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Abstract 
Results of natural gamma logs in 39 deep wells have been used for estimating 

distributions of radioelements (Uranium, Thorium and Potassium) in the Namorado oil 

field of the Campos basin, in the southeastern continental margin of Brazil. The 

methodology adopted makes use of an optimization program based on simplex algorithm 

in inverting results of gamma and density logs for determinations of radioelements and 

radiogenic heat production. Successful application of the method has been verified using 

both synthetic and real data. Test runs with synthetic data are found to provide results 

within 95% confidence level. Tests with real indicated agreement within the limits of 

experimental uncertainty. Analysis of results for Namorado oil field have allowed 

identification of characteristic features in the vertical and lateral distributions of 

radioactive elements. Most of the sand and shale sequences in this oil field area are 

characterized by relatively low concentrations of uranium, generally in the range of 0.5 

to 5ppm. On the other hand, concentrations of thorium are found to be relatively high, 

with values generally in the range of 2 to 10 pm. Potassium abundances are found to fall 

in the normal range of 1 to 8%. Maps of the spatial distributions of radioelement 

abundances and radiogenic heat indicate the presence of sinuous belts that are nearly 

coincident with the trajectories of turbidity currents inferred in geologic studies. It is 

proposed that the method of the present work may be used to map migration trends of 

radionuclides during subsidence history of continental margins. 

1. Introduction 

Measurements of natural gamma radiations are usually carried out as part of standard 

geophysical well logs in petroleum exploration wells. It is customary practice to express 

the results of such logs, designated usually as GR logs, in API units, which is an 

integrated measure of gamma radiations emitted by the naturally radioactive elements, 

present in the geologic medium adjacent to the well bore [1]. Usually, the radiation 

detectors employed in natural gamma logs are of low energy resolution and are incapable 

of providing information on the abundances of natural radioelements (uranium, thorium 

and potassium) that contribute to the overall sensor response. Consequently, availability 

of well logs providing abundances of radioelements (U, Th and K) are considerably 

limited. This problem has led to major difficulties in understanding the specific patterns 

of migration and transport of individual radionuclides in sedimentary environments. 
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In many cases however, such difficulties can be overcome 

by employing methods based on the SIMPLEX algorithm, 

widely used in linear programing[2]. For example, the 

proposed approach has the advantage that it can easily be 

adapted for extracting information on abundances of natural 

radioelements (U, Th and K) from results of natural gamma 

ray (GR) logs of deep oil wells. In the present work, we 

report results obtained in determining relative abundances of 

radioelements from data on natural gamma ray (GR) logs of 

oil wells in the Namorado petroleum field in the Campos 

basin, situated in the southeast continental margin of Brazil. 

2. Study Area 

The Campos Basin is the most prolific oil-producing basin 

in the western South Atlantic, with more than sixty 

hydrocarbon accumulations, currently accounting for about 

80% of Brazilian oil production. The main oil accumulations 

occur in the Namorado sandstone of lower Cenomanian age, 

which composes the sedimentary sequences in the upper 

parts of Macaé formation. Analysis of core samples 

recovered in exploratory drilling have allowed identification 

of depositional sequences [3, 4, 5]The main reservoir is 

actually a succession of sandstones interbedded with layers 

of marga, shale, silt and calclutites with bioturbation. 

The locations of the main oil fields of the Campos basin 

are indicated as yellow colored patches in the map of Fig. 

1.Note that most of the oil fields are situated along a NE – 

SW trending belt, between the shallow and deep-water 

sections of the Campos basin. The present work has been 

carried out using data acquired in wells drilled in the 

Namorado oil field, the location of which is indicated by the 

black square in this figure. Results of exploratory drilling and 

detailed seismic surveys have allowed identification of the 

limits of the Namorado oil field. These are indicated as white 

colored narrow belts  in Fig. 2. Also indicated in this figure 

are the five major internal blocks of this oil field, as well as 

areas of accumulations of oil (patches of dark green), gas 

(patches of yellow) and water (patches of light green). The 

locations of exploratory wells, referred to in the present work 

are indicated as white dots. 

 

Fig. 1. Location map of the Campos basin, in the continental margin of southeast Brazil. The yellow colored patches indicate the main oil fields. The black 

square indicate the location of the Namorado oil field, referred to in the present work. 
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Fig. 2. Map of the Namorado oil field in the Campos basin, indicating internal blocks that host accumulations of oil, gas and water. The white dots indicates 

locations of exploratory wells referred to in the present work (Adapted from [6]). 

Seismic surveys [7] coupled with analysis of stratigraphic 

sequences have allowed development of depositional models 

that outline the turbidity deposits in oil field areas of the 

Campos basin. A remarkable feature in the results of these 

models are the presence of channel like features extending 

from the continental margin to the deep-water sectors of the 

basin. According to the evolutionary model proposed by [8], 

turbidity currents had its beginning in the early periods of 

deposition but the channels associated with currents were 

covered sediment depositions during later periods. An 

example of the evolutionary sequences considered in such 

model sis reproduced in Fig. 3. 

 

Fig. 3. Model of evolutionary sequences of Turbidite in the Campos basin (adapted from [8]). 
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3. Methodology 

In the present work, use has been made of a procedure 

based on the simplex algorithm in determining relative 

abundances of radioelements from results of natural gamma 

logs of oil wells in the Namorado petroleum field. The 

simplex is a popular method for solving problems in linear 

programming. It tests adjacent vertices of the feasible set 

(which is a polytope) in sequence so that at each new vertex 

the objective function improves or is unchanged. The shape 

of this polyporeis defined by the constraints applied to the 

objective function. If the objective function has a minimum 

value on the feasible region then it has this value on (at least) 

one of the extreme points [9]. This in itself reduces the 

problem to a finite computation since there is a finite number 

of extreme points. There is a straightforward process to 

convert any linear program into one in standard form so this 

results in no loss of generality. 

The standard formulation of linear programing problem is 

minimization of a linear objective function subject to linear 

inequality constraints. In vector and matrix notation, we may 

write: 

min z = cx                                      (1) 

subject to the condition that 

Ax≤b                                          (2) 

wherez is the linear objective function to be minimized, x = 

[x1, …, xn]
⊥
 is a column-vector of n non-negative decision 

variables,  c = [c1, …, cn ]is a row-vector of coefficients, A an 

n×m matrix of constraints, and b = [b1, …, bm]
⊥
a column 

vector of coefficients. The constraints may be two sided 

bmin≤Ax≤bmax or with lower and upper bounds xmin≤ x ≤xmax. 

In the case of models with two decision variables, each linear 

inequality constraint divides the plane into feasible and 

infeasible regions. The first one is a convex polygon formed 

as the intersection of these regions. The objective function is 

a direction in the plane. The optimum solution is always in 

some corner of this polygon. 

The computational procedure adopted in the present work 

makes use of the function “LINPROG” in MATLAB [10]. 

The objective function adopted for this purpose is the relation 

for radiogenic heat (A): 

)48.356.252.9(10]/[ 53

KThU CCCmWA ++= − ρµ          (3) 

In the above equation (proposed initially by [11, 12]), Cu 

and Cth are respectively the abundances of uranium and 

thorium in ppm, Ck is abundance of potassium in percent and 

ρ is density in kg/m
3
. The constraints applied to the objective 

function are based on the relation between intensity of 

radiation in gamma ray logs (GR) and concentrations of 

radionuclides as described in equation (3): 

0.5)40.277.157.6(10 3 +++= −
KThUobs CCCGR ρ          (4a) 

8.0)20.262.103.6(0 3 +++≥ −
KThUobs CCCGR ρ     (4b) 

In addition, it was found necessary to adopt suitably 

selected values for the concentrations of radionuclides in 

limiting the process of optimization. In the present case, the 

following values selected, based on data reported by [13] and 

[14]: 

U
0.0 C 6.0ppm≤ ≤ ,    Th

0.0 C 20.0ppm≤ ≤ , K
0.0 C 15%≤ ≤   (5) 

 

Fig. 4. Results of tests with synthetic data for a hypothetical well. Red curves indicate synthetic data before optimization while blue curves represent results 

obtained after the optimization. The column on the right indicates the lithology (Si – Silt; Sa – sandstone; Ca – Calclutite; Sh – Shale) 
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Fig. 5. Results of tests with data reported in works of Reyes (2008) and Sapucaia et al (2005). Red curves indicate synthetic data before optimization while 

blue curves represent results obtained after the optimization. 

 

Fig. 6. Vertical variations of radioelementsin well Na-01. The left panel indicate variations associate with litho logy. The numbers in the left column of this 

panel indicates the litho types identified in core analysis (6 – Coarse grained sandstone; 8- Medium grained sandstone; 9- Cemented sandstone; 10- 

Intercalated sequence of shale and sandstone). The right panel indicates variations of radioelements associated with changes in volume of feldspar.  

The operational aspects of the computational procedure 

were verified using test runs employing both synthetic and 

real data[15].The results of tests with synthetic data for a 

hypothetic well cutting across six different rock types is 

presented in Fig. 4. The results of tests with data reported in 

the works of [16] and [17] are presented in Fig. 5. In both 

figures, the red curves indicate synthetic data before 

optimization and the blue curves represent results obtained 

after the optimization. It is clear that the computational 

scheme employed in optimization process has been 

remarkably successful in reproducing the abundance values 

within the limits of experimental errors. 



34 Eara de Souza Luz Oliveira and Valiya M. Hamza:  Distribution of Uranium, Thorium and Potassium in the Upper Macaé 

Formation, Campos Basin, Brazil: Estimates Based on Natural Gamma Ray Logs 

4. Comparison with Results of Core 

Analysis 

Comparison with results of core analysis of deep wells is 

another convenient means of evaluating the relative merits of 

the methodology described in the previous section. A careful 

examination of the data set provided by the National Agency 

for Petroleum (ANP) allowed selection of four wells (Na01, 

Na04, Na07 and Na11) for which results of core analysis and 

natural gamma ray logs were available. According to results 

of core analysis, the lithological sequences encountered in 

well Na01 are mainly sandstones, diamectites and layers with 

intercalated sequences of shale and sandstone. The nature of 

vertical variations of radioactive elements associated with 

changes in lithological sequences of well Na01 is illustrated 

in the left panel of Fig. 6. Eleven litho-facies (five in the 

interval of 2971 to 2990m and six in the interval 3005 to 

3021 m) have been identified in well Na01. Results of core 

analysis have also allowed determination of feldspar minerals 

[18].The right panel of Fig. 6 illustrates the variations in 

volume of feldspar and its remarkable correlation with the 

distribution of radioelements. 

5. Gamma Ray (GR) Logs and 

Radiogenic Heat Production 

Comparison of the results of natural gamma ray logs with 

vertical distributions of radionuclides derived using the 

SIMPLEX method have been attempted for four wells in the 

Namorado oil field. The results for well Na01 are presented 

in Fig. 7, where the left column indicate the record of gamma 

ray log and the middle column the vertical variations of U, 

Th and K. The red and black colored curves in the middle 

column indicate distributions of thorium and uranium 

(abundances in ppm) respectively. The potassium abundances 

(in %) are indicated by the blue curve. Note that the uranium 

abundances (in ppm) are extremely low compared to those of 

thorium. 

 

Fig. 7. Comparison of natural gamma ray log and vertical distributions of radioelement abundances (U, Th and K) and radiogenic heat production in well 

Na01. 

The vertical distributions of radionuclides are presented in 

Fig.8 for wells Na-04 and Na-07. As in the case of Fig.7 the 

red and black colored curves in the middle panel indicate 

distributions of thorium and uranium (abundances in ppm) 

respectively. The uranium abundancesare extremely low 

compared to those of thorium. The distribution of potassium 

follows trends that are similar to those of thorium. The litho 

logical sequences encountered in these wells include mainly 

sandstones, siltstones, shale and marga,diamectites and layers 

with intercalated sequences of shale and sandstone. 
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Fig. 8. Comparison of natural gamma ray logs and vertical distributions of radioelement abundances (U, Th and K) and radiogenic heat production (RHP) in 

wells Na-04 (upper panel) and well Na-07 (down panel). 

6. Lateral Variations of Radio 

Elements in the Namorado Oil Field 

The availability of results of the optimization process 

based on natural gamma ray logs provides an opportunity to 

examine spatial distributions of radioelement abundances. In 

the present work, results of natural gamma ray logs for 39 

wells were employed for determining spatial distributions of 

radioelement abundances in the Namorado oil field. 
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The map of Fig.9 illustrates the distribution of uranium at 

the depth level of 3100 meters. Note that the range of values 

are in the interval of 0 to 5 ppm. Most of the Namorado oil 

field is characterized by uranium values of less than 1 ppm. A 

remarkable feature in this figure is the presence of an 

approximate north – south trending narrow belt where values 

of uranium higher than 2 ppm occur. Note that the belt is 

wider at the northern sector compared to that in the southern 

sector. It is a consequence of relatively high values of 

uranium in wells situated along channels of turbidity flows, 

proposed by [8]. Distributions of thorium and potassium 

values, presented respectively in the maps of Figures 10 and 

11, also reveal similar patterns. 

The maps of Fig.10 illustrate the distributions of thorium 

and potassium at the depth level of 3100 meters. The thorium 

values are in the range of 4 to 10 ppm while potassium is in 

the range of 2 to 8%. The northern sectors of the oil field are 

characterized by relatively high values relative to those in the 

southern parts. Another notable feature is the presence of 

channel like feature identified in Fig. 9. 

 

Fig. 9. Map of the spatial distribution of uranium at the depth level of 3100m, in the main sector of the Namorado oil field, Campos basin. 
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Fig. 10. Maps of the spatial distribution of thorium (upper panel) and potassium (lower panel) at the depth level of 3100m, in the main sector of the Namorado 

oil field, Campos basin. 

A summary of the mean values of radioelement 

abundances is presented in Table 1, for the main rock types in 

the Namorado oil field. Interlaminated sequences of silt, 

shale and sandstone are found to have GR log values in 

excess of 80API units. Conglomerates and brecciaare found 

to have GR log values less than 50 API units. The remaining 

rock types have API values in the interval of 50 to 80. 

Table 1. Values of mean and standard deviations of natural gamma ray logs and abundances of U, Th and K. 

Rock Type GR (API) U (ppm) Th (ppm) K (%) 

Interlaminated silt and shale 100.2 ± 1.8 2.5 ± 0.8 9.8 ± 0.2 7.3 ± 0.3 

Stratified silt and clay 99.4 ± 0.6 1.1 ± 0.5 9.4 ± 0.2 6.7 ± 0.2 

Radioactive shale 99.2 ± 5.5 0.7 ± 0.4 9.2 ± 0.2 6.5 ± 0.2 

Interlaminated sand, bioturbated 89.3 ± 3.0 0.04 ± 0.01 7.9 ± 0.2 5.2 ± 0.2 

Shale and silt /Marga bioturbated 73.5 ± 4.9 0.03 ± 0.03 8.3  ±0.5 5.6 ± 0.4 

Marga, bioturbated 71.8 ± 1.9 0.03 ± 0.01 8.01± 0.3 5.3 ± 0.2 

Intercalated sandstone and shale 58.4 ± 4.4 0.10 ± 0.04 6.8 ± 0.3 4.3 ± 0.5 

Interlaminated argillaceous silt 55.2 ± 6.4 0.18 ± 0.07 5.8 ± 0.8 3.5 ± 0.6 

Medium grained Sandstone 52.7 ± 2.8 0.14 ± 0.04 6.4± 0.4 3.9 ± 0.4 

Conglomerates, carbonated breccia 29.6 ± 1.8 0.55 ± 0.03 2.3 ± 0.3 0.7 ± 0.2 

 

7. Conclusions 

According to results of the present work, most of the sand 

and shale sequences in Namorado oil field are characterized 

by relatively low concentrations of uranium. At 3100m depth, 

the concentrations of uranium values generally in the range 

of 0.5 to 5ppm. On the other hand, concentrations of thorium 

are found to be relatively high, with values generally in the 

range of 2 to 10 ppm. Potassium abundances are found to fall 

in the normal range of 1 to 8%. A summary of minimum, 

maximum and mean values of the radioelement abundances 

and heat generationare given in Table 2, for the depth level of 

3100 m. 

Table 2. Values of mean and standard deviation of radioelement abundances (Cu, Cth and Ck) along with respective values of upper and lower limits. 

Description CU(ppm) CTh(ppm) CK(%) Radiogenic Heat Production(µW/m3) 

Mean 0.7 5.1 3.5 0.6 

Standard Deviation 0.6 1.4 1.1 0.4 

Upper Limit 4.2 9.5 7.4 1.3 

Lower Limit 0.6 2.3 1.6 0.3 
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Maps of the spatial distributions of radioelement 

abundances and radiogenic heat production indicate the 

presence of sinuous belts that are nearly coincident with the 

trajectories of turbidity currents inferred in geologic studies. 

There are indications that these belts are characterized by 

relatively high values of uranium, thorium and potassium. It 

is proposed that the method of the present work may be used 

to map migration trends of radionuclides during subsidence 

history of continental margins. 
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