
Bismuth “a;"“‘ 715 min 5350107 | B, ¥ 0-3% L
Polonium o P! 0.52 sec 7.3 a¥% 056082 -
Lead Pl 36min 1.2410° | = B, 8 0-85- 0-83 -
Thotium 7,207 L-Bmin 2oaxi® | p.¥ 0.B% -
Lead EQr'um' Stoble - - — -
Uranmm o8 comiye | aonid® *4SF, ¥ | ©0.048 >0
Thorum goThZJI 200y | 33088 | BB 0-03 - 008 ~
Profre timium glﬁzzu' Ee7hr ZBLIIO_S B ] 0046 - 1.85 7
Uranium g0 7% 228a0%r | 89x0| ,5F ¥ 0-0%-018 4
Thorum mThzm 8 £10°ye 7 75510 oY 0-068-075 -
Radive Y 1e22x0de | tisx0) | ¢ 019 - 0-64 -
. REUNUTUIIE RN B _ ———
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VABLE 71 Cantd.
ELEMENT ISOTOPE | HALF-LIFE DECAY [|RADIATION| ¥ .rRaAY NEOF ¥
CONSTANT ENERGIES{MeV)
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Palonrum a&Poz's 3. 05min 3-81!63 B - -
Astating asﬂ\tzm 1.3%8ec 0. 51 B =10
Radon grr’® | 0.03sec. - - 0-61 -
Bizmuth aai?"' 197 mrn 58500 | B Y¥ 045 -2.43 | 210
Palonmium 5‘_?02]“ 1-5‘---16"!“ i .2-!?)] o - -
L
vead afb?"‘ 26 Brun L. 3510 o{}F, ¥ 0.0% . 0.3% -
Lead ‘ gFt 0 | 2o wosxi0” | P 0.047 -
Bismuth a0 S day 158x10°% | B 0.79 .
Polonum ool | 1agawdde | 7 103_3 o, ¥ 0.3. 07511 _
Thallnem 3210 1.3 min 8: B850 p,¥ - -
Lead B?th" Slable - - - -
SF — Spontanecus Fission

AL AT LI

o

LN et ot e m ..




10,000 o?®
\\ 09\/
~ N N
\‘“9.% N %\
\ N oA AT e
\ LAY Sl
o, 1000~ M R SRV
¢ ! VA ‘
5 NN, \/‘\
- \\./\ {/\ \ :
3 N ' A ‘
S 100f \VARR Wy \
L4 \ ’ \r\ \
z \ ® \\ U \
o L
9 i \ A N )
& 10 A P\ Yy A \
~ N (3 \ ! \\ N
SO -
TN ‘
. \ \
..
.0 —— 3 }
_. Gamma ray energy {MeV]

FIG.2-1,SPECTROGRAMS OBTA'NED FROM K U AND Th SAMPLES
ON GRANITE GNEISS (Atter Doig ,1968)

..‘.:.-_I,':-.i'll-...f,-

"\j).



—- 23 -
spectrometry to detect and measure natural
potassium in crustal rocks. DpDue to the relative
low abundance of K = 40 in natural potassium, the
intensities of the 1,46 Mev gamma rays are low

(Pigure 2.1).

gach of the decay chains of the U-235 and y-238
has an intermediate nuclide of atomic number 86, which
is a gas under normal condition decaying by alpha ( )
emission to a solid daughter, Radium, (Table 2.1),
These are Rn=222 in U-238 and Rn-219 in y-=-235. The
most promising radiation characteristic is that of Ra=-234
which has an energy of 0,001 Mey, but this is present
at a very low intensity (Doig, 1968). Of particular
importance in gamma ray spectrometry is the decay of
Bi-214 to P0O-214 in the U-238 series, This decay
yields several gamma rays of various energles. The
1,76 Mev gammna rays following this decay are normally
used in gamma ray spectrometry in the determination of
uranium in crustal rocks. The combination of the
1,76 and 1,12 Mev gamma rays emitted by Bi-214 has been
used for uranium measurements (Uwah, 1984).

The decay chain of thorium is complex as shown
in Table 2.1s Of particular interest in K' - ray
gpectrometry is the decay of Tl - 208 to pb - 208

by gamma emission. This decay results in the emlssion

of 2462 1leV gamma rays and is the highest gamma ray

energy in the thorium decay series.



The 2462 MeV peak is pronounced and free from
interfercnce (Flgure 2.1) and is therefore considered
as the most suitable for thorium concentration
measurencnls in geological samples using gamma-ray

spectrometry (Dewu, 1986),

Rad;gmetrictgyploration Methods

- —

Radiometric method is a geophysical techniqgue
dependent on a property of the radioelement., As
earlier stated, there are many naturally occurring
radioactive elements in the earths crust, but only
uranium, thorium and potassium are of importance for
exploration purposes. This is because they emit
strong gamna radiations and they occur in relatively
large abundance in the natural environment. Also,
these elements occur together in most rocks, and thelir
ratios can be used to aid in such exploration works.
The rest are either so rare or so weakly radioactive
to malke anvy significant contribution to the natural
environment. Therefore, for uranium exploration
purposes they are not considered importante For
example, the abundance of Te — 130 in the crust is
only about 0,017 ppm, a concentration much below the
1imit of detection of most of the analytical instruments
currently available. Also, the possibility of the
occurrence of transuranic elements such as pn~239,
pu~244 and Np-237 which could contribute to Lthe natural
radiation environment is not certain, The importance

of U, Th and K in contributing to the total heat budget
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of the carth is generally recognised, The fact that
these elements are sources of heat means that
geothermal heal measurements can be employed for
the determination of the abundance of the radio-elements
within the earth's crust.

There are basically two radiométric survey
techniques, the ground and the aero-radiometric surveys.
Aero-radiometric Survey can normally be recommended in
circumstances where the terrain is not easlly accessible
and/or large areas need to be prospected/covered., The
technique becomes particularly advantageous because
other geophysical techniques can be carrlied out
simultaneously. The aero-radiometric surveys are
superior to ground surveys for regional reconnaissance
work because large areas can be covered in a relatively
short time but there 1s always the danger of missing
important targets because of uneven coverage. There
are numerous documented cases of anomalies that were
missed by an alirborne survey owing to too wide a flight
line spacing or rugged terrain which could have
prevented the aircraft from maintalning a satlsfactory
ground clearance (Rreedman, 1273), For example a
uranium deposit consisting of a number of veins just
produced L single large airborne anomaly whereas a
ground survey with a high density of sampling points

defined the individual veln sources as & sarles of

separate anamalies,



- 26 -

For reconnaissance surveys, gross counts may
be adejuale to delineate areas of higher than normal
radiocactivity. However, where the contribution due
to the individual radicelement is required,
spectronetric surveys are employed, 1In this technique,
individual contribution due to u, Th and K are obtained
in addition Lo the Total count, Determination of the
radloelanent concentration can then be made assuming

the decay series to be in secular equilibrium,

B e

Wwhen a radioisotope decays, producing a radio-
active daughter whose half=life is shorter than that
of its parent, a condition of radioactive equilibrium
will eventually be attained in which the daughter
product 1s decaying as rapidly as it 1ls belng produced.
The activity of the resultant mixture decreases at the
same rate as that of the parent, le it is determined
by the half-life of the parent. This type of
equilibrium condition 1s referred to as secular
equilibrium. In this case, the daughters can attaln
99% equilibrium with their parents., The time required
for the daughter activity to reach 99.9% equilibrium
will be apnroximately ten times the half life of the
daughter (Dewu, 1989).

The decay of U-238 to its stable daughters,
pb=206 and Th-=-232 to pb-207, involves nineteen and

eleven daughters, respectively. If none of these
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daughters is removed out of the series, sometimes
after the formation of a U or Th bearing crystal,

a state of equilibrium is reached, whereby the loss
of a daughter due to lts decay is made up by the decay
of the preceeding parent. This occurs where the
half-1ife of the parent is much larger than the
half-1life ol the daughter. If one of the daughters
is taken out of the system, however, disequilibrium
is established, and the nuclides above the one which
has becn lost become proportionally more enriched in
the series, Similarly, the nuclides developed from
the decay of the lost daughter are depleted in the
series. 1If the nuclide which has been lost has a
short half-life then equilibrium is restored within a
short time., ©On the other hand, the loss of nuclide
with a long half-life will mean that the series takes
a long time to regain equilibrium (pewu, 1989). pue
to the cxponential character of radicactive decay,
the nuclides in a decay serles approach thelr
equilibrium values assymptotically so that 100%
equilibrium is never achieved.

The U=238 decay series contains a number of
daughters with very long half-lives. U-234, Th-230
and Ra=226 which are members in this series, have
half-lives of 4,5 x 10° years, 8 x 106 years and 1622
years, respectively, so that it will take approximately
10° years for the y-238 series to attain secular

equilibrium. Thus, a loss of y-234 from the series



means Lhat o period not less than 106 years will be
required before 99% equilibrium between the members
in the series is restored, 1In the Th-232 decay
series, howvever, the longest - lived daughter,
Ra-228 has a half-life of just 6.7 years so that
equilibrium is restored within a relatively short
period of time should a member be lost from the decay
series, This makes the assumption of secular
equilibrium iIn the Th~232 decay series safer than for
the y-238 series (pewu, 1989),

Disequilibrium is a serious problem in the use
of simple gamma-ray spectrometers for U and Th
determinatlions because both analyses are based on
daughters which are far down the decay series. To
obtain correct abundanceé requires the existence of
equilibrium between the daughters and parents:
Bi-214 with U=238 and T1-208 with Th=232, In the
Th-232 decay serliles, this requirements 1is, however,
largely met in natural environments because of the
relatively short half-lives of the members in the series,
the longest being Ra-228 (t15 = 647 years), which attain
99% equilibrium in less than 45 years. (Dewu, 1989),
In addition, its gaseous daughter, Rn=-220 (tJf = 54.5 sec)
is short lived, and can all decay before it ever gets
the chance to escape from its parents. The u-238 series,
however, contains a number of very long-lived daughters
(u-234, Th-230, Ra=-226), and loss of any one of these

will mean a much longer period is needed for
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re—establishment of equilibrium, Of serious concern
also is the half-life of its gaseous daughter, Rn-=-222
(1':}'2 = 348 days) which is sufficiently long for it to
survive to be transported to considerable distances

away from its parent (pewu, 1989),

Apart from u-238 and y-234 fractionation, y-238
has also been found separated from its other
daughters in natural environments. Of importance in
disequilibrium studies are the relationship with and
between Ra-226, pa-231, Rn~222, pb-210 and po-210,
whereas fractionation between y-234 and y-238 may be
due to physical processes such as alpha recoil,
fractionaltion between =238 and its other daughters
is better explained by the difference in chemical
properticse Ra, in particular, has been found to be
more soluble in water than either U or Th and can
thus be removed by moving water from the sites of its
deposit. Titayeva et al. (1973) reported excess
Ra-226 over Th-=-230 and y-238 in soills and sediments.
This was attributed to either the deposition of Ra=-226
as absorbed ions onto clay minerals and organic matter,
or preferential leaching of uU-238. Ra-226 is also
associated with oil field brines and deposits from
hot springs (Rosholt, 1959)., Chemical fractionation
preferentiully enriching pa-231 relative tc Th-230 in
Mn nodules has also been reported by Gascoyne (1977).
High pa-231 in high grade black U minerals was

reported by Rosholt (1959).
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Rn isotopes, belng gases are easily removed
from menbers in the decay series, and may be the
most important cause of disequilibrium in the uU-238
decay serics in environments favourable to Rn
diffusion. RN is also soluble in water and can
therefore, be transported in aqueous solution. Also,
Rn loss can produce artificlal disequilibrium during
sample preparation for U analysis (pewu, 1989),

The need to assume secular equilibrium in four-
channel gamma-ray spectrometry is a most important
drawbagk in the use of the method for U exploration,
This is because many factors may cause disequilibrium
to occur, especially in the U decay series as
discussed above. The development of secular equilibrium
in the decay series 1s further complicated due to the
difference in geochemical behaviour of the various
daughters in each series. As discussed above, physical
properties are also important because of the presence
of gaseous daughters, Rn-222 and Rn-220 in the U=238
and Th=232 decay series, respectively.

Methods to determine the existence of equllibrium
in the U-=decay series from gamma spectrometric data
and chemical analysis have been suggested. Comparison
of the results of chemical analysis and the determina-
tion of equivalent uranium (eU) from gamma spectrometry
is one of such methods. However, any con¢lusion
reached from such methods much be treated with caution

because of the possible complexity of the disequilibeium
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whlch may occur in the U-~decay series, For axample
such comparison may be found to show a linear
relationship between chemically determined uranlium
(cu) and (eU) in samples where Bi-214 is not in
equilibriun with y-238 (pewu, 1993),
Indeed, at best, these methods can only be used to
make an asgsessment of the eguilibrium condition of
the U decay series. Precise determination of
disequilibrium can best be dchleved by other methods

such as the o — spectrometric methods (Dewu, 1989).
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CHAPTER THREE

FIELD GAIA RAY SPECTRCMETRIC TECHNIGUE,.

principles of Gamma Ray Spectrometry

The radiometric technique most useful in the
detection und assessment of radicactive eleménts is
the gamma ray spectrometry. It lnvolves the detection
of gamma rays of varying energies of scintillations or
solid state detectors. The scintillations are
amplified, sorted out and stored as energy spectra by
single or multi channel height analyzers. The spectral
data can then be analysed to yield abundance of the
individual radio-elements.

There are three major techniques of gamma-ray
spectrometry namely multl channel, threshold (integral)
and window. Multichannel Spectrometry involves
obtaining count rates from the full spectrum in a
series of discrete channels. Threshold spectrometry,
such as used in this work involves summing the counts
from the spectrum in a series of overlapping steps
by varying the energy threshold at which counting
commences. The preferred gamma-spectrometric me thod
of assaying Th, U and K consists of simultaneous
gamma ray counting in three energy intervals or
nwindows" each bf width of about 250 to 300 Kev and
centred at 2.62, 1,76 and 1.46 MeV, respectively.

This is the window type spectrometry and is the most
commonly used in most alrborne, ground surveys and
labotatory analysis (Lovborg et al., 1979). It

involves measuring the count rates only from portions
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of the spectrum encompassing the photo peaks of

interests An energy window has to be selected to

register particular gamma rays. The threshold gamma

ray spectromebter is an instrument that transforms

incident gamma ray radiation into a visual readout

like all analogue spectrometers, It essentially

consists of

a) A large scintillation detector having high
resolution.

b) An extremely stable high voltage supply

c) An amplifier and a pulse height selection circuit

d) A digital or analog display of the count rate
with two or more energy bands each characteristic
of a natural radioelement,

e) A digital or analog display of the gross-count.

f) A tinming circuit

g) A battery supply.

The detector is a thallium activated sodium iodide

(NAI (T1)) scintillation detector accompanied by a

photomultiplier, coupled to a single or multichannel

pulse height analyzer which stores the accumulated

counts and delimits discrete portions of the gamma
ray energy spectrum, The electronics of the
spectrometer system are normally adjusted so that the
spectrum encompasses gamma-ray - energlies from the

region of o few tenths of Kev up to 3-4 mM@v. This

energy redgion contains many characteristic gamma rays
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of the U-230 and Th-232 decay series as well as the
single gamma ray at 1,46 Mev of K-~40. The sodium
iodide crystal converts gamma rays into faint flashes
of light whose brilliance is proportional to the
energy level of the gamma radiation measured. These
light flashes are detected by a high gain photo-
multipller tube, amplified and fed to a specialized
circuitry (pulse height analyzer) which accepts only
those signals above a selected energy or threshold
settinge This setting 1Is equivalent to the light
flash intensity related to the known gamma ray
spectrum of the radicactive elements. The signals
are then registered in a frequency counts élrcuit as
counts per unit time, and presented numerically on an
illuminated digital display. The frequency or signal
count ralte displayed is the intensity of all gamma ray
energy above a selected threshold setting. The digital
readout therefore, is essentially a summatlion or
rintegralt measurement. A block diagram of such
spactrometers is as shown in Figure 3.1,

A typilcal gamma ray energy spectrum in the range
covered by the threshold spectrometer is shown in
Figure 3.2, The gamma ray peaks at 2.62 Mev, 1,76 Mev

and 1,46 liev can be readily distinguished.

The spectrogram also lncludes the normal ef fects
of gamma ray energies other than those three which
are of primary interest. Among those other energies

include compton scatterring, cosmic rays and the
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gamma rays from other isctopes in the natural
environment, which comprises a complex radiocactive
*decay serices with spectral peaks throughout the
spectrums Compton scattering is secondary gamma

ray radiation at a lower enerqgy produced by the
primary gayma ray radlation. Cosmic rays are extra-
terrestriai high-energy radiation whose contribution
amounts to less than 10% of the total radlation
(Geometrics, 1984),

The nmeasurement of each element or gamma ray
component involves the measurement of the intensity
of all encrgiles in the spectrum above a cettain
nthreshold settings. what is measured is a single
- number representing the total number of counts within
that portign of the spectrum which can be expressed
more or less by the area under the curve within each
threshold setting as illustrated in Figure 3,3,

In order to normalize the response of different
instrunants used in Gamma ray spectrometric measure-
ments it is necessary to use a standard reporting unit,
rirst, to Le universal, this unit must be practical |
and meaningful to the largest number of geosclence users
whilst at the same time possessing acceptable scientific
validity (IAEA, 1976). Since measurements of natural

radioactivity are made in order to obtain information

on the radioelement composition of rocks, the units
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should
i) relate as directly as possible to radicelement
concentration.,
1i} under specified conditien provide identical
results in a direct comparison of radiometric
with chemically determined values,
iii) not bo subject to confusion with any other unit.
Furthermore, it's required that a consistent code
should be adopted in order to distinguish estimations
of abundance based on observation of the radioelement

under investigation (IAEA, 1976).

Estimutions of abundance based on a direct
measureticnt of a property of a radicelement should be
indicated by the element name or a symbol alone, thusa
percent poltassium, parts per million uranium and parts
per million thorium, when the measurement is based on

b,

a decay product, for example the use of a gamma emission
of Bi~214 to estimate an abundance of uranium, then the )
term feguivalent' or symbol 'e' should precede the

element name or symbol, thus equlvalent uranium or ey.

Measurcments of Ggamma ray spectrometric sur?ey
are currcntly being reported in terms of
(a) counts per unit time (counts/second or counts/min}
{b) HMicroroentgens per hour ( PR/h)
(¢) gBquivalent uranium (euy)
{(dy ™lllivolts (mV)
(e) American petroleum Institute gamma-ray Units

(ApL Units) for bore~hole logging ,f{
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(f) Multiples of background.
(g} Dequerel/gramme,
Only a small number of institutions have reported
gamma-ray spectrometric data in terms of element
concentration. The majority of air borne and ground
surveys have based their reporting on count rates
because now all modern radiometric instruments for
field worlk are graduated in counts per unit time and
are calibrfted such that the indlividual radloelement

fuy, Th and K-40) concentratlions can be calculated from

the field readings.

The results of Gamma ray spectrometric survey

of an arca can be presented in any one or all of the
following ways

1) a contour map showing areas of equal count rates
' ii) a contour map showing areas of egual radioelement
concentration, (%K) for potassium K and parts per
million (ppm) for thorium and uranium, or
a contour map showing areas of equal uranium to

I
thorium ratios (U:Th) or uUranium to potassium

|
) il
[N
B’

ratio (UsK)} or (Th:K).

Based onh somne analysis, areas of posslible radio-element

importance c¢an be delineated in such presentation.

camma ray specttometers are used in both airborne

and ground gamma ray spectrometry., It should however
be emphasised that much primary uranium prospecting
will continue to be carried out on the ground,

especially where aeroradicmetric surveying is
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impracticable for financial or other reasons. As an
increasing percentage of the world's uranlum resources
must be sought in areas with sparsely developed road
systems, mnost ground surveying will have to take place
on foot with or witheout transportation support.
Consequently, the light welght portable gamma
spectronclbers which are commercially available today,
much of which have been improved are very suitable for

this sort of work.

3.2 pata processing

Field gamma-spectrometric surveying is a strong
technique from which guidance on the nature of radio-
active anomalies can be obtained. 1t's major advantages
have been mentioned In the preceeding sections. It is
therefore important that in view of the investment in
equipment and manpower required for this type of work
that Lhe assay values obtained are permanently saved

in an easily retrievabld form (Lovborg, 1973),

Ha¥ing obtained the spectrometric data, necessary
corrections are then applied so as to obtain counts
rates which are In proportion to the radiocelement
concentrations. The results could then be expressed

in terms of concentration of the radioelements
measurcd.

The procedure for estimating concentration of the

three radioelements, K, U and Th depends on the type

of spectrometer used. FoOr & threshold spectrometer
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such as the one used 1In this work, the relationship
betwecn the count rates and the element concentration
i1s such that the concentration in parts per million
(ppm) is directly propertional to the background
corrected and stripped count rate (uwah, 1984).
Suppose the background readings in c/s in the thofium,

uraniuvm and potassium thresholds are Th u and

bec? “he
Kbc respecfively, then

Th (ppm) = K1 (Thc - Thbc) Sb s e ERPRERERPREDES 3.1

K

1

U (I‘Jljm} (UC quc) LA B B B K N B L B BN B B B B BN BN B 3.2

2

» «f - —
‘ K {"-’ = K3 (Kc Kbc) I E R R T E T R R N E Y I 3.3
where K,, K, and Ky are the sensitivity constants of the

spectrometer for the Th, U and K channels respectively.

Also, because of the interference of thorium in
the uranium Counts and thorium and uranium in the
potasgium counts, stripping ratios have ta be
incorporated into the above equatlons. This is because
in determining potassium for example, the eneryy
thrashold used is 1.46 Mev, that is all gamma rays
with encirgy above 1.46 Mey are counted. And since on
this rangc, both the gamma rays emitted by the decay
chains of:uranium and thorium are present, then a
means has to be found for correcting for their presence.
5imilarly, in measuring uranium, the threshold eneryy
used is 1.76 Mey, 50 the only interference is from the
gamma rays from thorium decay series and this must be

accounted for. But in the measurement of thorium, the
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enargy throeshold 1s set at 2.62 Mev hence thers is
no interfcrence from any of the gawma rays from either
potassium or uranium, Therefore in terms of the

stripping ratios, the concentration equations become

Th (ppm) Kq ('I‘hC - Thbc} ..............;.......(3.4)

U (ppm)

1{2[(‘..]{: - ch) - 31 (Thc - Thbc)] seaseal3.5) .
K{%) = 1(3[(I(c—Kbc) = 50U Uy ) - Sl(Thc—Thbc)—S3(ThC"Thbcsl
LR B SR R (3-6)

where 5,y 3, and 54 are the stripping constants.

For the determination of these constants, sites
with known U, Th and K cencentrations and where U and
Th decay series are in egquilibrium are required. 3Such
sample sites must have an acrial radius of about 1m and
extend to a depth of about 10&m. The instrument
manufacturers use calibration pads for the determination
of these cgnstants. However, as the electronicl
components in the instrument age, these constants
change and nced to be checked regularly. Where calibration
pads are not avallable, values supplied by the N
manuf acturers have te be used. Thls is one further
problem i1n gamma-ray spectrometry in developing countries
in particular. Because of this factor, the eflects due
to drilft caused by environmental factors such as
temperuturg, and the fact that secular equilibrium is
assumed in those computations, the abundance of the
elemenks are reported as equivalent of the elements

J.

(eu or erh) and not as absolute values.
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Ground gamma-ray spectrometry was employed for
the collection of spectrometric data in this study.
The arca investigated measures 450 m by 1 km (about
2 km from river Karami which was previously identified
in the aero~radiometric survey map oftthe area)
(Figure 3.4)., For the measurements, nine profiles
were considered. Five of these profiles were each 1 km
long and the remaining four 700 m long each. The station
spacing on ecach profile is 50 m. The stations were
established such that points outside the area delineated
as anonalous from the aero-survey were considered.,
This is to look at the anomaly under study entirely

because qground displacements of such anomalies have been

reported {(pewu, 1986),

A DISA - 300 gamma ray spectrometer manufactured
by Explorahiun, a division of Ggeometrics was used for
the measurenents. The spectrometer is fitted with NaI(Tl)
scintillation detector of 5.1 c¢m in diameter and
5.1 em thick, The detector is coupled to a high gain
photomultiplier tube. Because of the temperature/
drift characteristics of the photomultiplier tube, the
spechromebor was calibrated every day before the start
of the measurements during the course of the survey.
por this, tite spectrometer 1s provided with Goco
calibration source. The procedure for taking readings

involved placing the spectrometer on the ground at each

station and readings taken for each window. The
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windows arc 7/C for total count, K + U + rh for
potassium count, U + Th for uranium count and Th for
thoriun counte. Typically, it takes about 15 -~ 20
minutes to take readings from the four channels at a

station.

Because of the sum total effects of cosmic rays,
atmospheiric radicactivity, and the radioactivity of
the measuring system, background readings were taken
and subtracted from each corresponding channel count
rate. Thls was done by taking readings with the
spectromnelcr over Known very low radioactive areas.
From the aero-radiometric map studied, areas around
saminalia have low radiocactivity, Background readings
were Cthercfore taken at Krosha - 3aminaka three times
and the average of the three was calculated and used
for this worke The background readings were taken a
day before starting the surveyy, six days after
beginning the survey and a day after the Survey was
completeds Average values of the background are
1220 epn ior T/C, 1026 cpm for K, 428 cpm for U and

146 cpm for Th, respectively.

bata Reduction

The counts obtained from gamma spectrometric
measurcnents have to be converted to element concentra-
tions to be meaningful. The concentration equations

(3.4), (3.5) and (3.6) are used to convert the count

rates Lo relative surface concentrations. The
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sensitlvily constants and stripping ratios for

the spectrometer are

iy = 7«5 epm/ppm
= 20.5 epm/ppm
Ry = 154 cpm/ppm
S, = 0.62
Jr) = 0968

and 3. = 0.83

(Geometrics, 1984)
Using the above constants, equation (3.4) (3.5) and
(3.6) becone

Th = Th
c 2 (3.7)

_—-7._5-— L L B B B I B O B B

(UC-Ub) - 0.62 (Thc—Thb)
20,5

elh (ppm) =

cU (pHpm) {3;8)

—p—

: » ’ o - . T " 3 ' - .
K(%) = {kgrhh)—O.SS(uC u,) u.ﬁ%ifhc.thJau B3 (rh =iiy )
154 eeen(3e9)

The above rclotions were used to determine equivalent
Th, U and K concentrations eTh, eU and K(%)

respectivelys These concentrations for all the sample

points 2long profile 1 is yiven in Table 3.1, while

that for srofiles 2 - 9 are given 1ln the Appendix.
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A B LE 3-1
EQUIVALENT Th ,U AND K CONCENTRATIONS
PROFILE )

STN |erh (ppm) | @U(ppm) K (/o) ey : erh
1 132-7 83.1 L4 0-62
2 139-9 71.0 6:6 0-51
3 125.0 79 .1 63 0.863
[A 104 .5 61.0 3.6 0.58
5 075!0 37;4 1'7 0\ 50
6 082-7 33'2 1-9 O"O
7 080-3 37.4 2.9 046
8 0928 504 20 0,54
9 130.8 61-6 L 047
10 123 .7 65.0 6.5 Q-52
n N3.3 65-8 4.0 0.58
12 143 . 64°5 7-0 0-45
13 1428 68.9 65 0+48
14 139.6 65+5 6.7 0:47
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CHAPTER FOUR

DATA ANALYSIS AND INTERPRETATICONS

Analysis of pata

In chapter three, the method of data collection
was discussceds. Treatment of data to obtain element
concentraltions from counts were also detalled in the
same chaptere 1In this chapter, the results obtained
are going to be analysed to characterise U and or Th
occurrence in the area surveyed. The concentrations of
uranium, ey, Thorium, eTh and potassium K(%) determined
from the spectrometer readings using equation (3.7)
(3.8) and (3,9) are given in Table 3.1 and in the Appendix
In order Lo actually characterise the anomaly considered
in terms of its radioelement contents, the contour maps
of Total Count (Figure 4.1), frequency distribution
curve, (Figure 4.2), uranium concentrations contour map,
(Pigure 4.3), thorium concentrations contour map,
(Figure 4.4), Potassium concentrations contour map,
(Figure 4,5) and the ratio of uranium to thorium
concentrations contour map, (Figure 4.6) were drawn.

The total count contour map can be used to
delinate areas of sources of radiations (radioactive
source areas)., This can be achieved by determining a
reference background count, the peak intensity
(the highest contour value) of the source of radiation
and the half maximum, which is the contour midway
between scme reference bachround and the peak intensity
of the source of radiation, The contact between

lithologic units in this procedure 1is considered to be
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the contour at the half-maximum. In this study, the
reference background was deduced using a frequency
distribution curve (Figure 4,2), It is a normal
distribution curve. The mode gives a count of 4500 c/s
and this is taken as the reference background for the
area,

The tolkal count map (Figure 4.1) shows that
anomalous gamma ray counts occur at the north-eastern,
southern and in the south~eastern parts of the study
area, For the anomaly at the north-eastern part of the
area, the peak intensity (the highest contour value)
is 6000 ¢/s5. The reference background was found to be
4500 c¢/s, hence the half maximum is approximate areas
of the source of radiation which produce this anomaly
is bounded by the 5500 c¢/s contour line. For the
anomaly at the Southern part, the peak intensity is
5000 c¢/s contour. Similarly for the anomaly at the
$outh=eastern part, the peak intensity is the 6500 c/s.
The half maximum is then the 5500 c/s contour line.

These areas of sources of radiations are shown in
Figure (4.7)e

In order to determine on which rock type these
anomalous radicactivity readings occur, the geology of
the arca Figure (1.2) was compared with the Total Count
map (Figure 441). This was done by superimposing the
geological map of the area on the Total Count map.

The resulting map (Figure 4.8) shows that the anomalies

occur in all rock types in the area suggesting that
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the radiation could have originated from the soil cover.

This may be the case because all the common rock types
in the area and the soils derived from them contain
a significant amount of the naturally radiocactive
elements..'I

The mineral potentials of the anomalies reflected
on the Total Count map were assessed by thorough
analysis in order to delineate areas of radioelement
anomaliese. This was done by statistical analysis,
determining threshold values (upper limit of normal
background values) of eU, eTh and eU: eTh. Frequency
distribution tables were drawn from which the mean and
the standard deviation from the mean were calculated
using standard statistical formula (Tables 4.1 - 4.3).

For class intervals with equal size ¢, the median

obtained by interpolation 1s given by

N/2 - (ZE) j
)

median = L1 + i
f

median

where L, = lower class boundary of the median class
' (ie the class containing the median)
N = HNumber of items in the data

(S F). = gum of frequencies of all classes lower
i

than the median class)

. (Spiegel, 1981).
fmedian = frequency of median class
C ‘u size of median class interval.

The 50% confidence interval for the mean values

3
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TABLE 41
FREQUENCY DISTRIBUTION JABLE
CLASS INTERVAL| Lifppm) | FREQUENCY| CUMMULATIVE | #iiLi~ L )2
e ippm) T freq. ST
0 - 4.5 0 1 1 §85.64
5 -9.5 475 0 1 0.
10 - 145 9,75 ] 2 208-80
15- 195 14.75 1 3 89.10
20- 245 19-75 15 18 297.04
25 - 295 2475 1 29 3-33
30 - 345 2098 12 31 36963
35 — 395 34.75 23 54 2559 .95
40 ~ 465 3975 18 72 435244
45 — 49.5 4475 14 86 §912.23
50 — 56.5 49.75 16 102 104644 -8
55 — 50.5 59.75 8 110 7466 .42
60 - 64.5 59.75 12 122 1516563
§% - 695 8475 13 138 21375.93
70 — 5 69.75 3 13 8 622 440
75 — 795 7475 3 141 7665 .91
80 — 865 7975 2 143 6171.60
85 — 895 84.75 2 145 7332.60
90 _ 945 89.75 1 146 4296-80
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TABLE 4-2

FREQUENCY DISTRIBUTION TABLE
CLASS INTERVAL| Lilppm | |[FRE QUENCY|CUMMULATIVE| fifLi—T )2
2/ &Th (i) freg: '- |
0 — 0-09 0 : 1 0-4225
|
040 — 0-19 0-095 2 3 0-616 0
020 - 0-29 0-195 7 10 1.4 491
030 — 0-39 0-295 17 27 2.16 24
040 _ 049 0.395 40 67 2.6010
0.50 — 0.59 0.496 38 )05 0.9128
|
0.60 — 0.69 0-595 22 127 0-0665
0.70 — 0.79 0.695 1 138 0-0222
0.80 — 0-89 0795 7 145 01472
0-90 - 0-99 0-895 3 148 011801
1.00 - 1-09 0995 2 150 0.2380
1410 _ 119 9+0 95 1 151 01980
1.20 - 1-29 1196 0 161 0
1.30 — 1.39 1.295 1 152 04160
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TABLE 4.3
_FREQUENCY DISTRIBUTION TABLE_
CLASS INTERVAL | Li lppm) |FREQUENCY|CUMMULATIVE| fi (Li- 112
dTh {ppm) (i) freq-
200 - 299 19.95 2 2 9814.00
30.0 — 39.9 29.95 6 8 2163601
40:0 - 49-9 39.95 3 11 7615-01
50:0 - 59.9 49.95 2 13 3208-00
60-0 - 69.9 59.95 22 35 1986605
70.0 — 799 6995 24 59 964 8.06
80.0 - 89-9 79.95 28 87 282807
900 - 99-9 89-95 25 112 0-06
100-0-1089 99:95 13 125 1287.03
110.0-119-9 108-95 14 139 5527.03
120-0-129-9 119:95 4 143 358801
130-0~136-9 126.95 5 %8 798001
1%0.0 - 1499 13§l95 6 164 149700
1500 - 159.9 1%9.95 0 154 0
L190.0 —169.9 159-95 2 156 9786-00




| - 63 -

(L) was oblained from the equation

Xy 1.645s [N, - 7w

L = e P
| N_’ —I LA B B BN B B N N RO I (4.2)
_ d N . E
where‘x = estimate of the true mean
8 = standard deviation
NP = Total number of stations 1n the field.

and the standard deviation (3) is given by
s U AY FRO PR L)zj
: ""'"N“"‘:T—"' L N N N N Y Y Y N EE R (4.3)

Lower l1imit of the class intervals

whetre Li

The median can he taken as the mean, hence X in (4.2)

can be replaced by L ie
|

—

—

The threshold value LB was taken as the upper range of

(4.4)

equation (4.4) That is
L, = L+ 1.645 35
[w

|
The values of eU, eTh and eU: eTh exceeding their

L BN BN B N R N NN B BN ) (4.55

threshold values were considered anomalous (Dewu, 1986).
Details of this for the individual elements is given
in the proceeding section.

:
Geochenical Conslderations

geochemical techniques have been used in
exploraltion programmes for many years. The techniques
have been used in mineral exploration by'chemical
analysis of samples collected as a méans of delineating
interests in terms of mineral ore potential or

areas of
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as a follow-up to surveys by other techniques, Geo-
chemical Leclhiniques have found application in the later
stages of exploration simply because gamma ray techniques
have found application in the later stages of exploration
simply because gamma ray techniques are faster and
cheapor, Gahma ray surveys in U explorations have
limitations cspecially when they are carried out in
granitic terrains, oOften only qualitative interpretation
1s possible from such determinations. This is partly
because Lhe measurements are based on one of the
daughters in the decay series and the U decay series
frequently is not in radicactive equilibrium. Also,

even a thin overburden can absorb gamma rays when
radioactivity occurs so that deposits may not be detected
during routine surveys. Therefeore, at a certain stage

in an exploration programme the need to use geochemical
investigations becomes necessary.

The basic principles of geochemical investigations
in the eucrth sciences concern the determination of the
relative abundances of elements and then relating such
abundances to the physico - chemical conditions in the
immediate envirenment of investigation. 1In recent years,
considerably improved detection limits for most of the
elements have increased the reliability of chemical
analysis and hence the application of geochemical
technicquese Uranium in geological samples, for example

can now be detected within the part per billion (ppb)

range (Dewu, 1989).
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There ave several analytical techniques in
geochemiery. A major decision to be taken prior to C
the start of routing sampling is that of determining
whethar samples should be analysed in the field or at
a home laboratory. This will depend on the analytical  ,
method to be employed the availability of local
facilities and personnel and the requirements of the
field scientist in relation to follow up investigations.
The commonest practice at present is to undertake all
analysis at @& home laboratery although field laboratories
have proved successful in scome circumstances. Analytical
techniques currently available include

i) Pluorimetric

11) Gamma spectrometry
iii) X - ray fluorescence

iv) Colorimetry

v) Neulron activation analysis

vi) Atomlc absorption spectroscopy
vii) Chromatography
The Pluorinetry is the most important method used for
the analysis of uranium because it is extremely
sensitive for example in waters as little as 0:2 pph
uranium can be detected, and in rocks 1ppm is easily
attainable (Levinson, 1974).

the average chemical abundances of thorium and
uranium in various igneous rock types are shown in
Table 1.2 o+ The table shows that in general, the

thorium and uranium contents of lgneous rocks increase
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with increosing acidity or silica content. Thus, the
average Lhorium and uranium contents of basic
inkrusive rocks are only about one guarter of those
given Tor gronites, Ultrabasic rocks are exceptionally
low in both elements, and theilr determination in these
rocks 1g particularly difficult (adams et al, 1954).

Many studies have shown that thorium and uranium
in intrusive rocks are concentrated in accesseary
minerals, clither as separate grains or as inclusions in
which most of the reported thorium and uranium contents
of both.major and accessory minerals fall. |

The average abundances shown Ln Tabld 1.3 shows that
accessory minerals apparently contain much of the thorium
and uvranium in silicic intrusive rocks, It is possible
that the thorium and uranium apparently incerporated in
the various major minerals of the rocks (plagioclase,
pyroxenc and others) are actually concentrated in
submicroscoplc grains of accessery minerals,

The ground gamma-ray spectrometric data in this
study indicates that the equlvalent uranium concentratlion
ranges From 0 to 88.1 ppm and equivalent thorium
concentrations ranges from 23.1 ppm to 147.,1 ppm. These
rasults show an above averaye concentrations of uranium
and thoriun in igneous rocks compared with known standard
concentrations in these rocks (Table 1.2), Thils may
suggest possible low grade uranium mineralization as the
uranium and thorium may be concentrated in grains of the

accessory minerals (Table 1.3). However, the average
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concentrations are belleved to increase with a decrease
in the aye of intrusions. Therefore if the samples
contain as much uranium and thorium as suggested by the
gamma=ray spectrometric data, an independent laboratory
analysls of rock samples from the area need be carried

out,

Interpretations of pata

Methods of determining thresholds from statistical
data are detailed above. This is used to analyse y
concentrations as determined in this study. uysing
equations (4e1), (4.3) and (4.5) and Table 4.1, the
threshold value of el was found to be
L = 24.18 + 0.18

B
L. = 24.4 ppm 2 25 ppm

B
Those arcas where ey concentration exceeded 25.0 ppm were
considered as areas of anomalous el concentrations., From
the above analysis, it can be seen that uranium anomalles
occur in the westernycentral part and the South-eastern
part oI the surveyed area, There are also smaller
anomallies spread all over the area. Thus about thirty
percent of the area is uranium anomalous (Figure 4.3),
Areas outside the anomalous zones were also surveyed to
see if some onomalies were missed during the aero-
radiometric survey., From the distribution of U anomalous
zones in the area surveyed (Figure 4.3), it can be seen
that uranium anomalies could be found outside areas

delineated as thorium anomalous zones as shown on the

asro-radionetric map of the area.
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senerally, the relative abundances of U, Th énd K
remaln relalively constant over a wide range of rock
types (Darnley, 1973). 1In order to actually
characltoerise the U content, the ratio eu: erTh was
therefore useds From the point of view of economic
potentialy the most promising areas of uranium
mineralization are those areas of colnciding eU and eUserh
anomalies (Darnley 1973), using Table 4.2 and the
set of equations above, the threshold value of ey : eTh

was found Lo be

Ly = 0.68 ppm
From this value, only the anomaly in the central portion
(Figure 4.6) can be considered anomalous. Comparing
this wikth eouU anomalies, the most probable areas of
uraniun nineralization were mapped out in Figure 4.9.
Also, sone of the uranium anomalies are coincident with

anomalies on the Total Count map. This may indicate

uranium enrichment in the area generally.

The contour map of thorium concentrations is as
shown in Fiqure 4.4. The map shows that there are well
defined eTh anomalies in the area. Again using Table 4.3
and equation (4.1), (4.3) and (4.5), the threshold value
was found to be

L, &= 80 ppm
All arcas bounded by the 80 ppm contour line and above

are considered anomalous. This indicated that the

central nart and the jouthern part ot the surveyed area



i 69
, 8°48'03" 48 04"
10°% 087 017"
S
4
.3
o
v“"_" 48'02 x‘
'Il:r. ' I
PN e \d
B o
i
w o
10‘13'!0".“.0‘, 'ﬁ' "‘
Fio.4.9'MAP SHEWING AREAS OF MOST PROBABLE URANIUM MINERALIZATION
9 ¥
EALLANALIQNS .
& Areas of coniciden! €U bAd €U 5 €Th “anomates
oo
| - R



- 70 -

are thorium anomalous., Thus about fourty percent of

the arca surveyed is thorium anomalous. Areas outside
the anomalous gone investigated were devoid of thorium
anomalless These results agree with the findings of the
aero-~radiomelric survey. In most cases, areas of high
eTh concentrations coincided with areas of high ey
concentrations, These are malnly areas of exposed
outcrops.

Figqure 4.5 shows the contour map of potassium
concentrations. The map shows that potassium anomallies
are absent in the area surveyed, though potassium
concentrations were as high as 10% in some stations.

In some of the points however, K(%) was not detected or

K valuos srere insignificant.
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CHAPTER FIVE

DISCUSLIONS AND CONCLUSIONS

Discussion of Results

S—- -

The contour map of the Total Count (Figure 4,.1)
revedls some anomalies. The sources of radioactivity
in the area surveyed were identified from this map,
some of these sources correspond with areas of eU and
eTh anomliese, From these analyses and the computed
values of Lhe individual elements concentrations,
uranium and thorium were identifled as the main sources
of radioactivity in the area surveyed. The contribution
of potasgiun is also significant because at some stations,
extremely high K values were recorded even though in

most of the stations its concentration is negligible.

The contour maps of the individual elements and
the contonr nap of eUgeTh also reveal some anomalies,
One of Lhe anomalies on the eUieTh map is coincident
with ey anonalles. This same anomaly is also coincident
wilith some eth anomalies (FPigure 4.6). From the
analyses of eU and eUseTh contour maps, the most
probable areas of uranium mineralization constitute
about 20} of the total area surveyed. These are areas
of coincldent ey and eyseTh anomalies and occur on all
the roclk Lypes of the area. Results of etrh anomalies
also show that about 40% of the area 1s thorium anomalous,
It must be stressed that these results were obtained
assuming sccular equilibrium in the U and Th decay

sericse The problems disequilibrium pose in simple
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w B =
four-channel gamma - ray spectrometry can not be

over emphasised,

Conclggious and Recommendations

Using a portable four-channel gamma ray spectro-
meter, ground gamma ray spectrometric technique was
used to detormine the concentrations of U, Th and K
for the arca surveyed. The results obtained show
that thorlum concentrations are greater than the

uranium concentrations, Ppotassium concentrations also

negligibles 1In conclusion, the presence of uranium,
thorium and potassium can be inferred from this study,
The study hos also shown that there is preferable
enrichment of uranium to the other two elements in the
area, FProa the foregoing discussions, the study has
thus proved the posslibility of the existence of uranium
minerallizatlon in the area, The only problem is
deternining the nature of the uranium ore, the ore
grade, i1ts mode of occurrence and the viability of it
recoverye

AS a follow-up to this study detailed geochemical
studies con be carried out to determine the uranium
concentrotions and study equilibrium preclse position
in the uranlum decay series, If need be, detailed
studies can nlso be carried out to determine the nature
of the uranium ore and its grade. Diamond drill holes
can alco be sunk at some of the areas delineated as
areas ol nost probable uranium mineralization to confilrm

the possibility or otherwise of uranium mineralization

in the area.
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