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Abstract: 21 

Coffinite (USiO4) is a common uranium-bearing mineral of roll-front uranium deposits. This 22 

mineral can be identifiedby the visible near infrared (Vis-NIR) portable field spectrometers 23 

used in mining exploration. However, due to the low detection limits and associated errors, 24 

the quantification of coffinite abundance in the mineralized sandstones or sandy sediments of 25 

roll-front uranium deposits using Vis-NIR spectrometry requires a specific methodological 26 

development. 27 

In this study, the 1135 nm absorption band area is used to quantify the abundance of coffinite. 28 

This absorption feature does not interfere with NIR absorption bands ofany other minerals 29 

present in natural sands or sandstones of uranium roll-front deposits. The correlation between 30 

the 1135 nm band area and coffinite content was determined from a series of spectra 31 

measured from prepared mineral mixtures. The samples were prepared with a range of 32 

weighted amounts of arenitic sands and synthetic coffinite simulating the range of uranium 33 

concentration encountered in roll-front uranium deposits. 34 

The methodology presented in this study provides the quantification of the coffinite content 35 

present in sands between 0.03 wt% to 1 wt% coffinite with a detection limit as low as 0.005 36 

wt%. The integrated area of the 1135 nm band is positively correlated with the coffinite 37 

content of the sand in this range, showing that the method is efficient to quantify coffinite 38 

concentrations typical of roll-front uranium deposits. The regression equation defined in this 39 

study was then used as a reference to predict the amount of natural coffinite in a set of 40 

mineralized samples from the Tortkudukuranium roll-front deposit (South Kazakhstan). 41 

 42 
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1. Introduction 45 

Field-based visible near infrared (Vis-NIR) reflectance spectroscopy has been routinely used 46 

in mining exploration for over 30 years. It is a robust and low-cost technique that can be 47 

applied in the field to identifyminerals with absorption features between 350 and 2500 nm. 48 

This technique can also be used to semi-quantify the abundance of the main minerals that are 49 

encountered in the alteration halos surrounding the ore deposits. Several publications have 50 

discussed the use of Vis-NIR spectroscopy to characterize ore (Ramanaidou et al., 2015; Dill 51 

2016), to map the distribution of minerals associated withore deposits through airborne or 52 

space-borne hyperspectral sensors (Kruse et al., 2003) and to identify in situ gangue minerals 53 

and associated alteration halos during mining exploration phases (Hunt and Ashley 1979; 54 

Pontual et al., 1997; Herrmann et al., 2001; Hauff 2008). This technique has been recently 55 

used for the exploration of volcanic-type uranium deposits (Xu et al., 2017) and 56 

unconformity-type uranium deposits (Mathieu et al., 2017). In both cases, the identification of 57 

alteration mineral zones has been used as proxies for uranium ore.  58 

In addition, recent developments in the synthesis of uraniferous minerals (Clavier et al., 2014; 59 

Mesbah et al., 2015) and in Vis-NIR spectroscopy (Baron et al., 2014) have showed that this 60 

field technique is an efficient tool to identify minor amounts of uranium bearing minerals 61 

within the coffinite-uranothorite series in rocks surrounding uranium deposits. Moreover, the 62 

determination of a spectral feature, which i) did not interfere with any other Vis-NIR bands of 63 

most rock-forming minerals that occur with coffinite, and ii) remains unaffected by 64 

compositional variation of the coffinite-thorite solid solution series(Baron et al., 2014), offers 65 

new opportunities for a quantitative approach (Andrews et al., 2017). 66 

The goal of this study is to use the 1135 nm absorption band area in order to: i) determine the 67 

detectionlimit of coffinite in artificial sands made of mixtures of known proportions of quartz 68 

and synthetic coffinite (which simulate the sandy formations hosting the uranium within the 69 



 

 

roll-front); ii) determine a regression equation between the area of the 1135 nmabsorption 70 

band and the amount of synthetic coffinite mixed with quartz in sands mixtures; iii) use this 71 

linear regression equation as a reference to quantify natural coffinite abundances in a set of 72 

mineralized samples of the Tortkudukuranium roll-front deposit (South Kazakhstan); and iv) 73 

discuss the validity of the obtained quantification method using the mineralogical data of the 74 

Tortkuduk uranium ore deposit. 75 

 76 

2. Geological context 77 

The Tortkuduk uranium roll-front deposit belongs to the Muyunkum mining district, one of 78 

the major uranium deposits of the Shu Saryssu basin located in the South Kazakhstan 79 

(Yazikov 2002; Dahlkamp 2013). Such uranium depositsarecharacterized by low-grade and 80 

high tonnage reduced uranium mineralization hosted in roughly consolidated sand or 81 

sandstones. Roll-front deposits are typically divided in two compartments named after the 82 

redox condition prevailing in the sandy formations.Mineralization occurs at the redox 83 

frontwhereas reduced compartments are located ahead of uranium mineralization. Oxidized 84 

compartments are located behind and are typically depleted in uranium as the redox front 85 

progresses toward reduced formations. Information on both the geology and the mineralogical 86 

characteristics of the sandy formation hosting the roll-front uranium deposits of Tortkuduk are 87 

reported inBen Simon (2009), Munara (2012), Dahlkamp (2013), Mathieu et al. (2015) or 88 

Robin et al. (2015a). According to these authors, Tortkuduk uranium mineralization is 89 

dominated by very fine-grained coffinite minerals (<1µm) associated with sulphides (e.g. 90 

pyrite, marcasite) and organic matter. The uranium mineralization is hosted in a thick middle 91 

Eocene sand reservoir composed of sand channel accumulations in a coastal environment. The 92 

sandy formations constitute the reservoir. They vary from a relatively simple arenitic to 93 



 

 

arkosic mineralogical composition. Most of the uranium mineralization is hosted in fine-94 

grained to verycoarse-grained horizons of unconsolidated and highly permeable sands. 95 

 96 

3. Materials and methods 97 

3.1. Natural sands from the Tortkuduk uranium roll-front deposit 98 

A total of 37 representative mineralized sand samples were collected from 14drill-cores which 99 

intersected the sandy reservoir of the Tortkuduk deposit. The uranium content measured by 100 

X-ray fluorescence (XRF) ranges from 200 to 6200 ppm.  101 

The average mineralogy of the selected samples comprise 65 to 74 wt% quartz, 9.5 to 19wt% 102 

alkali feldspars (e.g.microcline and minor albite), 5 wt% micas (e.g. muscovite, biotite), 5 to 9 103 

wt% clay minerals (e.g. smectite and kaolinite) and less than 1 wt% accessory minerals which 104 

include coffinite, pyrite, marcasite, anatase, tourmaline, ilmenite, zircon and calcite(Ben 105 

Simon, 2009; Mathieu et al., 2015; Robin et al., 2015a). Minor gypsum and goethite also 106 

occur in the oxidized compartmentsof the roll-front deposits (Munara 2012). According to 107 

their grain size, these sands range from fine to medium-grained (i.e.125 to 500 µm). The 108 

mean chemical analysis of a representative column of mineralized sand from this reservoir has 109 

been determined as follows:  87.07 wt% SiO2; 5.97 wt% Al2O3; 1.28 wt% Fe2O3; 0.15 wt% 110 

FeO; 0.01 wt% MnO; 0.26 wt% MgO; 0.23 wt% CaO; 0.56 wt% Na2O; 1.45 wt% K2O; 111 

0.20 wt% TiO2; 0.10 wt% P2O5; 0.18 wt% U; 0.23wt% S(Ben Simon 2009).  112 

Coffinite is the most common type of uranium-bearing mineral in all the samples(Boulesteix 113 

et al., 2015, Lach et al., 2015, Mathieu et al., 2015, Robin et al., 2015b).Uraninite 114 

(pitchblende) and uranium-bearing alteration products of primary titaniferous minerals locally 115 

complete the uranium mineralization (Mathieu et al., 2015). Coffinite was only identified in 116 

the highly mineralized samples using X-ray diffraction (XRD) (Robin et al., 2015b), whereas 117 



 

 

it wasdetected in each sample by scanning electron microscope observations coupled with 118 

energy dispersive X-ray analyses (SEM/EDS) (Boulesteix et al., 2015, Lach et al., 2015, 119 

Mathieu et al., 2015, Robin et al., 2015b). 120 

3.2. X-Rays Fluorescence measurements 121 

Chemical measurements were provided by the mining company, KATCO. The uranium 122 

content of natural sands was measured using the Innov-X Omega hand held XRF analyzer 123 

manufactured by Innov-X-Systems. The XRF readings were conducted in soil mode (i.e. a 124 

two-beam mode employing an internal Compton Normalization calibration). Each analysis 125 

lasted four minutes in total with 150 seconds using beam 1 conditions (heavy elements) and 126 

90 seconds using beam 2 (light and transition elements). 127 

3.3. Mineralogical sand mixtures 128 

The sand mixturesconsist of known amounts of quartz and coffinite and were designed to 129 

simulate arenitic sands containing from 0.005 wt% up to 1 wt% of coffinite in addition to 130 

quartz. To remain close to the field conditions, the sand mixtures were not ground at any stage 131 

of the preparation. 132 

The source of quartz for the preparation of the sand mixtures was Fontainebleau sand NE34, a 133 

fine-grained natural arenitic sand (< 250 µm) containing more than 98wt% SiO2(Delfosse-134 

Ribay et al., 2004). 135 

Apurified synthetic coffinitewith a chemical composition of the ideal,end-member coffinite 136 

(USiO4) was provided by the Institute for Chemical Separation of Marcoule (ICSM, France) 137 

for the preparation ofsand mixtures. It consists of purified and well characterized aggregates 138 

of individual 80 nm-long crystals having the zircon structure type (tetragonal, I41/amd) 139 

(Mesbah et al., 2015; Szenknect et al., 2016). In natural samples of the Tortkuduk uranium 140 

roll-front deposit, coffinite also consistsof very fine-grainedparticles(i.e.less than 1 µm). 141 



 

 

Eight mixtures of coffinite sands were prepared for this study: seven of which had a total 142 

mass of 2.5g and a coffinite proportion of 1, 0.75, 0.5, 0.25, 0.1, 0.05, and 0.03 wt% 143 

respectively; andone with a total mass of 20g and a coffinite proportionof 0.005 wt%. The 144 

proportion of Fontainebleau sand used for the mixtures corresponds to the difference between 145 

the total mass and the coffinite proportion. The uranium content for each sand mixture was 146 

calculated based on the wt% ofpurifiedcoffinite in each sample (Table 1).  147 

The control of the sample homogeneity was decisive considering the very low amounts of 148 

coffinite added to the Fontainebleau sand for the preparation of the sand mixtures. The 149 

obtained reflectance data in the Vis-NIR domain,which were collected from a surface 150 

analysis,are representative of the whole sample only if thethree-dimensional homogeneity of 151 

the sample is verified. The small crystal size of the synthetic coffinitefacilitated its 152 

dissemination in the quartz grain material even with very low coffinite amounts.The 153 

mixtureswere made by slowly stirring the vials (30 revolutions per minute) for 2 days prior to 154 

the analysis. Special attention was paid to the handling of the sand mixtures to prevent them 155 

from shaking, in order to limit the settling of coffinite grains toward the bottom of the 156 

vialsdue to the high density of coffinite crystals (d=5.1 g/cm3). 157 

Sample 
Fontainebleau sand 

(mg) 

Coffinite 

(mg) 

Coffinite 

(wt%) 

Uranium 

(ppm) 

SF-Co_0.0005 19999.00 1.00 0.005 36 
SF-Co_0.03 2499.25 0.75 0.030 216 
SF-Co_0.05 2498.75 1.25 0.050 360 
SF-Co_0.10 2497.50 2.50 0.100 720 
SF-Co_0.25 2493.75 6.25 0.250 1800 
SF-Co_0.50 2487.50 12.50 0.500 3600 
SF-Co_0.75 2481.25 18.75 0.750 5400 
SF-Co_1.00 2475.00 25.00 1.000 7200 

 158 

Table 1: Composition of sand mixtures and their calculated uranium content. 159 

 160 

3.4. Reflectance measurements  161 



 

 

The reflectance spectra were acquired using the ASD TerraSpec® 4 Standard-Res field 162 

spectrometerand the Indico® Pro software. The spectrometer includes: i) a fixed diffraction 163 

grating silicon (Si) array for the 350 to 1000 nm spectral region, and ii) two oscillating 164 

diffraction grating monochromators with cooled single element indium gallium arsenide 165 

(InGaAs) detectors for the 1000 to 2500 nm spectral region. 166 

The spectral resolutionof the detectors is3 nm in the 350 - 1000 nm range and 10nm in the 167 

1000-2500 nm range.A contact probe that contains both the artificial lighting source (e.g. 168 

halogen lamp) and the opticfiberwas used to analyze the samples.  169 

The spectrometer and the contact probe were switched on 30 minutes prior the calibration and 170 

the acquisitions to ensure the stabilization of both the detectors and the halogen lamp.Each 171 

sample spectrum corresponds to the average of 50 stacked spectra acquired in about 7 172 

seconds. 173 

The samples were analyzed intwo IR-transparent sample holders: i) sampling traysfrom the 174 

ASD Muglight accessoryand ii) small glass vials. Natural samples were alsointroducedinto 175 

the sample trays and measured without any preparation, asit is done in the field. The sand 176 

mixtures were prepared and analyzed in the same vials. Reproducibility testswere performed 177 

to ensure the homogeneity of the sand mixtures. The final Vis-NIR spectrum of each sample 178 

was the average of six individual measurements, whereby the vialwas turned over between 179 

each reading to rearrange the sand mixtures. The number of six measurements was chosen as 180 

the addition of more spectra do not impact significantly the final averaged spectrum (from 181 

experiment). The high reproducibility of the Vis-NIR acquisitions validates the preparation 182 

procedure of the prepared sands.The Spectral Geologist™ (TSG™) software developed by the 183 

CSIRO (CSIRO, 2017) was used in this study to visualize and analyze the spectral signature 184 

of samples. 185 



 

 

4. Results and Discussion 186 

4.1. Vis-NIR reflectance spectra of sand mixtures 187 

The Vis-NIR spectrum of the synthetic coffinite in sand mixtures is characterized by a series 188 

of absorptions bands at 1135nm, 1418nm, 1511nm, 1678nm and 2130nm(Fig. 1A). The 189 

absorption features occurring under 1800nm are attributed to the electronic transitions of the 190 

U4+ in the octahedral position of minerals with a zircon-type crystal structure(e.g. zircon 191 

(ZrSiO4), thorite (ThSiO4), coffinite (USiO4)) and minerals of the thorite–coffinite solid 192 

solution series reported as uranothorite(Mackey et al., 1975; Zhang et al., 2003, 2009; Baron 193 

et al., 2014). To our knowledge, the multiple unusual sharp features observed between 350 194 

and 700 nm are not described in the literature. 195 

 196 

Figure 1: Vis-NIR reflectance spectra of both pure coffinite (A) andFontainebleau sand (B) samples. 197 

The vertical lines show the wavelength position of the major absorption features and are discussed in 198 

the text. 199 

Quartz is a spectrally transparent mineral in the Vis-NIR spectral range(Hunt and Salisbury 200 

1970). However, spectra ofpure Fontainebleau sand revealed the presence of weak absorption 201 



 

 

bands at 1418 nm, 1912 nm and 2208 nm (Fig.1B). These features are due to very small 202 

amounts of phyllosilicates (< 0.1 wt%) within the quartz grains (French and Worden 2013). 203 

These bands are attributed to the combination modes of OH vibrations of water molecules at 204 

1912 nm (Madejová et al., 2009) and to the first overtone and the combination modes of OH 205 

vibrationsof phyllosilicates near 1418 nm and 2208 nm, respectively (Post and Crawford 206 

2014). 207 

4.2. Quantification of coffinite in sand mixtures 208 

The diagnostic absorption features of coffinite (i.e.660 nm, 1135 nm, 1418 nm, 1511 nm, 209 

1678 nm and 2130 nm absorption bands described in Fig. 1) are observed in the Vis-NIR 210 

spectra of 8 sand mixtures in which the proportion of this mineral varies from 0.005 to 1 wt% 211 

(Fig. 2). 212 

 213 

Figure 2: Vis-NIR reflectance spectra of the sand mixtures. Continuum removal has been applied to 214 

enhance differences in shape between spectra. The coffinite content is indicated in the side of each 215 

sample spectrum. The vertical dash lines indicate the wavelength range used to integrate the area of 216 

the 1135 nm band. 217 

 218 



 

 

Coffinite can be detected in the reflectance spectrum of the sand mixturesfrom 0.005 wt%. 219 

For low coffinite contents, two features can be observed in the spectra at 660 nm and 1135 220 

nm. The continuum removed spectra enhance the identification of these two spectral features 221 

in Figure 2, in particular for coffinite contents of 0.005 and 0.03 wt%. 222 

Under TSG™ software two specific spectral parameters (or scalars) were created to quantify 223 

the amount of coffinite from the 1135 nm and the 660 nm absorption bands.  224 

Parameters were defined by isolating thesebands from the overall shape of the spectrum using 225 

the standard "continuum removal" (Clark and Roush 1984), also referred as "hull quotient" in 226 

TSG™. Relative absorption areaswereintegrated from: i) 960 nm to 1250 nm (i.e. the center 227 

wavelength was set to 1105 nm and the search radius to 145 nm) and ii) from 575 nm to 750 228 

nm, for the 1135 nm and the 660 nm features respectively. 229 

Figure 3A and 3C shows positive linear correlations between the coffinite content and the 230 

1135 nm and the 660 nm band area. The absorption feature at 1135 nm can be observed 231 

unambiguously with coffinite contents of 0.05 wt% or higher insand mixtures(Fig.3B). A 232 

positive linear correlation between the 660 nm and the 1135 nm band areas is logically 233 

deduced as the coffinite content increase in the sand mixtures. Both bands could be used as a 234 

spectral parameter to estimate the coffinite amount.However, for the same coffinite content, 235 

the 1135 nm band absorbs more than the 660 nm band. Natural sands usually contain a low 236 

coffinite amount; therefore, it is imperative to use the band that shows the highest 237 

absorptionfor coffinite content estimations. The average 1135 nm area (arbitrary unit, a.u.) 238 

and the standard deviation calculated for 6 individual spectral readings per sample are 239 

synthetized in Table 2. 240 



 

 

 241 

Figure 3: Linear regressions between the integrated area of the 1135 nm band, the 660 nm bandandthe 242 

coffinite content of the sand mixtures. 243 

 244 

The main factor of uncertainty for this method is due to the surface of the band,thatslightly 245 

differs between the spectral readings conducted on the same sample. However, their standard 246 

deviation results showed an average area error of +/- 8% arbitrary units. Such low variations 247 

will not have a significant impact on its ability to estimate the coffinite content using Vis-NIR 248 

spectra. 249 

Unlike the absorption bands near 1420 nm, the 1135 nm feature of coffinite does not interfere 250 

with any other band of a mineral occurring in natural sands (e.g.phyllosilicatesfeatures 251 

observed in Fig.4) and is a reliable marker of the coffinite content in the mineral mixtures. 252 

According to the Beer-Lambert law, the absorbance of a chemical bond is linearly related to 253 

its concentration in the structure of minerals composing a sample (Dahm and Dahm 2001). 254 

The use of diffuse reflectance spectrometers, such as the TerraSpec® 4Standard-Res, may give 255 

rise to a non-linearity of the absorbance-concentration relation due to scattering effects 256 

(Gobrecht et al., 2015).  257 

The 1135 nm integrated area values for the sand mixtures containing 0.005 and 0.03 wt% 258 

coffinite using the aforementioned method are significantly higher than that measured for the 259 



 

 

pure Fontainebleau sand. However, the difference between the two values obtained for sand 260 

mixtures containing 0.005 and 0.03 wt% coffinite are not significantly different (Table 2). 261 

Such results suggestthat coffinite can be detected but not quantified with the TerraSpec® 4 262 

Standard-Res spectrometer when its content in the sand mixture is lower than 0.03 wt%.  263 

Sample 
Average Area 

1135 nm (a.u.) 

Standard 
Deviation 

Coffinite 

(wt%) 

Uranium 

(ppm) 

Pure sand 0.07 0.03 0.000 0 
SF-Co_0.0005 0.47 0.05 0.005 36 
SF-Co_0.03 0.52 0.07 0.030 216 
SF-Co_0.05 1.53 0.20 0.050 360 
SF-Co_0.10 4.38 0.08 0.100 720 
SF-Co_0.25 13.45 1.13 0.250 1800 
SF-Co_0.50 26.77 2.76 0.500 3600 
SF-Co_0.75 46.38 1.19 0.750 5400 
SF-Co_1.00 53.39 0.92 1.000 7200 

 264 

Table 2: Integrated area of the 1135 nm band calculated with the TSG software and calculated 265 

uranium content from stoichiometry for sand mixtures. 266 

 267 

For higher coffinite contents (i.e.from 0.03 to 1wt%), the area of the 1135 nm band (x) 268 

increases with the coffinite wt% following alinear regression equation (see Eq. 1) with a 269 

correlation coefficient equal to 0.99 (Fig.3A). 270 

Coffinite wt% = 0.0173x + 0.0214 (Eq. 1) 271 

In summary, if such an empirical relationship is applied to an arenitic sand analogue, coffinite 272 

should be detected at concentrations as low as 0.005 wt%. Coffinite would be accurately 273 

quantified between 0.03 and 1 wt% using the integrated area of the absorption band at 1135 274 

nm. 275 

4.3. Quantification of coffinite in natural sands: application to the Tortkuduk uranium 276 

roll-front deposit  277 



 

 

The uranium content of the 37 mineralized samples from the Tortkuduk deposit, that were 278 

measured by XRF, vary in the same range thanfor the sand mixturesthat were investigated in 279 

the previous section (i.e.from 200 to 6200 ppm and from 0 to 7200 ppm, respectively). The 280 

Vis-NIR spectra of eightmineralized sand samples are characterized by several coffinite and 281 

phyllosilicate overlapping absorption features. The phyllosilicates consist of kaolinite, 282 

muscovite and smectite (Robin et al., 2015a; Hebert et al., 2015) and theirVis-NIR spectra 283 

exhibit strong absorption bands near 1418 nm, 1912 nm and 2208 nm and partially interfere 284 

with the diagnostic bands of coffinite at 1418 nm, 1511 nm and 2130nm.  285 

Note that substantial amounts of alkali feldspar (mostly microcline) can be encountered in 286 

natural arkosic sands. Although these minerals can exhibit a weak absorptionfeature at 1210 287 

nm due to the presence of Fe2+ in their structure(Anbalagan et al., 2009),this feature does not 288 

overlap with the specificcoffinite absorption band at 1135nm. 289 

 290 

 291 



 

 

Figure 4: Vis-NIR reflectance spectra of representative mineralized samples from the Tortkuduk roll-292 

front uranium deposit. The vertical lines show the wavelength position of the major absorption 293 

features and are discussed in the text. 294 

 295 

The use of this methodology could be limited due to the partial overlap of the 1135 nm feature 296 

of coffinite with broader absorption bands (centered between 350 and 1000 nm) related to 297 

electronic transitions in ferric iron oxide and hydroxide minerals such as hematite, or goethite 298 

(Ramanaidou et al., 2015). However, the local association of hematite or goethite with 299 

coffinite is unexpected in natural sands due to their stability at very different redox conditions 300 

(U4+ being oxidized into U6+ by Fe3+). Coffinite crystallizes in reducing conditions and does 301 

not co-exist with hematite or goethite when oxidizing conditions prevail. In the Tortkuduk 302 

uranium deposit coffinite is restricted to the reduced sectionof the roll-front, whereas hematite 303 

or goethite are identified in the absence of coffinite within the oxidized compartment, where 304 

coffinite would dissolve and U6+ remobilized by the oxidizing solution (Szenknect et al., 305 

2016). 306 

Such results demonstrate that the 1135 nm featureobserved on natural mineralized sand 307 

spectra appears to be the best candidate to quantify coffinite using Vis-NIR spectroscopy. 308 

The coffinite content on Tortkuduk samples was determined empirically using Eq. 1 309 

(established from the sand mixtures) andthe 1135 nm band area calculated from the 310 

mineralized sand spectra. Figure 5 shows the comparison between the uranium content 311 

calculated from the resulting coffinite content and the bulk uranium content of natural sands 312 

measured by XRF for each sample. Error bars represent the average standard deviation (4%) 313 

of band area that was calculated from each of the 37 natural sample Vis-NIR spectra. 314 



 

 

 315 

Figure 5: Comparison of the total uranium content measured by XRF to the estimated uranium 316 

content contained in coffinite only.The dashed line represents the theoretical regression line for which 317 

the total uranium content is incorporated as U4+ in coffinite (USiO4). 318 

Three main observations can be made based on the data presented Figure 5: 319 

1)For a majority of samples (i.e.24 over 37), the uranium content attributed to the coffinite 320 

using the quantitative method based on IR spectroscopy does not deviate significantly from 321 

the total uranium content measured by XRF innatural sands. This is particularly true for the 322 

mineralized samples in which the total uranium content does not exceed 2000 ppm.   323 

2) According to the fact that the uncertainties in the quantification methods are not strictly 324 

controlled, there is no case in which the uranium content in coffinite exceeds significantly (i.e. 325 

overestimate by more than 1000 ppm of uranium) the total uranium contentmeasured in the 326 

natural samples.   327 

3) Conversely, several samples exhibited a content of uranium in coffinite significantly lower 328 

than the total uranium content onnatural samples. This seems particularly the case for highest 329 

uranium grade samples (i.e.5000< uranium < 6200 ppm). 330 



 

 

The quantitative results obtainedin this study from Vis-NIR spectroscopy are consistent with 331 

the mineralogical characteristics of the mineralization encountered in the Tortkuduk uranium 332 

roll-front deposit (Boulesteix et al., 2015, Mathieu et al., 2015).The good correlation that 333 

existsbetween coffinite and the total uranium content of many natural sands agrees with the 334 

identification ofcoffinite as being the most common uranium bearing mineral type within the 335 

deposit(Mathieu et al., 2015).  336 

For several samples and particularly forhigh-grade mineralization, the lowest uranium 337 

contentfound in coffinite compared to the total uranium contentof the sand could be explained 338 

bythe presence of additional uranium bearing minerals, such asprimary titaniferous minerals 339 

and/or uraninite (pitchblende)that have been identified at the core of the uranium mineralized 340 

bodies(Mathieu et al., 2015). Unfortunately, uraninite (pitchblende) only show broad, low 341 

intensity featuresin the 350 to 2500 nm range investigated by Vis-NIR portable field 342 

spectrometers(Klunder et al., 2013). 343 

Beside of the impact of additional uranium bearing mineral phases on the bulk uranium 344 

content present in sands, it cannot be excluded that part of the coffinite, previously formed in 345 

the mineralized zones, is now too amorphized to be fully identified by the Vis-NIR 346 

spectroscopy. Self-irradiation related to uranium decay in radioactive minerals (emission of 347 

alpha particles and their recoil effect) is known to damage the structure up to reach an 348 

amorphous state (metamict state) with increasing time (Ewing 1994; Nasdala et al., 2005). 349 

Infrared studies on the reverse process of reconstructing zircon from an initial amorphous 350 

state showed an increase of intensity and complexity of the IR spectrum (Geisler et al., 2003). 351 

Consequently, naturally occurring coffinite may have a reduced number of configurations that 352 

can absorb in the Vis-NIR domain, lowering the level of available spectral information.The 353 

potential impact of metamictisation on the quantificationof coffinite is supported by the 354 



 

 

207Pb/235U ages of 2 to 20 My,which have been obtained for the mineralization of the 355 

Tortkuduk uranium roll-front deposits(Mathieu et al., 2015). 356 

The above considerations supportin the robustness of the method to quantify coffinite inroll-357 

front uranium deposits,which usethe 1135 nm featureas a relevant spectral parameter. 358 

 359 

5. Conclusions 360 

The present study proposed a new methodology to quantify coffinite (USiO4) abundancein 361 

arenitic to arkosic sands or sandstones associated with roll-front uranium deposit using Vis-362 

NIR portable field spectroscopy.  363 

Previous works identified a diagnostic feature in the Vis-NIR spectra of coffinite at 1135 nm 364 

allowing a fast and convenient method to identify this mineral in complex mineralogical 365 

mixtures of altered granite (Baron et al., 2014). This feature presents several advantages: i) it 366 

does not interfere with any other Vis-NIR features of ubiquitous silicate minerals such as 367 

phyllosilicates (clay minerals particularly), and ii) results from electronic transitions of the 368 

U4+ cations in minerals with a zircon-type structure(Baron et al., 2014). 369 

 370 

The coffinite content was determined usingthe 1135 nm feature measured from spectra 371 

acquired on a series of sandmixtures of arenitic sand and purified synthetic coffinite. The high 372 

correlation established between 1135 nm integrated area and the amount of coffinite in the 373 

sand mixtures shows that this mineral can be accurately quantified for concentrations between 374 

0.03 and 1.0 wt%. The detection limit is 0.005 wt% and it is consistent with the 375 

concentrations encountered in the Torkuduk uranium roll-front deposit. Note that such a 376 

threshold is significantly lower than the one determined by Andrews et al. (2017) from Vis-377 



 

 

NIR spectra of complex mineral mixtures prepared to simulate a metasomatic albitite uranium 378 

deposit of Australia.  379 

The present methodology was then tested on natural samples from the Tortkuduk uranium 380 

roll-front deposit. The results confirm that coffinite is the main uranium-bearing mineral in 381 

most of the bulk samples uranium except in the higher-grade mineralization where uraninite 382 

or uranium-bearing titaniferous minerals have been identified by previous mineralogical 383 

investigations (Mathieu et al., 2015).This study demonstrates the efficiency and the high 384 

sensitivity of the Vis-NIR spectroscopy for the detection and the quantification of coffinite in 385 

uranium bearing sand or sandstone deposits. However, further works is required to: i) improve 386 

the accuracy of the coffinite quantification at the Muyunkum mining district scale, and ii) 387 

apply the proposed methodology to other worldwide sand or sandstone uranium deposits. 388 

First, the uncertainty of the quantitative results obtained for the samples of Tortkuduk could 389 

be improved by taking into account the grain size effect of other minerals (in particular quartz 390 

and alkali feldspars) on the absorbency of coffinite. An additional linear regression equation 391 

between at the 1135 nm integrated area and the coffinite concentrations in sandy sediments 392 

for grain sizes ranging from fine to coarse is required. 393 

As the detection limits varies with the mineral mixtures (Hauff 2008), the quantification of 394 

coffinite in other worldwide sand or sandstone deposits requires the definition of specific 395 

linear regression equations built from mineral mixtures representative as much as possible of 396 

the mineralogy of the studied deposit.  397 

Finally, even if the Vis-NIR spectroscopy is known as a suitable method to identify poorly 398 

organized crystalline structures (Hauff 2008), experimental works would be necessary to 399 

determine the effects of metamictisation on the 1135 nm band area of coffinite encountered in 400 

natural uranium deposits. 401 
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