PROJEGT

[IEREE,

NAGRA NTB 90-20
SKB TR 90-11
UK-DOE WR 90-042

Pocos de Caldas Report No. 2

Mineralogy, petrology and
geochemistry of the Pocos de
Caldas analogue study sites,
Minas Gerais, Brazil.

|. Osamu-Uisumi uranium mine

S,

JANUARY 1991

An international project with the participation of Brazil, Sweden (SKB),
Switzerland (NAGRA), United Kingdom (UK DOE) and USA (US DOE).
The project is managed by SKB, Swedish Nuclear Fuel and

Waste Management Co.




Mineralogy, petrology and geochemistry of the
Pogos de Caldas analogue study sites, Minas
Gerais, Brazil. | ’

I. Osamu Utsumi uranium mine

4

N. WABER', H.D. SCHORSCHER’, T. PETERS'

"Mineralogisch-Petrographisches Institut, Universitit Bern, Baltzerstrasse 1,
3012 Bern (Switzerland).

*Universidade de Sio Paulo, Instituto de Geociéncias-DMP, C.P. 20.899,
01498 Séo Paulo (Brazil).

Abstract
The litholog}; of tﬁe Osamu Utsumi mine is composed mainly of a sequence of volcanic
and subvolcanic phonolites and hepheline syenite intrusions similar to those of the Pogos
de Caldas caldera complex; volcanic breccia pipes about 80 m in diameter also occur,
characterised by U-Th-Zr-REE mineralisation concentrated in the matrix, A strong
hydrothermal alteration, related to the formation of the breccias, has resulted in the
potassic alteration and- pyritisation of the phonolites and syenites, with a low-grade
mineralisation of disseminated pitchblende. The potassic alteration has transformed all
- feldspars into pure potash feldspars, nepheline into illite and kaolinite, and
| clinopyroxenes, which are the primdry REE-bearers, into mixtures of TiO-rich minerals,
,c_ldy minerals and pyrite. The enrichment of K, S, U, Th, Pb, Rb, Ba and Mo was
aécompaniéd by a strong depletion in Ca, Na, Mg and Sr. Fluid inclusion data indicate
ﬂ te}nperatures around 250°C and a KCI-H,O mixture with approximately 7 wt.% KCI for
the hydrothermal fluids. For fluids in the breccia pipes that transported additional Zr, Hf
and F, the inclusions indicate boiling and give temperatures of 210°C with 40-45 wt.% KCl
for a KCI-NaCl-H,O brine containing FeSO, and KF. Ultramafic dykes (dated to 76 Ma)
with carbonatitic afﬁliatibn put a younger age limit on the hydrothérmal eveni.

As a result of supergene weathering below a lateritic soil cover 20 to 40 m thick and a
saprolite zone 15 to 60 m thick, the pyrites in the rocks have been oxidised o varying depths
of 80 to 140 m below surface, resulting in a redox front marked by a contrasting colour
change in the rock from oxidised (yellow/buff) to reduced (grey/green) rock. In the vicinity
of water-bearing fissures these redox fronts have penetrated to greater depths. Due to

mobilisation in the oxidised zone and precipitation immediately below the redox front, a

secondary pitchblende mineralisation, partly occurring as nodules associated with




secondary pyrite, has been developed. This &econdary pyrite is sometimes related with CdS
and has a &S of -13 °/., compared to 8S values of -3.63 to +1.24 °/. for hydrothermal
pyrites; the low 8S values of the fonnW%uted to bacterial action. In the immediate
vicinity of the redox front, dissolution of the potash feldspar becomes apparent and the

kaolinite content begins to increase. The marked colour change at the redox front is caused

by the presence of hydrous ferric oxides that, with time, evolve from amorphous
Fe-hydroxides to goethite and hematite. On the oxidised side alunite-jarosite minerals are
frequent. The porosity increases by 5 to 8% (almost doubled) at the redox front.

_Gibbsite is present when potash feldspar has been removed at the saprolite-laterite
contact. Many of the REEs are associated with phosphate-rich clays (including the
crandallite group minerals) and seem to be hardly mobilised by the oxidising weathering
fluids. Only a slight general loss of REEs was observed between oxidised and reduced rock,
with the degree of loss being greater for the light REEs. Certain indications of a
fractionation of Ce and Eu from the other REES are present.
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Zusammenfassung

Die Lithologie der Osamu Utsumi Mine ist im wesentlichen bestimmt durch eine
Folge von vulkanischen und subvulkanischen Phonoliten und Nephelin-Syeniz-
Intrusionen, dhnlich wie diejenigen im tibrigen Popos-de-Cat’das-Caldem-Komplex. Es
existieren auch vulkanische Brekzien-Schiote von etwa 80 m Durchmesser, die durch
U-Th-Zv-SEE-Mineralisationen in der Matrix charakterisierr sind. Eine starke
hydrothermale Umwandlung, die mit der Bildung der Brekzien zusammenhdngt, fithrte zu
einer K-Umwandlung und Pyritisierung der Phonolite und Syenite sowie u einer
schwachen Mineralisierung mit feinverteilter Pechblende. Die K- Umwandlung fiikrte alle
Feldspiite in reine K-F eldspdte tiber, desgleichen Nephelin in Illit und Kaolinit sowie
Klinopyroxene (als primire Trdger der SEE) in Mischungen von TiO5-reichen Minerg-
lien, Tonmineralien und Pyrit. Die Anreicherung von K, S, U, Th, Pb, Rb, Ba und Mo war
gekoppelt mit einer Verarmung an Na, Ca, Mg und Sr. Fliissigkeitseinschliisse deuten auf
Temperaturen um 250°C und KCI-HyO-Mischungen mit etwa 7 Gew.% KCl fir die
hydrothermalen Losungen, Fiir die Fluide in den Brekzien-Schioten, die zusdtzlich Zr, Hf
und F transportierten, deuten die Einschliisse auf Sieden bei 210°C und KCI-Gehalte von
40-45 Gew.% in einer KCI-NaCl-HyO-Lissung, die auch FeSO4 und KF enthilr. Ultrg-
basische, karbonatitische Gdnge (datiert auf 76 Ma) liefern eine untere Altersgrenze fiir
die hydrothermale Phase.

Als Ergebnis einer deszendenten Verwitterung unter einer tonigen Erdschicht von
20-40 m und einer Saprolitzone von 15-60 m wurde der Pyrit in den Gesteinen bis zu
variablen Tiefen von 80-140m unter der Oberfliiche oxidiert. So entstand eine
Redoxfront, die durch einen auffdlligen Farbwechsel von oxidiertem {(gelblocker) zu
reduziertem (grau/griin) Gestein gekennzeichnet ist. Im Bereich wasserfiihrender Klifte
drangen diese Redoxfronten in grossere Tiefen vor. Durch Auflosung in der oxidierten
Zone und Abscheidung unmittelbar unter der Redoxfront entstand eine sekundire
Pechblende-Mineralisation, z.T, als Knollen in Verbindung mit sekundiirem Pyrit. Dieser
sekunddre Pyrit ist manchmal vergeselischaftet mit CdS und hat ein 88 von -13 %
verglichen mit 8S-Werten von -3.63 bis +1.24 %. fir hydrothermale Pyrite. Der niedrige
85-Wert von -13 %. deutet auf bakterielle Prozesse. In unmittelbarer Nihe der Redoxfront
wird die Auflosung von K-Feldspat und die Zunahme des Kaolinitgehaltes beobachtet,
Der auffillige Farbwechsel an der Redoxfront wird durch amorphe, hydratisierte
Ferrihydroxide erzeugt, die mit der Zeit zu Goethit und Himatit umgewandelt werden.
Auf der oxidierten Seite sind Alunit-Jarosit-Mineralien hdufig. Die Porositdir steigt von 5

auf 8 % an der Redoxfront.
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Résumé

On y trouve aussi des bréches de cheminée volcanique d’environ 80 m de diamétre, dont
la matrice est concentrée en minéraux U-Th-Zr-TRs(Terres rares). Une forte phase
hydrothermale, liée § la Jormation des bréches, a produit une altération potassique et
une pyritisation des phonolites et syénites, ainsi qu’une minéralisation de Jaible degré de
Pechblende disséminée, L'altération potassique a transformé tous les feldspaths en purs
Jeldspaths potassiques, la néphéline en illite et kaolinite, et les clinopyroxénes, qui sont

les fluides hydrothermaux possédaient une température d’environ 250°C et se
composaient d’une mixture d’eau et d’environ 7 % de KCl, en pourcentage pondérql.
Quant aux fluides hydrothermaux dans les bréches de cheminée, qui véhiculaient encore
du Zr, Hf et F, ils devaient bouillir sous des températures d’environ 210°C, et e
composaient d’une squmure eau-KCI-NaCl contenant du FeS0O4 et du KF, avec 40 &
45 % en poids de KCI. Des filons ultramafiques d ‘affiliation carbonatitique, datés ¢ 76
n-a., permettent de situer la fin de lg Phase hydrothermale,

Sous une couverture latéritique de 20 3 40 m 4 ‘épaisseur et une zone altérée de | 5a
60 m d’épaisseur, les pyrites ont subi une altération secondaire par oxydation Jjusqu’a
des profondeurs de 80 & 140 m. Le front redox est marqué par une couleur de roche
passant du Jaune-ocre au gris-vert, Au voisinage des fissures aquiferes, le front redox
atteint de plus grandes profondeurs. La mobilisation minérale dans la zone oxydée et la
précipitation juste en dessous du front redox a produit une minéralisation secondaire de
pechblende, partiellement en nodules en combinaison avec de la pyrite secondaire. Cette
derniere, parfois liée a du Cd, présente un rapport 85 de -13 % alors que les pyrites
hydrothermales ont un rapport 8§ de -3.63 & +1.24 % La faible valeur du premier
rapport est attribuée @ une action bactérienne, Au voisinage immédiat du front redox, la
dissolution des feldspaths potassiques devient visible, et la teneur en kaolinite commence
a augmenter. Le changement de couleur qu front redox est causé par la présence
d’oxydes hydreux de fer qui, avec le temps, se transforment d'hydroxydes amorphes de
fer en goethite et hématite, Du coté oxydé du front, on trouve fréquemment de I’alun et de
la jarosite. Au front redox, la porosité passe de 5 8 % (presque doublée).







1. 'Rstingof €quilibrium thermodynamic codes and their associated databases used to

evaluate rockpwater interactions and solubility/speciation of elements.

2. Determining interactions of natural groundwater colloids with radionuclides and

mineral surfaces, with emphasis on their role in radionuclide transport processes.

and rare-earths over the front (including, if possible, natural Py and T).

4. Modelling migration of rare-earths (REE) and U-Th series radionuclides during

hydrothermal activity similar to that anticipatedin the very near-field of some spent-

fuel repositories.

The project ran for three and a half years from Jupe 1986 until December 1989 under
the joint sponsorship of SKB (Sweden), NAGRA (Switzerland), the Department of the
Environment (UK) and the De partment of Energy (USA), with considerable support
from a number of organisations in Brazil, notably Nuclebris (now Urénio do Brasil). The
first-year feasibility study was followed by two and a half years of data collection and

interpretation, focussed on the four objectives above,
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1. Introduc tion

several different hydrothermai events of local €xtent, related to the formation of volcanic
breccia pipes, led to the formation of a number of radioactive anomalies of economic

importance,

into the main valley heading towards the north-north-west, This valley crosses the
northern part of the mine area. The uranium deposit is defined by a primary low-grade
disseminated U.Zr (REE-MO)-minera]isation and a high-grade stockwork vein

Zr-REE-U-Th-Mo mineralisation em Placed in various host rocks that have been altered

host rocks are described as “potassic rocks” to stress their main geochemicai
characteristic (Utsumi, 1971; Oliveira, 1974; Gorsky and Gorsky, 1974; Almejda Filho

phonolites, va rying in their Proportions of mafic minerals, and nepheline syenites. The
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Figure 1. 4 simplified geological map {after Ellert et al, | 959, and Almeida Filho and
Paradelly, 1 977) of the Pogos de Caldas caldery showing the location of all the regiongl
Repheline syenite (NS) and phonolite (PH) samples. Circulgr features within the calderg
are mainly derived from topographic analysis,
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to bluish-grey and the transition is shar

top soil horizon), followed by a saprolitic horizon, the oxidised hydrothermally altered
rock and, finally, the reduced, hydrothermally altered rock (Fig. 3).

For mining activity, the Osamu Utsumi mine has been subdivided into threc different
areas corresponding to ore bodies A, B and E shown in Figure 4, The ore bodies differ

primarily in the type and grade of mineralisation and less in their main geological
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Figure 2. Schematic cross-section from the Osamu Utsumi mine showing the sequence of
oxidation with depth, accompanied by supergene uranium mineralisation along the redox

Jront and at greaser depths
Brasil; unpublisheq report)

marginal to the conductive Jracture zone (F). (After Urdnio do
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Figure 3. Schematic Profie from the onginal ground Surface down to the reduced bedrock
in the Osamu Utsumj urarium mine,
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reaching values of up to 2.5 wt.% uranium oxide,

3. Analytical methods

X-ray diffraction (XRD) was used for whole-rock minerai determination ang the <2y

fraction for clay mineral identification, Whole-rock modal content analyses were carried

determination of quartz, alkalj feldspar, albite, calcite and dolomite with ap accuracy of

+ 3wt %. The internal calibration allows the estimation of the sum of wt. ¢ minerals as

(air-dried, glycolated and heated to 350°C) and all were analysed on a Philips APD.
system (PW1710) with monochromatic CuKa-radiation, Clay mineral abundance wag
estimated using the intensity ratios of the corresponding basal reflections. This method
allows only a semi-quantitative determination of the clay mineral content due to

variations in crystallinity and minerai chemistry.



I]Iite-crystallinity was determined to estimate the temperature of formation according
to the method of Kijbler (1968); a smaller set of samples was corrected according to the
methods proposed by Srodon (1980, 1984),

Trace mineral identification was performed using a Guinier camera with FeKq
radiation,

Mineral chemical analysis (Appendix 3) was performed on an ARL-SEMQ
microprobe equipped with 6 crystal spectrometers and ap energy-dispersive system
(EDS). Raw data were corrected for beam current drift, dead-time and background
(COMIC—ED; Sommerauer, 1981). Final data reduction was performed with g
ZAF-correction (EMMA-5/1-86),

etal. (1979), modified by Reusser (1986, XRF-System V-86). Glass pellets of fused rock

based on international standards. The advantage of this method compared to the routine
analytical XRF-method is the lower detection limit (1 ppm) for U and Th, coupled with
better accuracy at low concentrations.

Sulphur and CO, were determined by coulometric methods (Coulomat 702).

Atomic absorption was used to determine Cd usin B a VARIAN SpectrAA300-
Spectrometer with a graphite tube atomiser (GTA-96).

Scanning electron microscope (SEM) investigations were performed on a CamScan
54 microscope equipped with an energy-dispersive system (Tracor Norton TN 5600).
Both secondary and backscatter electron methods were used.

Fluid inclusion analysis was performed on polished sections (100 in thickness) using
microthermometric methods on a LEITZ microscope equipped with a FLUID INC.
adapted USGS gas-flow heating-freezing sta ge. With this system it is possible to measure
temperatures in the ra nge of -180°C to 700°C.,

Cathodoluminescence investigations were carried out with a hot cathode instrument
with directly heated tungsten filament (Ramseyer et al., 1989). Work conditions were 70
keV and 30 Amps, with €xXposure times varying from 30 to 240 seconds.

Buik density (p) measurements were also made, The samples were first dried, weighed
and coated with molten paraffin wax, followed byimmersion in mercury to mcasurc their

displaced volume, This method produces errors in the range of2%. Average grain density



{pg) was determined using He-gas in 4 Multipycnometer, Total Porosity (P) was
calculated from grain density and bujk density according to the formula P=(1-p/pg).100.

tollowing core extraction at the driji-site (Appendix 7); borehole F5 wag percussion-

drilled and used only for groundwager sampling,

the two deeper fronts being clearly fracture-related, A strong secondary
U-mizeralisation was present at the 42 m frong.

Borehole F2 (mine coordinates 9. 1VC24) was located some 30 m away from borehoie
F1andreached a depth of 60 m. It was drilled in the same rock suite as F1, although here
the phonolites were more intensely brecciated and mineralised. Oxidised bedrock wags
encountered in the first 21 m of the drillcore ang between 36-39 m apnd 43 — 44 m within
fracture-related zones.

Borehole F3 (mine coordinates 9-1NH47), located close to ore body A, was drilled (¢
80 m at an inclinatiop Of 55° to the horizonta] Plane in a south-west direction from leve]

9 of the mine. The top and bottom of the drillcore consisted of leucocratic

adepth of 4.5 m.
Borehole F4 (mine coordinates 8-1UK11) was drilled in the brecciated zone of ore
body B to study the sequence of hydrothermal alteration and mineralisation around the

breccia pipe. The inclined borehole (55°) extends from mine level 8 (1332 m.a.s.l.) and

¢ e consisted of leucocratic

Pseudolencite_nhmmedis . .ty
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good core fecovery was obtained over the entire length (414.76 m). The core mainly
consists of strongly brecciated phonolitic and nepheline-syenitic rocks; unfortunately,
unaltered nepheline Syenite was not penctrated. Deep-seated U-mineralisations were

encountered mainly in two Zones at depths of 210 - 250 m and 270 - 275 m respectively

of certain carbonatite intrusions, for instance at Songwe, Tanzania (Brown, 1964),
Kaiserstuhl, Germany (Sutherland, 1967), and Zambia (Bailey, 1966). A subdivision of
these host rocks based on inferred Primary compositions (e.g. tinguaite, khibinite,

foyaite; see Utsumi, 1971; Magno It., 1985) was therefore omitted due to the strong

Le Maitre, 1979).



5.1 Petrography, mineralogy and mineral chemistry

5.1.1. Phonolitic rocks

- subvolcapic leucocratic phonolite,
~ subvolcanic clinOpyroxene-bearing phonolite,

- subvolcanijc pseudoleucite phonolite,

subvolcanic pseudoleucitc-clinopyroxene-bearin g phonoiite,

voleanic leucocratic Phonolite,

- leucocratie phonolitic dykes,

The leucocratic Phonolite is the most abundant phonoiite within the Osamy Utsumj
mine. This light-grey to reddish-grey rock s Porphyritic in texture with a fine-grained
matrix, Heterogeneously distributed alkal; feldspar and pseudomorphica]ly replaced
nepheline form the only phenocrysts, varying in size from 1 to 20 mm. The matrix ranges
between 40 and 809, of the total rock volume, with an average of about 60%, Iy i
Composed of non-orientated small-sized alkalj feldspar laths with diameters of 0,2.0.6
mm and clay minerals, Pseudomorphs of primary mafic tomponents and magmatic
accessories are rare,

Angular tg subrounded xenoliths, either of phonolitic or nepheline-syenitjc

Composition, with diameters ranging from $ to 30 Mmm, occur throughout the leucocratic



radially arranged intergrowths of alkal; teldspar and clay minerals, botp pseudomorphic
after pseudoleucite,

The clinopyroxcne~bcaring phonolite (cpx-phonolite) is fine-grained, porphyritic in
texture and grey to dark greenish-grey in colour, depending on its alteration state. In the
north-western part of the mine this rock s virtually unaffected by the hydrotherma]
alteration developed in the more central part of the mine. In this state, the Cpx-bearing
Phonolite exhibits preserved clinopyroxene (0.3 -3 mm), alkali feldspar (0.5-2 mm) and
pseudomorphically replaced nepheline (05 - 2 mm) and minor pseudoleucite ag
phenocrysts, The fine-grained matrix constitutes up to 75% of the total rock volume and
consists of aikali feldspar (0.01 - g1 mm), clinopyroxene (0.05 - 0.1 mm) and clay

minerals, together with minor amounts of giannettite and traces of apatite and sphene,

leucoxene, are the ma jor components of the cpx-phonolite.
Xenoliths of mainly nepheline-syenitic composition and amygdaloidal structures are
less frequent than in the leucocratic phonolite,
The pseudoieucite phonolite (plc-phonol; te) is mainiy €xposed in the southern part
of the mine (Fig. 4). It is a hololeucocratic porphyritic rock with alkalj feldspar and

pseudoleucite as the main phenocrysts, The grain-size of the alkalj feldspar phenocrysts

by contrast, has a much larger variation in grain-size (0.5 - 30 mm); in certain cases jt
May even reach 6 cm in diameter. Pseudomorphic nepheline is only rarely found as

Phenocrysts (0.5 -3 mmj) but is always present in the fine-grained matrix, Alkali feldspar

amygdaloidal structures with radially arranged infillings of aikalj feldspar and clay
minerals occur,
The pseudoleucite-clinopyroxene-bcaring phonolite (plc-cpx~ph0nolite) is very

similar to its pseudoleucite-free counterpart. It is a leucocratic fine-grained porphyritic

characterised by pseudoleucite (0.3 - 20 mm) as a major phenocryst, besides alkali
feldspar (0.3 - 10 mm), and by the occurrence of pseudomorphically replaced

clinopyroxene as a minor tomponent in the matrix, Pseudomorphic nepheline is present



feldspars in the matrix and ag phenocrysts are oftep flow-orientated. Besides alkalj
feldspar (0.5 - 19 mm}, pseudomorphic nepheline (0.3 - 2 mm) is the only other

phenocryst present. Pseudomorphs of mafic components and primary magmatic

accessories are very rare,

5.1.1.1. Moda] compaosition

L. Components that accur only Sporadically in trace or minor amounts, but are importang
for genetic considerations, are listed i the column labejed “other”, The weight percent
modal abundance of alkali feldspar, together with the relative abundance of the clay

minerals in the <2y fraction (determined by XRD), are listed in Table T1.

5.1.1.2, Porosity measurements

minerals, continually increasing the porosity of the zope.
Table III gives 1 compilation of physical rock Properties for the different rock types;
it becomes obvious that all the hydrothermally altered phonolites of the mine have

elevated porosity when tompared to their unaltered Counterparts. The increase in



TABLE 1

Qualitative mineralogical composition of the different kydrothe

rmally altered rock types from the Osamu Utsumi uranium mine,

Hydrothermal mineral assemblage

Mineralisation and gangue mineral assemblage

Hydrothermally alteredrocks Kf  Ne Psi Cpx Ab  Sphe Ap II  Kao Chl Sm Other Py Spha cyP U-P
Reduced 2one
nepheline syenite M M m m* G o M m ¢ m m O0tr m QO4r
leucocratic phonolite M  M* 0tr 0t Our M M tr tr m Otr tr-m O-r
cpx-bearing phonolite M  M* tr M* 0tr v Or M g tr m 1 tr-m m  (d4r
pseudoleucite-phonolite M m M M M tr m tr-m  G-tr
ple-cpx-bearing phonolite M m m m* r* 0r M M 0dtr i tr m m  O4r
volcanic leucocratic phonolite M M+ O Otr O+tr m M 0tr O4r tr tr-m O-r tr-m O<+r
Oxidised zone
nepheline syenite M M* m m*  O+r M m ir tr tr m
leucocratic phonolite M M* 0tr 0tr Ot M M tr tr m
cpx-bearing phonolite M M+ r M* Oqr o+ M m tr m tr m
pseudoleucite-phonolite M m* M M M tr m
ple<cpx-bearing phonolite M m* m m* tr* M M 0t tr m
volcanic leucocratic phonolite M M+ Oiar  Q-tr Oir M M Otr 1r m
Components: Kf alkali feldspar Chl - chlorite Flu - fluorite
Ne nepheline, *replaced Sm - smectite Carb - carbonate
M - major, >10 vol.% Psl pseudoleucite - pyrite FeOx - hematite, goethite,
m - minor, 1-10 vol.% Cpx clinopyroxene, *replaced Spha - sphalerite amorph. Fe-hydroxide
tr — trace, <1vol.% Ab albite cryP  —  cryptocrystalline phases (mainly Fe-Ti)  Other - pyrophyllite,
Sphe sphene, *replaced U-P - cryptocrystalline U-phases alunite, jarosite,
Ap apatite Mo-P - cryptocrystalline Mo-phases florencite, goyazite
I illite and sericite Zir - zircon, incl. cryptocryst. Zr-REE phases gorceixite
Kao kaolinite Mon - monazite group minerals




TABLE II

Modal and clay mineralogical composition of the different hydrothermally altered rock types from
the Osamu Utsumi uranium mine,
Whole-rock Clay fraction

Hydrothermally Kf Cpx* Other* 1! Kao Sm Ch
altered rocks w.% vol.% % % % %
Reduced zone
nepheline syenite 76 (60-85) <10 510 60 18 20 2
leucocratic phonolite 63 (50-75) <1 310 43 52 2 3
cpx-bearing phonolite 38 (33-45) 1525 10 1 14 4 <1
pseudoleucite-phonolite 60 (55-80) <1 25 32 66 <1l <1
ple-cpx-bearing phonolite 44 (40-50) <10 510 58 40 <1l <1
volcanic leucocratic phonolite 63 (60-66) <1 25 11 84 2 3
Oxidised zone
nepheline syenite 51 (40-65) <10 37 75 18 6 <1
leucocratic phonolite 50 (40-60) <1 310 47 4 2 7
cpx-bearing phonolite 38 (35-45) 1520 510 62 35 2 «1
pseudoleucite-phonolite 48 (40-57) <1 25 48 4 5 «1
ple-cpx-bearing phonolite
volcanic leucocratic phonolite 55 (50-65) <1 25 47 47 <1 5
Abbreviations:
Kf — alkali feldspar m - ilite
Cpx - clinopyroxene Kao - kaolinite
Other - pyrite, fluorite, Sm - smeetite

REE-phases, Chl - chlorite

Zr-phases etc.

*Contents estimated from thin sections,




TABLE HI

Density Grain density Porosity
(&/cc) (g/cc) (%)

Hydrothermally unaltered reglonal samples

phonolites 2.57-2.62 2.63 <1-2
nepheline syenites 2.49-2.55 26 135

Hydrothermally altered mine samples

Reduced zone

leucocratic phonolite 2.33-2.53 2.59-2.62 3.5-12
cpx-bearing phonolite, unaltered 2,61 257 <1
cpx-bearing phonolite, altered . 237 2.56 7
cpx-bearing phonolite, argillaceous 237 2.58 12
pseudoleucite-phonolite 221-2.34 2,58-2.63 9-16
Oxidised zone

nepheline syenite 22123 2.56-2.61 12-15
leucocratic phonolite 22262 2.62-2.64 1-17
cpx-bearing phonolite 228 2.58 12
volcanic leucocratic phonolite 211224 2,58-2.84 12-22

porosity ranges from 2% up to 15% for strongly leached samples. Differences in porosity
between the single phonolite types can hardly be established. A representative evolution
of the porosity during the processes that affected the rocks is displayed by a profile in
the cpx-phonolite; the unaltered cpx-phonolite has a porosity of less than 1%. The
hydrothermaliy altered ¢px-phonolite with moderate pyrite impregnation has a porosity
of about 7%; this is further increased to about 12% in the cpx-phonolite, which displays
a strong argillic alteration. The latera) distance between the unaltered sample and the
argillic sample is about 30 m. Inbetween these samples occurs a zone with a high pyrite

impregnation (<7 vol.%) and a very low porosity of less than 2%.



3.1.1.3. Hydrothermal mineral assemblage

The potassium-rich hydrothermal event resulted in a very similar alteration pattern
for all the different phonolites from the Osamu Utsumi mine, In all phonolites, alkali
teldspar, illite/sericite and kaolinite are the predominant minera] phases with, depending
on the original rock composition, additionai pseudomorphicaily replaced clinopyroxene,

The hydrotherma} mineral assemblage, as defined here, comprises all the exchange

the original igneous rock. Such minerals are mainly alkali feidspar, the replaced
nepheline and mafje minerals, and the magmatic accessories.

The clay minerals, which occur as replacement products and precipitates, were formed
during the deuteric angd hydrothermal events and are described separately. In the

oxidised rock, clay minerals are also formed during weathering,

fluorite, U-, Th-, REE- and Zr-bearing minerals), are defined here as mineralisation
assemblages. K-feldspar precipitated during the hydrothermal event should also be
included here; for better comparison, however, it is described together with the bulk of
the exchanged alkalj feids par.

A compilation of the chemical analyses for individ ual minerals is given in Appendix 3.

Alkali feldspar
Alkali feldspar mainly occurs in the phonolites and exhibits four textural variations:
a) sanidine-sha ped euhedral laths and prisms of the matrix,
b} evhedral laths and tabular phenocrysts,
¢) euhedral tabular alkalj feldspar within the amygdaloidal structures, and

d) xenomorphic to idiomorphic interstitiai alkali feidspar that actually belongs to the

mineralisation assemblage,

The matrix alkali feldspar and the phenocrysts normally show Karlsbad twinning and
exhibit zoning, i.e. a core rich in minute hematite and Auid inclusions grading to a more
clear growth rim free of hematite and with few fluid inclusions. The twinning does not
continue into this growth rim. A cloudy pigmentation comprising cryptocrystalline

material with an easily discernible hematite dissemination js frequently developed along



cleavage planes and microfissures. Additionally, magmatic microperthitic exsolution

structures are commonly observed in the centre of the phenocrysts. A slight argillic

grain-size intermediate between the matrix and the phenocrysts, Clear xenomorphic to
idiomorphic alkali feldspar, commonly inclusion-free except for a weak cloudy

pigmentation with cryplocrystalline material, is developed in interstices and along

fracture planes.

feldspars and the phenocrysts are intermediate microclines varying slightly in the degree
of Al-Si ordering. The hydrothcrmally—formcd, clear interstitial alkalj feldspars, by
contrast, show a readily discernible pattern of a fully ordered, triclinjc low microcline.
Under cathodoluminescencé, the intermediate microcline phenocrysts show an
irregular, Patchy red-orange-coloured luminescence in the centre, and a light lilac
colouration towards their rims. The same colour zoning occurs in the feldspars of the
amygdaloidal structures and the matrix, the latter being mainly lilac-coloured. In
contrast, the low microcline which Qccurs as growth rims and vojg infillings has a

characteristically dull yellow-brown luminescence colouration.

(Marshall, 1988). On the other hand, the dull yellow-brown colour is a characteristic
feature of alteration, caused by prolonged electron bombardment of a short-lived
luminescence of K-feldspar precipitated from low-temperature solutions (Ramseyer e¢
al, 1989),

Microprobe analyses of all the alkali feldspars yield almost pure orthoclase
compositions. Significant chemical variations do not occur between matrix crystals and
phenocrysts, between the replaced igneous and the hydrothermally precipitated alkali
feldspars, or in the single crystals themselves, Despite the different optical orientation,
the albite component of the matrix and phenocryst alkali teldspars have been completely
replaced during the hydrothermal events by almost pure, inciusion-free K-feldspar. In a
few cases, alkali exchange was not complete so that part of the albite component is still

preserved (maximum Ab 9%). Average compositions are:



matrix alkali feldspar Orw; Abys An,
alkali feldspar phenocrysts Orps Abg, An,
hydrothermatly precipitated low microcline Orws Ab,; An,

In the matrix alkalj feldspars and the phenocrysts, iron occurs sporadically as an
impurity in measurable contents (0.1-08wt.% Fe,0,), whereas the hydrothermal low
microcline is free of iron impurities. None of the analysed alkali feldspars showed

evidence of actinide or lanthanide impurities,

Nepheline

Nepheline is always completely pseudomorphically replaced by illite, kaolinite and,
occasionally, subordinate zeolites. Fine-grained illite and kaolinite may be randomly
intergrown in such pseudomorphs, but more frequently display azonal arran gement from
a kaolinite-rich central domain to an illite-rich border zone. In the central domain
kaolinite is intimately intergrown with similar fine-grained pyrite. In the illite-rich border
zone, textural evidence indicates a substitution of kaolinite bysomewhat coarser-grained

illite/sericite, which also encloses the fine-grained pyrite,

Clinopyroxene

The cryptocrystalline aggregates of iron- and titanium-oxides, together with silicate
phases, display an idiomorphic to hypidiomorphic prismatic or acicular habit. By analogy
with hydrothermally iess altered zones, where relict clinopyroxene {(complex zoned
aegirine-augite) is still preserved in such aggregates, all these pseudomorphs are
considered to be replaced clinopyroxenes. The titanium phases of these aggregates are
mainly composed of very fine-grained needle-sha ped rutile, but the existence of anatase
cannot be excluded. Chemical analyses of the TiO,-minerals are given in Appendix 3.
Iron and niobium are present in minor amounts of up to 4.7 wt.% and 2.8 wt.%
respectively; silica, aluminium and yttrium are sporadically present as impurities in trace
amounts. The possible presence of REFs was checked by searching for lanthanum,
cerium and ytterbium; however, in all the analysed samples thesc elements were below
the level of detection. Uranium and thorium were detected in trace amounts in one

sample each, both of which occurred in a massive uranium nodule, and the detected



uranium and thorium concentrations are thought to be contamination from the nodule

matrix.

Magmatic accessorfes

Both magmatic accessory minerals and magmatic mafic minerals oceur either in smail

amounts (<1 and 0-5%, respectively) or are totally absent. Small euhedral Zircons (0.05

Rare metal silicates

A wide variety of these minerals are known from the unaltered regional rocks of the
Pogos de Caldas complex. They include astrophyllite, acnigmatite, cudialite, l&venite,
catapleite, lamprophyilite and giannettite (Schorscher and Shea, this report series; Rep.
1; Ulbrich, 1984). None of these minerais have been observed in the hydrothermally
altered rocks of the mine. Their initial presence, however, is supported by the occurrence
of relict giannettite, lamprophyilite and astrophyllite in the unaffected (or only slightly
affected) phonolites from the NW delimitation of the open-pit,

3.1.1.4. Mineralisation assemblages

the hydrothermal event and are found as disseminated impregnations in the rocks and/or
as vein and void infillings. They include sulphides, fluorite, U-, Th-, REE-, Ti- and
Zr-bearing minerals; K-feldspar and clay minerals, also precipitated during the
hydrothermal event, have been described above.,

Suiphides other than pyrite (sphalerite, Mo-sulphides, etc), carbonates and Ti-oxides
other than the ones replacing mafic minerals sporadically occur in trace amounts in the
phonolites, but are more abund ant in the breccias (see Seetion 5.13),

A compilation of the chemical analyses of the individual minerals js given in

Appendix 3.



on textural relationships, pyrite populations of Pre-, syn- or post-breccia formation may
be discerned. Pre-breccia pyrite, the most important pyrite population in the phonolites,
formed during the potassivm-rich hydrothermal event, occurs as a finely disseminated
mineralisation throughout the phonolites. Syn- and Post-breccia pyrites occur in small
breccia veins cutting the rocks, in Open cavities, and on fracture planes (see below).
The intensity of the pre-breccia pyrite impregnation is strongly dependent on the
Physical propetties of the different phonolite types. The very fine-grained volcanic

fine-grained to fine-grained {0.005 ~ 1 mm). Very fine-grained pyrite occurs as a

pigmentation throughout the rocks, whereas the Somewhat coarser pyrite s more

Minor detected impurities inclode Mo (0-07wt.%), Pb (0-3.7 wt.%) and As (0 -
0.17 wt.%). The impurities of Pb and As are at ieast partly due to contamination by the
sample polishing disk. None of the analysed pyrites indicated detectable amounts of Zn,
Co, Ni, Cu, Se, Mnor U,

Pyrites of different textural populations were S€parated for S-isotope analyses. The
sulphur isotope compositions of pre-, 8yn- and post-breceia pyrites lie within the narrow
range of 58 = +1.24 1o -3.63%. Such an isotopic composition is typical for fluids from
upper mantle-derived igneous rocks. A detailed description of the S-isotope

investigations is given in Appendix 1,



Zircon and Zr-minerals

In the phonolitic rocks zircon and Zr-minerals occur mainly as three morphological
types:

a) fine-grained (<1 mm) idiomorphic to hypidiomorphic zircons randomly distributed
as isolated grains in the rock matrix,

b) idiomorphic to hypidiomorphic zircons of variable grain-size (0.5-5 mm) in voids,
interstices and along fractures, and

c) skeletally developed zircons in interstices and alon g grain boundaries,

Type (a) is subordinate to types (b) and (c). Inhomogeneities in zoning and colour
indicate compositional variabilities within single crystals and all are metamict to various
degrees. Fine-grained idiomorphic zircon is the least metamict; it is the only zircon that
produces a radiation halo in contact with the neighbouring minerals. The other two types
of zircon are often merely present as cryptocrystailine mixtures of zircon, baddeleyite
and amorphous (hydrous?) Zr-oxide, Single baddeleyite crystals not associated with
zircon are present in several phonolite samples.

Microprobe analysis of zircon (Appendix 3) proved to be difficult due to the extent
of metamictisation and to an inhomogeneous Zr-standard. Zircon analyses which givea
reasonable stoichiometric Zr/Si-ratio normally contain trace amounts of Yb,O, (0 -
0.26 wt.%), Ce,O, (0-0.37wt.%) and Y,0, (0-0.68wt.%); Ceand Y are most probably
present as minute monazite and xenotime phases, substituting zircon. HIO, is present
between 0 - 0.8 wt.% with a ZrO/H[O, ratio ranging from 0 - 0.012, values typical for
non-metamict zircons from nepheline syenites (Rankama and Sahama, 1950). None of
these zircons show measurable contents of U or Th,

Not presented in Appendix 3 is a group of analyses with ZrO,-contents which are too
high when compared to their SiOz-contents, which can be explained by decomposition
of zircon to baddeleyite and/or Zr-hydrates during metamictisation. Another group
yields similar features, although with additionally high Y,0,-contents (1.2-63 wt.%),
which are most probably due to xenotime substitution. In this group the only detected
Th impurities (up to 0.82 wt.%) occur,



Uranium minerals

Cryptocrystalline uranjum minerals occur in the phonolites as finely disseminated
impregnations, The very fine grain-size of less than 1y, for most of these minerals makes
an optical identification very difficult and thejr localisation is only possible using
autoradiography. Higher concentrations of these uranjum minerals could be observed
in association with aggregates of pyrite and cryptocrystalline Semi-opaque phases finely
distributed throughout the phonolites and along fractures and ip veins. Powder
diffraction of uranium mineral concentrates from the pyrite aggregates yielded pure
uranium-oxide (pitchblende) ranging between UQ,,s and U;O,. Such uranium-oxides
were further observed as inclusions in pyrite. Of the many cryptocrystalline semi-o paque
phases, only brannerite (UTiOg) could be amongst other less well-defined associations

of uranium and titanium.

Fluorite

In the phonolitic rocks, fluorite (mostly violet coloured) mainly occurs in interstices
and voids and on fracture planes; small amounts of colourless, light yellowish and
greenish fluorite can also oceur. Grain-size varies from very fine-grained fluorite (<02
mm} in interstices to medium-grained, idiomorphic crystals (>10 mm) in open cavities,
Interstitial fluorite is always intimately intergrown with pyrite, zircon and low microcline.
All the fuorites show abundant fluid inclusions of different generations and inclusions
and/or intergrowths of fine-grained carbonate,

Microprobe analyses were performed with F as a fixed element (Appendix 3). All the
fluorite investigated was virtually pure; minor impurities found were Ce,0, (0.5 wt. %)
in one sample and Y,0, (max. 0.2 wt.%) in seven samples. In all the fuorite samples,
K0 (0.70-0.95 Wt.%}) was detected, and sometimes traces of Na,O (0 - .1 wt.%). At
least part of these alkali contents originates from fluid inclusion contamination (see

below).

Barite

Barite is a rare mineral in the phonolites, It oceurs as well-defined euhedrai crystals,
mainly in interstices and op fracture planes, where it forms on aggregates of

well-preserved K-feldspar, pyrite and clay minerals. Textural evidence indicates that



barite formed durin g late-stage hydrothermai alteration; in the near-vicinity of the redox

fronts, barite is stlf idiomorphically preserved on corroded K-feldspar.

REE-phases

In the reduced phonolites a broad variety of REE-bearing mineral phases occurs. The
list presented below probably does not cover the whole range of REE-phases that occur
in the Osamu Utsumi mine. Because of the very fine grain-size and intergrowths of
different REE minerals, quantitative chemical analysis was often impossible,

The following REE minerals have been identified by various analytical methods:

monazite (Ce,La,Nd)PO,

cheralite (Ca,Ce,Th) (BSHO,

bastnaesite (Ce,La) (CO)F

crandallite (Ca,REE)Alg(POJz(OH)s ‘H,O
florencite CeAly(POy)(OH),

gorceixite (Ba,REE)AIJ(PO4)2(OH)$ ‘H,O
goyazite (Sr,REE)Alg(PO.,):(OH)s ‘HO

Of the REE-minerals identified, monazite and cheralite are the most abundant, They
occur as very [ine-grained, idiomorphic crystals disseminated throughout the phonolites,
but preferentially cluster around the more porous parts of the rock (Fig. 52). The
average grain-size varies between 14y, and, in rare Cases, crystals of up to 15 W are
observed. Monazite and cheraljte occur intimately intergrown with illite, kaolinite, pyrite
and K-feldspar and, in several cases, as inclusions in pyrite and fluorite. The textural
relationships indicate a purely hydrothermal origin for monazite and cheralite, most
probably during an early-stage mineralisation event. The same origin may account for
the likewise idiomorphic bastnaesite, Bastnaesite, however, is preferentially found in
cavities and interstices and less frequently disseminated throy ghout the rock matrix.

Less certain is the origin of REE-bearing phases of the crandallite group minerals
(crandallite, florencite, gorceixite and goyazite). As discussed below, these minerals are
more abundant in the oxidised and lateritic zone. In the reduced zone these minerals
occur as small-sized crystals (<3u) of euhedral shape mainly in open cavities, interstices
and on fracture planes. In a few cases crandallite group minerals are found in pyrite as

inclusions. Florencite additionally occurs in close association with monazite without



crandallite £roup minerals have beep reported in the literature as being only of

Supergene origin (e.g, Mariano, 1989, and literature cited therein).

5.1.1.5. Fluid inclusions

phonolite in core samples from borehole Fi. The fluorites fepresent different texturg)

relationships: a Xenomorphic, interstitial fluorite (sample WC1 1-75), a euhedral fluorite

measured (Table IV);

- “first melting” or cutectic temperature (Tw) which indicates the type of dissolved

salts,

believed to be of secondary origin (J., Mullis, pers. comm., 1990).

Population |

These fluid inclusions have ahomogenisation temperature (Ty,a) of 250°— 26(rCwith
a liquidus temperatyre Taice 0F -2.9° £0.3°C. The liquid phase belongs to the flujd system



- TABLEIV
Fluid inclusion data for texturally different fluorites in the leucocratic phonolite from borehole F1.
Sample Rock Host mineral P N Type Gas SL Ty Tm, ice Thom H2O K(l! CO;
{(vol.%) (°C) °C) °C) (Wt.%)  (wt.%) (wm.%)
WC11-75 leucocr. phonolite fluorite, interstital I 3 sec. 15 yes .11 -2.8+0.2 250-260 9293 79 0
1I 4 sec. 10 yes  -10 25%0.3 200-220 9293 7 0
WwC11-78 leucocr. phonolite fluorite, cavity Ir 4 sec. 10 yes -10 -25+0.3 200-220 92.93 7 0
m 2 sec, 90 yes  -22 101 200-220 55-58 4245 ¢
WwC11-87 leucocr. phonolite fluorite, fracture I 7 sec. 15 yes .11 -29+0.3 250-260 9293 79 0
I 9 sec. 10 yes -10 25+03 195-220 92-93 7 0
€1 G sec, 95 yes  -23 11+1 200-210 55-58 4245 ¢
Abbreviations:
Type - sec. = secondary inclusion Ttm — first melting tem perature in °C
P ~ 1nclusion population Tmice - melting temperature of ice in °C
N — number of meaured inclusions Thom - homogenisation temperature in °C
Gas - gasvolume in % H20 ~ approximate amount of H>Q in weight 9%
S~ solid inclusions at room temperature KCl — approximate amount of salt in weight % equivalent KC|




Population 1y

These have similar characteristics to those of Population I, but with a Jower
homogenisation temperature (T,,,, = 200r - 220°C). The fluid system is again H,0.K(C]
with an equivalent KClof 7+1 wt. o, The gas phase makes up about 1042 vol.%,
consisting Mmainly of vapour. Crystals of saj¢ hydrates are always present. Population I1
inclusions were observed in all three different fluorites,

Population 11

homogenisation temperature js Toows = 210° = 10°C and the meiting point for jce ISTp e =

1990). Cubic Crystals melting at 3 temperature of 155°+3°C are interpreted to be solid
KCl1 (Roedder, 1984). Rama N-spectroscopy of the inclusions yielded no evidence of CO,,
CH,, H;S or N, and the flujd js therefore thought to be of Pure saline composition (M.
Hiigi, pers, comm., 1990},

Inclusions of Population IIT oceur in the open cavity and fracture fluorites (WC11.78
and WC11-87), but not in interstitial fluorite (WC11.75),

The following conclusions can be drawn;

The low-salinity inclusions of Population [ are observed in interstitial flyorite growing
into a nepheline Pseudomorph, and ip the fractyre Huorite. Both fluorites are
Surrounded by completely exchan ged K-feldspar of almost pure orthoclase ¢compaosition,

However, the K-feldspars do not display the characteristics for newly precipitated low

Population 1T inclusions also have low salinity and are present in all the different
fluorites. They represent an intermediate stage in the evolution of the fluid, and are

considered to be the “starting-point” for boiling as observed for population 111



therefore represent the flujd of formation for low microcline and, taking into account
textural relationships, for the major mineralisation as well. Thus, a minimum
temperature of formation for the mineralisation would be in the region of 210°C,
Unfortunately, ali attempts to measure fluid inclusions in the various alkali feldspar types

have failed due to the very small size of the inclusions,

3.1.1.6. Clay mineralogy

By far the predominant minera] Phases in the <2, fraction are illite and kaolinite,
Due to their intimate textural relationship, Coarser-grained white mica (sericite) is
described together with illite. Chlorite and smectite occur as traces in some samples of
the cpx-bearing phonolites, although they could not be further identified due to their
Sparse occurrence in the average Phonolite samples. Smecti te, which tends to be more
abundant in strongly brecciated zones distant from major breccia pipes, was identified

as dioctahedral montmorillonite, Chlorite was not found to be more abundant in such

Zones.

Illite and sericite

The term sericite applies here 1o a fine-grained (2-60) variety of flaky white mica
which is larger than the illite of the clay fraction (<2y). llite occurs both as a
hydrothermal precipitate and as an altcration product, mainly of nepheline but also of
alkali feldspar. The coarser sericite occurs as 2 hydrothermal phase within the matrix and
as a substitute for kaolinite in the nepheline pseudomorphs {(population “c™: see below).
It normally has a pale green pleochroism indicating a moderate iron content.

The crystallinity index (Kubler, 1968), based on the peak width at half-height of the
001 XRD reflection, lies between 0.13 and 0.18 for the jilites of the phonolitic rocks.
The illitic material in the <2y fraction proved to be almost pure, non-cxpanding illite in
the set of samples studied (Srodon, 1984). Thus, a temperature of formation above about

360°C, or formation at lower temperatures but with a high K’-activity, is indicated by
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populations:

a) illites/sericites within the centraj zone of nepheline pseudomorphs (number of

analyses n=17),
b) interstitial illites/sericites in association with pyrite and zircon (n=12),
¢) sericites within the border zone of nepheline pseudomorphs (n=4), and

d) illites/sericites that occur as vojg infillings (n=5),

interlayer. The average composition of the illites from nepheline pseudomorphs ( 1) and

from the mineralisation assemblage c]ay-zircon—pyrite (1) are

i) Kas Naum(A] 15 Feg; MgamJ (Alus? Sis. 13) Oy (OH)z
i) Kon(Al, Feogs Mgaor)( Alygs Shes) Oy ( OR),

formula units per 22 0. On the other hand, Beaufort and Meunier ( 1983) indicate that
hydrothermal iljjtic material displays a complete range of K-contents, from 14810 2.0
per 22 Q, mainly depending on the K*-activity of the hydrothermal fluid.



muscovite
I-(AJ2 {Sia,;ﬁu,';(’_)1 0(OH}a

o illites from the central zone of
nepheline pseudomorphs
« ilites from the border zone of

nepheline pseudomorphs

¢+ illites from py-zr-clay
assemblage

+ illites from voids

b rims of coarse seticite
flakes

celadonite pyrophyllite
K(N.Fe.Mg}2814O]0(OH}2 N28i4010(OH}2

Figure 5. Compositional diagram of illites in different phonolitic rocks from the Osamu
Utsumi mine with musco vite, celadonite and pyrophyllite as end membpers,

n=5

E K atomic fraction

Na atomic fraction x 10

a) illites from central zone nepheline pseudomorphs

b} lites from pyrite-zircon-clay assermblage

c) llites from the border zone of nepheline pseudomorphs
d) illites from void infillings

Figure 6. K and Na interlayer occupancy of ilites from different parageneses,



—_—

The majority of the kaolinite s generally chemically pure; in a few cpges imputities of
iron (0.32~0.7 Wt.%), sodium (0.03-0.11 w.%) and Magnesiuvm (0.05-0.29 wt.%) occur,
Both Y and Ce were detected in trace amounts,

Chlorite and smectite



5.1.2, Nepheline syenites

brecciated ore body B. In F4, they tend to be more frequent in the lower part, possibly
indicating close proximity to the intact massive nepheline syenite country rock.

The major syenite bodies, ranging from several metres to several tens of metres in
extent, may in fact represent country nepheline syenite which has intruded older
phonolites and subsequently (together with the older phonolites) suffered fracturing,

brecciation and injection by younger phonolites, accompanied by highly volatile volcanic

Phases.

Nepheline syenite samples from the mine walls generally display the same features as
the drillcore sam ples. Unaltered nepheline syenite cou ntry rock has not been recovered
from the drillcore or the mine walls.

The nepheline syenites are medium- to Coarse-grained, equigranular and
inequigranular hololeucocratic and leucocratic rocks, Particularly the medium-grained
types may be porphyritic. In ali the nepheline syenite types studied, there frequently
oceur pegmatoid veins composed of alkalj feldspars (centimetre size), with or without
nepheline. Macroscopically, the nepheline syenites have suffered evident hydrothermal
alteration, including general pyritisation and argillation, and, less frequently, blue
Mo-staining (restricted to distinct zones and individual breccig fragments) and fluorite
mineralisation (in voids and fractures). The nepheline syenite fra gments in the breccias

show evidence of pre-breceia hydrothermal alteration, as do their phonolite equivalents.

5.1.2.1. Modal content

A qualitative compilation of the mineralogy derived from microscopic and XRD
investigations is given in Table I. The quantitative alkali feldspar content, together with
the relative abundance of clay minerals in the <2y fraction determined by XRD, are
listed in Table I, A detailed mineralogical account of the F4 drillcore samples (including

phonolite fragments) is given in Appendix 5.



5.1.2.2. Hydrothermai assemblage

the mineralisation assemblage) and the greater abundance of Smectites, especially in

Pseudomorphs, haye inclusions of tiny cubic pyrites (10-30,), indjca ting pyrite forma tion
contemporaneous with the alteration of the nephelines, A¢ a later stage the kaolinite is

partly substituted by somewhat Coarser-grained illite/sericite, In fissured pscudomorphs



Coarser-grained pyrite, fluorite, zircon and carbonates of the main mineralisation

assemblage can be observed,

Clinopyroxene

Well-defined, acicular structures comprising Cryptocrystalline Fe-Ti-oxides, clay
mincrals, and sometimes pyrite, are interpreted as pseudomorphically replaced
clinopyroxenes. Further away from the breccia pipes, relict clinopyroxene could be
identified in the core of such pseudomorphs. The replaced clinopyroxene is randomly
distributed in the nepheline syenite, displaying a normal magmatic texture; no indications

of cumulation textures were observed,

5.1.2.3. Mineralisation assemblage

The mineralisation assemblage of the nepheline syenite fragments and bodies
€ncountered in borehole F4 is generally similar to that observed in the phonolitic rocks.
Pyrite and precipitated low microcline are the predominant phases in this assembiage,
followed by fluorite, zircon and Zr-minerals, semi-opaque Fe-Ti-Zr-REE aggregates,

carbonates, TiO,-phases, and small amounts of chalcopyrite, sphalerite, galena,

Mo-minerals and very fine-grained U-minerals. Because the nepheline syenite bedrock

was not encountered, either in borchole F4 or in the mine walls, this assemblage is
described in detail in Section 5.1.3, Here it is worth noting that Mn-siderite is the most
abundant carbonate that occurs interstitially in the nepheline syenite fragments, and as
fracture infillings.

In Appendix 1, a detajled description of the pyrite sulphur isotope composition s

given.

5.1.2.4. Clay mineralogy

The clay mineral composition in the nepheline syenite differs somewhat from that of
the phonolitic rocks. On average, it Is best compared to the clay composition in the
cpx-phonolite (Table I).

Iiite and kaolinite are the most abundant clay mincrals in the near-vicinity of the

breceia pipe (the first 120 m in drillcore F4); chlorite and smectite occur in trace amounts,



Smectite stabi]; ty field. Such 4 shift can pe produced by two different factors, Namely 3

decrease ip K“-actm’ty and/or formatjop of the illitc-ﬂlite/smectite mixtures a¢ lower

Eberl, 1984; Innoye and Utada, 1983),



Smectite

Dioctahedral smectite is found in pseudomorphs after the primary mafic components,
together with small amounts of chlorite, at greater distances from the breccia pipe.
Deeper inborehole F4, smectite becomes increasingly abundant in fractures and cavities,
as well as in the matrix, yiclding an X-ray pattern similar to montmoriilonite. The
illite:montmorillonite ratio is about 3:1 on average, reaching 1:1 in several deep-seated

samples.

5.1.3. Brececia bodies

The breccia bodies, which have undergone open-pit excavation, are the main host
formations of the Zr-U-Th-REE stockwork mineralisation.

The breccias of ore body B, mainly recovered in drillcore F4, have been investigated
in detail, Down to a depth of about 320 metres, the core ¢ncountered a volcanic breccia
with randomly alternating matrix-supported and clast-supported zones. Coherent rock
fragments encountered in these breccias vary in thickness from a few millimetres to 1.5
metres at the most. From 320 metres down to the hottom of the hole (414,76 m), the
intensity of brecciation decreases and the core consists of larger coherent rock fra gments
of decimetre to several metres in size. The single fragments are intercepted by small
breccia veins of a few centimetres to a maximum of several decimetres in thickness.

The breccias encountered all belong to the group of subvolcanic conduit breccias
(Ulbrich, 1984). They cover a broad range of structural and compositional types ranging
from relatively poorly fractured (craquelé) nepheline syenites or phonolites, with
quantitatively very subordinate fracture fillings, to chaotic breccias with heterogeneous
fragments. The latter consist of different types of nepheline syenite and phonolilé, as
well as breccia fragments, indicating the reworking of earlier, already lithified breccias.

The characteristics of the potassic alteration are essentially the same in fragments of
dimensions down to about 5 mm as they are in the coarse and very coarse varieties.
Breccia-related hydrothermal processes only played a role in the very fine-grained
portions of the matrix. Hence rock and mineral fragments with dimensions less than 2
mm are classified as matrix sensu strictu (8.5.). The spaces between the fragments of the
breccias are partially or totally filled with matrix (s.5.) cements or mineralisations.
Mineralisations associated with, or without, matrix (s.s.) are considered in a broader

sense as matrix sensu lato (s.1.).




The volumetric content of the matrix (s.s.) covers a broad range varying from
clast-supported to matrix-su Pported breccia types. In addition, breccias with matrix (s.s.)
may grade through types with a welded matrix to those with an interstitial, very
fine-grained phonolitic (magmatic) matrix and, finally, to xenolithic phonolites. These

types were not found to be mineralised.

5.1.3.1. Nepheline syenite fragments

Nepheline syenite fragments occur throu ghout drillcore F4. In the first 320 metres of
the drillcore, nepheline syenite fragments occur subordinate to phonolite fragments,
varying in size from millimetres to a few decimetres. Towards the bottom of the core they
increase in abundance, as well as in size, reaching diameters in decimetre to the metre
range, indicating the proximity of the intrusive nepheline syenite country rock.

In general, the nepheline sycnite fragments show very similar mineralogical features
to those already described in Sectjon 5.1.2. Tt is important to note that the degree of
pyritisation and impregnation with Mo and fluorite varies between different fragments
within the same breccia sam ple. There is no relationship between this kind of
mineralisation and the one observed in the breccia matrix. Hence, the nepheline syenite
fragments must have already undergone hydrothermal alteration, including pytitisation,
and, in certain cases, Mo- and ﬂuorite~mineralisation, prior to their fragmentation and
incorporation into the breccia,

However, the breccia-related hydrothermal alteration affected the fragments
marginally, producing, among other changes, an increased argillic alteration of the first
few millimetres to centimetres within the fragment rims, and the penetration from the
matrix into these rim zones of carbonates {mainly siderite), zircon and, to a minor degree,
fluorite. Similarly, a stronger blue Mo-staining can often be observed in the marginal
zone compared to the fragment centre. Breccia-related pyrite and low microcline often
concentrate around individual fragments; to what degree they also penetrate into the
fragments is difficult to determine because of the earlier developed K-felds pathisation

and pyritisation in the fragments.

concentrate around individual fragments; to what degree they also penetrate into the
fragments is difficult to determine because of the earlier developed K-felds pathisation

and pyritisation in the fragments.

concentrate around individinal Eraccrmarmies fm oot s 3 1




5.1.3.2. Phonolitic fragments

a matrix of high-temperature phonolite composition mainly oceur as detached fragments
in the breccia with g low-temperature matrix.

All the phonolite fragments in the breccia show the Same evidence of pre-breceia

3.1.3.3. Breccia matrix

As noted above, the different breccia-related hydrothermal processes acted mainly in
the breccia matrix, and resulted in the formation of different minerai assemblages often

existing in very close spatial relationship, Texturally, the hydrothermal minerals occur as

minerals) is the most abundant, foliowed by assemblages 2 (clay minerals + pyrite) and
6 (clay minerals + zrcon + semi-opaque phases + fluorite), Assembiages 4 and 5,
characterised by their Mo-phase(s) and U-phase(s) respectively, show an accumulation

in the central part of the breccia byt may also occur in the more marginal parts. The

body. In spite of the often very close association of the different assemblages it was,

however, not possible to relate specific sequences to temperature-time conditions,



TABLE Vv

Hydrothermal mineral assemblages deduced from brecciag in borehole F4 (compare Appendix
5).

Assemblage Short description Aclivity

1 Pytite Monomineralic, microcrystalline masses to millimetric  Background
idiomorphic crystals as infillings of open spaces
between breccia fragments.

2 Clay minerals + Cryptocrystatline clay masses containing disseminated Background
pyrite microcrystalline pyrite; clays are predominantly illite
with subordinate kaalinite, montmorillonite and, in
certain cases, illite-smectite mixed-fayers and chlorite.

3 Fluorite + Microcrystalline components of the marix and coarser  Minor positive
carbonate + pyrite  masses cementing the breceia fragments; fluorite anomalies
*clay minerals mainly violet coloured; carbonate as inclusions

in fivorite (calcite) and oceasionally free (siderite +
calcite).

4 Pyrite + clay Microcrystalline pyrite-clay assemblage with bluish, Minor to medium
minerals + secondary Mo-mineral staining (ilsemannite). positive anomalies
Mo-phases

5 Pyrite + U-oxide Microcrystalline masses filling open spaces berween Maximum
phases + breccia fragments; U-axides (pitchblende + observed
unidentified sulphide subordinate uraninite) often as coatings on pyrite anomalies
minerals and sulphides.

6 Clay minerals + Microcrystalline masses with somewhat coarser zircon  Minor to medium
zircon + and fluorite; semi-opaque phases include metamict, positive anomalies
s¢mi-opaque phases poorly defined Zr-phases (e-g. caldasite), brannerite,
= fivorite as well as undiscernible rare metal oxides

(e.g. leucoxene, columbite group?), silicates
(e.g. thorite?) and phosphates (e.g. monazite,
xenotime),

Pyrite

Based on textural relationships, populations of pre-, syn- and post-breccia pyrites may
be discerned. Pre-breccia pyrites, formed during the potassium-rich hydrothermal event,
occur as disseminated mineralisation throughout the non-brecciated phonolites and
nepheline syenites and their respective fragments in the breccias. There, associated
fragments may show different de grees and textures of pre-breccia pyrite impregnation,
The pre-breccia pyrites form the most important pyrite population and are described in
the sections above (5.1.1.4. and 5.1.2.3.). Syn- and post breccia pyrites occur in open

pores and cavities, and in various mutu ally intersecting generations of veins and fractures



total breccia,

Syn-breccia pyrites occur in the breccia matrix and tommonly constitute g major part
of the major minera| content (>10vol.%). In certain centimetre-thick Zones, syn-breccia
Pyrite almost forms monomineralic assembja ge of more than 90 vol.%. It is normally
of fine grain-size, in the range of 0.5-2 mm, wjth cxtremes smaller than 30y and larger
than 1cm, They occur ag idiomorphic single crystals byt more frequently as intergrowth

masses. Syn-breceig pyrite is frequently intimately intergrown with sphalerite and with

Zr- and U-minerals,

Post-breccia pyrite occurs along fracture Planes that cus the breccia bodies and is
predominantly fine-grained in the range 0.3-3 mm, Growth textures are of isolated

idiomorphic single crystals or intergrown clusters and coatings, The most commonly

S-isotope and chemical analyses of the different pyrite Populations are described in

Appendices 1 and 3,

Sphalerite

Sphalerite occurs sporadically and normally in trace amounts; it may reach minor
contents in certain highly U-mineralised breccia zones. In such zones thereis an intimate
intergrowth of sphalerite with pyrite, Zr- and U-minerals. Sphalerite has a certajn

importance as host to a cadmium mineral of which a sulphidic form (greenockite, CdS)



Other sulphides

Chalcopyrite (Cu FeS;) was sporadically observed along fractures in nepheline syenite
lragments within the deeper zones of the breccja encountered in borehole F4, Pyrrhotite

(FeS) and pentlandite ((Fe,Ni)S) occur in some cases as inclusions in pyrite.

Molybdenum minerals

The main Mo-bearing mineral is the blue-coloured ilsemannite (Mo;Og'HZO'H,SO.Q
of supergene weathering origin, which occurs finely disseminated in the breccia matrix
with a tendency to accumulate along the borders of xenoliths. This mineral is aiso
responsible for the bjue staining of the mine walis and the drillcores shortly after their
€xposure to air. llsemannite is a weathering product of sulphidic Mo-minerals such as
molybdenite (MoS,) and/or jordisite (amorphous MoS,). Only in a few samples was
jordisite detected, whereas molybdenite was never observed. Jordisite, as the most

probable precursor of ilsemannite, is of very low-temperaturc hydrothermal origin
{Ramdohr, 1975).

Uranium minerals

Cryptocrystalline uranium minerals occur in the higher-grade mineralised zones of
the breccia encountered in borehole F4. Theyoccur as dustings in the breccia matrix and
as coatings on minerals (pyrite) and fracture planes, and are always in close association
with the other minerals of the mineralisation assembla ge, particularly with the sulphides,
The U-minerals display the same compositional range (by XRD) as observed in the
phonolites (Section 5. 1.1.4.). Additionally, in some samples of highly mineralised veins,
the X-ray pattern signifies a well-formed crystalline uraninite (UO»). In aggregates of
cryptocrystalline semi-opaque phases, brannerite (UTiO) could be identified besides
other less well-defined associations of uranjium and titanium (B. Hofmann, pers. comm,,

1990).

Ti-oxides

Besides the Ti-oxides that have resulied from the replacement of the original mafic

minerals, there occur microgranular aggregates of ncedle-shaped Ti-oxides and coatings



/

anatase,

Zircon and Zr-minerals

Zr-aggregates. Radial fibrous aggregates of baddeleyite, known as caldasite from other
localities of the Pogos de Caldas plateau, were not observed. Non-metamict idiomorphic
Zifcons are rare and oceur only as void infillings and on late-stage fractures. Such zircons
may reach 5 mm in size and are (3!:‘ a reddish-brown colour that could be due to impurities
of Nband U (Fielding, 1970).

Fluorite

breccia matrix than in 4l other rock types, with the exception of the ultramafic dykes

(Section 7). Siderite, with varying Fe-Mn ratios, is the most abundant carbonate:;



association with fluorite), the mineralisation assemblage of the breccia matrix (siderite

with varying Fe-Mn ratio), and a late process affecting post-breccia fractures (Mn-
siderite).

Alkal; feldspar

Alkali feldspar always occurs in varying amounts within the breccia matrix, mainly as
a low microcline form, Macroscopically, the low microcline of the breccia js normally
blue in colour, which Suggests a triclinic potassium feldspar of low-temperature origin
(<270°C; Oftedlal, 1957). Under cathodoluminescence the |ow microcline displays a
homogeneous duli yellow-brown colour with no indication of zoning. This contrasts with
the observed colour zoning of the alkali feldspar formed durin gthe potassicevent, which

normally shows a preserved red luminescence core.,

Clay minerals

The relative abundance of the individual clay minerals in the different breccia types
exhibits an extremely large variation, Commonly, illite (including the Coarser-grained
sericite) and kaolinite are the most abundant; XRD indicates that the illite is a
well-crystallised form. The amount of expanding layers does not exceed 10% of the illite.

Kaolinite, by contrast, displays an X-ray Patternwith broad peaks, com pletely different
to that found for those kaolinites replacing nepheline in the phonolites and nepheline
syenites. This may indicate a low degree of crystallisation or mixed-layers with chlorite
and/or smectite, Towards the marginal areas of the breccia, the crystallinity of kaolinjte
increases again. Textural relationships indicate that illite/sericite substitute for earlier
kaolinite in assemblages 1 and 3 in the more central parts of the breccia, with pyrite found
as inclusions in the coarser illite/sericite flakes. Smectite and chlorite are normally
present in trace amounts within the breccia matrix. In a few special cases smectite reaches

Major amounts with a montmorillonite composition,



51.4, Oxidised 2one

weathering had produced a distinct redox front, manifested by a clear colour change from
greenish-grey 1o orange-brown. The change is mainly attributed to ferrous-to-ferric
oxidation and the formation of clay phases, The absence of pyrite and other sulphides,
fluorite, barite ang primary U- and Mo-phases is characteristic for the oxidised zone
(Table I). In addition, K-feldspar decomposes to illite and kaolinite, a transformation
which becomes more and more complete towards the weathering cover,

The minerals formed in the oxidised zone include:

Fe-hydroxides (mainly ferrihydrate and goethite),
kaolinite,

illite,

Mn-hydroxides (mainly pyrolusite and nsutite),

crandallite £roup minerals ( gorceixite, goyazite, forencite),

minerals of the alunite-jarosite tamily,

Iron-hydroxides

FeS; + H,O + 7120, < Fe'. +507, + 20",
FeS; + 12 HO + 1520, . Fe(OH), + SO2,, + 2H",,



oxidised zone ferrihydrate and amorphous Fe-hydroxide form coatings around the other
minerals, makin g microscopic investigations extremely difficult. Such coatings often
display a rhythmic alternation of different crystalline Fe-hydroxide zones. In fractures
the single Fe-hydroxide zones are often separated by thin layers of Mn-hydroxides. Such
textural evidence sy geests Fe-hydroxide formation in several stages,

Gocthite, often in close association with ferrihydrate, displays well-defined

(Appendix 2). The results obtained support the above observation that the adsorption

of uranium is negatively correlated with increasing crystallini ty of the Fe-hydroxides.

INite and kaolinite

Secondary kaolinite and illite are formed in the oxidised zone through decomposition
of K-feldspar; the former s more abundant, The transformation of K-feldspar to

kaolinite and illite occurs according to the equations:

ZKAISHO;s + 2HY, + 9H,0 .. ALSi04(OH), + 2K*, + 4HS(O, .,

respectively

3KAISI,O, + 2H*,, + 12H,0 « KA];;Si:;Om(OH)z + 2K*, + 6H.Si0, o

Secondary kaolinite and illite display a sparry textural arran gement with a high amount

of micropores. In conducting zones such Sparry aggregates are often scoured out.



Alunite ang Jarosite

Their occurrence together with such phases in pyrite pseudomorphs Suggests formation
from pyrite and possibly other sulphides during their oxidation,

5.1.4.1. Modal content

The average modal aby ndance of K-feldspar is decreaseq in the range of 5-2¢ wt.%

samples. At some redox fronts there are greater accumulations of Fe-hydroxides which
May account for as much as 17 vol.% of the total rock volume.
Pseudomorphically replaced clinopyroxene ranges between 15-20 vol.% in the

CPx-phonolite and is {ess thap 10 vol.% in the oxidised nepheline syenite. In the other

less than 5-10 vol.%.

5.1.4.2. Porosity measurements

Compared to their counterparts in the reduced zone (‘Table I1D), porosity values in the
oxidised zone are greater in all the different rock types. This ihcrease is primarily due to
the decomposition of K-feldspar, fluorite and pyrite and is, therefore, strongly dependent
on the composition of the reduced rock. The scatter of the porosity values is also greater

in the oxidised rocks, ranging from about 9% up to about 25%. The best comparison of
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porosity for reduced and oxidised rock can be seen in profiles over the redox front where

the average porosity increase is between 4-8% (see Table XX and Fig. 57).

5.1.5. Weathering cover

Climatic conditions in the Pogos de Caldas Plateau have favoured formation of lateritic
soils and bauxites during the last 75 Ma, assuming that the magmatic and hydrothermal
activity terminated with the intrusion of the ultramafic lamprophyre dykes; one example

yielded an Ar-Ar plateau age of 75.7 + 3 Ma. (Shea, this report series; Rep. 4). Factors

(December - Februa ty) and an avera g€ minimum rainfail of Jesg than 25 mm during the
dry season (May — July); the annual average is about 1700 mm over the same period
(INM, 1982). Normal daily temperatures range from 12-24°C, with recorded minimum
témperatures around freezing point and maximum temperatures of 35°C, With anannual
average of about 17°C, the temperature is lower than for a typical tropical climate
(19-20°C; Almeida, 1977).



5.1.5.1. Saprolite

The saprolite horizon js defined as a horizon where the original rock texture is still
mainly preserved, although its mineralogical composition is transformed to g major
degree. The transformation of the original mineralogical composition is combined with
an increase in total pdrosity and a decrease in bulk density from the bedrock to the
saprolite horizon.

Saprolite horizons occur in the mine in varjable thicknesses. The most massive
horizons are observed capping the coarser-grained bedrock types (nepheline syenite
about 50 m; plc-phonolite about 25 m) in ore bodies A and B. In contrast, the horizons
are less developed when associated with the more fine-grained bedrock varieties
(volcanic phonolite about 12 m; cpx-phonolite about 10 m) in ore body E. The sa prolite
is generaily yellowish-white in colour with heterogeneously distributed zones and spots
of various colours (vellow, red, brown, violet, black). Yellow and brown colours are
mainly due to accumulations of Fe-hydroxides, whereas red, violet and black colours

fepresent accumulated zones of Fe- and Mn-oxides/hydroxides in varying ratios.

P —



Major crystalline components of the saprolite horizon are kaolinite, illite/sericite and

iron-hydroxides (mainly ferrihydrate and goethite). K-feldspar may still be present as g

lower levels, only occurring higher up, especially within the more Pporous saprolites
capping the nepheline syenite and ple-phonolite, Resistate minerals (Ti-phases,
Zr-phases) and concretions of Mn-hydroxides occur in minor and trace amounts, The
most important trace and minor components formed under weathering conditions, for
€xample alunite, jarosite, lithiophorite and the crandallite group minerals florencite,
goyazite and gorceixite, tend to be heterogeneously distributed within the saprolite

horizons,

5.1.5.2. Laterite

The original rock texture is no longer preserved in the laterite horizons. The transition
from saprolite to laterite js continuous, although the contact zone is very irregular. The
lowest laterite zone js normally composed of consolidated clay material, mainly yellow
and white in colour, and is normaily quite thin (0.5-1 m) and not always developed.
Further up the vertical profile there occurs a zone where Fe- and Mn-hydroxides become
fore concentrated, forming nodular aggregates (centimetre to decimetre in size)
embedded in a fine-grained clay matrix. This zone displays a mottled yellow-red-
brown-black colour and varies in thickness between about 2 in and 20 m, Generally,
indurated red-brown-coloured layers strongly enriched jn nodules occur towards the top
of this zone (ferricrete), Such ferricretes, normally in the range of 0.05-0.5 m thick,
repeatedly occur, separated by mottled, less rich zones, In its uppermost zone, which
ranges in thickness between 0.5-15 m, the laterite consists of unconsolidated
fine-grained crystalline and amorphous material, Finely disseminated Fe- ang
Mn-hydroxides again occur, and are responsible for the fairly homogeneous yellow-
brown colour characteristic of these levels.

Kaolinite and gibbsite are the predominant crystalline Phases in the laterite, followed
by crystalline Fe- and Mn-hydroxides. Iilite, another important component, is mainly
derived from the parent rock as evidenced by their stable isotope composition (Waber,
1990). Much more abundant than in the saprolite are amorphous Fe- and Al-gel, and
heavy minerais more resistant to weathering are mainly found in association with

ferricretes or nodules. Newly formed mineral phases such as alunite, jarosite,



lithiophorite and the crandallite group minerals generally show the same heterogeneous

distribution as in the saprolite, but are more abundant,

5.1.5.3. Modal content

A compilation of the modal abundance in single samples from the four investigated
profiles is given in Table VI. The mineralogical evolution illustrated in the four profiles
extending from different bedrock environments to the surface is presented graphically

in Figure 7.

5.1.5.4. Porosity measurements

A strong increase in total porosity of 10-15 vol.% occurs at the junction between the
oxidised bedrock and (he saprolite (Table VII; Fig, 8). This increase is clearly a resuit of
K-feldspar dissolution and its pseudomorphic replacement by spatry clay aggregates.
Throughout the saprolite as a whole, total porosity varies between 25~40 vol.%, mainly
depending on the original grain-size of the u nderlying bedrock. A further drastic increase
in total porosity of 15-20 vol.% (Table VIT; Fig. 8) occurs at the junction between the
saprolite and the laterite. In the laterite the porosity (40-60vol.%) is stron gly dependent
on the amount of Fe- and Mn-accumulations, resulting in a very heterogeneous
distribution. The highest total porosity and the lowest bulk density are recorded for the

uppermost laterite zone,

5.1.5.5. Mineralogy
K-feldspar

K-feldspar is no longer stable under the conditions occurring within the weatherin g
zone. In the laterite zone K-feidspar is totally decomposed, and in the saprolite the
fine-graincd K-feldspar of the rock matrix 1s completely pseudomorphed by kaolinite
and illite, whereas coarser K-feldspar phenocrysts are more frequently preserved,
especially in the lower levels. Such K-feldspar displays etch pitting which is
crystallographically controlled on the surface, clearly indicating dissolution of the

K-feldspar. Textural evidence reveals the decomposition of K-feldspar to mainly

e e
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TABLE VI

Mineralogical composition of four profiles from the otiginal

ground surface down (o the parent rock in ore bodies A, BandE,

Osamu Utsumi mine, ore bod

¥ A, vertical profile A; Qualitative mineralogical composition

Sample Rock type KF Gib HFO 1l Kao Chl  Sm Alu  Jar Flor  Gor Goy Mnm Tim Others
A-60 LAT m m M M tr tr tr tr
A-61 LAT m M M M tr m tr m
A-62 LAT M M M M tr tr
A-63 LAT M m M M tr m tr tr tr tr
A-64 SAP m M M M m tr m tr tr m m
A-65 SAP m m M M tr tr tr
A-65 SAP m M M tr tr tr tr m
A-67 SAP M m-M M M tr tr
A-68 SAP m m M M m m m tr tr
A-69 SAP M tr-m M M tr-m m tr tr tr ir
A-70 PlcPh ox M m M M tr tr m tr tr
A-84-A PlcPh red M M M ir tr tr m**
Osamu Utsumi mine, ore body B, vertical profile B2: Qualitative mineralogical composition
Sample Rock type KF Gib HFO Iil Kao Chi Sm Al Jar Flor Gor Goy Mn-m Ti-m  Others
B2-41 LAT M m M M tr tr
B243 LAT m m M M tr tr
B2-45 SAP tr m M M m tr tr tr m
B2-47 SAP M M M M tr m tr tr
B249 SAP m m M M tr tr tr
B2-51 SAP M m M M m m tr tr tr tr
B2-53 NeS$ ox M m M M m ir m tr tr
B2-55 NeS ox M m M m tr M m tr tr
B2-57 NeS red M M m M tr m**
Components:
M - major, >10vol.% KF - K-feldspar Chl - chlorite Gor - gorceixite Others:
m - minor, 1-10 vol.% Gib - Eibbsitc ) Sm - smectite Goy - goyazite mainly Zr-minerals (zircon,
i — trace, <1vol.% HFO - hydrous ferric oxides Alu - alunite Mn-m-  Mn-hydroxides baddeleyite), monazite, apatite,
I~ ilite Jar - jarosite Ti-m - Ti-mirerals reduced rocks: * clinopyroxene
Kao - kaolinite Flor - Rorencite ** pyrite, fluorite
Rock types:
LAT - laterite NeS - nepheline syenite CpxPh - clinopyroxene-bearing phonolite
SAP - saprolite PlcPh - pseudoleucite-bearing phonolite VLPh - volcanic leucocratic phonotite
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Osamu Utsumi mine, ore body E, vertical profile E1: Qualitative mineralogical Composition
KF

Sample Rock type Gib HFO Kao Chl Sm Alu Jar  Flor Gor Goy Mom Tim Others
Ei-88 LAT M m M M tr tr tr
E1-71 LAT m M M M tr tr tr
E1-91 LAT m m M M tr tr tr
E1-72 LAT m m M M m m tr tr tr tr
E1-92C LAT m m M M tr m tr m tr tr
E1-73 UMD tr m M M m m m m m tr tr
E1-96 SAP M tr m M M tr tr
E1-74 CpxPh ox M m M M m tr tr m m
E1-75 CpxPh ox M m M M tr tr m m
E1-76 CpxPh fresh M M M tr M tr tr M*
E1-77 CpxPh red M M M tr M tr M*
. E1.78 CpxPh red M M M m M tr tr M*

Sample Rock type Gib HFQ I Kao Chl Sm Alu Jar Flor  Gor Goy Mo-m Tim Others

E2-110 LAT M m M M tr m tr tr

E2-111 LAT m m M M tr tr

E2-112 LAT M m M M tr tr tr tr tr

E2-113 LAT M M M M tr m tr tr tr

E2-114 LAT m m M M tr tr

E2-115 LAT m m M M tr tr m

E2-115 LAT m m M M tr tr tr

E2-118 SAP M tr m M M tr m tr tr

E2-119 SAP M tr-m M M tr tr tr

E2-120 SAP M m M M tr tr tr tr

E2-99 VLPh ox M tr-m M M tr tr tr tr

E2-102 VLPh red M M M tr tr**

Components: .

~ mgjor, > 10 vol.% KF - K-feldspar Chl - chlorite Gor - gorceixite Others:

m - minor, 1-10 vol. % Gib - gbbsite Sm - smectite Goy -~ govazite mainly Zr-minerals (zircon,

tr - trace, <1vol.% HFO - hydrous ferric oxides Alu - alumite Muo-m ~ Mn-hydroxides baddeieyite), monazite, apatite,
m - it Jar — jarosite Tim -  Ti-minerals red rocks: * clinopyraxene
Kao ~ kaolinite Flor - florencite **pyrite, fluorite

Rock types:

LAT - latente NeS - nepheline syenite CpxPh - clinopyroxene-beari phonolite

SAP - saprolite PicPh - pseudoleucite—bcaring phonolite VLPh - volcanic leucocratic phonolite




TABLE VII

Porosity in four profiles from the origin

al ground surface down to the parent rock in ore bodies

A,BandE.

A-Profile B2-Profile

Sample Rock type  Density Porosity Sample Rock type Density Porosity
(%) (%)

A-6) LAT 142 452 B2-41 LAT 1.18 55

A-61 LAT 1,15 49.1 B2-43 LAT 1.15 56.5

A-62 LAT 1.16 572 B2-45 SAP 1.16 57

A-63 LAT 1.29 519 B2-47 SAP 139 50.5

A-64 SAP 1.87 346 B2-49 SAP 119 55.5

A-65 SAP 173 s B2-51 SAP 1.83 3.5

A-66 SAP 152 413 B2-53 NeS 23 125

A-67 SAP 1.28 52 B2-55 NcS 221 155

A-68 SAP 218 23,2 B2-57 NeS 225 12.5

A-69 SAP 159 382

A-T70 PlcPh 195 251

A-84-A  PIcPh 235 8.9

El-Profile E2-Profile

Sample  Rock type Density  Porosity Sample  Rock type Density Porosity
(%) (%)

E1-88 LAT 1.14 593 E2-110 LAT 141 469

Ei1-71 LAT 131 50.2 E2-111 LAT 141 46.5

E1-91 LAT 127 515 E2-112 LAT 1.36 48.6

E1-72 LAT 1.09 56.9 E2-113 LAT 1.25 55

E1-92C LAT 121 549 E2-114 LAT 1.18 51.5

E1-73 UMD 13 547 E2-115 LAT 1.27 518

CE1-96 SAP 1.68 35 E2-116 LAT 1,23 - 536

E1-74 CpxPh 227 118 E2-118 SAP 1.43 45.5

E1-75 CpxPh 237 78 E2-119 SAP 1.68 35

E1-76 CpxPh T 261 <1 E2-120 SAP 1.56 41

E1-77 CpxPh 241 64 E2-99 VLPh 23 72

E1-78 CpxPh 23 1.5 E2-102 VLPh 23 7.2

Rock types:

LAT - laterite

SAP — saprolite

UMD - ultramafic dyke

PicPh - pseudoleucite-bearing phonolite

NeS - nepheline syenite

CpxPh - clinopyroxenc-bearing phonolite

VLPh - volcanic leucocratic phonolite

——
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kaolinite and illite and, in certain zones, to gibbsite. This transformation occurs accordin g

to the following reactions:

K-feldspar «  kaolinite
2KAISi;;Og + 2HY,, + 9H,0 < AlLSi,Oi(OH), + 2K*,, + 4HSIO,,,

K-feldspar « illite
3KAISi:Os + 2H*,; + 12H,O «» KALSI;O,(OH), + 2K*,, + 6H.SiO;,,

K-feldspar «  gibbsite
KAISi;0s + H*,, + 7TH,0O + Al(OH), + K*,, + 3HSiO,,,

The transformation of K-feldspar to kaolinite is the most abundant decomposition
reaction of K-feldspar. This is reflected in the increase of the kaolinite:illite ratio from
the lower to the upper levels in the saprolite horizon, always bearing in mind the strongly

heterogencous distribution of these two components in the bedrock.

Kaolinite

Kaolinite is the most abundant silicate mineral phase formed during weathering.
However, to quantify the newly formed kaolinite is impossible due the high and
heterogeneous abundance of kaolinite in the hydrothermally altered bedrocks. SEM
investigations show that kaolinite resulting from secondary weathering tends to form
more sparry aggregates comprising less well-defined crystals than in the bedrock.
Densely packed kaolinite “booklets”, typical for the hydrothermally altered bedrock,
become less frequent towards the higher levels of the saprolite horizon, eventually
disappearing in the laterite. The first transformation of kaolinite to halloysite and
gibbsite takes place in the upper part of the saprolite; however, transformation of
kaolinite to gibbsite in the saprolite is restricted to those horizons covering the nephceline
syenite and plc-phonolite, displaying increased total porosity when compared to that

above the other bedrock units,

N



Illite/sericite

around corroded K-feldspar and again in fissures, Such sericite flakes partially overgrow

fine-grained hydrothermal illite in nepheline pseudomorphs, and is thys thought to be

Gibbsite

Gibbsite occurs in the saprolite horizon only in the uppermost levels capping the
ple-phonolite and nepheline syenite, Here it oceurs in grain-sizes of aboyt 2-20y, mainly

infilling pore Spaces and fissures, In the laterite, gibbsite becomes more and more

ALSHO,(OH), + 5H,0 = 2AI(OH), + 2HSiO,,,

Incertain zones gibbsite is aiso formed by the transformation of K-feldspar. Frequently
observed is an intimate relationship between gibbsite and amorphous gel material,

suggesting gibbsite formation from amorphous Al-gel in the u Pper zones of the laterite.



Fe-oxides/hydroxides

In contrast to the bedrock oxidised zone, the Fe-hydroxides are no longer dispersed
over the whole rock but tend to be more concentrated in specific zones (ferricretes),
especially in the laterite. Amorphous to poorly crystalline Fe-hydroxides are the most
abundant iron phases in the upper part of the laterite. Within concretions of such phases,
goethite and, if further isolated from water, hematite may form through aging, Lower
down the profile the abundance of goethite increases compared to the poorly crystalline
Fe-hydroxides.

Autoradiography of the laterite and saprolite samples reveals a close relationship
between the degree of crystallinity of the iron phases and their capacity for absorbing
radionuclides. Thus, around poorly crystalline Fe-hydroxides a more intense a-radiation
halo is always developed in contrast to aggregates of goethite and hematite, where such
haloes are often lacking. This is further supported hy the selective leaching studies

performed on samplcs from the weathering cover (see Appendix 2).

U-, Th- and REE-phases

No secondary uranium phase could be detected in the weathering zone; uranium is
mainly absorbed on Fe-hydroxides or partly incorporated in preserved brannerite relicts
and in secondary Th- and REE-phases. The latter are fairly abundant in certain zones,
the most important among them being florencite, thorogummite, goyazite, gorceixite
and crandallite. However, their distribution is very heterogencous over the entire

weathering profile.

Relict minerals

The most important relict mincrals unaffected by the weathering solutions are zircon,
Zr-minerals, and Ti-oxides (e.g. brannerite, leucoxene). These minerals all become
residually enriched towards the surface hy the dissolution and removal of the overlying,
less resistant minerals. Monazite is also present in such residual mineral assemblages,

although it may be of secondary origin.

e e e e



52, Geochemistry

Intense hydrothermal alteration and mineralisation have resulted in the unique
chemical composition of the rocks encountered in the Osamy Utsumi mine area, in
contrast to analogous rock types generally exposed in the Pogos de Caldas alkaline
complex (see Ulbrich, 1984; Schorscher and Shea and Shea, this Teport series; Reps, 1
and 4), As previously stated, the mineralogical investigations reveajed three major
hydrothermaj stages: potassic alteration, disseminated mineralisation (mainly
Pyritisation) and vein-type mineralisation {mainly Zr-REE-U—Th-Mo). In order to
provide a general chemical characterisation of the different rock types, a set of samples
were selected which display typical alteration and disseminated mineralisation patterns,
Vein-type mineralisation is excluded from these considerations and is discussed in more
detail in Section 5.2.3, However, it has to be kept in mind that vein-type mineralisation
occurs in all the rocks investigated, although to markedly varying degrees.

Superimposed on the hydrothermal aiteration is the oxidation of the rocks due to

downward-migrating oxidising groundwaters. These processes which began after

weathering,

5.2,1. Phonolites

the hydrothermally altered phonolites with those incipiently altered and non-aitered
Phonolites from the mine walls (profile E1, NW-wall, samples E1-77, E1-78 and E1l.76,
respectively; Table VIII) and the regional phonolites (Table IX) indicates the general
trend of the hydrothermalism,

In borehole F1, reduced and oxidised leucocratic phonolites are the predominant
rocks, whereas reduced pscudoleucite- and cIinopyroxene-bearing phonolites were
recovered in borehole F3. Chemical analyses and the elemental variation with depth in
these boreholes are given in Appendix 4. Ma jor and trace element distributions for the
different phonolitic rocks in the reduced and oxidised states are shown as a Harker

diagram in Figure 9, Average compositions are listed in Table VIII.



TABLE VIII
Geochemical average values of the different hydrothermally altered rocks from the Osamu Utsumi mine (data by XRF: breccia data by ICP-EMS).

Leucocratic Leucocratic Volc. leucocrat. Voic. leucccerat. Pscudoleucite  Ple-Cpx Cpx-bearing Cpx-bearing Cpx-bearing
phonolite phonolite phonolite phonolite phonolite phonolite phonglite phonolite phonolite
ceidised reduced oxidised reduced reduced reduced oxidised red. “hydroth.”  red. “fresh”
n=6 n=21 n=8§ n=2 n=6 n=9 n=2 n=2 n=1
Siy wt.% 55.74 56.89 56.59 56.13 5550 55.87 56.57 57.14 53.08
TiO, 0.53 0.4 0.47 0.53 0.54 0.41 0.47 044 0.39
AlyO3 23,28 2i.80 23,01 2183 2170 22.20 22.73 2222 20.21
Feqot 3.04 2.53 252 272 275 2.35 1.38 1.37 454
MnO 0.00 004 0.00 0.00 0.00 0.00 0.02 0.02 0.47
MgO 0.03 0.05 0.03 0.10 0.08 0.15 0.16 0.14 0.26
Ca0 0.00 0.19 0.00 0.05 0.02 0.06 002 0.66 1.49
Na,O 029 036 033 1.00 0.57 0.99 0.41 0.45 4.85
KO 12.96 13.72 13.48 13.14 13.06 13.44 12.83 13.14 9.08
Py0sg 0.07 0.06 0.04 0.11 0.12 0.10 0.08 0.07 0.04
1LO1 3.27 3.08 2.58 334 3.40 264 389 241 254
CO, na. n.a. n.a. 0.17 021 0.24 0.13 0.14 1.58
F ppm 1218 2085 na. 1324 1280 1466 na. na o.a.
Ba 583 677 823 487 688 913 558 678 453
Rb 315 309 349 273 297 294 263 289 226
Sr 188 198 170 581 335 575 621 868 2163
Pb 30 4 28 40 30 51 b.d. b.d. 6
Th 46 30 51 43 60 47 28 48 k]
U 185 20 54 25 109 46 6 11 12
Nb 225 188 146 268 234 219 187 224 219
La 309 268 326 438 31 403 382 380 278
Ce 673 311 617 384 357 0 318 31 296
Nd ‘ 83 61 73 71 72 82 81 79 52
Y 73 34 58 64 97 111 65 82 45
Zr 1360 1009 738 613 2684 1344 678 762 749
v 239 235 167 333 259 218 183 244 74
Cr 7 6 8 b.d b.d. b.d. bd b.d. b.d
Ni 5 b.d. 6 b.d. 4 b.d. b.d bd b.d.
Co 6 5 6 4 i1 4 b.d. b.d 5
Cu b.d. b.d. b.d. b.d. b.d bd. b.d b.d. b.d.
Zn 24 222 8 104 248 20 62 60 171
Hf 12 10 7 5 20 16 na. n.a. na.
Ga 40 38 3 5 36 na. 36 43 36
Sc 3 3 3 6 5 6 4 8 2
s 27 8237 M 8524 12574 5925 766 2149 1601

XRF-data; n.a. = not analysed, b.d. = below detection.
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TABLE VIII (contd.)

Ne-Syenite Ne-Syenite Ne-Syenite Phonol. dyke Vole, breccia

F4-353 F4.353 F4-353

oxidised reduced reduced reduced reduced

n=4 n=7 n=11 n=|] n=6
Si wL% 56.53 54.65 Si0, wt.% 543 537 56.73
Ti 0.52 0.68 Ti 1.36 0.66 0.43
AlO3 2461 1922 AlQO4 19.4 19.6 1755
Fety, 1.70 4,34 Fex0s 431 507 534
MO 0.06 0.61 MiO 0.92 0.73 036
MgO 0.16 0.13 MgO 02 0.21 0.19
CaQ 003 0.62 CaQ 0.03 0.17 003
Na,0 001 0.63 Na,( 0.11 0.12 0.33
K 13.21 1330 K3 139 13.7 138
P50s 0.08 0.05 P 015 0.04 0.05 0.05
101 2.94 272 o 3.79 4.16 375
CO, na 1.08 CO na. na na
F ppm n.a, 4009 F PPm n.a. n.a. na.
Ba 1217 670 Ba 1406 671 489
Rb 313 383 Rb 305 328 350
Sr 926 215 Sr 286 584 190
Pb 18 11 Pb na. na, na,
Th 54 36 Th 31 27 71
U 14 56 U 24 24 29
Nb 129 377 Nb 293 272 34
La 307 335 La 186 211 248
Ce 299 357 Ce 241 in 327
Nd 90 69 Nd 60 64 B8O
Y 57 38 Y n.a. n.a, n.a,
Zr 317 1629 Zr 816 1050 8997
Y 351 137 v 120 140 57
Cr 5 bd. Cr 3 3 2
Ni 7 b.d. Ni 3 bd. 4
Co b.d. 7 Co 1 3 1
Cu b.d. b.d. Cu 5 5 4
n 57 306 Zn 167 280 133
Hf na. . 18 Hf 15 17 158
Ga 43 na. Ga na, na. na.
Sc 6 4 Se¢ 1 | 1
s 335 13183 5 n.a. na. n.a.

XRF-data; n.a. = not analysed, b.d. = below detection,




TABLE VIII (contd.)

Samples used for average value calculations presented in table.

Reduced Oxidised
Leucocratic phonolite F1-75-1A  F1-101-1A F1-117-1A F1-45-1A
F1-75-1B F1-104-1A F1-118-1A F1-47-1A
F1-77-1A  F1-106-1A F1-119-1A F1-50-1A
F1-77.1B  F1-107-1A F1-121-1A F1-55-1A
F1.78-1A  F1-112-1AD F1-126-1A F1-59-1A
F1-81-1A  F1-113-1A F1-126-1AA F1-63-1A
F1-95-1A  F1-113-1B  F1-126-1B
Volcanic leucocratic F3-10-1A F1-1-1B
phonolite E2-102 F1-10-1A
Fl1-14-1A
F1-20-1A
F1-20-1B
F1-23-1A
F1-31-1A
F1-33-1A
Pseudoleucite-bearing F1-91-1A
phonolite F3-74-1B
F3-75-1A
F3-79-1A
A-84-A
A-86-B
Ple-clinopyroxene-bearing F3-20-1B
phonolite F3-21-1B
F3-23-1B-A
F3-28-1A
F3-36-1A
F3-46-1B
F3-48-1A
F3-64-1A
F3-69-1A
Clinopyroxene-bearing E1-77 E1-74
phonolite E1-78 E1-75
Phonolitic dyke F4-353-PhD
Nepheline syenite F4-91-1A F4-22-1A
F4-129-1A B2-53
F4-413-1AA B2-55
F4-413-1AB B2-57
F4-413-1AC
F4.413-1AD
F4-413-1AE

Volcanic breccia

F4-353: NS1-1to 11

F4-353: N§2-1to 6
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Geochemica] average values for hydr

Schorscher and Shea, this Teport series; Rep. 1).

othermally unaffected regional samples (XRF-data from

Reg. subvolc, Reg. volcanic Reg. hypabyss, Regional

phonolite Phonolite Ne-Syenite Ne-Syenite

n=2 n=4 n=2 n=2
Si0; wt. % 3287 3.1 52.76 52,44
TiO, 0.66 0.56 0.66 a.79
ALOs 19.57 19.64 19.39 19.40
Fetoy 4.14 373 4.22 4.00
MnO 0.00 0,00 025 0.26
MgO 0.31 0.22 0.31 034
Ca0Q 185 1.55 1.89 167
NaxO 7.55 7.63 7.60 7.03
K20 8.26 8.26 8.24 7.76
P20s 0.10 Q.06 0.09 011
LOI1 144 135 1.32 3.29
CO, .a, n.a. n.a, n.a.
F ‘ppm 1983 1561 2406 1276
Ba 425 - 50 316 421
Rb 160 154 160 143
Sr 2327 1421 1973 2423
Pb 5 2 8 12
Th 8 5 11 20
u b.d. b.d. b.d. bd.
Nb 212 261 238 275
La 250 279 261 245
Ce 316 379 340 338
Nd 82 100 87 90
Y 36 41 10 48
Zr 880 885 993 1182
v 72 72 73 46
Cr b.d. b.d, b.d. b.d.
Ni b.d. b.d, b.d. b.d.
Co 10 19 8 7
Cu b.d. bd. bd. bd.
Zn 153 165 166 191
Hf 12 10 13 17
Ga n.a, na. na. na.
Sc b.d. b.d. b.d, b.d,
S 8153 6229 1027 712
XRF-data; n.a, = Dot analysed, b.d, = below detection,
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Figure 9. Harker diagrams for selected major and trace elements of hydrothermally altered

phonolites from the Osamu Utsumi uranium mine.
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5.2.1.1. Major elements

The reduced phonaliticrocks are all characterised by their strongly elevated potassium
contents, a fact that led to the term “potassic rocks” being commonly used in the earlier
literature (e.g. Utsumi, 1971; Almeida Filho and Paradella, 1977; Ulbrich, 1984). The
potassium contents for the hydrothermally altered phonolites range from 12.5 - 14.5
wt.% KO, compared to an average of about 8 wt. % K,O (Schorscher and Shea and Shea,
this report series; Reps. 1 and 4; Ulbrich, 1984) for regional phonolitic rocks not affected
by hydrothermal alteration.

In Figure 10 the average compositions of the different hydrothermally altered
phonolitic rocks are normalised to the mean value for the regional rocks. SiO, and AL,O,
are slightly increased, whereas total iron and particularly Na,0, CaO, MgO and MnO
are always strongly to completely depleted in the mine phonolites when compared to the
regional phonolites.

Only rare systematic variations in major elements were observed in the phonolite
samples when boreholes F1 and F3 are compared with the mine walls. However, the
observed mineralogical zoning around the breccia pipes is also reflected in the chemical
composition. Thus, a tendency towards a positive SiO-Al,O; correlation is developed as
a function of decreasing distance from the breccia pipes. Such a trend is represented, for

example, by the leucocratic phonolite (Fig. 9). In contrast, the pseudoleucite-
clinopyroxene phonolites more distant from the breccia pipes have Fairly constant K,O
values over the same range in Si0O,. ALO;displays an antipathetic pattern with a positive
correlation in the pseudoleucite-clinopyroxene phonolite and fairly constant values for
the leucocratic phonolite. This is reflected mineralogically in the observed zoning of a
central zone rich in K-feldspar when compared to the more argillically altered marginal
zones.

The bimodal distribution of Na,O between the pseudoleucite-clinopyroxene
phonolite (average 0.95 wi.%) and the leucocratic phonolite (average 0.37 wt.%)
supports the above observations. In the unaltered regional samples sodium mainly occurs
in aegirine-augite and, to a lesser extent, in alkali feldspar (Ulbrich, 1983; Ulbrich, 1984).
In the potassic rocks clinopyroxene is totally decomposed and the alkali feldspars have
suffered an almost complete exchange of the albite component. Yet, this alkali-exchange
is less pronounced in the phonolites [arther from the breccia pipes, where, in addition,

some of the sodium is contained in clay minerals (illite) that occur in the clinopyroxene

pseudomorphs.
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are enriched in some and depleted in other phonolite types of the mine, Of the LREEs;,
Lais commonly slightly enriched, Ce displays similar values, and Nd js depieted compared

(BaAl;(PO,);OHgH;O) is also an important Ba-phase. In these rocks Ba is positively
correlated with P,Q,,

Rubidium displays similar valyes (289 - 309 ppm) for the hydrothermally altered
phonolites, In the weakly hydrolhermally altered cpx-phonolite of the NW-wall of the
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Figure 10. Average major element compositions of hydrothermally altered reduced
Pphonolites and nepheline syenites from the Osamu Utsumi mine normalised to the average
composition of unaltered regional rocks.
(LPh: leucocratic phonolite; VLPh: volcanic leucocratic phonolite; PlcCpxPh:
pseudoleucite-clinopyroxene bearing phonolite; CpxPh: clinopyroxene-bearing phonolite;
PicPh: pseudoleucite-bearing phonolite; NeS: nepheline syenite).
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Figure 11. Average trace element compositions of hydrothermally altered reduced
Pphonolites and nepheline syenites from the Osamu Utsumi mine normalised to the average
composition of unaltered regional rocks.

(Legend as in Fig. 10).
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volcanic phonolites, The lowest K/Rp ratio is recorded for the weakly hydrotherma]ly
altered ¢px-phonolite (sample E1-76) with a value of 334. The Rb/Sr-ratiog display a
much broader Spread, from 1.56¢ for the leucocratic phonolite 10 033 for the
hydrothermally altered clinopyroxene-bearing Phonolite, Compared to a Rb/Sr-ratio of
0.10 for the weakly hydrothermally altered Cpx-phonolite and of 0,07 and 0.11 for the
regional subvolcanic and volcanic phonolites respectively,

Average values for strontium Progressively increase from the leucocratic phonolite
(198 ppm:; n=21}to the Pseudoleucite phonolite (335 ppm; n=6), volcanic leucacratic
phonoilite (436 ppm; n=2), pseudolcucile-clinopyroxene phonolite (591 PPm; n=10)
and, finaily, c]inopyroxene—bearing phonolite (868 Ppm; n=2), The cpx-phonolite
©xposed in the northern mine wall, and only weakly affected by the hydrothermal

alteration, has Sr-values of about 2200 ppm. Thus the decreasing Sr-vajues to a certain

pseudoleucite phonolite where it is Positively correlated with P:Os due to the occurrence
of goyazite (SrAL(PO4)20H5'HzO). The Ba/Sr-ratio s always considerably larger than
unity, with the €xception of the clinopyroxene-bearing phonolite (0.78). In contrast, the
Ba/Sr-ratio is 0.06 for the regional volcanic phonolites and 0.18 for the regionai

subvoleanic phonolites,



The distribution of U and Th in the bulk of the hydrothermally altered mine rocks,
however, is very heterogeneous (compare analyses in Appendix 4).

Niobium is present in similar amounts in all the different phonolites of the mine
(averages between 188-234 ppm). Together with titanium it shows a general positive
trend, which is best developed in the pseudoleucite-clinopyroxene phonolite. It might
therefore be assumed that the bulk of Nb is present in Ti-(Fe-) oxides, as confirmed by
mineral chemical analysis. The Nb-values detected for the mine phonolites are similar
to the ones found for the regional subvolcanic (212 ppm) and volcanic (261 ppm)
phonolites.

Yttrium concentrations are highest in phonolites with pseudoleucite (97 ppm; n=6)
and lowest in the leucocratic phonolite (54 ppm; n=21) and the unaltered
clinopyroxene-bearing phonolite (sample E1-76, 45 ppm). Particularly in the
pseudoleucite-bearing varieties, Y shows a positive correlation with Zr and a less
well-defined correlation with P,Os. No similar trend is observed for any of the other
clements or REEs. This indicates the close relationship hetween Zr and Y, which might
possibly occur in xenotime solid solutions within zircon (compare Section 5.1.1.4.).

The regional phonolites have slightly lower Y-values (3641 ppm) than the
pseudoleucite-free phonolites of the mine. The pseudoleucite-bearing phonolites
display a twofold increase in Y compared to the regional phonolites.

Zirconium varies over a wide range in the different phonolites of the mine, with the
highest average value associated with the pseudoleucite phonolite (2684 ppm), and the
lowest value with the volcanic leucocratic phonolite (530 ppm). Zircon and subordinate
baddeleyite are the most imporlhnt Zr-hearing mineral phases. Zr occurs in all
phonolites positively correlated with Hf; a positive trend of Zr with U is observed in the
more distant (>200 m) samples of the breccia pipes, especially in the phonolite types
containing clinopyroxene. In the phonolites closer to the breccia pipes, the investigated
zircons contain no detectable uranium (Section 5.1.1.4.}.

The regional volcanic and subvolcanic phonolites show Zr-values (885 ppm and 880
ppm, resp.) in the range of thc peripheral clinopyroxene-hearing phonolitlc (762 ppm),
significantly higher than the volcanic leucocratic phonolite (530 ppm), but lower than
the other phonolites (1000 and 2684 ppm).

Vanadium occurs 'in equal amounts in all of the hydrothermally altered phonolites
(averaging 210-259 ppm). The weakly hydrothermally altered cpx-phonolite from the
peripheral part of the mine (E1-76) contains similar amounts of V (74 ppm) compared

to the regional phonolites (72 ppm), all distinctly lower than the hydrothermally altered
phonolites.

R



Cogenetic origin for the hydrothermaj fluids and for the regional phonolitic-nephelfne-

syenitic rock Suite, However, Some  characteristic differences between the

sulphide dissolution (Ca, Mg, Mn, E Sr, Zn, S), and ap enrichment of elements such as

Al, Ba, Pb, U and LREEs, more akin to supergenic enrichment, including secondary
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Figure 12. Incompatible elements normalised to chondrite and primitive mantle for:
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uranium mine,

average of hydrothermally altered rocks of the Osamu Utsumi uranium mine.

(Normalisation factors from Thompson, 1982).
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phonolites and nepheline syenites from the Osamu Utsumi mine normalised to the average
composition of unaltered regional rocks.

(Legend as in Figure 13).
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3.2.1.3. Rare-earth elements ( REEs)

The light rare-earth elements (LREES) show Jittle variation between the different
phonolite types (Table v111, XRF-data). In the mafic-free phonolites, only La shows a

VIII-X; Figs. 11 and 16). In all the mjne phonolites the inter-element correlation for La,

Ce and Nd js fairly good (Fig. 15), and is best Pronounced in those phonolites which are

secondary oxidation processes, and thus represent “average samples” (Table X). In
Figure 16 the chondrite-normalised REE-patterns for these samples are compared to
the hydrothermally unaffected regional phonolites. The steeper decline from La to Sm
in the leucocratic phonolites reflects the introduction of LREEs during the
hydrothermai phase. This js Supported by the increaged La/Lugratio for these
phonolites (45.5-82.9) compared to the regional phonolites (28.2 - 33.6). The slight

hydrothermal phase,
The heavy rare-earth elements (HREEs) show the same absolute abundance ang

distribution pattern in both the hydrothermally altered mine phonolites and the

A special case is illustrated by the leucocratic phonolite sample WC11-80-1A (Fig.
16). This sample has the same REE-pattern, but with a considerable shift towards lower
abundances. This shift cap partly be explained by the original spread in REE
concentration in the phonolitic rocks of the mine. I addition, the much higher clay

content of the total rock volume jn the hydrothermal state (45%) compared to the other
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TABLE X

Rare-earth element concentratio
samples,

ns {ppm) for hydrothermally altered reduced phonolite from the Osamu Utsumi uranium mine, and the hydrothermally unaffected regional

Regional phonolites La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Eu/Sm
PH-02A 115.09 236.80 22.60 64.45 7.40 2.18 6.66 0.96 4381 0.93 3.10 042 295 041 0.29
PH-02B 164.72 310.67 29.36 §2.80 9.83 24 9.49 1.13 6.41 1.41 381 059 331 0.56 028
PH-03 92.01 189.93 20.24 64.90 8.64 2.39 6.90 0.94 5.00 0.98 2.76 0.38 2.38 0.34 0.28
PH-05 132.02 323.02 29.79 9336 1207 3.18 9.29 1.35 6.70 1.28 345 0.49 3.06 0.41 0.26
PH-08 112.29 295.41 25.45 80.11 10.23 2.84 8.12 1.13 6.03 1.13 334 0.46 279 0.39 0.28
PH-(9B 11214 244.16 26.17 79.75 9.79 27 8.14 1.17 6.14 1.19 3.46 049 289 .41 0.28
Leucocratic phonolite

Osamu Utsumi mine

WC.80-1A 80 127 9.9 25.8 267 0ssg 271 0.32 157 0.35 0.98 0.16 1 0.13 0.33
WC-101-1A 195 285 23.1 59.2 5.96 21 702 1.19 833 14 312 039 249 0.33 03s
WC-110-1A 158 313 21 544 6.77 227 8.54 144 946 1.67 3.52 05 274 0.36 04
WC-121-1A 208 310 242 60.8 5.28 1.77 5.54 0.69 323 1.22 3.28 0.41 214 026 034
Normalised to ordinary chondrite

Regional phonolites La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Laflu
PH-024A 386.97 30983 20016 11243 3969 30.68 26.73 20.86 1564  13.20 15.41 1388 135 1322 29.28
PH-02B 533.85 40648 26006 14445 5274 38.68 38.09 24.64 2085  20.06 1893 1942 1630 1807 30.66
PH-03 309.37 24850 17928 11322 4638 3368 27.69 20.47 1625 1392 13.69 1240 1433 1097 28.21
PH-05 443.91 42264 26384 16288 6478 4478 37.30 29.28 2180 1823 17.16 1614 1607 13.23 3356
PH-08 377.56 38651 22543 13977 5489 3996 32359 24.47 1960  16.00 1658 1314 1156 1270 29.73
PH-9B 371.06 31946 23179 139.14 5251 3837 32.66 2540 1998 1692 17.21 1593 1488 13.45 28.04
Leucocratic phonolite

Osamu Utsumi mine

WC-80-1A 2690 166.2 817 45.0 14.3 12.4 109 70 5.1 5.0 4.9 52 49 42 63.73
WC-101-1A 655.7 3729 204.6 1033 320 29.7 282 259 27.1 19.9 15.5 12.7 12.1 10.7 61.20
WC-110-1A 5313 409.5 186.0 4.9 3.3 320 343 313 30.8 23.7 17.5 163 133 1.7 4545
WC-121.1A 699.4 4056 2143 106.1 283 249 22 15.0 17.0 17.3 16.3 134 104 84 8285
Norm. coefficient 0.2974 0.7643  0.1129 05732 0.1864 0.07095 02491 004603 03075 007039 02013 003061 02059 0.0308
ICP-EMS-dala,
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@ TABLE X (contd.)
Fd4-413 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yh Lu
NeS-xenolith
413-1A-A 148.40 27265 24.15 6631 7.67 2.05 6.15 0.80 4.46 0.89 285 053 276 0.36
413-1A-B 158.86 629.85 26,90 73.63 9.03 2.21 9.03 0.97 4.78 0.97 3m 0.44 292 0.44
413-1A.C 150.14 241,61 21.47 5957 6.74 1.98 6.11 0.72 4.13 0.72 234 027 234 0.27
413-1A-D 163.00 352.00 19.90 50.90 5.40 1.60 540 0.60 3.20 0.50 1.30 0.20 1.25 020
413.1A-E 13997 236.27 2245 62.06 7.39 211 6.25 0.70 4.05 0.70 211 0.35 1.94 026
413.1A-F 195.00 324.00 n.a. 73.10 7.10 2,40 7.40 0.80 n.a 0.70 n.a. 0.30 1.90 0.30
413-1A-G 172.00 251.00 n.a, 60.50 6.10 2.10 5.90 0.70 na. 0.60 na. 0.20 130 0.20
413-1A-H 102.28 180.23 16.03 45.16 6.27 1.87 504 0.65 317 0.57 1.7 0.33 1.87 0.24
413-1A-1 156.72 256.29 24.20 67.39 937 2.69 8.15 1.13 6.33 139 4.42 .61 4.08 0.69
413-1A.K 150.83 250,08 23.16 63.71 7.94 2.25 652 0.84 385 0.67 184 025 1.59 0.17
413-1A1 154.83 258.25 2429 67.15 8.13 2.14 650 0.86 4.02 0.77 2.2 026 197 0.34
413-1A-M 188,93 32471 29.47 83.39 8.86 2.1 7.33 0.85 3.49 0.68 187 0.25 170 0.17
413-1A-N 104.20 240.69 2016 5585 7.14 1.87 6.07 0.80 294 0.54 187 0.18 152 0.18
413.1A-0Q 122 45 225,58 212 6028 7.65 197 567 0.66 345 0.74 1.97 033 1.97 0.25
413-1A.P 21,55 135.51 5.06 16.16 261 0.65 237 0.24 155 033 0.98 0.is 0.73 0.16
Normaiised to ordina chondrite
Ff—413 i la Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La/lu
- lit
‘l:ﬁs.ﬁnﬁ i 499.00 35673 21394 115 69 4112 2889 24.69 17.43 1449 1266 14.17 1747 13.42 11.58 43.11
413-.1A-B 534,15 B24.09 23830 128 46 4843 3118 36.24 21.1%5 1554 1383 14.95 1446 14.18 14.37 37.18
413-1A-C 504.84 316.11 19021 13, 93 3615 2786 2453 15.62 1344 1021 11.61 881 11.35 B.75 57.69
413-1A-D 548.08 465055 17626 8880 2897 55 2168 13.03 10.41 7.10 6.46 653 6.07 649 84.40
413-1A-E 470.64 309.14 19883 108, 27 3967 2078 25.09 15.30 13.17 1000 1050 115G 9.41 857 54.89
413-1A-F 655,68 423.92 na. 12753 3809 133, 83 2971 1738 n.a. 9.94 n.a, 9.80 9.23 9.74 6732
413-1A-G 578.35 32841 na. 10355 32.7 29.60 23.69 1521 n.a. 8.52 n.a. 6.53 6.31 6.49 89.07
413-1A-H 34392 23582 14198 7879 3361 2. 38 2025 14,14 10,32 8.09 8.49 10.63 9.09 1.93 4339
413-1A-1 526.97 33532 21433 11757 5025 17, 89 32.73 24.49 2059 1971 2197 198 1980 2253 2339
413-1A-K 507.17 32720 205.14 111.15 4261 31 82 26.18 18.16 125 9.50 914 819 7.72 543 9341
413.1A-L 520.60 33788 21518 11715 4360 3. 14 26,10 18.58 13.07 1094 11.05 8.38 956  iL11 45.586
413-1A-M 635.27 42484 251.05 14548 4753 131 21 29.41 18,51 1136 9.68 931 835 827 553 114.85
413.1A-N 350.36 31491 17858 9743 3879 26.40¢ 24.35 17.44 9.57 7.60 931 5.83 737 579 60.48
413.1A-0 411.75 295.15 19595 105.17 4103 2782 278 14.29 1123 1052 9.81 10.75 9.59 8.01 51.40
413.1A.P 7245 177.29 44 83 2820 1401 9.20 950 532 5.04 4.64 4.87 5.33 357 530 13.67
Norm. coefficient 0.2974 0.7643  0.1129 05732 0.1864 Q7 10 02491 00460 03075 0.0704 0.2013 0.0306 0.2059 0.0308

ICP-EMS-data




TABLE X (contd.)

F4-353 xenolith

Nepheline

sycnite Ia Ce Nd Sm Eu Th Yb T

Ns 1-11 201 255 64 7.44 3.15 1.00 3.21 0.48

Ns 1-10 195 260 66 7.37 298 1.00 3176 057

Ns 1-9 162 208 52 576 2.29 0.90 3.80 0.75

Ns 1-8 182 262 65 7.32 2.73 1.00 3.91 0.59

Ns 1.7 226 346 87 1040 3.94 130 4.86 0.75

Ns 16 278 409 104 11.80 4.49 1.30 4.43 0.65

Ns1-5 382 579 147 17.00 5.73 2.00 5.48 0.78

Ns 1-4 275 410 108 1240 4.44 140 439 0.64

Ns 13 273 408 105 1210 4.48 1.40 3.98 0.58

Ns 1-2 349 535 140 16.20 6.11 1.90 6.10 0.88

Ns 1-1 265 395 101 11.50 423 1.40 4.80 0.70

Phonelitic dyke 211 311 65 830 3.17 1.20 6.19 0.99

Volcanic breccia 1a Ce Nd Sm Eu Tb Yb Lu

VB 2-1 233 310 73 B.20 3.05 1.30 490 0.73

VR 22 218 287 76 7.68 293 1.20 4.67 0.70

VB 2-3 253 312 77 8.92 3.69 1.20 398 0.58

VB 24 255 328 75 971 379 1.40 10.40 1.81

vB 25 254 357 93 11.80 4.84 3.00 30.40 5.47

VB 26 277 366 B4 12.10 497 2.40 26.60 4.55

F4-353 xenolith: REE normalised (o ordinary chondrite

Nepheline

syenite La Ce Nd Sm Eu Tb Yb Lu La/Lu
Ns 1-11 67586 33364 11165 3991 4440 21,72 15.59 15.58 4337
Ns 1-10 65568 34018 11514 3954 4200 2172 18.26 18.51 3543
Ns 1.9 54472 27214 90.72 30.90 3228 19.55 18.46 “24.35 22,37
Ns 18 61197 34280 113.40 3927 3848 2172 18.99 19.16 3195
Ns 1.7 75992 45270 151.78 55.79 55.53 28.24 23.60 24.35 31.21
Ns 16 93477 53543 1814 5339 6328 2824 21.52 21.10 4429
Ns 1-5 12B4.47 75756 25645 9120 80.76 4345 26.61 2532 50.72
Ns 14 92468 53644 18842  66.52 6258 3041 21.32 20.78 44,50
Ns1-3 91796 53382 183.18 6491 6314  304] 1933 14.83 48.75
Ns1-2 1173.50 69999 24424 8691 86,12 4128 29.63 28.57 4107
Ns1-1 891.06 51681 17620 6170 5962 3041 2331 2273 39.21
Phopolitic  709.48  406.91 11340 4453 468 26,07 30.06 32.14 22067
dyke

Volcanic

breccia La Ce Nd Sm Eu Tb Yb Lu La/lu
VB 2-1 78346 40560 12736 4399 4299 2824 23.80 23.70 33.06
YB2-2 73302 37551 13259 4120 4130 256,07 22,68 2273 32.25
YB 23 850.71 40822 13433 4785 5201 2607 19.33 18.83 45,18
VB 24 85743  429.15 13084 5200 5342 W41 50.51 5877 14.59
VB 2.5 85407 46709 16225 610 68.22  65.17 147.64 17760 481
VB 26 93141 47887 14655 64.91 7005 5214 12919 14773 6.30
Norm.

cocfficient  0.2974 0.7643 05732 0.1864 007095 0.04603 02059 0.0308
ICP-EMS-data,
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Figure 15. Correlation diagrams for Ce, Nd and Y with La in the hydrothermally altered,
reduced phonolites from the Osamu Utsumi mine (data by XRF).

80




1000, . .
000.00 tsucocratic phonolite, Osamu Utsumi mine

regional phanolites

100.00 1
1000 |
n
sample WC11-80-1A T e, —
1.00 . , ) \ , | )
T T L L} T T T = = : _‘

Figure 16. Chondrite normalised REE distribution diagram for hydrothermally altered,
reduced phonolites from the Osamu Utsumi mine, compared with unaltered regional rocks
{data by ICP-EMS).
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Of REE:s in such processes.
The distribution of the REEs in reduced and oxidised phonolites is discussed in more

detail by MacKenzie er g/ (this report series; Rep. 7).

5.2.2. Nepheline Syenites

As no nepheline syenite stocks were encountered in the boreholes, and on ly strongly
weathered stocks are €xposed in the mine, large nepheline syenite breccia components
in the F4 core were taken as being representative, As a consequence, there is a
continuous transition between nepheline syenite and breccias. The presence or absence
of mineralisations was used as a discrimination criterion,

Besides the oxidised samples from 19m, 22 m, and 39 m, together with oxidised sam ples
from the mine walls (B2 profile: B2-53, B2-55 and B2-57) and reduced bulk samples from
9 m, 107 m, 123 m, 129 m and 265 m in the F4 core, detailed samples were analysed
from the 353 m (Ns 1-1to Ns 1-11) nepheline syenite-pbonolite dyke-breccia xenolith,
and the 413 m xenolith. The data are presented in Table VIII and Appendix 4 in addition
to Figures 17 to 27.

5.22.1. Major elements

The major elements of the reduced nepheline syenites are very similar to those of the
phonolites. This can be illustrated by comparing Figures 17, 18 and 19 (nepheline
syenites) with Figure 10 (phonolites); both are normalised to the mean of the values for
the regional samples. In general, there is an enrichment in K:O and H,0 and a decrease
in MgO, CaO and Na)O, although there is quite a distinction in degree. For the 353 m
xenolith samples the changes are remarkable (Fig. 18), whereas in samples from 107 m,
for example, the changes are less dramatic (Fig. 17). MnO and P,0; show increases in

Some samples and decreases in others. The behaviour of MnO seems to be related to
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Figure 18. Average major element composition of a hydrothermally altered, reduced
nepheline syenite xenolith at 353 m depth from borehole F4, normalised to the average
composition of unaltered regional rocks,
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Figure 19.  Average major element composition of hydrothermally altered, reduced
nepheiine syenite xenolith at 413 m depth from borehole F4, normalised to the average
composition of unaltered regional rocks.
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Figure 20. Average major element composttion of hydrothermally altered, oxidised
nepheline syenite xenoliths from borehole F4 and orebody B, normalised to the average
composition of unaltered regional rocks.
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Figure 21.  Incompatible elements normalised to chondrite and primitive manile for
hydrothermally altered, reduced nepheline syenite xenoliths Jrom borehole F4,
(normalisation facrors from Thompson, 1982 ).
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Figure 22.  Incompatible elements normalised to chondrite and primitive mantle for
hydrothermally altered, reduced nepheline syenite xenolith at 353 m depth from borehole
F4 (samples Ns1-1 to 3) and the Phonolitic dyke (sample PhD), (normalisation factors
Jrom Thompson, 1982).
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Figure 23. Incompatible elements normalised to chondrite and primitive mantle for
hydrothermally altered, reduced nepheline syenite xenolith at 353 m depth from borehole

F4; samples Ns 1-4 10 11 (normalisation factors from Thompson, 1982 ).
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Figure 24. Incompatible elements normalised to chondrite and primitive mangle for
hydrothermally altered, reduced nepheline syenite xenolith at 413 m depth from borehole

F4, (normalisation factors from Thompson, 1982).




the presence of fissures (Mn-siderite), and for P:O; to the presence of mineralisation
(monazite @mong others). In the oxidised nepheline syenites (Figs. 13 and 20) MnO and

FeO contents are depleted in compatison to the redyced rocks,

5.2.2.2. Trace elements

xenoliths (Fig. 21) there s a large spread. In comparison with the non-hydrothermaily
altered nepheline syenites (Figs. 25 and 26; see also Figs. 10 and 11), the enrichment of
U, Thand S s strong and is also significant for E Ba, Rb, Pb, Zr, Hf and Zn. Oniy Sris
strongly depleted compared to the n0n~hydrothermally altered sycnites of the Pogos de
Caldas plateau.

5.2.2.3. Rare-earth clements

For the nepheline syenite xenolith sample series from 413 m depth, the whole
REE-spectrum has been analysed (Table X; see also Shea, this report series; Rep. 4).
The xenolith is fractured and hydrothcrmally altered but does not display vein-type
U-mineralisation (U>70 ppm in all the samples). The chondrite normalised pattern of
these samples (Fig. 28) is generally similar to that of the reduced phonolites (Fig. 16).
Compared to the regional samples (Schorscher and Shea, this report series; Rep. 1), the
xenolith differs in that it exhibits a partial depletion of the intermediate REEs from Pr
to Dy. The La/Lu,, ratio for the 15 samples varies between 14 -1 15, falling, for 9 samples,
within the range of the hydrothermally altered phonolites (La/Lu,, = 45 — 83). Three
nepheline syenite samples display a higher La/Lu., ratio (89 - 1 15) characteristically, all

of these samples are cut by a fracture filled with pyrite, zircon and fluorite, Lower La/Lu,,
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Figure 25, Average trace element compositions of hydrothermally altered, reduced
nepheline syenite xenoliths from borehole F4 normalised to the average composition of
unaltered regional rocks.
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Figure 26. Average trace element compositions of hydrothermally altered, reduced
nepheline syenite xenolith at 413 m depth from borehole F4 normalised to the average

composition of unaltered regional rocks.
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ratios (14 - 37), when compared to the phonolites, occur in three samples that either
come from the border zone of the xenolith (8ample 413-1A-P, La/Lu,, = 14) or are cut
by open fractures. Two of the sam Ples with low La/Lu,, ratios also display a pronounced
positive Ce anomaly (samples 413-1A-B and 413-1A-P). The low La/Lu,, ratios, together
with the positive Ce anomaly, might indicate preferential LREE leaching under oxidisin g
conditions (weathering), where Ce is retained compared to the other LREEs due to

oxidation to less soluble Ce**,

5.23. Breccia bodjes

The heterogeneity of the breccias, with their varying ratios of rock fragments and
matrix, complicates geochemical characterisation. Added to this, the different degrees
of mineralisation makes this task even more difficult. The analyses of the breccias, mainly
carried out on samples from drillcore F4, are listed in Table VIII and Appendix 4, and
are illustrated in Figures 29 to 40, The nepheline syenite and phonolite fragments of the
breccias are geochemically very similar to their non-fractured, hydrothermally altered
equivalents from the mine. They represent essentially the pre-breccia stage of the
hydrothermal alteration. The syn-breccia hydrothermal stage is represented by the
composition of the hreccia matrices, whereas the post-breccia stage resulted in
hydrothermal mineralisation along minor fracture zones crosscutting the breccias,

One sample at a depth of 353 m from borehole F4 (F4-353 series) represents a profile
across a phonolitic dyke (PhD) that separated a nepheline syenite xenolith (samples
Ns 1-1 to 11; see section 5.2.2.) from a mineralised, matrix-supported breccia (samples
VB 2-11t06).

5.2.3.1. Major elements

Compared to the average non-hydrothermaily altered phonolites and nepheline
syenites from the plateau, MgO, CaO and Na;O contents are considerably depleted,
whereas K;O and H;O are enbanced: TiO, and Fe.. may show an increase depending on
the intensity and type of mineralisation. The behaviour of MnQ s highly variable, cither
slightly enriched or strongly depleted (Figs. 29 ~ 32). As a whole, the major element
composition of the breccias is very similar to that of the hydrothermally altered

phonolites and nepheline syenites.
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Figure 29, Major elemeny compositions of the highly mineralised breccias at 210 from
borehole F4 normalised to the average composition of unaltered regional samples.
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Figure 31. Major element compositions of the highly mineralised breccias at 252 m from
borehole F4 normalised to the average composition of unaltered regional samples.
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Figure 32. Major element compositions of the mineralised breccias in contact with the
nepheline syenite xenolith at 353 m from borehole F4 normalised to the average
composition of unaltered regional samples.
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Figure 33. Trace elemeny compositions of the highly mineralised breccias at 210 m from
borehole F4 normalised 10 the average composition of unaltered regional samples.
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Figure 34. Trace element compositions of the highly mineralised breccigs at 243 m from
borehole F4 normatised (o the average composition of unaltered regional samples.
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Figure 35. Trace element compositions of the highly mineralised breccias at 252 m from
borehole F4 normalised to the average composition of unaltered regional samples.
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Figure 36, Trace element compositions of the mineralised breccias in contact with the
nepheline syenite xenolith at 353 m from borehole F4 normalised to the average
composition of unaliered regional samples.
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5.2.3.2. Trace elements

Due to the varying degree of mineralisation, the enrichment of certain incompatible
clements such as Th, U, Nb, Zr and HF is extremely high. This results in very high trace
element totals (25000 to 65000 ppm) and high ratios shown in the chondrite normalised
plots (Figs. 37 — 40). In comparison to the average non-hydrothermally altered regional
phonolites and nepheline syenites (Figs. 33-36), the enrichment of Pb, Th, U, Zr, Hf and
S is strongly variable and may reach very high values (on avera ge up to 20 ppm, with U
up to 1000 ppm). As in all the other rock types, Sr is strongly depleted.

The enrichment of trace elements in the breccias follows a similar pattern to that
observed in the hydrothermally altered rocks (compare Figs. 11, 12 and 21-26). This
supports the hypothesis that the hydrothermal alteration took place coevally with the

volcanic events that resulted in the breccias.

5.2.3.3. Rare-carth elcments

In a few breccias, e.g. sample F4-353 from the drillcore F4 profile, the light and heavy
REEs were partly detcrmined (Table X; sec also Shea, this report series; Rep. 4). The
nepheline syenite samples Ns 1-1 to 11 display a similar chondrite normalised pattern
(Fig. 41) as observed for the F4-413 nepheline syenite xcnolith (compare Fig. 28}, only
with enhanced total abundances of all REEs. The phonolitic dyke and the breccia matrix
samples (VB 2-1 to 6) display a marked enrichment in HREEs, best pronounced in
samples VB 2-4 to 6. These three samples have the highest modal abundance of zircon,
pyrite and fluorite of this series, and furthermore have the highest values for U and Th,
although not of ore grade (<100 ppm). The La/Lu,, ratios for the nepheline syenite
samples (Ns 1-1 to 11), ranging from 31 to 51 (with one sample giving a ratio of 22), lie
in the same range as in the F4-413 nepheline syenite xenolith and the hydrothermally
altered phonolites. In contrast, the La/Lu., ratio for the breccia samples VB 2-4 to 6 is
much lower, with values between 5-15. This might he an indication that the hydrothermal

fluid was progressively cnriched in HREEs towards its final stage.
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Figure 39. Incompatible elements normalised to chondrite and primitive mantle of the
highly mineralised breccias at 252 m from borehole F4 (normalisation factors from
Thompson, 1982).
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Figure 40. Incompatible elements normalised to chondrite and primitive mantle of the
mineralised breccias in contact with the nepheline syenite xenolith at 353 m Jrom borehole

F4 (normalisation factors from Thompson, 1982).

97




fock / chondrite

breccia vB 2 ® vBa2.g © vB24a * phonolitic dyke PH
0 vaoa 4 VB25 nepheline syenite
Ns 1-1t0 11
* VYB23 A VB2s

sed REE distribution in the profile: nepheline Syenite (Ns -]

98




A slight positive Eu anomaly is observed in the nepheline syenite samples adjacent o
the dyke, in the phonolitic dyke itself, and in the breccia samples (Fig. 41). This anomaly,
considering that feldspars invariably show a pronounced positive Eu anomaly, may be
related to the formation of hydrothermal low microcline as a result of the potassic
alteration. Such low microcline is very abundant in the breccia samples and also occurs

in the phonolitic dyke and the nepheline syenite samples adjacent to the dyke.

5.2.4. Weathering cover

With the infiltration of oxidising groundwaters, weathering processes become
established, but it is only in higher levels that the geochemical conditions are “stabilised”,
Within the first few decimetres above the present redox front, previous redox
enrichments (i.e. “fossil” redox fronts) are still being dissolved. In Tables XI — XIV the
geochemical data from the four weathering profiles (for location see Fig. 4) are shown
and the elemental variation with depth is given in Figures 42 to 45.

The major SiO; and K,O oxides decrease towards the surface, with an accelerated
decrease occurring at the foot of the saprolite zone, The behaviour of AlLO; and Fe,,,
which increase towards the surface, is totally antipathetic. TiO, and P:O; contents
generally increase towards the surface; the more erratic TiQ, distribution reflects
primary magmatic enrichments.

In the non-mineralised parent rocks uranium has almost disappeared from the
profiles; only in some mineralised Ti- and Zr-rich samples do high U contents occur.
These observations support the experience from the U-enrichment plant at the mine
that part of the uranium is concentrated in phases resistant to weathering, that prove
difficult to dissolve with HCI. This is further sustained by selective leaching experiments
of oxidised and laterite samples (Appendix 2). Thorium tends to increase towards the
top of the profile, thus confirming its general behaviour of being quite resistant to
dissolution during weathering. Rubidium and strontium, in contrast, tend to decrease,
as for K,O and CaO.

La and Ce also show a tendency to decrease, but this general trend is easily offset by
the presence of hydrothermally mineralised zones. In most of the profiles Ce increases
slightly in the topmost lateritic samples, whereas La remains low. This is related to the
less soluble 4+ oxidation state of Ce in the immediate aerated soil horizon (compare
also the behaviour of the LREEs in the Morro do Ferro Th-REE deposit; Waber, this
report series; Rep. 3).
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TABLE X1
Geochemical analyses along profiie A (Fig, 4) extending from the surface to the hydrothcrmally altered parent rock. Ore body A, Osamu Utsum; mine (XRF-data)
Osamu Utsum; mine, ore body A, vertical Profile: Major and trace elementy
Sample A-6Q A6l A62 A63 Ab4 &5 AHH A67 68 A-69 A-T0 A-84A
Altitude m.as |, 1430 1425 1420 1415 1410 1405 1400 1395 139¢ 1385 1387 1350
Rock type LAT LAT LAT LAT SAP SAP SAP SAP SAP SAP PicPh PicPh
br br red whi yel whi whi br whi whi ox/a. red

SiC, wt.% 33.83 3391 32.19 3594 36.28 40.05 46.25 47.41 4219 5399 56.81 57.29 S
TiO%) 0.79 0.71 0.87 06.92 273 1.13 0.96 0.46 1.58 0.65 0.45 042
AlyO4 36.14 3235 36.84 39.23 28,79 37.48 3245 23.18 3284 26.62 22.80 2220
Feyo, 4.49 14.85 10.08 300 15.42 236 264 812 283 0.97 197 1.85
Mn0O 0.02 0.12 0.03 0.01 0.07 0.01 0.31 0.G8 1.82 0.02 0.01 0.00
MgO 0.17 0.10 0.10 0.15 0.20 0.15 0.12 0.14 022 0.07 0.05 007
Caly 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,Oo 0.28 024 0.22 0.31 0.25 0.15 0.23 0.27 023 0.38 0.38 0.26
K, 333 326 4.53 396 586 4.48 6.61 10.23 9.14 9.81 13.09 13.71
P05 0.04 0.13 0.19 0.68 0.3 0.09 0.09 0.16 033 0.12 0.06 0.05
I-f 18] 19.21 13.08 13.17 14.24 8.42 12.03 8.53 8.82 6.01 554 298 2.61
cf)z 0.60 0.23 0.15 0.18 0.17 0.19 0.05 0.13 0.18 0.07 0.00 011
Total wt.% 98.90 98.95 9837 98.11 98.42 98.03 9824 99.00 9737 9824 98.60 98.57
Ba pPpm 47 65 64 22 341 62 314 674 1870 238 350 603
Rb 132 148 175 135 194 161 179 271 256 297 363 307
Sr 99 58 93 106 184 47 222 91 211 602 247 191
Pb 28 10 33 39 204 7 59 66 174 38 33 bd.
Th 20 112 106 56 183 45 32 49 142 98 54 25
U 30 82 78 33 62 39 19 32 38 43 35 88
Nb 450 507 487 509 1469 374 295 246 396 us 310 182
La 160 446 662 B9 1056 657 1073 974 1674 1213 1318 243
Ce 897 615 950 653 1340 443 482 %49 2393 827 677 212
Nd 47 147 19 201 344 200 356 339 554 330 319 61
Y 72 79 116 75 105 88 61 57 119 92 72 75
i 1933 1849 2046 1985 3044 1020 711 209 245 1018 874 981
Vv 182 202 295 173 284 242 81 170 247 116 158 312
Cr b.d 17 10 bd. 20 b.d. b.d. 12 19 bd. b.d. 5
Ni b.d 4 8 b.d. b.d. b.d. b.d. b.d, b.d b.d. b.d. b.d.
Co 11 17 12 8 35 g 5 19 9 b.d, b.d. b.d.
Cu b.d. b.d. bd b.d b.d. b.d. b.d. b.d. b.d bd bd. b.d.
Zn 116 124 86 105 142 56 40 117 48 33 4 35
Ga 72 80 86 74 61 60 52 39 59 47 43 43
Sc b.d b.d. b.d. b.d, b.d. b.d. b.d. 4 4 4 6
S 36 12 628 1948 41 61 29 b.d. 488 718 708 11773
XRF-data; n.a. = not analysed, b.d. = below detection
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TABLE XII
Geochemical analyses along profile B2 (Fig. 4) extending from the surface to the hydrothermally altered parent rock. Ore bedy B, Osamu Utsumi mine (XRF-data).

Csamu Utsumi mine, ore body B, verticai profile B2: Major and trace elements

101

Sample B241 B243 B2-45 B2-47 B2-49 B2-51 B2-53 B2-55 B2-57
Altitude m.as.t. 1484 1468 1452 1436 1420 1404 1388 1372 1356
Rock type LAT LAT SAP SAP SAP SAP Ne$ NeS NeS
whi-br red-whi whi yel-whi gre gre ox/a. ox o

Si0, wtL.% 4122 3323 434 3525 4191 54.43 56.18 57.56 38.99
TiO, 0.71 1.18 0.71 134 0.86 0.46 0.6 0.47 049
Al;05 33.94 4491 36.97 335 38.67 26.71 2457 2393 22.54
Feint 4.45 4.8 3.44 12.53 192 1.85 182 151 1.42
MnO 0.01 0.01 0.01 1.29 0.03 0.16 0.01 0.01 0.01
MgO 0.22 0.25 0.26 022 0.19 0.11 0.21 033 0.15
Ca0 0.03 0.01 0.01 0.01 0.02 0.01 0.03 0.11 0.04
Na,O 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.1 0.01
K20 4.14 3.31 4.79 4.9 5.87 12.43 1262 13.17 14.58
P05 0.18 0.13 0.05 0.16 0.23 0.11 0.08 0.07 0.06
I-sz 15.43 10.65 10.45 109 10.7 3.57 354 251 1.71
CO,y n.a. n.a. na. na. n.a. na. na. na. na.
Total wt. % 100.34 100.49 100.1 100.11 100.41 99.85 99.67 9.77 100
Ba ppm b.d. b.d. b.d. 989 51 1373 1542 684 736
Rb 183 174 140 187 220 308 315 299 316
Sr 383 194 496 274 550 195 1569 416 1014
Pb 31 9 17 46 3 22 16 25 17
Th 74 &4 122 48 61 86 24 36 51
u 85 82 228 20 19 4 13 9 24
Nb 429 373 337 302 227 146 109 140 131
La 164 33 259 322 413 593 201 4922 127
Ce 653 106 354 398 460 531 208 8635 157
Nd 37 28 107 103 187 194 42 1312 35
Y 69 97 180 37 120 72 27 315 71
Zr 1884 2682 6514 754 463 106 307 371 337
v 236 145 476 245 385 567 130 137 357
Cr 11 6 8 19 5 8 b.d. 21 5
Ni 6 0 19 bd i1 8 4 32 8
Co 9 b.d. 14 21 b.d. b.d. b.d. 6 b.d.
Cu bd. b.d. b.d. b.d. b.d. b.d. b.d. bd. b.d.
Zn &4 70 49 173 52 40 88 75 43
Hf 81 70 76 48 57 51 33 27 46
Ga 42 52 120 13 11 1 7 9 11
] 157 352 531 409 193 204 318 276 542

XRF-data; n.a. = not analysed, b.d. = below detection.




- TABLE XIiI
S Geochemical analyses alo

Osamu Utsumj mine, ore body

rofile E1 extendi

ding from the surface to the hyd.rothermaﬂy altered parent rock. Ore body E, Osamu U

tsumi mine (XRF-data).

E, vertical profile

E1: Major and trace elements

Sampie El-88 E1-71 El1-91 E1-72 Ei-92C E1-73 E196 E1-74 Ei.75 Ei-7 Ei.77 E1-78
Altitude mas |, 1456 1452 1444 1436 1428 1420 1412 1404 1388 1372w 1372¢ 1368
Rock ¢ LAT LAT LAT LAT LAT UMD SAP CpxPh CpxPh CpxPh C Ph
ype yel-br red-br yel-whi yel-whi red-whj red-br yel-whi ox, . “Iresh” red. r?&x

Si0, wtL% 3490 33.68 4095 39.89 40,24 3479 48.93 57.06 56.07 53.08 57.67 56.60
Ti .79 0.79 0.80 0.59 0.77 0.62 0.48 0.50 043 0.39 0.45 0.43
Al%;; 38.04 3352 36.09 37.09 34.80 3037 28.69 2324 2221 20.21 22,28 22.15
Feyor 581 1272 4.55 4.17 3.28 6.05 4.16 1.18 1.57 4.54 1.30 1.44
MnO (.13 0.18 0.12 .14 208 7.20 0.00 0.01 .03 .47 0.01 0.02
MgO 0.03 0.12 0.00 0.06 0.09 0.10 0.00 .11 0.20 026 0.09 0.18
CaQ .01 0.00 .02 0.00 0.00 0.00 ¢.00 0.00 0.04 149 0.00 1.32
Na,O 0.19 Q.19 0.12 .20 0.18 0.15 034 0.46 0.35 4.85 0.38 0.52
K,0 4.49 3.08 3.55 1.77 426 3.50 8.75 13.15 iz5 9.08 13.45 1283
P05 .12 0.14 0.18 .15 Q.19 0.07 0.07 0.08 0.07 0.04 0.08 0.05
szo 13.95 13.32 12.06 13.79 11.50 11.93 6.83 248 530 254 2.09 273
CO, n.a. 1.21 n.a, 0.55 n.a. 0.27 na 0.05 0.20 1.58 0.15 0.12
Total wt.% 98.37 98.95 98.44 98.4 97.49 95.05 98.25 98.32 98.99 98.53 9795 9839
F ppm 518 na, 300 n.a. 691 na. 894 Da La n.a, D.a, o.a.
Ba 113 90 135 117 491 8916 353 724 391 452 688 668
Rb 143 125 91 650 116 98 196 33 203 226 306 272
Sr 308 305 455 398 477 143 661 649 593 2163 991 745
Pb 36 78 13 113 b.d. 235 b.d 5 b.d b.d. 7 bd
Th 75 158 154 161 64 67 36 56 b.d. 34 45 49
U b.da. 42 b, 9 b.d b.d b.d 12 b.d 12 12 10
Nb 423 462 478 324 388 354 253 251 13 219 230 218
La 221 472 537 567 436 539 437 522 242 278 421 3ag
Ce 802 861 513 9% 554 2622 310 429 207 295 432 250
Nd 35 67 134 42 95 160 92 121 41 52 98 &0
Y a3 124 150 118 99 99 73 123 7 45 91 72
Zr 1882 2195 1937 798 1172 1769 762 1133 222 749 815 708
v 356 419 691 315 634 311 405 259 167 74 272 215
Cr 7 8 b.d. b.d. 5% 19 b.d b.d. bd. b.d. b.d. bd.
Ni b.d. 7 b.d. 5 b.d. b.d. b.d b.d. b.d. bd. b.d. bd,
Co 4 17 b.d. 10 b.d 45 6 b.d. bd. 5 b.d. bd
Cu b.d. b.d. b.d. b.d. b.d. b.d. b.d, bd b.d. b.d. b.d. b.d.
Zn 149 180 102 87 160 247 113 52 72 171 47 72
Hf 2 na. 24 na. 17 n.a, 7 n.a, oa na. na, o.a.
Ga na, 94 na. 84 n.a. 66 n.a 48 26 36 45 40
Sc 3 4 4 b.d. 3 5 4 8 b. 2 8 7
) b.d. 53 82 367 620 258 b.d b.d. 1532 1601 2044 2253
XRF4ata; na. = not analysed, b.d. = below detection,
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TABLE X1V
Geochemical analyses along profile E2 (Fig. 4) extending from the surface to the hydrothermally altered parent rock. Ore body E, Osamu Utsumi mine (XRF-data).

Osamu Utsumi mine, ore body E, vertical profile E2;: Major and trace elements

Sample E2-110 E2-111 E2-112 E2-113 E2-114 E2-115 E2-116 E2-118 E2-119 E2-120 E2-99 E2-102
Altitude m.as.i. 1452 1444 1436 1432 1428 1420 1416 1412 1404 1400 1392 1372
Rock type LAT LAT LAT LAT LAT LAT LAT SAP SAP SAP VLPh VLP
whi-br yel whi yel-br red-br red-yei whi yel-whi whi whi Ox. red.

510, wt.% 3094 36.62 39.00 25.35 34.69 38.65 43.79 4803 54.61 52.90 55.84 56.25
Ti 0.76 0.71 0.81 0.69 0.75 0.70 0.64 0.64 0.53 0.51 0.48 045
AlsQs 37.26 38.3¢ 38.84 36.3¢ 3826 56.68 36.42 2521 26.90 27.06 24.11 2218
Fey, 1.05 473 2.10 15.21 4.46 3.86 1.84 348 0.94 220 131 241
MnO 1.38 0.03 0.00 0.62 0.03 012 0.01 0.03 0.05 0.00 0,00 0,00
MgO 0.07 0.06 0.11 0.07 6.01 0.04 0.03 0.08 0.09 0.06 0.03 0.03
Ca0 0.00 0.01 0.00 0.00 0.00 (.00 0.00 0.02 0.00 0.00 0.01 0.00
Na,O 0.13 0.15 0.10 0.04 0.05 0.12 0.09 0.23 0.13 0.34 0.26 0.38
KZE) 3.28 3.38 511 439 347 32 480 1.60 10,70 9.74 1279 13.12
P505 0.07 0.10 0.09 0.14 0.14 0.07 0.12 0.27 0.12 0.08 0.06 0.08
H»0O 16.60 14.08 12.41 15.47 . 15.76 13.18 10.71 7.96 5.01 5.86 291 3.21
COy n.a. na. na. na. na. n.a. n.a n.a. na. n.a. n.a. na.
Total wl % 97.54 98.26 98.57 98.48 98.62 96.83 9845 97.55 99.08 98.75 97.80 98.11
F ppm 24 113 659 62 240 366 369 688 1134 1079 1229 1152
Ba 455 88 113 402 135 143 231 458 548 385 655 616
Rb 107 99 152 140 99 81 116 169 233 219 277 265
Sr 138 123 51 138 190 100 230 1157 477 851 688 630
Pb 57 b.d. b.d. 39 b.d. b.d. b.d 4 s b.d. bd. 18
Th 89 43 43 13 78 31 52 66 57 39 28 41
8] b.d. bd. b.d. 3 b.d. b.d. b.d. 4 b.d b.d. bd. b.d.
Nb 3% 345 407 264 429 369 350 323 258 2718 200 240
La 88 315 350 199 548 558 489 795 626 857 319 259
Ce 890 306 465 169 638 605 369 522 329 300 1 22
Na 13 60 B4 37 158 153 101 180 125 196 54 2
Y 66 69 79 68 134 77 92 191 176 134 91 42
Zr 1497 1371 1345 1153 1571 2800 1036 1768 1297 1119 971 382
v 316 276 340 382 443 150 748 550 453 299 390 490
Cr b.d. b.d. b.d. 6 bd. bd. b.d 7 b.d. b.d. b.d. b.d
Ni b.d. b.d. b.d. b.d. b.d. bd. b.d. b.d. bd. b.d. bd. bd.
Co b.d. b.d. b.d. 5 b.d. b.d. b.d. b.d. b.d. b.d. 4 3
Cu b.d. b.d. b.d. b.d. b.d. bd. b.d. b.d. b.d. b.d. b.d. b.d.
Zn 90 70 73 167 82 84 60 78 38 103 39 s
Hf 22 17 18 17 21 38 12 28 18 16 9 4
Sc b.d. b.d. b.d. b.d. 4 b.d. 2 6 6 5 8 6
5 b.d. 597 1136 1613 653 532 426 473 197 764 bd. 8549

XRF-data; n.a. = not analysed, b.d. = below detection.
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6. Fracture mineralogy

A compilation of the fracture minerals present in drillcore F1 is given in Table XV,
The list contains only those minerals that could be positively identified by microscopy
and standard XRD techniques. There are two main fracture inclinations in drillcore F1:
40 - 50° and 70 — B(P to the horizontal plane. Additionaily, there are a great number of
fractures and fissures that were produced through local brecciation and have no distinct
orientation. There is no obvious correlation between fracture fillings and the orientation
of the two main fracture sets. |

Kaolinite, illite, K-feldspar, pyrite and iron hydroxides are by far the most abundant
fracture minerals. Kaolinite and illite are present in nearly all investigated samples,
whereas K-feldspar could be identified onlyin the first 100 m of the core. The first pyrite
was found at 60 m, and then continued to be observed down to the bottom of the hole
at 126 m. Iron hydroxides could be found in small amounts down to 118 m, whilst zircon
and barite are restricted as fracture minerals to a zone between 85 and 100 m. At the
maximum depth of the hole, pitchblende could be detected on two fracture planes (123
m and 126 m) as circular concretions together with pyrite.

The fracture and vein mineral infillings of drillcore F4 are listed in the petrographic

descriptions of the investigated F4-samples given in Appendix 5.

6.1. Description of selected water-bearing fractures

Five water-bearing fractures, representing the packed-off sections sampled for the
hydrochemical programme, were sclected from drillcores F1, F2 and F3 to study
radionuclide isotope behaviour. There was thus the possibility that these fractures may
be in isotopic equilibrium with the groundwaters sampled. A profile from the
hydrothermally aitered host rock through the leached zone to the fracture infilling
surfaces was sampled in three of these fracture samples; the location of the sampling
points is shown in Figures 46 to 48. In four of these fracture samples a profile consisting
of three samples has been selected, comprising the fracture fillings, the adjacent first
centimetre of rock, and one sample about 10 cm away from the fracture. Two samples
consist of the fracture fillings only (drillcore F3). Table XVI summarises the mineralogy

of these sampies.
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TABLE XV
Qualitative mineralogical composition of fracture filling phases in phonolites from borehole F1,

Sample itl keo sme chl ML hal pyp M flu  zir bar v  HFO nt pit
Fi-11-1A XXX XX X XX X
Fl1-28-1A XXX X X
Fi-35-1B X XXX

Fl145-1A X Xxx X XX X
F1-47-1B XX XX X X X X XX X
F1-50-1A XXX XX X
FI-57-1A X X XXX

F1.58-1A X XXX X XX XX X
F1-60-1B-2 X XXX X XX X
F1-69-1B X X Xxx XXX
F1.78-1A X XXX XXX

F1-79-1A X XXX XXX XX
F1-85-1C-1 XX XXX X XXX XX
F1-85-1C-2 XX ) XXX XXX X
F1-90-1A XXX X XXX X
F1-94-14 X XXX
F1-100-1A X X XX XX XX
Fl1-1A-2 X X XX XX
F1-100-1A-3 XX

Fl-104-1A X XXX X XXX
F1-109-1A X X XXX
F1-118-1A-1 X XXX X X
F1-118-1A-2 XXX X X

F1-119-1B XXX X

F1-123-1B-1 X XXX

F1-123-1B-3 X X XXX XX
F1-126-10-1 X X XXX XX
F1-126-1B-2 XX XX X X

Abbreviati_ons:

il ~ illite flu fluorite

kao - kaolinjte zir zircon

sme - smectite bar barite

¢hl - chlorite pY pyrite

ML - illsme mixed-layers HFO - hydrous ferric cides

bal - halloysite rut rutile

pyp - pyrophyllite pit pitchblende

kf -~ Kfeldspar
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TABLE XVI

Qualitative mineralogical composition of conductive fractures in boreholes F1, F2 and F3.

Sample Sample description kf py flu zir il kao ill/sme  others
F1-114-1A-A  Porous, porphyritic leucocratic phonolite XXX X X X XX XX
F1-114-1A-B  Porous, porphyritic leucocratic phonolite XXX XX XXX X XX XX
F1-114-1A-C  Fracture filling, external part XXX XX XXX XXX X X
F1-114-1A-D  Fracture filling, internal part X XX X X XXX XXX pitchblende
F2-60-1A-A  Porous leucocratic phonolite XXX X X X X XX
F2-60-1A-B Porous leucocratic phonolite, leached XXX X XX X XX XX alum minerals
F2-60-1A-C  Fracture filling XXX XXX XX XX XX alum minerals, pitchblende
F3-34-1A-A  Cpx-phonolite XXX XXX X XX XX
F3-54-1A-B Cpx-phonolite, leached XX XX XX X XX XX
F3-54-1A-C Fracture filling XX XXX XX XX XX alumite, plumbogummite
F3-74-1A-K  Fracture filling, in porous cpx-phonolite XXX XXX X X X
F367-1A-K  Fracture filling, in dense cpx-phonolite XXX XX X XXX XXX barite, lepidolite
Mineral occurrence: Abbreviations:
XXX - dominant kf - K-feldspar ill - illite
XX - major py - pyrite kao - kaolinite
X — minor flu - fuorte illsme — mixed layer
zZir -~ zrcon




Fracture sample F1-114-1A (113.03 - 11333 m}

Sample F1-114-1A (Fig. 46) represents a reddish-grey-coloured phonolite with an
extensive micro- and macroporosity. In the macropores, which often reach a diameter
of 1-2 cm, idiomorphous pyrite, fluorite, K-feldspar and zircon can be observed. Clay
minerals are present in different quantities. The pyrite crystals are often covered with a
thin black film, in contrast to the pyrite embedded in the rock matrix.

The fracture transects the drillcore with an inclination of about 7(° to the horizontal
plane. It has open connections with several of the described macfoporcs. The fracture
filling material shows zoning on both sides of the fracture from the open centre towards
the rock. The internal part is up to 2 mm thick and is dominated by clay minerals and
pyrite. Here, pyrite is covered with a thin film of poorly crystalline pitchblende. A few
small crystals of fluorite also occur. In niches of this zone, needle-like white crystals
occur, partly covered with a colloidal black film. The tiny crystals look very similar to the
ones found insample F2-60-1A, which could be identified as minerals of the alum family
(see below).

The external part of the fracture is dominated by the hydrothermal mineral association
K-feldspar, zircon, pyrite and fluorite. Here pyrite has a clean surface when covered with
the internal filling material. Clay minerals only occur in small amounts (less than 5%).

Two zones have been carefully separated from one other to be analysed for the
uranium decay series (subsamples C and D). Subsample B is taken adjacent to the
fracture and shows slightly higher contents of pyrite, fluorite and zircon than subsample

A, which was taken 10 cm from the fracture. The latter is also more strongly coloured.

Fracture sample F2-60-1A (59.07 - 59.29 m)

Sample F2-60-1A (Fig. 47) is a strongly fractured and porous phonolite heavily
impregnated with pyrite and containing several water-bearing fractures; various thin
fractures also occur and are completely filled with clay minerals and pyrite. The normally
grey phonolite exhibits striking alteration features, showing a change in colour to
bluish-grey and yellowish-green-grey around the open fractures. In these alteration
zones powdery secondary U-minerals and tiny white and bluish needles can be observed.
These needles were identified as members of the alum family (kaolinite
KAI(SO,).- 11H;0, pickeringite MgAL(S0,),-22H,0, bilinite Fe,(SO,),-22H,O and
tschermigite NHLAI(SO,),' 22H,0).
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Fracture F1-11414 (113.03. 113.33m)
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1141 A-A -] P {illing , mainly K-fakdspar , pyrite 2nd zircon
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pyrite and
{luarite
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14-1A-C0 —fs

Figure 46. Conductive fracture in drillcore F1 at a depth of 113 m; sample location is
indicated by the hatched areas.

Fracture F2-60-1A (59.07- 59.25m)
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Figure 47. Conductive fracture in drillcore F2 at a depth of 59 m; sample location is
indicated by the hatched areas.
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The filling material of the separated fracture (subsample C) consists mainly of
K-feldspar and pyrite with subordinate fluorite. In addition to illite and kaolinite, the
above mentioned alum minerals occur. Pyrite displays two different features mainly
depending on the grain-size of the crystals. Smail pyrites (<0.5 mm) are coated with a
biack film and usually form concretions in niches with small amounts of an intergranular
biack spherical material that was identified as pitchblende. Larger pyrite crystals exhibit
clean, yellow surfaces. The same features can be observed in the macropores.

Subsample B again comes from the first few cm adjacent to the fracture, The
mineralogical composition is similar to the fracture filling material except that the pyrite
content is significantly lower. Subsample A was taken 10 cm away from the fracture

where the phonolite is grey in colour and there is no evidence of secondary U-phases.

Fracture sample F3-54-1A (53.20 - 53.40 m)

This fracture, with an inclination of about 4(° to the horizontal planc (Fig. 48), cuts a
porphyritic, dense pseudoleucite-clinopyroxene phonolite. Within the same core sam ple
there are two more open fractures and several hair-fissures, all filled with clay minerals,
The alteration zones around the water-bearing fractures are rather small (0.5-1 cm),
brighter in colour and have a slightly lower K-feldspar content than the “fresh” host
pseudoleucite-clinopyroxene phonolite.

The fracture filling (subsample C) consists mainly of pyrite, K-feldspar and clay
minerals, together with a small amount of fluorite. The pyrite occurs in small crystals
which are partly coated with a black film, whereas larger crystals cxhibit a clean yellow
surface; no pitchblende could be detected. Illite and kaolinite are the dominant
components of the clay fraction, followed by alunitc, (KAL(80,),(OH)s) and
plumbogummite, PbAL(PO,),(OH);.

In common with the above samples, subsample B contains the alteration zone around

the fracture and subsample A was selected some 10 cm away from tbe fracture.

Fracture sample F3-67-1A-K (66.77 - 66.87 m)

Only the infill material has been separated from this fracture sample, which has an
inclination of 40° to the horizontal plane and is located at a depth of 66.82 m. It cuts a
porphyritic, porous phonolite containing K-feldspar up to 0.5 cm and pseudoleucites up

to 2 cm. The fracture is 5 mm wide and about 80% of the infilling phases comprise clay
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Fracture F3-54-14 (53.20 - 53.40m)

54-1A-A  __IT
L AN
e — e e —
/ ~ A
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\
\
54-1A-B
§4-1A-C

Figure 48. Conductive fracture in drillcore
indicated by the hatched areas.
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minerals, pyrite, K-feldspar and barite, with subordinate fluorite, The clayey material
consists of illite, kaolinite and lepidolite, Pyrite is coated with a black film when the
crystals are small (<0.05 mm) and is fresh in the latger grain-sizes. The alteration zone

around the fracture is 2-5 mm thick and is bright reddish-grey in colour.

Fracture sample F3-74-1A-K (73.26 — 73.52 m)

This fracture, inclined at 70° to the horizontal plane, is located at a depth of 73.28 m
in a dense, fine-grained phonolite containin g a few pseudomorphically replaced
nepheline crystals. The porosity is significantly lower than in sample F3-67-1A and no
leaching features can be observed around the fracture. The fracture filling is rudimentary
and consists mainly of pyritc, K-feldspar and subordinate fluorite, illitc and kaolinite.
Again, the small pyrite crystals are coated with a black film and the larger crystals seem

to be fresh.

7. Ultramafic lamprophyres

Ultramafic dykes are exposed at several places in the Osamu Utsumi open-pit mine
(Fig. 4); in borehole F4 they were intersected at nine different depths (see drilicore log,
Appendix 7). The dykes are all ultrapotassic in view of their high K,O content compared
to other ultramafic rocks (see below) and transect all lithological components present
in the mine arca, including the breccia bodies. All the observed dykes have similar
orientations and nowhere are they found crosscu tting each other. They did not undergo
hydrothermal alteration, although they underwent a specific deuteric alteration
indicated by partial carbonatisation, zeolitisation and argillation. Low-temperature
mcteoric weathering is strongly pronounced in the higher mine levels where the dykes
are completely decomposed to clay minerals {mainly smectite, vermiculite and illite),
including secondary Sr-and REE-phases such as goyazite and florencite. Weathering
affected the ultramafic dykes down to considerable depths as indicated by marginally
increased argillation and the formation of iron-oxyhydroxides at a depth of 330 m in
borehole F4.
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The mineralogical and chemical compositions of the dyke rocks fall into the ultramafic
lamprophyre category of Rock (1987). They can be further subdivided into the ouachitite
and alndite families, otherwise only found in association with alkaline rock-carbonatite
complexes (Wimmenauer, 1973; Rock, 1977, 1987; Streckeisen and Le Maitre, 1979 and
Bergman, 1987). All the dykes consist of a very fine-grained groundmass with vitreous
parts (although mainly recrystallised) and different fine- to medium-grained phenocrysts
and/or xenocrysts, including a large variety of xenoliths ran ging from cognate inclusions
to country rock xenoliths. Ocellar and amygdaloidal structures are present in the
groundmass and in cognate xenoliths.

Compositional differences have resulted in a subdivision into two suites of ultramafic
dykes: the first suite is characterised by elevated abundances of phlogopite, olivine and
clinopyroxene, referred to asa “ phlogopite-bearing” ultramafic lamprophyre; the second
group is characterised by increased abundances of carbonates, apatites, opaque phases
and cognate xenoliths, referred to as a “carbonate-apatite” ultramafic lamprophyre. The
prefixes “phlogopite-bearing” . and “carbonate-apatite” are not internationally
recognised classifications (Streckeisen and Le Maitre, 1979; Rock, 1987). They are used
in this work to provisionally Facilitate the distinction between the two dykesuites exposed
in the Osamu Utsumi mine until more mineral compositional and isotopic data are
available to allow a more precise classification. Compiled mineralogical compositions
and a semiquantitative modal composition derived from microscopy investigations of the

two suites are listed in Table XVIL

7.1. Petrography and mineralogy
7.1.1. Phlogopite-bearing ultramafic lamprophyre
Groundmass

This melanocratic rock has a very fine-grained, partly vitreous groundmass with
embedded phenocrysts/xenocrysts of phlogopite, clinopyroxene and olivine, and various
xenoliths of cognate and country rock origin. The main components of the groundmass
include vitreous parts, clinopyroxenc and phlogopite, with the latter two normally
displaying flow orientation.

Vitreous parts occur interstitially between the groundmass components. They arc

preserved as relicts and are mainly reerystallised to carbonate, zeolites, cryptocrystalline
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TABLE XVII

Mineralogical composition of the ultramalic lamprophyres exposed at the Osamu Utsumi uranium

mine.
Phlogopite-  Carbonate-
bearing apatite
ultramafic  ultramafic
Mincral Genesis lamprophyre  lamprophyre
n=36 n=6
(vol.%) (vol.%)
Phenocrysts phlogopiteiotite mag.phen. or xen. 5-10 -7
clinopyroxene mag. phen. or xen. 5-10 1-3
olivine mag. phen. or xen, 1-3 1-2
apatite <1 2-5
leucite <1
“Ibtal phenocrysis 15-25 8-18
Groundmass isotrapic gm mag,. glass, devitrified 20-25 15-25
phlogopite/biotite mag. gm min. 20-25 10-15
clinopyroxene mag. gm min, 22-2 2-5
Opaque ore min. mag. gm min. 2-3 4-7
leucite mag. gm min. 1-4 1-2
apatite mag. gm min. <1 3-
carbonate mag. gm min, <1 40-45
rutile mag. gm min, <1 <1
Cr-spinel mag. gm min. ir tr
amphibole mag. gm min. tr <1
zeolites second. replac. min. n.q. ng.
clay minerals second., replac. min. n.g. n.g.
serpentine second, replac. min, n.q. ng.
tale second. replac. min, n.g. n.q.
carbonate second. replac. min, ng. ng.
Ti-oxides second. replac. min. n.q. n.g.
Fe-oxides second. replac. min. n.4q. n.g.
Toial groundmass 70-80 50-60
Xenoliths cognate biotite-pyroxenite,
pyroxcnite, olivine-
nodules, biatites,
carbonatite (?) 5-10 40 - 50
country rock hydrotherm. altered
nepheling syenite <1 <1

mag. phen. or xen.
mag. gm min.
second. replac. min.

n.g.

- magmatic phenocryst and/or xenocryst

~ magmatic groundmass mineral

- secondary replacement mineral

— not quantified
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clay minerals, and opaque phases. Small drop-like inclusions of preserved glassy material
occur in apatite.

Clinopyroxene forms hypidiomorphic to idiomorphic prisms and necedles
(0.01 - 0.03 x 0.06 - 0.15 mm) which are colourless to light yellowish-green, weakly
pleochroitic, and optically identified as diopsidic clinopyroxenes. Larger crystals in the
groundmass display compositional zoning in their central parts and often have a
green-coloured growth rim of a more hedenbergitic composition. The clinopyroxenes
are often surrounded by a thin biotite rim and display alteration to carbonate, chlorite,
smectite and Fe-Ti-oxyhydrates, especially adjacent to small fractures.

Phiogopite is of idiomorphic to hypidiomorphic, tabular to platy shape, with a
grain-size of 0.05 — 0.4 mm. The majority of the phlogopite shows typical central zoning
with a bright yeliowish-brown to hright red-brown pleochroism. Chemically the
phlogopites are Ti-rich, with the Ti-content decreasing towards the rims (Waber, 1990).
Tiny inclusions of primary opaque phases and carbonate are present. The groundmass
phlogopites are well-preserved, except in the near-vicinity of fractures were tbey are
decomposed to chlorite, smectites, vermiculite and Fe-Ti-oxyhydroxides.

Minor components of the groundmass include replaced leucite, carbonate and opaque
pbascs together with the secondary carbonate, zeolites, serpentine and clay minerals.
Tiny idiomorphic inclusions of carbonate in phlogopite, clinopyroxene and apatite are
thought to be of magmatic origin. The same accounts for coarser-grained carbonates
present in drop-shaped aggregates. However, the bulk carbonate is very fine-grained to
cryptocrystalline and of secondary origin, representing a recrystallisation product of the
very carbonate-rich glass in the groundmass. Apatite, rutile, chromian spinel, amphibole
and talc occur as traces, together with secondary cryptocrystalline Ti- and Fe-oxyhydrates

and unidentified phases of primary and secondary origin.

Phenocrysts and xenocrysts

Phlogopite, olivine and clinopyroxene are the coarse components of the “phlogopite-
bearing” ultramafic lamprophyre. Phlogopite plates vary in grain-size between 1 and 3
mm; inseveral cases they form booklets with dimensions up to 20-40 mm. Well-prescrved
phiogopites of this type have been used for radiometric dating (Shea, this report series;
Rep. 4). They often show a more complex and inhomogeneous zoning pattern than in
the groundmass, usually with an intensely reddish-brown coloured core surrounded by

a broad, weakly coloured zone and rimmed by a small, red-brown zone similar to that
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observed in the groundmass phlogopite. Clinopyroxene, chromian spinel, opaque phases
(magnetite, ilmenite) and idiomorphic carbonate occur as magmatic inclusions. Marginal
chioritisation is more strongly developed compared to the groundmass phlogopite and
much more pronounced in the near-vicinity of fractures. Chemically the phiogopites are
low in Al but high in Ti. The composition of core and rim is of a pholopite-annite solid
solution without any significant amount of sidarophyllite and annite (Waber, 1990), and
comparable with phlogopites from lamproites and kimberlites (Boettcher and O’Neil,
1980; Bachinski and Simpson, 1984).

Olivine occurs as single crystals between 1-10 mm in diameter, and in pure olivine
aggregates up to 30 mm. It is xenomorphic to idiomorphic in shape and always partly to
totally replaced by serpentine and skeletal iron-oxides with subordinated talc and
carbonate. A thin reaction rim (<0.2 mm) is normally developed around the olivine,
consisting mainly of phlogopite, opaque phases and cryptocrystalline silicate phases.
Phlogopite, chromian spinel and, in a few cascs, apatite, occur as magmatic inclusions.

Hypidiomorphic clinopyroxene varies in grain-size between 1-2 mm and displays three
different types according to their optical behaviour. There is a colourless, non-
pleochroitic diopsidic type, a greenish pleochroitic hedenbergitic type and a slightly
brownish type with brownish-violet pleochroism and anomalous interference colours
otherwise typical for Ti-augite. It occurs as single crystals and is often rimmed by the two
other clinopyroxenes; all the clinopyroxenes exhibit zoning. In the pyroxene
quadrilateral the pyroxenes plot close to the diopsidc-hedenbergite line, with the
greenish-coloured cores being richest in the hedenbergite component (30-40%). The
colourless clinopyroxenes are of a more diopsidic composition with a hedenbergite
component of 10-20%. Brownish-coloured clinopyroxenes plot outside the
quadrilateral, being too rich in Ca and indicating the presence of pyroxenoid
(wollastonite) exsolution (Waber, 1990). Such clinopyroxene compositions are typical
for mantle-derived ultramafic lamprophyres and lamproites (Bergman, 1987; Rock,
1987). Marginal decomposition to phlogopite and, in certain cases, to chlorite is more
pronounced than in the groundmass. Apatite, phlogopite and opaque phases occur as

magmatic inclusions,

Cognate xenoliths

Cognate xenoliths, comprising a wide compositional range of mafic and ultramafic

rocks, are by far the most common inclusions in the “phlogopite-bearing™ ultramafic
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lamprophyre. Most ol the mafic inclusions are mineralogically quite similar to the
surrounding rock, primarily representing different structural and textural varieties. They
are generally more coarse-grained than the groundmass variety and show internally
developed flow orientation. Ocellar and amygdaloidal structures filled with carbonate
and/or devitrified glass, zeolites, clay minerals and opaque phases are often present in
these inclusions. Major mafic minerals of the different inclusions are homogeneous
phlogopite, clinopyroxene, opaque ore minerals and olivine, In addition, a type enriched
in apatite, carbonate and opaque ore minerals occurs, similar to the “carbonate-apatite”
ultramafic lamprophyre described below. In a few cases, not further identified, corroded
amphibole is present. The ultramafic inclusions consist of phlogopitic biotite-
pyroxenites, pyroxenites, olivine-pyroxenites, phlogopitites and polycrystalline olivine

aggregates with inclusions of chromian spinel.

Country rock xenoliths

Country rock xenoliths are much less frequent than the cognate ones, but they are of

special interest due to their potential for explaining:

a) the relative time relationships between the different hydrothermal events and

h) the intrusion of the ultramafic dykes and the related U-mineralisation of the

nepheline syenites and phonolites.

All the country rock xenoliths consist of hololeucocratic fine- to medium-grained,
subvolcanic to hypabyssal phonolites and nepheline syenites. They range from a few
millimetres to centimetres in size and are rounded to subrounded in shape. A thin
reaction rim (<0.2 mm) consisting of clinopyroxene, biotite, opaque ore minerals and
clays is usually present. The mineralogical composition of the xenoliths is identical to
that described for the phonolites and nepheline syenites presented above. It includes
advanced argillic alteration with pseudomorphically replaced nepheline, cxchanged
alkali feldspar, and pseudomorphosed aegirine-augite, which underwent partial
biotitisation due to reaction with the enclosing lamprophyre. The xenoliths display an
impregnation with pyrite and bear interstitial zircon mineralisation. All these features
are unique for the country rock xenoliths and lead to the conclusion that they underwent

hydrothermal alteration and mineralisation prior to the intrusion of the ultramafic dykes.
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7.1.2. “Carbonate-apatite” ultramafic lamprophyre

The melanocratic “carbonate-a patite” ultramafic lamprophyres are characterised by
their high content of cognate xenoliths (about 40~50 vol.%), carbonate, apatite and
opaque phases. All the observed textural features indicate an explosive emplacement
for these dykes.

Ocellar and amygdaioidal structures are often observed in the groundmass as well as
in cognate xenoliths filled with coarse euhedral carbonate. Only in a few cases is the
infifling polymineralic, consisting of carbonates, zeolites, clay minerals and opaque

phases.

Groundmass

The very fine-grained, partly vitreous groundmass displays a weak flow orientation,
especially around xenoliths. Major components are carbonate, recrystallised vitreous
parts, phlogopité, opaque phases and apatite (Table XVII).

Carbonate forms fine-grained euhedral crystals in the groundmass in addition to
cryptocrystalline aggrepgates, and its optical character points to an Fe-rich (sideritic)
composition. Minute cuhedral carbonate occurs as inclusions in phiogopite,
clinopyroxene, apatite and opaque phases. Vitrcous parts of the groundmass are
recrystallised and of similar occurrence to the “phlogopite-bearing” ultramafic
lamprophyre.

Phlogopite forms idiomorphic to hypidiomorphic tabular to platy crystals with a
grain-size of 0.05-0.2 mm. In addition, biotite occurs with a green-brown pleochroism
of common biotite composition.

Opaque phases occur as very fine-grained cubes (0.01-0.1 mm) disscminated
throughout the groundmass, although they tend to be somewhat concentrated around
xenoliths. Opaque phases are always present in replaced mafic minerals.

Apatite is developed as euhedral needles (0.05-0.5 mm), often intimately intergrown
with carbonate and displaying a spinifex-like texture. Apatites in the groundmass are
free of inclusions except for tiny carbonate and preserved glass grains.

Minor and trace components of the groundmass include clinopyroxenes
(diopsidic-hedenbergitic pyroxene), pseudomorphically replaced leucite, Ti-phases
(rutile and cryptocrystalline aggregates) and amphibole, together with secondary

zeolites, clay minerals, serpentine, talc and carbonate. Amphibole displays strongly
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corroded crystals 0.03—0.5 mm in size, and mainly decomposes to biotite, chlorite and

carbonate. Optical identification of the amphibole yields a barkevikitic composition.

Phenocrysts and xenocrysts

Phlogopite, apatite and subordinate clinopyroxene and olivine are the coarse
components of the “carbonate-apatite” ultramafic lamprophyre. Phlogopite forms
hypidiomorphic plates of 1-3 mm in size, rarcly reaching 5 mm in diameter, usually with
a small rim of green-brown pleochroitic biotite. Inclusions of euhedral apatite and
carbonate are common, the latter clearly discernible from carbonate penetrating into
the phlogopite along the 001-planes. In several phlogopites, finy, almost isotropic
inclusions with a yellowish red-dark brown pleochroism are present. These may cither
correspond to perovskite or belong to the pyrochlore group. In some zones of the rock
a weak chloritisation of the phlogopite is developed.

Apatite occurs as euhedral needles of considerable length (up to 3 mm), and inclusions
of tiny euhedral carbonate crystals are frequently observed. Insome apatites there occur
inclusions of biotite, opaque and semi-opaque phases (perovskite?, pyrochlore?) which
could not be further identified microscopically.

Clinopyroxene and olivine present the same features as described for the

“phlogopite-bearing” ultramafic lamprophyre .

Cognate xenoliths

The same cognate xenoliths as observed in the “phlogopite-bearing” ultramafic
lamprophyre occur in the “carbonate-apatite” ultramafic lamprophyre. However, in the
latter the xenoliths have a much more developed reaction rim up to 1 mm. The rims
consist mainly of carbonate, opaque phases, biotite and zeolites. Additionally, ocelli filled

with coarse carbonate are much more abundant than in the “phlogopite-bearing”

ultramafic lamprophyre. The only distinct xenolith type observed consists of coarse

carbonate with apatite arranged in a spinifex-like texture. Xenoliths of this type do not

display a reaction rim with the matrix.
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Country rock xenoliths

Country rock xenoliths are subordinate when compared to the cognate xenoliths. They
are hydrothermally altered with a mineralised nepheline syenite and phonolite
composition. As with the “phlogopite-bearing” ultramafic lamprophyre, the country
rock xenoliths underwent hydrothermal alteration and mincralisation prior to their

incorporation into the “carbonate-apatite” ultramafic lamprophyre.

7.2. Geochemistry

The ultramafic dykes encountered in the Osamu Utsumi mine have a unique chemical
composition. Chemically, they are distinct from any other mineralo gically similar rock of
the lamprophyric, lamproitic and kimberlitic suites (Wimmenauer, 1973; Rock, 1977,
1987; Bergman, 1987; Foley ef al., 1987). However, it has to be borne in mind that
mineralogical investigations indicate a slight postmagmatic alteration for these dyke
rocks, although this is distinctly different to the hydrothermal alteration observed in the
mine host rocks (Section 5). In addition, the dykes have incorporated small amounts of
mineralised host rock xenoliths. These two observation may explain at least part of the

aberrant chemical composition when compared to other lamprophyric rocks suites.

7.2.1. Major elements

Both mineralogically distinct ultramafic lamprophyre suites are characterised by their
very low SiO; values and high K,O values (Table XVIII). Total iron, and particularly
MnO, are relatively high whereas the other major elements occur in amounts comparahle
to worldwide average values for lamprophyres, lamproites and kimberlites (Bergman,
1987). The Mg-number ranges between 86-90 for the “phlogopite-bearing” ultramafic
lamprophyre and 39-63 for the “carbonate-apatite” ultramafic lamprophyre, with the
fresh sample having a value of 63. Rock (1987) subdivides the lamprophyric suite into
four branches: calc-alkaline, alkaline and ultramafic lamprophyres and the lam proites.
According to this classification the major element composition of the Osamu Utsumi
mine dykes, with the exception of MnO, agrees best with the ultramafic lamprophyres.

KO is greater than 3 wt.% in all dyke samples analysed, except for the two slightly
altered “carbonate-apatite” ultramafic lamprophyre samples (K,O. = 2.50 and 2.58
wt.%). The KyO/Na,O ratio (wt.%) varies between 7-12 for the “phlogopite-bearing”
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TABLE XVIIi
Geochemical composition of the nltramafic lamprophyres from the Osamu Utsumi uranium mine

PL-3 PL-7 PL-8 PL.9 F4-331-AA F4-331.AB F4331.AC

SiQy wt.% 37.90 36.80 3735 37.57 34.05 30.00 25.41
TICB 225 2.18 2.23 222 1.86 1.83 1.83
AlOy 10.91 10.58 10.48 10.96 11.80 10.12 950
Feyo 16.22 17.67 16.79 17.09 19.81 252 2588
MnO 1.89 2,40 2.13 221 472 6.51 841
MgO 9.73 873 9.40 8.87 4.47 4.19 3.00
CsO 8.17 7.12 846 757 748 6.89 4.99
Na»O 0.32 051 0.31 0.53 0.01 0.01 0.01
Kzé 389 3.064 3.30 3.81 3.06 2.50 258
P>0 1.01 0.88 0.96 085 T 128 123 123
L%IDIs 1.74 9.10 8.35 8.58 11.54 1397 17.01
CO» n.a. na. na. na. n.a. na. na,
Totat wt.% 100.03 99.61 99.76 10026 100.05 99.77 99.94
Ba Ppm 2671 2750 2952 2854 1597 1749 1837
Rb 2366 2496 1868 2910 100 8BS 84
Sr 1238 1184 1323 1289 606 597 531
Pb 18 20 16 24 16 11 24
Th 21 22 29 26 34 35 32
U b.d. b.d. bd. b.d. 5 b.d. &
Nb 117 123 119 135 293 293 297
La 237 284 228 304 198 241 275
Ce 326 384 29 417 341 403 453
Nd 147 163 130 172 175 185 224
Y 42 45 48 52 46 43 48
Zr 384 297 336 303 831 719 740
Vv 2166 261 266 269 223 241 256
Cr 793 786 820 784 232 227 249
Ni 399 431 401 419 58 55 &0
Co 59 58 58 56 52 51 58
Cu 26 23 22 25 b.d. b.d. b.d.
Zn 1408 1688 1738 1512 339 379 521
Ga 19 2] 19 22 23 17 21
Hf 9 8 9 9 12 10 13
5 1999 1381 1188 1493 1410 1287 1559
N.2. = not anaiysed Sampies PL-3, PL-7,PL-8,PL-9 (ore body E): “phlogopite-bearing” ultramafic lampro, hyres
bd. = below dg::ction limit Samples F4-331-AA 10 AC: “carbonate-apatite” ultramafic lamprophyres prop




ultramafic lamprophyre and as high as 250-306 for the “carbonate- apatite” ultramafic
lamprophyre, with the fresh sample corresponding to 306. Such extremely high
K:O/Na;O ratios have not been observed either in worldwide lamprophyres or in
lamproites or kimberlites (Bergman, 1987: Rock, 1987; Dawson, 1987). According to
Foley et al. (1987), both the “phlogopite-bearing” ultramafic lamprophyre and the
“carbonate-apatite™ ultramafic lamprophyre should be called ultrapotassic.

In Figure 49 the Niggli-values for the dykes are illustrated as triangular plots with axes
fm-si-alk and fm-alk-(al+c). Compared to the average values given by Wimmenauer
(1973), the dykes of the Osamu Utsumi mine plot in the fm-si-alk diagram around the
ouachitite average value, with the two “carbonate-apatite” ultramafic lamprophyre
samples most affected by hydrothermal alteration shifting towards the averages for
polzenites and alnGites. In the fm-alk-(al +¢) diagram the dyke analyses all plot towards
higher fm-values compared to ouachitites and alndites. The “carbonate-apatite”
ultramafic lamprophyre sample most affected by hydrothermal alteration plots very close

to average kimberlite values.

7.2.2. Trace elements

Figure 50 shows a spidergram of the incompatible clements normalised to chondritic
abundances, except for K, Rb and P which arc normalised to primitive terrestrial mantie
values (Thompson ez al., 1983). The general pattern of the dykes differs markedly from
that of the regional rock and of the hydrothermally altered rocks, indicating a contrasting
genetic evolution. The most striking differences between the two dyke groups are the
enormous enrichment of Rb and the greater amounts of Ba, K, Sr and Ti present in the
“phlogopite-bearing” ultramafic lamprophyre compared to the “carbonate-apatite”
ultramafic lamprophyre. In contrast, the “carbonate-apatite” ultramafic lamprophyre is
richer in Th, Nb, P, Zr and Hf. In comparison with worldwide potassic to ultrapotassic
rocks, the pattern displayed by the “phlogopite-bearing” ultramafic lamprophyre shows
the best agreement with ultrapotassic lavas from the western branch of the East African
Rift (Davies and Lloyd, 1988), although with a much greater abundance for all the
incompatible elements. The “carbonate-apatite” ultramafic lamprophyre displays a
pattern very similar to group Il kimberlites (Smith et al., 1985).

The K/Rb ratio is high in the “carbonatc-apatitc” ultramafic lamprophyre but
unusually low in the “phlogopite-bearing” varicty. Similarly, the K/Ba and Ca/Sr ratios

arc higher in the “carbonate-apatile” ultramafic lamprophyre, whereas the Ti/Nb and
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Figure 49. Chemical compositions of the ultramafic dykes from the Osarnu Utsumi mine
compared with world-wide lamprophyric rocks presented in si-fm-alk and alk-fm-al+c
(Niggli) diagrams.
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(Normalisation factors from Thompson, 1983).
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Rb/Sr ratios are considerably lower than in the “phlogopite-bearing” ultramafic
lamprophyre. Zr/Nb is similar in both types. With respect to the compatible elements, it
is interesting to note that the “phlogopite-bearing” type shows more kimberlite affinity
than the “carbonate-apatite” variety, and has considerably greater contents of Ni, Cr,

Cu and Zn. Ni and the LREEs occur in similar amounts in both types.

8. Uranium mineralisation

The presence of the uranium mineralisation played a key factor in the choice of the
Osamu Utsumi mine for an analogue study. An understanding of the mineralogy,
geochemistry and genesis of the mineralisation is an obvious prerequisite for this work.
In the preceding chapters it could be shown that uranium enrichment initially took place

during a strong hydrothermal ¢vent, and later during supergene weathering,

8.1. Mineralogy and mineral chemistry
8.1.1. Hydrothermal hypogene mineralisation

‘Two types of hydrothermal U-enrichments can be observed:
a) a disseminated enrichment, and

b) an enrichment contained in the matrix of the breccias and within veins.

In the disseminated enrichment, uranium shows a similar radiographic distribution
pattern (see Chapter 9, “Redox fronts”) to the finely dispersed pyrites (grain-size range
50 - 100 micron). In the pyrite aggregates the uranium content is also elevated. Within
the disseminated enrichment, smaliveinlets filled with pyrite and clay minerals frequently
occur; autoradiography shows that this pytite is also U-bearing. Some of the small
inclusions in pyrite that can be observed under reflected light indicate high U-contents
with the microprobe, although their size (< 1 micron) prevented quantitative analysis.
Under the scanning microscope (Fig. 51; SEM 2B16/8) these inclusions proved to be
pure uranjum oxides, and XRD studies yielded a compositional range from UQ,y to
U0 In general, the reflections of the pitchblendes with compositions near UO,s have
somewhat sharper lines, indicating higher crystallinity. In the course of the same

investigation small grains of monazite/cheralite were observed growing on the pyrites
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(Fig. 52; SEM 2814/4). This provides a strong indication as to which phases the REEs
are concentrated in following the hydrothermal processes, and subsequent to their
release from the primary magmatic mafic minerals.

In the breccia matrix and vein-type enrichments uranium is part]y intergrown with
pyrite, but is also present in other phases. During the initial phases of this study it was
thought that most of the hydrothermal uranium was present in zirconium minerals.
Microprobe investigations, however, did not confirm this assumption, because uranium
concentrations were too low, always below the detection limit of 200 to 300 ppm. On the
other hand, uranium was found to be associated with brannerite (UTiOg) and other
TiO,-bearing phases, of which anatase is the most common. The silvery, high-reflectance
pyrites, that can sometimes be mistaken for galena, are characterised by high contents
of TiO, (mainly anatase) inclusions.

The abundances of the different hydrothermal minerals in the breccia matrices and
veins vary considerably and can be compared to those in the fissures described in
Chapter 6 (see Appendix 5). By analogy with these, it can be assumed that the
mineralisation took place in several phascs, some characterised by a preponderance of
certain phases (Zr-minerals, etc.), or a certain type of phase (violet fluorite —» colourless
fluorite — green fluorite). At certain stages appreciable amounts of pitchblende must

have been precipitated, yielding U-contents in the order of 5000 ppm (sec Appendix 4).

8.1.2. Supergene mineralisation

The pitchblende nodules that occur in the Osamu Utsumi mine are the most
spectacular products of the supergene mineralisation (Plate 4). In the homogeneous,
porous phonolite (E-body; Fig. 4), they are developed along the whole redox front, in
contrast to the breccia bodies (B-body; Fig. 4) where large nodules (>5 cm in diameter)
are found mainly along the deeply penetrating tips of the oxidation fronts associated with
SW-trending conducting faults (Fig. 2). Mincralogically, the uranium is mostly present
as botryoidal aggregates of pitchblende, illustrated by very broad lines on X-ray films.
These pitchblendes are generally less well crystallised than those formed during the
hydrothcrmal event. In the nodules, pitchblende is fincly intergrown with illite,
K-feldspar, pyrite and others. For this reason, microprobe analyses of pitchblende
(Appendix 3) always contain traces of SiO, KO and AlLO, Scanning clectron
microscope investigations (Fig. 53; SEM 2815/10) show the initial growth of the
botryoidal pitchblende in pores between the clay aggregates. In detail (Fig. 54,
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Figure 52, Scanning electron micrograph (SEM 2814/4) of idiomorphic monazites on
pyrite. (Reduced leucocratic phonolite at 111 m from borehole Fi),
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SEM 2816/4), cauliflower textures and zoning, indicative of successive growth stages,
can be observed.

As discussed by Schorscher and Falick (Appendix 1), two generations of pyrites can
also be recognised. Pyrites with values for 5§ around 0 are attributed to the
hydrothermal event, whereas very low 6*S values (-12 to -14°/,;) are attributed to

supergene weathering combined with bacterial activi ty.

8.2. Geochemistry

In the preceding chapters, the geochemistry of the phonolites, nepheline syenites and
breccias showed that, during hydrothermal alteration, a general uranium enrichment in
the affected rocks took place, accompanied by enrichment in potassium, sulphur and,
mainly in the breccias, zirconium and bafnium (Figs. 33 to 36). During supergene
enrichment all the elements apart from sulphur were relatively immobile and mainly only

the uranium was mobilised.

9. Redox fronts

The redox fronts exposed at the Osamu Utsumi mine have, from the beginning, been
asource of interest. The fronts exhibit a very irregular surface (Fig. 55) due to variations
in the rock physical propertics and to downward extensions around water-conducting
fractures. As most of these fractures are ohlique, borehole F1 intersected such fingers
of oxidised rock at 33.40 m and between 42.0 and 66.2 m. It is of importance to note that
at 42.0 m the reduced rock is above and the oxidised rock below. This is essential for the
interpretation of the geochemical and decay series results (see MacKenzie ef al., this
report series; Rep. 6). Normally with oxidised rock overlying reduced rock, advective
transport with downward-percolating groundwaters can be assumed. In the case of the
reverse situation, however, only a dilfusion mechanism could have taken place.

The three redox fronts (Plates 3-5) in drillcore F1 occur in subvolcanic phonolites.
The front at 33.40 m intersects the core at a small angle; within the first 3 cm on the
oxidised side some patches of reduced rock are left. In the oxidised part the “inverse”

front at 42.0 m shows (on a millimetre scale) a type of oscillatory zoning of iron
hydroxides. It also contains a 5 mm thick white zone (consisting of 80% kaolinite)

separating the front from the reduced rock. Two to three centimetres into the reduced
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Figure 53. Back-scattered scanning electron micrograph (SEM 2815/10) of botroidal
supergene pitchblende along a fissure in leucocratic Phonolite (RFIIT redox front).

Figure 54, Back-scattered scanning electron micrograph (SEM 281 6/4) of botroidal

supergene pitchblen
Fig 53).
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part a nodular pitchblende mineralisation occurs, The 66.20 m redox front has an
itregular surface but a very sharp transition from oxidised to reduced rock occurs,
transecting single mineral grains.

The RFT front (Plate 6) occurs in a dense mineralised phonolite. On the oxidised side
it displays osci llatory zoning of iron hydroxides with white spots (1-2 cm) representin g
former pitchblende nodules. Pitchblende nodules occur either a few centimetres from
the front or up to 10 cm within the reduced phonolite. The nodules are concentrated in
transecting faults, which determines their often irregular shape.

The RFII front (Plate 7) occurs in a volcanic breccia body and transects the breccia
components and matrix. Zoning of iron hydroxides is only observed in the oxidised part
of the matrix,

The RFIII front (Plate 8) is situated in a dense phonolite associated with a fracture
mincralisation. Iron hydroxides are concentrated as a band within the first few
centimetres of the oxidised zone.

The RFIV front (Plate 9} occurs in a porous, slightly mineralised phonolite. It is

characterised bya homogeneous dark-brown 20cm wide zone rich in iron and mangancse

Redox fronts RFI to I'V were sampled on a decimetre scale, whereas the fronts from
drillcore F1 were sam pled with centimetre spacings, as illustrated in MacKenzie e al.
{op. cit.; Figs, 7 and 58).

9.1. Mineralogy

Basically, the mineralogy at the redox fronts is identical to the mineralogies of the
hydrothermally altered (“reduced”) and the oxidised phonolites, nepheline syenites and
breccias described in the preceding chapters. Some specific mineralogical features can,

however, be observed at the redox fronts:

~ Primadry pyrite disappears at the front within a fraction of a miliimetre. Some
dissolving pyrites occur as mantle relicts persisting up to a maximum of 3 ¢cm in the

oxidised rock.

!

Fluorite disappears on the oxidised side within the first few millimetres.

Sphalerite and other sulphides occur only on the reduced side,

|

Carbonates abruptly disappear on the oxidised side.
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- K-feldspar already starts to diminish 1/2 to 3 cm into the reduced zone (Table XIX).
Using XRD this decrease is difficult to detect, but under the SEM etching
phenomena (Fig. 56 SEM; 2815/7) can be observed on the surface of the K-feldspar,

— Secondary pitchblende nodules may be formed 1 to 3 cm into the reduced zone. The
location of their occurrence is directly related to the commencement of K-feldspar
dissolution,

- Secondary pyrite is formed at roughly the same locations as the pitchblende nodules.

—~ Macroscopically, iron hydroxides and hydrous ferric oxides delineate the oxidised
part of the redox front. In the RFIV front in particular, the aging sequence can be
observed: amorphous hydrous ferric oxides — poorly crystalline hydrous ferric oxides
— goethite — hematite.

—~ The amount of illite slowly begins to decrease in the oxidised zone.

- There s a general slight decrease of kaolinite when compared to illite in the oxidised
zone adjacent to the front. In some cases, however, kaolinite is concentrated at the
front, where it can constitute up to 80% of the minerals.

- Crandallite group minerais can be observed as the main REE-bearers in the oxidised
part.

- Jarosite and alunite type minerals are formed in the vicinity of the front.

~ Sporadically, CdS (greenockite) is formed in the pitchblende nodules (see Appendix

6).

It is important to note that the macrosco pically visible front, determined by the iron
hydroxides, does not exactly coincide with other mineral fronts. This can be explained

by the results of the geochemical modelling (P.C. Lichtner in McKinley (Ed.), this report
scries; Rep. 12),
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Figure 56. Scanning electron micrograph of Kfeldspar showing erch Phenomenag,

(Leucocratic phonol,

ite, 2 mm on the re

duced side of the redax front RFIIT; SEM 2815/ 7).
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TABLE XIX
Distribution of the modal abundance of K-feldspar across the redox fronts RFT, RFIII and RFIV determined by X-ray diffractometry (XRD).

LET

Redox front RFT ' Redox front RFIII
Rock type Distance Alkali feldspar Rock type Distance Alkali feldspar
from the content from the content
front{cm)  (wt.%) front (em)  (wt.%)
RFI-1A ox. LPh -20 52 RFII-A . LFh -50 40
RFI-1B ox. LPh -10 48 RFIII-B a. LPh 25 35
RFI-1C ox. LPh -5 45 RFIII-C ox. ox. LPh -5 52
RFI-3 red. LPh 5 52 RFIII-C red. red. LPh 5 44
RFI-4B red. LPh 20 52 RFII-D red. LPh 25 39
RFI-5A red. LPh 75 54 RFIII-E red. LPh 50 48
RFI-6B red. LPh 195 56 RFIII-F red. LPh 100 57
RFIII-G red. LPh 150 48
Redox front RFIV
Rock type Distance Alkali feldspar
from the content
front {em)  (wt.%)
RFIV-A ax. CpxPh -200 61
RFIV-B ax. CpxPh -150 66
RFIV.C ax. CpxPh -100 74
RFIV-D ox. CpxPh -50 64
RFIV-E ox. CpxPh -20 68
RFIV-Fax. ox. CpxPh -5 70
RFIV-Fred. red. CpxPh 5 77
RFIV.G red. CpxPh 20 78
RFIV-H red. CpxPh 50 80
RFIV-1 red. CpxPh 100 79
RFIV-K red. CpxPh 150 71
RFIV-L red. CpxPh 200 10




9.2. Autoradiography

For some of the fronts g-track autoradiography was carried out to illustrate the

distribution of uranium and thorium,

RFIL In the reduced part, the strongest uranium accumulations are found around
breccia components and fissures transecting these components; in the
matrix the mincralisation is dispersed. In the oxidised part, the uranium
enrichment around the breceia components is diminished compared to the
reduced side. Secondary enrichments tend to occur in association with clay
and iron hydroxide aggregates, and in pores. At the front itself, there is only
an enrichment in the porous nepheline syenite components, whereas the

dense clay matrix is not enriched.

RFIII: In the reduced part, the nodular secondary enrichment is concentrated in
open pores and fissures overprinting the finely dispersed distribution of the
bydrothermal enrichment. Moreover, enrichments can be observed at the
intersections of cracks with xenoliths. On the oxidised side, a fincly dispersed
secondary accumulation of e-emitters occurs as impregnations associated

with hydrous ferric oxides,

RFIV: On the reduced side, uranium is concentrated in pores and along grain
boundarics. In the oxidised part, which is adjacent to the front and strongly
impregnated with hydrous ferric oxides, enrichments occur only in the rare

pore spaces coated with hydrous ferric oxides (Fig. 57).

9.3. Porosity

The porosities of samples across the four redox fronts RFI to IV were determined on
the basis of rock and grain densities and are presented in Table XX and Figure 58.

The oxidised parts have a much higher porosity than the reduced paris; only in front
RFIV is tbe difference less pronounced as the porosity of the reduced rock was already
initially high. The porositics vary around 18% in the oxidiscd samples and around 10%
in the reduccd varieties. This large difference implies an important dissolution and loss
of bulk material at the site of the redox fronts. A more evident increase in porosity is
also predicted from the redox front modelling carried out by PC. Lichtner in McKinley
(Ed.) (this report scries; Rep. 12).
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Figure 57. Autoradiographs from redox Jront RFIV,

a) Oxidised part 20 cm Jrom the front.

b) Across the front, where the sample is broken apart.
¢) Reduced sample, 20 cm Jrom the front,

(Exposure time 8 weeks).
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TABLE XX
Rock physical properties across redox fronts RET to RFIV.
Redex front RFI Redax front RFIT
Rock type Distance Buik Tonal Rock type Distance Bulk Total
from the density porasity from the density porasity
front (em)  (g/kco) (%) front (cm) (z/cc) (%)
RFI-1A ax. LPh -20 2.17 17.1 RFII-A ox. VBr -200 2.29 12.8
RFI-IB ox. LPh -10 22 159 RFII-B ox. VBr -150 2.19 17.1
RFI-IC ax. LPh -5 2.18 17.8 RFII-C 0% VBr -100 22 16.3
RFI-3 red. LPh 5 217 17.8 RFII-D OX. VBr -50 223 154
RFI4B red. LPh 20 2.2 15.5 RFII-E ox VBr -20 213 18.9
RFI-5A red. LPh 75 2.35 9.4 RFIil-F ax. ox. VBr -5 234 11.2
RFI-6B red. LPh 195 233 10.6 RFII-F red. red, VBr 5 217 18
RFII-G red. VBr 20 2.25 15
RFII-H red. VBr 50 2.32 123
RFIi-1 red. VBr 100 2.29 133
RFII-K red. VB 150 2.36 10.4
RFII-L red. VBr 200 235 104
Redox front RFIIL Redox front RFIV
Rock type Distance Buik Total Rock type Distance Bulk Total
from the density poraosity from the density porasity
front {cm)  (g/co) (%) front {cm) (g/c) {%)
RFIIl-A ax. LPh -50 238 i3.2 RFIV-A ox. CpxPh -200 208 205
RFII-B ox. LPh -25 2.23 133 RFIV-B ox. CpxPh -150 2.06 225
RFII-Cox. ox. LPh -5 231 10.5 RFIV-C ox. CpxPh -100 2.08 19
RFIII-Cred. red. LPh 5 2.38 8.2 RFIV-D ox. CpxPh -50 2.14 174
RFIII-D red. LPh 25 234 9.4 RFIV-E ox CpxPh -20 211 18.7
RFIII-E red. LPh 50 2.41 7.7 RFIV.F ox. ox, CpxPh -5 2.65 36
RFIII-F red. LPh 100 242 6.8 RFIV-F red, red. CpaPh 5 2.18 16.4
RFILG red. LPh 150 2.39 7.7 - RFIV-G red. CrxPh 20 22z 14.2
RFIV-H red. CpxPh 50 2.16 166
RFIV-} red. CpxPh 100 2.19 15.1
RFIV.K red. CpxPh 150 2.24 13.7
RFIV-L red. CexPh 200 222 14.1
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94. Geochemistry

Considerable analytical effort has been invested in the study of the redox fronts. Part
of the analyses of drillcore F1 are presented in Appendix 4 and a detailed discussion of
REE:s and selected trace elements is given in the contribution by MacKenzie et al. (this
report series; Rep. 6). The analyses of the four redox fronts RFIto IV are listed in Tables
XXI-XXIV and are partly shown in Figures 59 - 62, The mineralogy and geochemistry
of redox front RFI is detailed in Appendix 6,

The inhomogeneous distribution of the primary rock-forming minerais and their
alteration products, together with the irregular hypogene and patch-like supergenc
mineralisations, complicate interpretation of the geochemical data. Comparison of
oxidised and reduced rocks in Section 5.2. showed that the elements S, Zn, Fe, Ti, Mg
and Ca are depleted, and Th, Pb, Ba and, in certain cases, aiso U are cnriched in the
oxidised bulk rocks. In the vicinity of the redox fronts, the relationships are less clear-cut
and variable among the different fronts that have been studied.

Among the major elements, Fe,, tends to be enriched in the immediate vicinity of the
redox contact, as in the case of RFI, RFIII and RFIV: in RF1V, Fe-enrichment is
accompanied by Mn. In RFs II, Il and IV there is also a significant enrichment of P,O;
at the front, but it can also occur on the oxidised as well as the reduced side.

Uranium is normally enriched in the first 20 cm on the reduced side of the front,
reflected by the occurrence and distribution of pitchblende (Fig. 53). The exceptional
behaviour of U in RFII can be explained by the primary hydrothermal distribution in the
breccia. Thorium is enriched in F1 on the reduced side of the fronts at 33.40 m, 42.0 m
and 66.20 m, and also in the mineralised parts of RFI (compare Appendix6). In thc other
fronts there is hardly any enrichment and, if there is, it can also occur on the oxidised
side (Fig. 60),

Lead tends to be enriched on the reduced side if the mineralisation is strong; if not,
some enrichment can also occur on the oxidised side (Fig. 61).

Molybdenum, which resultsin a bluish-green staining (ilsemannite) when mincralised

rocks in the mine are exposed to the air, is depleted by a factor of two on the oxidised

side of the front in RFI (Fig. 62). This behaviour contrasts with the results from drillcore

F1 where the oxidised rocks and fronts are enriched in comparison to the reduced
phonolites.

Cadmium data are only available for the RFT front where the oxidised rocks contain
3 to 4 ppm Cd and the reduced rocks 2 ppm Cd (Fig. 63). Only in the pitchblende nodule
is an extremely high enrichment of 20 ppm Cd found,
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TABLE XXI
Geochemical composition across redox front RFI (data by XRF; Mo and Cd by AAS).

Redax front RFI (leucocratic phonolite), ore body B

Sample RFI-1A RFI-1B RFI-1C RFI-3 RFI-4A-1 RFI-4A-2 RFI-4B RFI-5A RFI-5B RFI-6B
Distance to front (cm)  -20 -10 -5 5 20 20 20 75 75 195
Rock type - LPh LPh LPh LPh LPh LPh LPh LPh LPh LPh
ox. Oox. OX. red. red. red, red. red, red, red,
Si0y wt. % 59.90 5942 58.45 60.06 60.90 6083 60.00 6042 5931 38.45
'1‘:(8 0.46 0.53 0.46 0.49 045 0.41 0.43 0.41 042 0.57
AlyQq 2241 22.05 22.07 2211 20,93 20.04 21.42 2048 21.05 2339
Fe,04 137 2.06 252 097 1.00 0.93 0.90 135 1.74 1.24
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.01 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
MgO 0.14 0.10 0.10 Q.10 0.10 0.10 0.10 010 0.10 0.10
CaQ 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Nas0 0.01 0.0t 0.01 0.01 0.01 0.01 0.0 0.01 0.01 0.01
KO 14.23 14.18 14.04 14.36 14.48 1451 14.06 14.11 13.87 13.26
P»0Og 0.10 0.09 0.09 0.09 0.08 0.14 0.09 0.14 0.13 0.07
LOI 229 235 280 2.32 235 2.82 2.65 335 3.68 3.50
C0, n.a. n.a. n.a, n.a. n.a. na, na. na. n.a. n.a.
Total wi.% 100.95 100.81 100.56 10053 10032 99,61 99.68 10039 100,33 100,61
Ba 327 285 235 225 198 483 114 292 293 55
Rb 254 283 287 282 273 253 320 258 254 273
Sr 554 436 448 454 445 869 488 834 743 45
Pb 16 22 30 91 78 37 195 32 31 27
Th 45 34 42 15 26 71 144 65 62 57
U 106 130 861 175 448 121 4876 204 660 84
Nb 262 99 266 290 282 251 361 270 241 295
La 47 44 60 40 31 55 72 76 100 7
Ce 71 63 91 57 44 72 90 90 125 38
Nd b.d bd 15 b.d. b.d b.d 16 b.d. 18 b.d.
Y 40 a7 34 56 5 12 55 i59 105 89
7r 82 97 86 o9 114 459 153 678 326 545
v 357 342 307 293 170 91 175 115 197 32
Cr 5 8 8 b.d b.d b.d. b.d. 5 5 10
Ni 6 6 9 6 6 17 9 20 17 16
Co b.d. b.d. 3 b.d. bd. 5 b.d. & 12 3
Cu b.d. bd. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d.
Zn 46 56 93 139 177 353 158 354 392 38
Ga 57 55 54 50 32 17 M 23 33 59
Hf b.d. b.d. 3 b.d. b.d. i1 4 15 7 15
S 1039 1534 27354 4536 92196 12956 10359 13162 15532 58618

XRF-data; n.a. = not analysed, b.d. = below detection,




TABLE XXI (contd).

Redox front RFT: Cd- and Mo-analyses

Rock type Distance Cd Mo
RFI-1A ox. LPh -20 4.00 85
RFI-1B ox. LPh -10 2.60 -
RFI-2B ox. LPh -10 0.66 55
RFi-2C ox. LPh ) 0.84 -
RFI-3B red. LPh 5 1.10 115
RFI4B red. LPh 20 0.79 145
RFI4B-1 red. LPh 20 19.50 -
RFI4B-2 red. LPh 20 0.30 -
RFI-5B red. LPh 75 2.20 143
Analyses by AAS,
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TABLE XXII
Geochemical composition across redox front RFTI {data by XRF).

Redax front RFII (volcanic breccia), ore body B

Sample RFII-A RFII-B RFII-C RFII-D RFII-E RFIl-Fox  RFII-Fred FII-G RFII-H RFII-I RFII-K RFII-L.

DESLgnCE to front (cm) -200 =150 =100 50 =20 -5 5 20 50 100 150 200
VBr YBr VBr VBr VBr VBr VBr VBr VBr VBr VBr

Rock type :xBI' ox ox. ey ox. OX. red. red, red red. red. red.

i ) 5417 53.71 54.91 54.55 52.97 5435 54.94 5535 55.31 56.23 5536 56.15
%% W% 035 0.45 0.40 0.47 0.40 0.38 0.45 0.43 0.47 0.41 0.44 0.33
AlyO4 24.13 2349 22.56 24.24 24.88 2273 23.39 2282 209 2243 22.30 21.48
Fey, 3.06 3.78 4.09 2.88 3.71 4,00 287 3.16 3.69 297 3.56 3.&)
Mo 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
MgO 0.14 0.14 0.17 0.17 0.20 0.19 0.14 0.14 0.12 0.14 0.15 0.18
Ca0 0.00 0.60 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.02
Na,O 022 0.29 0.24 0.27 031 0.33 0.30 0.30 039 0.45 0.44 0.62
Kaz') 13.03 12:81 13.07 13.15 12.66 13.05 13.20 13.40 13.43 13.52 13.33 13.49
PZO 0:16 0.23 0.16 0.18 0.13 0.17 0.18 0.14 0.12 0.13 013 0.16
szOs 3.10 3.09 2.85 2.88 338 3.12 3.89 3.57 3.89 3.39 3N 3.85
CcO, na. na. na. na. n.a, na. n.a. n.a. 0. n.a. na na.
Tbtal wi.% 98.40 97.99 98.45 98.79 98.64 98.44 99.36 93] 9951 9967 99.65 9982

F ppm 1843 1896 1713 1598 1752 1738 1676 1678 1579 1764 1704 1799
Ba 662 10 511 619 563 634 T44 B16 644 632 572 534
Rb 316 291 327 32 327 299 304 292 292 297 285 286
Sr 598 981 598 703 435 552 659 500 529 578 669 912
Pb 79 84 339 182 68 125 177 106 63 28 65 83
Th 36 81 52 54 40 81 63 58 45 43 38 38
u 82 159 113 98 135 151 83 95 T2 107 82 119
Nb 188 234 215 229 251 223 212 244 211 1 2ii 188
Ia 450 609 435 356 263 435 565 469 640 421 431 526
Ce 992 658 382 301 239 426 562 446 501 392 427 457
Nd 59 128 65 50 42 &8 111 89 128 75 &8 102
Y 75 180 88 57 87 145 119 139 83 89 82 84
i 1031 2051 1267 751 1815 1615 1410 1812 1151 1121 1400 1585
v 183 270 205 192 195 171 247 236 215 D9 213 166
Cr bd. b.d. b.d. b.d. b.d, b.d. b.d. b.d. b.d. b.d bd. b.d.

Ni b.d. b.d. b.d. bd. b.d. b.d. b.d. b.d. b.d b.d. bd. bd.

Co b.d. b.d. b.d. b.d. bd. b.d. b.d. b.d. bhd. bd. b.d. b.d.

Cu b.d. b.d. b.d. b.d. b.d. b.d. b.d b.d. b.d. b.d. b.d. b.d.

n 47 36 29 19 27 23 i5 10 10 16 28 2

Hf 13 31 15 8 24 19 19 25 14 14 17 2

8¢ 4 5 4 4 4 5 4 5 4 4 4 4

5 5829 6836 4959 4392 5818 51685 15301 16783 17362 14754 16511 18612

XRF-data; n.a. = not analysed, b.d. = below detection,
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TABLE XXIII
Geochemical composition across redox front RFIII (data by XRF).
Redox front RFTII (leucocratic phonoiite), ore body E
Sample RFIII-A RFII-B RFII-C ox. RFIII-Cred. RFIII-D  RFII-E RFIII-F RFIII-G
Distance to front (cm) =50 -25 - 5 25 50 100 150
LPh LPh LPh LPh LPh LPh LPh LPh
Rock type ax ax. . red, red. red. red. red.
i 57.11 57.55 57.35 57.46 57.14 56.53 57.34 5755
%02 % 0.44 0.47 0.46 0.48 0.42 0.41 0.46 0.46
AlLOy 2381 2223 23.82 23.53 2334 21.89 2235 .44
Fef 1.31 273 1.56 148 1.49 270 222 1.22
MO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mz0 0.12 0.05 0.06 0.08 0.07 0.11 0.12 Q.12
CaQ 0.03 0.00 0.01 0.01 0.00 002 0.01 0.02
Na»O 0.70 0.51 0.80 0.69 0.54 0.48 0.27 0.36
ng) 12.72 13.01 12.56 12.87 13.30 13.52 13.86 1356
P50 0.08 0.18 0.08 0.10 0.09 016 0.08 0.08
LE)IS 3.55 295 3.4 2.81 272 3.20 284 2.57
COy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total wt. % 99.87 99.68 99.74 99.51 99.11 99.02 99.55 99.38
F ppm 1416 1599 1748 1615 1587 1905 1758 1936
Ba : 715 1011 704 642 528 649 690 677
Rb 232 247 238 250 252 260 254 268
Sr 847 1087 925 1046 773 723 352 661
Pb 11 23 7 13 34 36 22 45
Th 17 79 49 51 37 74 37 56
U 62 19¢ 68 732 199 217 52 266
Nb 235 308 234 263 225 210 243 249
La 239 430 405 525 592 1225 515 988
Ce 145 351 365 513 642 1326 505 1085
Nd 24 74 2 105 134 303 108 231
Y 68 154 75 74 85 197 103 108
7r 876 1283 813 1030 1003 2537 1080 825
v 542 480 584 512 370 297 445 415
Cr b.d. b.d. b.d. b.d, b.d. b.d. b.d. b.d
Ni b.d. b.d. b.d. b.d. bd. bd. b.d. b.d.
Co " bd. b.d b.d, b.d. b.d. b.d. b.d. b.d.
Cu bd. bd. b.d. b.d. b.d. b.d. b.d. b.d.
Zn 4 65 41 125 250 270 249 161
Hf 9 15 9 14 13 36 12 11
Sc 6 1 5 6 6 10 7 7
5 1195 1111 1291 5246 5047 15432 14955 3354
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TABLE XXIV
Geochkemical composition across the redox front RFIV {(data by XRF).
Redox front RFIV (cpx-bearing phonolite}, are body E
Sample RFIV-A RFIV-B RFIV-C RFIV-D RFIV.E RFIV-Faw RFIVFred. RFV-G RFIV-H RFIV-I RFIVK RFIV.L
Distance to front (cm) -200 -150 -100 -50 -20 - 5 20 50 100 150 200
Rock type CpxPh CpxPh CmxPh CmxxPh CpxPh CpxPh CpxPh CpxPh CmxPh CmxPh CpxPh CmxPh
Ox. O, ox ox ox fs: 4 o red. red. red. red. red.
Si0, wt. % 56.29 57.56 5839 57.32 5731 4630 56.92 55.18 57.14 57.27 57.09 57.49
T 0.21 0.12 0.11 017 0.25 0.31 0.38 0.50 0.51 0.18 0.59 022
AlbOy 21.57 2232 21.36 2217 2116 17.83 21.37 21.81 2174 268 21.68 2105
Feyq 3.17 0.91 081 129 2.04 16.63 1.45 154 2.12 1.74 180 1.96
Mné 0.04 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.0t 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaQ 0.00 0.64 0.00 0.03 0.01 001 0.00 0.05 0.04 0.03 0.02 0.01
Na»Q 0.23 0.15 0.15 0.14 0.16 0.1s6 0.14 0.15 0.18 0.17 0.18 0.17
Kze) 13.91 13.93 14.93 13.49 14.12 11.17 14.45 13.66 13.91 1431 1439 14.33
P»Qs 0.14 0.17 0.12 Q.16 0.15 0.38 0.14 041 0.23 0.24 014 0.16
H»0O 222 218 1.37 2.54 194 438 216 2.90 289 253 2.20 255
COmy n.a. n.a. n.a. n.a. na. n.a. n.a. na. na., n.a. na. n.a.
Total wt. % 97.79 97.38 97.24 9731 97.14 97.29 97.01 96.2 98.76 98.15 98.09 97.94
F . pPpm 1515 1256 1216 1248 1372 1035 1255 2203 1584 2178 1276 1409
Ba 473 472 394 473 457 566 441 736 598 575 410 473
Rb 292 2 317 291 297 237 311 284 295 303 318 308
Sr 312 501 328 419 377 321 31 1095 653 626 269 345
Pb 130 230 253 132 131 191 240 664 546 449 300 255
Th 48 51 27 48 52 36 M 29 30 42 34 34
U 46 69 55 99 74 104 203 517 319 197 512 204
Nb 514 364 382 289 327 321 411 784 582 590 572 357
La 543 521 442 464 562 405 446 916 566 1263 404 494
Ce 491 438 361 359 413 498 450 928 566 1407 M7 502
Nd 110 115 82 102 144 17 30 187 lr 76 91 81
Y 107 121 92 162 143 101 100 180 127 137 140 96
Zr 1621 1969 1344 257 1722 1053 1383 1027 1876 1273 1872 980
v 171 200 215 231 217 282 375 316 320 308 340 332
Cr b.d. b.d. b.d. b.d. b.d. 15 b.d. b.d. bd. bd. b.d. bad.
Ni b.d. b.d. b.d. bd. bd. b.d. b.d. b.d. b.d. bd. b.d. bd.
Co 9 5 b.d. 4 5 21 3 4 4 3 5 4
Cu bd. b.d. bd. b.d. b.d. b.d. bd. b.d. b.d. b.d. b.d. b.d.
Zn 58 20 16 23 M 419 10 113 157 188 168 k-
Hf 15 20 11 21 16 7 11 11 18 12 17 6
Sc 5 6 5 6 6 3 5 6 6 6 6 5
s b.d. 190 b.d. 112 709 6520 9293 25045 14239 15811 11327 14987

XRF-data; na. = not analysed, b.d. = below detection.




reduced rock, displaying an oscillating distribution Pattern, although the (primary)
hydrothermal distribution displays a large scatter (Fig. 64). MacKenzie et al. (this report
series; Rep. 7) observed a depletion of REFs in the oxidised rock of drillcore F1, where
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nepheline syenites and phonolites. Mobilisation and concentration of U, Th and REEs
could not be detected at this stage (Shorscher and Shea, this report series; Rep. 1).
Subsequent intense hydrothermal alteration and mineralisation, partly associated with
contemporaneous formation of magmatic breccias, occurred locally, as exemplificd in
the Osamu Utsumi uranium mine.

Comparing the results reported by Schorscher and Shea (op. cit.) with those from the
Osamu Utsumi mine, it becomes evident that the rocks in the mine were affected by an
additional subvolcanic event. This event resulted in pervasive hydrothermal alteration
of the mine rocks and the formation of several breccia pipes. Evidence from xenoliths
contained in these breccias indicates that the brecciation took place aftcr the sequence
of volcanic and subvolcanic phonolites (with intrusions of nepheline syenites) had becn
emplaced and deutcrically altered, similarly to the bulk of the rocks in the plateau. The
clay mincral paragencses (kaolinite) of these rocks show that they were substantially
cooled down.

Investigations at the mine were expected to give a clearer picture of the hydrothermal
processes that resulted in the primary uranium and REE mineralisation, and to provide
some insight into the mobility of uranium and REEs undér hydrothermal conditions.
Furthermore, after magmato-hydrothermal activity ceased, downward-migrating
oxidising groundwaters produced a thick lateritic weathering cover and well-defined
redox fronts, leading to the redistribution of the hydrothermal mineralisation which
provided the opportunity to study the behaviour of U and REEs under low-temperature

conditions.

10.1. Hypergene alteration

The hydrothermal alteration at the Osamu Utsumi uranium mine can be divided into
two successive major processes. First, a potassium-rich hydrothermal event led to a
pervasive potassium metasomatism with associated disseminated pyrite and minor
low-grade uranium-, fluorite- and REE-mineralisation and argiliic alteration of the
country rocks. The major characteristics of this event are the almost complete
alkali-exchange and structural reorganisation of the magmatic alkali feldspar, leaving an
intermediate microclinc of almost pure orthoclase composition behind, and the
complete decomposition of magmatic mafic minerals and their replacement by clay
minerals and FeTi-oxides. The strong hematite pigmentation observed in these

microcline phases suggests a comparably high oxygen fugacity at the very beginning of
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recorded for the bulk of clay minerals (illite) based on theijr stable isotope composition

(Waber, 1990). The §*0O- and 8D-signatures of the clay minerals further indicate a mixiﬁg

The occurrence of magmatic flow textures in the phonolitic matrices of the breccia
pipes suggest a high temperature (approx. 500-600°C) during the initia} stages of the
mineralising hydrothermal event. Boiling of the fluid js evidenced by fluid inclusions from
breccia veins, which indicate a fluid composition approximating to a KC|-N aCl-brinc with

44 equivalent wt.% KCl and traces of FeSO, and KF. This brine is exclusively localised
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in the breccias and mineralised veins and has mobilised appreciable amounts of U, Th,
Zr, Hi, Y, and occasionally REEs, and resulted in the precipitation of low microcline.

The hydrothermal alteration caused by the breccias is much more restricted in extent
and is mainly associaled with the breecia matrix and veins. The main hreccia pipes display
a diametcr of several decimetres, whereas the potassic alteration affected an area of at
least 2 km®. Major mineral assemblages of such veins are pyrite-fluorite-carbonate,
pyrite- pitchblende, pyrite-Mo minerals, zircon-fluorite-monazite-brannerite and low
microcline, all of them associated with clay minerals, The feeding of the systcm with
magmatic-derived fluid ceased after the main formation of pyrite and the influence of
meteoric water increased.

In comparison with the unaltered regional rocks, the hydrothermally altered
phonolites and nepheline syenites are enriched in K, Rb, S, U, Th, Pb and Ba, and the
matrices of the breccias and the breccia-related vein mineralisation are intensively
enriched in U, Th, Pb, Zr, Hf, E Y, S and REEs and enriched in K, Rb, and Ba. The
agreement in the chondrite normalised patterns of the incompatible elements between
the hydrothermally altered rocks of the mine and the non-hydrothermally altered rocks
of the Pogos de Caldas plateau indicates that two sources for the elemental content in
the hydrothermal fluids have to be taken into account: a) uptake through leaching of
phonolites and nephcline syenites in deeper parts of the plateau, and b) a late-stage
differentiate from the same magma source that produced the huge volume of regional
alkaline rocks comprising the Pogos de Caldas plateau. This second source is strongly
favoured by the fact that the chondrite normalised patterns of incompatible elcments
from the highly mineralised breccias resembie the pattern of “late-stage” ultramafic
lamprophyric dykes. The only exceptions are the increased Zr and Hf contents of the
breccias. Furthermore, the breccia pipes display an explosive formation which certainly
involved a rapid risc from their source up through the overburden. Therefore, the
possibility of strong, long-term leaching processes occurring in the lower levels is less
credible.

The intrusion of ultramafic lamprophyre dykes post-dates the hydrothermal alteration
in the Osamu Utsumi mine and the radiometric Ar-Ar age of 76 Ma for phlogopites from
one of these dykes (Shea, this report scries; Rep. 4) indicates the onset of meteoric
weathering in the area. The primitive composition of the dykes is indicative of a mantle
origin. Both dyke suitcs display, in certain aspects, lamproitc to kimberlite affinities,
properties that can only be confirmed or rejected by detailed isotopic investigations. The
two suites are very dissimilar in some respects and similar in others. Thus, the

“phlogopite-bearing” ultramafic lamprophyres show more affinity to primitive silicate
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rocks, whereas the “carbonatc-apatite” ultramafic lamprophyres display a greater

afTinity to carbonatites, both having incorporated the Same xenoliths (of primitive mantle

source. As discussed by Waber (this report series; Rep. 3), the occurrence of 3
carbonatitic melt can no longer be excluded when discussing the genesis of the Pocos de

Caldas ajkaline complex.

10.2. Supergene alteration

saprolite and, finaliy, an oxidised zone of 20 to 60 m,

The thickness of the diffe rent weathering zones js strongly dependent on the texture,
permeability, porosity and intensity of argillic alteration of the underlying parent rock.
In these zones there js a considerable amount of hydrothermal clay minerals inherited
from the parent rocks, as evidenced by the stable isotope signatures of the clays. These
clays are less sensitive to Eh-pH-related dissolution than the predominant leucocratic
mincrals (mainly feldspars) and mafic minerals (mainly cii nopyroxenes) comprising the

unaltered rocks of the plateau. In addition, these clays are coated with minerals formed
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itself, where pitchblende nodules do not survive the passing of the redox front. This
retardation is caused by the incorporation of uranium in minerals such as brannerite,
and/or by adsorbtion of uranium on amorphous and poorly crystalline phases, mainly
iron-oxyhydroxides. Dehydration of such phases during dry seasons and rehydration
during wet seasons have led to an alternating release and readsorption of uranium within
the weathering column. The fact that uranium does not strongly correlate with iron and
titanium (the major residual uranium-bearing phases are Ti-oxides) in the weathering
zone shows that uranium is also adsorbed onto other amorphous and poorly crystalline
phases (e.g, Al-gel and amorphous gibbsite) and clay mineral surfaces.

The dissolution of the pitchblende nodules on the oxidised side and their precipitation
on the reduced side are a function of Eh-charge related to pyrite oxidation. The
accompanying Eh-charge relates the pyrite transformation to the silicate
transformations such as potash feldspar dissolution and the formation of kaolinite. The
presence of relatively small amounts of pyrite (2-3 %) strongly influences the mobility of
uranium and other elements during supergene weathering. It exeris an influence not
only on Eh-sensitive reactions, but also on those that are pH-dependent.

It is not only redox-sensitive elements that are remobilised and concentrated around
these downward- migrating front systems. Work reported hy MacKenzicet al. (this report
serics; Rep. 7) shows enhancement of a whole series of trace elements in and around the
fronts, these having been effectively scavenged and concentrated from the parent rock

during front migration.
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Appendix 1

Mineralogical, geochemical and sulphur isotope studies
of selected pyrite samples and pyrite generations from
the Osamu Utsumi mine site, Pogos de Caldas, Brazil.

H.D. SCHORSCHER', M.M.G MONTEIRO' and A.E. FALLICK?

'Universidade de Sio Paulo, Instituto de Geociéncias - DMP, C.P. 20 899,
014 98 Sao Paulo (Brazil).

*Scottish Universities Rescarch and Reactor Centre (SURRC), East Kilbride,
Glasgow G75 OQU (United Kingdom).

1. Introduction

Pyrite is thc major ore mineral of the host “potassic rock” at the Osamu Utsumi minc
which shows reducing hydrothermal alteration; this contrasts with the oxidising,
hematitc-bearing regional hydrothermal alteration. Pctrographic studies at the Osamu
Utsumi uranium mine revealed the occurrence of texturally distinct types of pyrites that
occur in specific lithological and structurat environments.

Based on these preliminary studies, subsequent investigations have included the
dctailed mineralogical, orc petrographic and textural study of pyrite generations in the
potassic rocks and uranium ores of the Osamu Utsumi mine. Mineral separations,
S-isotope studies, and some complementary bulk geochemical routine X-ray
fluorescence (XRF) and microprobe analyses have also been carried out. Mineralogical
studies, textural classification and the main mineral separations were made at Sao Paulo;
S-isotope studies were carricd out at SURRC and complementary XRF analysis and 2
pyrite separates by N. Waber, University of Bern. Microprobe analysis of the pyrites were

made by the {irst author during two research visits at the University of Bern.

2. Sampling and mineral separation

Drillcore samples from F1 and F4 and hand specimens from surface exposures in the
open pit, together with massive U-nodules from the Urdnio do Brasil collections, were

included in the investigation (Table 1-1).
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8L1

Samples for sutphur isoto studies.

Current no, Sample, location

F1(9-1 WC11), i i sal phonolite (with minor bg-15 1:1.1
69.43 — 69.63 i i ids) from 3 conductive zgope. The rock js

2 F1(9-1 WC11), Reduced POrphyritic Phonolite of jow microporosity, unfracturcd, bg-5 1:1.2
1365 113,79 finely pyritiseq (mean grain-sizeg of PyTite ~0.25 mm disseminateg
throughout the rock and in the pores,
3 F1(9-1WC11), Reduced subvolcanijc medium- to coarse-grained Phonolite (with minoy bg-5 1:1-3
12530 - 12541 nepheline syenite Pegmatoids), of Jow microporosity and very syp.
(126-14) ordinate fracturing, Pyrites are finely disseminated (mean grain.gize
=0.25 mm) throughout the rock and in the Pores. The pyrite se parate
Was prepared by N, Waber ang identified 5 “matrix pyrite”.
4 F4(8.1 UK11), Pyrites (with Iminor sulph;jde minerals, silicates ang Possibly U oxide 40-100-18¢ I:14
24257~ 242 95 impurities) of deep-seate truly hydrothermaj (ie. h;gh temperature) high
(243-14) grade U - 7, mineraﬁsations; with 40,01 ( + 0.27) 875% CDT perfectly
within the range of the other Osamu Utsym; mine bydrothermaj Pyrites,
5 F4(8-1UK11), Open fracture Grosscutting reduced breccia, The fracture surfaces are bg-10 1:1-5
276.15 argillised (kaolinjte) and pyritised wigh medium-grained Pyrite crystaig
ean grain-size: 1 . o mm).
6 F4(8-1UK11), Reduced breccia cut by younger pyritised fractures (with clear uncoated bg- 10 115
38249 38263 and dark coated pyrites). Pyriteg have meap gram-sizes ~. 1 5 mm,
(383-14)
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TABLE 1- (contd.)

Current no. Sample, location Description Radioactivity, PLATES, see
cps Appendix 1:1
7 F4(8-1UK11), Reduced breccia cut by younger pyritised fractures (with clear bg-10 1:1-7
38540 - 385.64 uncoated and dark coated pyrites). Pyrites have mean grain-sizes
(386-1A) ~1.8 mm,
8 F4(81UK11), Reduced nepheline syenite xenolith cut by younger pyritised bg-10 1:1-8
354.42 - 394.60 fractures (with clear uncoated and dark coated pyrites). Pyrites
(394-1A7) have mean grain-sizes of ~1-2 mm_
9 F4(8-1UK11), Massive, reduced, medium- to coarse-grained transitional phonolite/ bg-5 1:1-9
396.57 - 396 .83 nepheline syenite rock, weakly microporous and unfractured,
argillised and with finely disseminated pyritisation (max. dimensions
of pyrite <0.3 mm).
10 F4(8-1UK11) Reduced, medium- to coarse-grained, strongly porous to microcavernous bg-5 1:1-10
407.57 - 407.67 hypabyssal phonalite with strong pyritisation mainly of the rock pores
with pyrites of mean grain-size ~1 mm.
11 F4(8-1UK11) Reduced breccia (clast matrix-supported type) with strongly pyritised bg 10 1:1-11
414.10 - 414.24 breccia matrix (mean dimensions of pyrites ~0.2 mm).
12 U-4, Cavernous (extremely porous) reduced phonolite of argillic decomposition, 10-20 -
(near 9-1 RH) variable light-grey to almost black colour, strongly pyritised with very fine-

to very coarse-grained pyrites (grain-sizes vary from <0.1to >15.0 mm} and
local Mo-mineralisation.
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TABLE 1-

Current no,

14

16

17

18

19

Sample, location

(near 8-1 KK)

OUM - 102

S/N-24

KU-3

Vit

04/02
(near 8- AH)

Redox frog¢ with strong U—minera[isation in fine-grainegd phouolite;
locaily advanced argillic decomposition. Pyritisation oCeurs as

fine disseminations in the reduceq phonolite angd associated with
the redox front-refateg pitchblende mineralisatio,

Massive pitchblende Bodule (from the Urdgio do Brasil collection) wit,
two texturally differen¢ pyrite generations,

Massive pitchblende nodule (from the Uranio dg Brasil collection) wit,
Secondary pyrite in the pitchblende Zone,

“Laboratory 8T0Wn” suiphates formed op 4 Specimen of fine-grainegd reduct
Phonolite tha¢ hosts pitchblende nodules (mineraliseq fedox front). Sulphates
were morphologically simifar to those from sample M-1, All the recovered
material was sepy for S-isotope analysis and Yielded Practically identical results
o M-1(6%s = 153 (x0.28) 9 CDT). For interpretation see M-1,

n.i

>1.500

470

1220

PI.ATES, see
Appendix 1:1

1:1-12 ang
I:1-13

I:1-14

1:1-15
I:1-16

1:1-17
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TABLE 1-I (contd.)

Current no. Samaple, location

Description

Radioactivity,
cps

PLATES, sce
Appendix 1:1

20 M-1
(near 9-1 RH)

21 U-1A
(near 9-1 RH)

Bluish coloured sulphate crystals as flakes and needles {of recent origin)
formed since collection (i.e. while stored in our specimen deposit) on a
sample of fine-grained, non-U-mineralised, but strongly pyritised phonolite,
The sulphates were identified using a combined XRD and Energy
Dispersion System (EDS) microanalysis on mixtures of kaolinite ~

KAl (SO4)2 " 11H20(?) and halotrichite — Fe? ¥ Al(SO4)4 - 22H:0.

The S-isotopes indicate that the “laboratory” process was by reaction only
via atmospheric reaction; in spite of chemical reactions and reprecipitation
there occurred no noticeable isotopic fractionation. 5°'S remained at

+ 0.52 ( £0.17) /00 CDT, ie. within the original values for the hydrothermal
pyrites.

Botryoidal yellowish sulphates collected in the Osamu Utsumi open pit, having
formed on fracture planes within the reducing, fine-grained, strongly pyritised

and weakly U-mineralised phonolite. Combined EDS and XRD identified halotrichite
and minor kaolinite. S-isotopic values of the sulphates are 5*S = -2.6 { £0.7) %/o0 CDT,

i.e, within the range of the hydrothermal pyrites. The co-existing pyrites yielded
8*S of -0.49 to -2.40 (£0.2) %/oo CDT for various grain-size fractions (sample nos.:

U-4A, B, D under current no. 12 in the report). This indicates that the collected mine

sulphates are also products of atmospheric reactions without any fractionation and
formed after the development of the open pit.

bg— 10

bg—5

1:1-18

ni. = notinformed
cps = counts per second

CDT = Canon Diablo Troilite (International standard).




purified by Preliminary hand-picking, regrinding, sieving, additiong] heavy liquid

Separation, washing and finaj hand-picking of all, or the Mmajor, Concentrated Pytite sieve

fractions, I the case of Some samples, only a low (ot pyrite fecovery was obtained jp

the course of Preconcentratiop ( Patticularly of the very fine Dyrites), Necessitating the
use of less pure €oncentrates for the isotope analysjs, However, silicate mineraj

impurities (Table 1-IT) had no evident jn fluence op the S-isotope analyses (Table 1-111).

- The bulk rock mfneralogy of the three rocks is quite similar and consists of vatying
Proportions of K-rich alkali feldspars, sericite/illiie and kaolinite (>10 vol.%); pyrite is
the only significant minor congtj tuent (1-10 voi, %), while zircon, unidentified clay
minerals (propg, bly smect; tes) and Ti-oxide Mineras ( Nb-bearing) are the commop trace

Constituents (<1 vol.%). Fluorite and carbonateg Occur as trace constituents jn samples

——.
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TABLE 1-IT

Pyrite mineral separates.
Pyrite separates
Current no. Sample location  No. size (#) weight (g) Observations
1 F1 11 80-115 0.05 Pure concentrate of fresh pyrite,
69.43 — 69.63 12 80-115 135 Concentrate of fresh pyrite with minor silicate impurities.
13 115-170 1.10 Pure concentrate of fresh pyrite.
2 F1 21 80-115 0.01 Pure concentrate of fresh pyrite.
113.65-113.79 22 115-170 0.02 Pure concentrate of fresh pyrite,
3 F1{WC126-14) 3.1 o ni Concentrate of “matrix pyrite” prepared by N. Waber
12530 - 125.41 from a deep-seated hydrothermal phonolite.
4 F4 41 - 80 0.50 Impure concentrate of fresh pyrite with impurities of silicates and
242.57 - 24295 pitchblende from a deep-seated hydrothermal U-mineralisation.
5 F4 5.1 -8 0.50 Pure concentrate of fresh pyrite.
276.15
6 F4 6.1 -16 0.50 Pure concentrate of fresh, uncoated pyrite.
382.49 - 382,63 6.2 -16 0.50 Mixed concentrate of coated < uncoated pyrite.
(383-1A)
7 F4 71 _16 0.50 Pure concentrate of fresh, uncoated pyrite.
38540-38564 72 -16 0.50 Mixed concentrate of coated < uncoated pyrite.
(386-1A)
8 F4 8.1 -16 050 Pure concentrate of fresh, uncoated pyrite.
394,42 — 354.60 82 -16 0.50 Mixed concentrate of coated < uncoated pyrite.
(394-1A7)
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Current no, Sample location

10

11

12

14

TABLE 1.1 contd.}.

F4
396.57 - 306,83

F4
407.57 - 40767

F4
414.10-414.24

U-4(a)

U-4(B)
U-4(D)

U-%(E)
U-7(G)

OUM-1(2

10.1
10.2

1.1
11.2
113
114
L5
116
121

122
123

131

132

14.1

size (#)

80-115
80-115
11517
115179

80115
80-115

60— 80
80115
80-115
115170
11517
=05 mm

13mm
28 mm

115170

115170

n.i.

Pyrite separates

weight (g)

0.04
033
0.01
0.52

0.14
6.71

0.10

20
0.05
220
0.05
230
0s

10
20

0.1

0.1

n.i.

Pure concentrate of fregh pyrite,
Concentrate of fresh pyrite with minor silicate Impurities.

Pure concentrate of fregh Pyrite,
Concentrate of fresh pyrite with minor silicate impurities,

Pure concentrate of fresp Pyrite.
Concentrate of fresh pyrite with minor silicate impurities,

Pure concentrate of fine-grajned fresh pyrite associated with
Mo-miucra.lisation.
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TABLE 1:1 {contd.)

Pyrite separates
Current no, Sample location No size (#) weight (g) Observations
15 8/N-24 151 <3 mm 0.5 Pure concentrate of fresh pyrite from the silicate core of a massive U-nodule.
152 +30 0.5 Pure concentrate of “pyrite layer” from the pitchblende zone of a massive U-nodule.
15.3 30-48 0.5 1dem 15.2, finer grain-size.
15.4 —-48 0.5 Idem 15.3, finer grain-size.
15.5 <1.5mm 05 Pure concentrate of fresh pyrite from the external cover of a massive U-nodule.
16 KU-3 16.1 <1.5 mm 03 Pure concentrate of fresh pyrite from the external cover of a massive U-nodule.
16.2 <15mm 0.5 Pure concentrate of fresh pyrite from the pitchblende zone of 2 massive U-nodule.
17 KU-6 171 =10 mm 05 Concentrate of pyrite from the pitchblende zone of a massive U-nodule containing
impurities of U-cxides, silicates and minor (?) sulphates from incipient
pyrite oxidation.
18 VI 18.1 =0.5 mm 0.5 Pure concentrate of fresh pyrite from the silicate core of a massive U-nodule,
18.2 <1.5mm 03 Pure concentrate of fresh pyrite from the external cover of a massive U-nodule.
183 <15 mm 05 Pure concentrate of fresh pyrite from the pitchblende zone of a massive U-nodule,
19 04/02 19.1 nat. size 1.0 Concentrate of recent suiphates (whitish-colourless flakes and needles)
from the reduced side of a U-mineralised redax front,
20 M-1 201 nat. size 10 Concentrate of recent sulphates (bluish-coloured flakes and needles) from a
fine-grained reduced phonolite.
21 U-1A 211 nat. size 1.0 Concentrate of recent, light-yellowish coloured botryoidal sulphates from a

reduced brecda.

n.i. = not informed




TABLE 1.1
R

Analytica| observations Textura], genetic commens

11 80-115 Pure pyrite concentrate +1.24 Fresh pyrite from the tonductive zope within 4 YETY porous
bydrothermally altered phonolite

1.2 80-115 Pyrite toncentrate, mingr +0.80 Idem
silicate impuritieg
13 115170 Pure pyrite concentrate +1.04 Idem
2 F1 11365) 94 80-115 Pure pyrite Concentrare -2.30 Fresh pyrite from a bydrothcl‘majj.sed phonoh'te;
pyri pyn 3
F1(114 14) “potassic rock” pyrite
22 115-17¢ Pure pyrite concentrate +0.36 Idem
3 F1(126~1A) 31 n.i. Concentrate of “matrix pyrige» .86 Idem
(by N. Waber)
4 F4(242.57—) 41 -80 Impure toncentrate, silicate I progress Pyrite from g deep-scated hydrothermaj U—mincralisation
F4(243. 1A) and pitchblende Impurities in breceia matrix; SY-breecia, syn~U-mincralisati0n
Pyrite
5 F4(2?6.].5—) 51 -80 Pure pyrite concenirate -14.77 Fresh, posr-breccia(-fracture) pyrite associated
F4( 277-1A) with clays
6 F4(383-1A) 6.1 -16 Pure pyrite concentrate uncoggeq -3.61 Fresh, post-breccia(-fracture) Pyrite, uncoate
6.2 -16 Mixed concentrate of coage < -4.66 Dark coated, post-breceja (-fractu.re) pyrite

uncoated pyrite
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TABLE 1-HI (contd.)

Currentno.  Sample Pyrite  Separate - 525%0
location no. size (#) Analytical observations CDT Textural, genetic comments
7 F4(386-1A) 7.1 -16 Pyrite concentrate uncoated +3.04 Fresh post'-breccia (-fracture) pyrite, uncoated
(386-1A-1), minor silicate impurities
71.1 -16 Idem, re-run after cleaning -2.18 Idem
712 -16 Idem, re-run after cleaning -2.38 Idem
72 -16 Mixed concentrate of coated < +4.60 Dark coated, post-breccia (-fracture) pyrite
uncoated pyrite (386-1A-2), minor
silicate impurities
721 -16 Idem, re-run after cleaning +0.46 Idem
7.3 -16 Mixed concentrate of coated < -2.29 Dark coated, post-breccia (-fracture) pyrite
uncoated pyrite
7.4 -16 Pure pyrite, concentrate uncoated -1.80 Fresh, post-breccia (-fracture) pyrite, uncoated
8 F4(394-1A) 8.1 -16 Pure pyrite, concentrate uncoated -2.29 Idem
82 -16 Mixed concentrate of coated < 331 Dark coated, post-breccia (-fracture) pyrite
uncoated pyrite
9 F4(3%6.57-) 9.1 80-115 Pure pyrite concentrate 0.57 Fresh pyrite from a weakly porous phonolite fragment;
F4(397-1A) pre-breccia pyrite
9.2 80115 Pyrite concentrate, minor silicate -0.68 Idem
impurities
93 115-170 Pure pyrite concentrate -0.83 Idem
9.4 115-170 Pyrite concentrate, minor silicate -0.74 Idem

impurities
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Current no,

10

11

12

TABLE 157 contd,

F4(407.57.)
F4(408-14)

Fd(414 1.
F4(414.1B)

Sampie
location

U-4(A)

U-4(B)

U-4(D)

Pyrite

no.

10.1

10.2

111
11.2

113
114

11.5
116

12.1

12.2

123

size (#)

80-115

80115

60-80

80~115
80-115

115-179
115-179

<05 mm

1-3mm

=28 mm

Analytical observations

Pure pyrite COnCeDtrate

Pyrite concen trate, minor silicate
Impuritieg

Pure pyrite concentrate

Pyrite concen trate, mingr silicate
Impuritieg

Pure pyrite concentrate

Pyrite concentrate, minor silicate
Impuritieg

Pure pyrite concentrate

Pyrite concentrate, mipor silicate
Impuritieg

Pure pyrite concentrate

Pure pyrite concentrate

Pure pyrite Concentrate

53450/00
DT

-1.67

-1.5%

-1.15

-1.30
-0.95

-1.27
-1.13

-0.49

Textural, genetic comments

Fresh pyrite from a strongly porous Phonolite fragment;
pre-breceia pyrite

Idem

Fresh pyrite of breccia matrix; syn-breceia Dytite
Idem

Idem
Idem

Idem
Idem

Fresh Gne-grajneq pyrite from hydrothcrmally altered
phonolite (“potassic rock”) with

o~minerali.sation; advanced argillic decomposition
Fresh medium-grajneq pyrite of hydrotherma]ly altered

phonolite (“potassic rock”); advanced argillic

decomposition

Fresh Coarse-grained pyrite of hydrothermally altered
phonolite (“potassic rock”}; advanced argillic
decomposition with high kaolinite contents
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TABLE 1-III (contd.)

Current no. Sample Pyrite  Separate §5%00
location no. size (#) Analytical observations CDT Textural, genetic comments
13 U-7(E} 13.1 115-170 Pyrite concentrate, minor silicate -0.54 Fresh fine-grained pyrite from the phonolite groundmass
impurities of 2 U-mineralised redox front
U-7(G) 13.2 115170 Pyrite concentrate, minor silicate 363 Idem
impurities
14 OUM-102 141 ni. Concentrate of “matrix pyrite” -3.26 Fresh pyrite from a hydrothermally altered phonolite:
(by N. Waber) “potassic rock” pyrite
15 S/N-24 15.1 =3 mm Pure pyrite concentrate -8.85 Fresh pyrite from the silicate core of a massive U-nodule;
mixture of two pyrite generations
15.2 +30 Pure pyrite concentrate -12.20 Fresh pyrite from a pre-pitchblende “pyrite layer” of
a pitchblende zone within 2 massive U-nodule
153 3048 Pure pyrite concentrate -1331 Idem; 15.2 finer grain-size
154 48 Pure pyrite concentrate -13.11 Idem; 153 finer grain-size
15.5 = 1.5 mm Pure pyrite concentrate -8.13 Fresh pyrite from the external silicate cover of 2 massive
U-nodule
16 KU-3 16.1 =1.5mm Pure pyrite concentrate -2.20 Fresh pyrite from the external silicate cover of a massive
U-nodule
162 =15 mm Pure pyrite concentrate -2.40 Fresh pyrite from the pitchblende zone of 2 massive

U-nodule
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Textural, BEnetic comments

17.1 =10 Pyrite “oncentrate with Impurities -3.14 Fresh angd incipiently oxidised pyrite from the pitch-

of silicates, pitchblende and blende zone of 2 massive U-nodule
Possibly minor sulphates from
Pyrite oxidarion

1711 =10 Idem; re-ryp after cleaning -12.39 Fresh pyrite from the pitchblende zone of 4 masgive
U-nodu]e; Syn-pitchblende pyrite
1712 =10 Idem 17.1.3; re-rug after cleaning -11.83 Idem 17.1.1; Syn-pitchblende Pyrite
18 Vit 18.1.1 <0.5 Pure pyrite COoncentrate; 1st, g -3.78 Fresh pyrite from the silicate core of 2 massive U-nodyle
1812 =05 Idem 18.1.1; 2nd., ryp -3.81 Idem 181 1
182 <15 Pure pyrite concentrate -5.16 Fresh pyrite from the Pitchbiende Z0n¢ of a magsive
-nodule -
183 £15 Pure pyrite COncentrate -7.25 Fresh Pyrite from the €xternal cover of 5 massive U-noduie
19 04/02 19.1 nat. size Concentrate of sulphates IR progress Recent sulphates: whitish colourless flakes and

needies from 5 U-miner. redox fron jp phonolite

20 M-1 201 nat. size Concentrate of sulphates In progress Recent sulphates: bluish—coloured fakes and needles
from a fine-graineq Phonolite with Mo-mineralisation

21 U-1A 211 nat. size Concentrate of sulphates Recent sulphates: light yeﬂowish-ooloured botryvidal
ia

masses of brecgj

i = pot informed



microcavernous with macroscopically recognisable interconnected open pores (Plate
1:1-1) and is richer in total clay minerals than in alkali feldspars (60:35, in vol.% of total
solids); samples (2) and (3) are massive, textured subvolcanic phonolites of only minor
microporosity (Plates 1:1-2 and 1:1-3) and higher alkali feldspar than total clay mineral
proportions (80:15, in vol.% of total solids).

The pyrites from sample (1) show somewhat larger grain-size variations, ran ging from
<0.1to = 0.5 mm, and there is a preferential occurrence of the larger pyrites in the open
fabric of the sample. Microscopically, the pyrites consist of fresh idiomorphic grains,
some intergrown, without any sign of corrosion surface alteration or coatings, indicating
equilibrium conditions or perfect metastable preservation in the conductive zone.
Geochemical data for sample (1) are lacking, although the general geochemical and
mineralogical characteristics of the profile interval included have been established
(Waber et al., this report series; Rep. 2) and indicate the possibility of several phases of
influence affecting the sample. These include: (1) hydrothermal Zr-REE-U
mineralisation, (2) the nearby redox front ITT (at 66.20 m), and (3) the water-flow in the
conductive zone. Threc pyrite concentrates of two grain-size [ractions and different
degrees of purity were obtained from sample (1) (Table 1-I1).

Pyrites from samples (2) and (3) are texturally very similar, although of a somewhat
finer and more homogeneous grain-size (0.25 mm in diameter) than those of sample (1),
and occur evenly disseminated throughout the rock and pore spaces. The pyrites
comprise perfectly fresh and mainly idiomorphic grains devoid of any signs of surface
alteration, corrosion or coatings. They represent a distinct genetic grou p formed during
the reducing hydrothermal alteration phase of the “potassic rock”, which is not related
to the uranium mineralisation. This is supported by radioactivity measurements and the
chemistry of sample (3), which indicate uranium contents below detection level
(Appendix 4). Two pyrite concentrates identified as “matrix pyrite” were ohtained from
samplé (2) and one (by N. Waber) from sample (3) (Table 1-II).

Of more general interest is the occurrence of relict hematite in pyrite and the
pyritisation of hematite in samples (2) and (3), indicating that the “potassic rocks” went
through an oxidising, hydrothcrmal alteration phase prior to the reducing hydrothermal

alteration and related pyritisation phase.

Samples 4 — 11 (Table 1-1) are drillcore samples from borchole F4 drilled to 415 m
(350 m depth) for hydrothermal studies. The rocks intercepted inciude breccias,

phonolites, nepheline syenites and post-breccia fracture mineralisations.
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concentrates of Coated and uncoated POst-breceia (fracture) pyrites were Prepared
{(Table 1-II).
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The nature of the coatings and the reason for the abnormal colouration of the pyrite
is not known. Even at highest magnifications, no distinct surface material covering or
alteration of the pyrites could be recognised. However, some external intergrowths
consisting of very fine irregular grains and discontinuous seams of stibnite (tentatively
identified) do occur. In addition, all the fracture pyrites of the three samples (nos. 6, 7
and 8) show frequent but very fine inclusions of pyrrhotite (tentatively identified). The
absence of such inclusions in any of the previously described sam ples characterises these
fracture pyrites as being of true hydrothermal (mesothermal) origin, most probably
belonging to an event different from the “potassic rock”-forming hydrothermal process.

Major and trace element XRF analysis (Appendix 4) of selected parts of the three
samples (emphasising the pyritised fractures) failed to furnish any additional information
about the nature of the pyrite coatings/surface alterations.

Samples (9), (10) and (11} are from nepheline syenite, phonolitc xenoliths and breccia
respectively (Plates 1:1-9, 1:1-10 and 1:1-11). Radioactivity measurements show
background values (<20 ppm U) for the xenoliths and low values for the breccia (<150
ppm U). The xenoliths furnished concentrations of pre-breccia pyrites and the breccia
provided syn-breccia (matrix) pyrites associated with weak hydrothermal
U-mineralisation (Table 1-TI). Ore microscopy indicated that all the rock samples

contained pure pyrites devoid of inclusions and/or alterations.

Samples (12), (13) and (14) (Table 1-1) are from surface exposures. Sample (12)
consists of a strongly hydrothermally altered, extremely porous/cavernous phonolite,
partly argillised and non-mineralised. Pyrites range from very finc-grained to very coarse
(from <0.1 to >15.0 mm); the finer-grained pyrites predominate in the rock, the coarse
and very coarse are commonly found in the pores/caverns resulting from hydrothermal
leaching/dissolution. Three pure concentrates were obtained: a) fine-grained pyrites
(<0.5 mm), extracted from dark-grey, almost black-coloured phonolite (in argillic
decomposition) with Mo-mineralisation, b) medium-grained pyrites (1-3 mm) from
medium grey-coloured argillic phonolites, and c) very coarse-grained pyrites (>8 mm)
from pores/caverns associated with white kaolinite clays (Table 1-T). All these pyrites
comprise freshly preserved idiomorphic crystals microscopically free from inclusions
and/or surface alterations.

Sample (13) is from a strongly U-mineralised redox front hosted by a fine-grained
phonolite containing frequent pitchblende nodules measuring a few millimetres to about
L5 cm in diameter (Plate 1:1-12). Sample scparates were attempted of pyrite

concentrates from the hydrothermally altered reduced rock matrix and from selectively
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enciosing reduceg Phonolite (Plate I:1-13),
Sample (1 4) is a pyrite Concentrate collecteqd and prepared by N. Waber, Unjv. Berm,
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(containing first and second generation pyrites) could be obtained from the silicate core
(Table 1-I1).

In the pitchblende nodule-forming main zone there occur three pyrite generations.
The oldest consists, as in the silicate core, of fine-grained idiomorphic or slightly
corroded grains (of max. dimensions <0.4 mm) which occur with similar random
disseminated frequency throughout the pitchblende zone. These pyrites are older than
the pitchblende and were incorporated from the rock in the course of the nodule growth
and pitchblende precipitation, at the (partial) expense of silicate mineral replacement.

The next pyrite generation in age is fine- to medium-grained in the size range 0.5 —
2.0 mm. They occur concentrated in a layer parallel/subparallel to the first (fine-grained)
pyrite generation, but are older than the pitchblende, as indicated by the inclusion of
first generation pyrites and the lack of pitchblende inclusions. The textural evidence does
not support a hydrothermal origin for these second generation pyrites, indicating instead
formation in the reduced rock (post-hydrothermally) related to a water table, but carlier
than the redox front-related U-mineralisation and the massive U-nodule formation. This
pyrite generation was selectively extracted and prepared in three pure concentrates of
different grain-sizes (Table 1-II).

The third pyrite generation from the massive pitchblende zone is less frequent and
less well-defined. It is fine- to medium-grained and randomly disseminated throu ghout
the pitchblende zone. Some of the coarser-grained varieties include fine-grained,
partially corroded pyrites of the first generation, sometimes surrounded by fine
pitchblende seams, whilst others may contain only fine pitchblende inclusions. Texturally,
it becomes evident that the third pyrite generation is subsequent to the former two. It
grew coevally with pitchblende precipitation, and was subsequently outlasted by the
latter. However, this pyrite generation could not be separated due to low total contents
in nodule S§/N-24.

Itis interesting to note that, in the massive pitchblende zone, greenockite (CdS) occurs
as an additional trace constituent. Its mineralogical frequency (even if only a trace
mineral}), however, accounts for high Cd geochemical anomalies in the pitchblende zone
of the nodule.

An exiernal, fine silicate-rich shell coats the massive pitchblende zone. Microscopic
and XRD studies have revcaled the presence of all the main potassic rock-forming
minerals in this shell, including quite an abundance of fine- to medium-grained pyrites.
Quantitative mineralogical estimates were not possible, however, since only relicts of
the silicate shell are preserved in the sample (Plate 1:1-14). Pyrites from the shell were

extracted in one pure concentrate (Table 1-IT) of original fine to medium grain-sizes
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Progress and the details will pe Presented later, The isotopic datg are presented in Tap)e

1-IIY; the analytical error i £0.2%,, ( 1).



rock”) phonolites (concentrate nos. 2.1, 22, 3.1), is not recognisable. However, a

tendency to somewhat heavier S<compositions can be identified.

TABLE 11V
Isotope compositions of F1 pyrites.
Sample Depth Separate §45%00 Observations
no. (m) no.  size (#) CDT
1 69.43- 1.1 80-115 +1.24 Pyrites from the conductive zone
69.63 in hydrothermally altered
phonolite
12 80-115 +0.80
13 115-170 +1.04
2 113.65- 21 80-115 -2.30 Deep hydrothermal pyrites
113.79 22 115-170 +0.36
3 125.30- 31 ni. -0.86 Idem
12541

ni. = not identified

The F4 samples/pyrite concentrates are shown in Table 1-V. No. depth- or
grain-size-dependence could be observed and the analytical data were therefore
arranged according to the three textural/genetic groups of pre-breccia, syn-breccia and
post-breccia (fracture pyrites),

The pre- and syn-breccia pyrites (Table 1-V, samples 9, 10, 11) ail lie within a very
narrow range of S-compositions (-1.67 to -0.57 §8%,).

The post-breccia pyrites scatter considerably more (Table 1-V; samples 5 —8) and can
be subdivided into two paragenetic groups represented by samples (6), (7) and (8) and
by sample (5). The first paragenetic group is characterised by the association of fresh
and coated pyrites with post-breccia fractures devoid of any white (kaolinitic) clay cover.
Macroscopically, the colour of tbe coated pyrites is dark-silver, very similar to galena
which was recorded during drillcore logging and sampling of F4 (Plates 1:1-6, 1:1-7 and

1:1-8). During preparation of the pyrite separates it became clear that the minerals
considered to be galena (of a hydrothermal pyrite-galena association, i.e. different from
the common “potassic rock” hydrothermal association) were just surface-coated pyrites
or, more generally, pyrites with surface alteration. Identification of these surface coatings
and alterations was unsuccessful, although some other particularities became apparent,

such as the occurrence of trace amounts of very fine-grained stibnite (intergrown with
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TABLE 1.y

Isotope com
Sampje Depth Separate 63480/00

Curreng no,

10

11

Positions of pg Dyrites,

(m)

396.57 - 396.83

407.57 - 407,67

414.10 - 414.24

385.40 - 385.64

394.42 - 394 6p

38249 - 382,63

276.15

_-_'-'-'_‘—'——-—._._____

no,

9.1
92
93
9.4

10.1
10.2

111
11.2
113
114
115
11.6

7.1
7.1.1
7.1.2
7.2
721
7.3
7.4

81
8.2

6.1
6.2

5.1

size (#)

80-115
80~115
115-170
115-17¢9

803-115
80-115

60-80
60-80
80115
80-115
115-170
115-17¢

-80

cDT

-0.57
-0.68
-0.83
-0.74

-1.67
-1.55

-1.02
-L15
-1.30
-0.95
-1.27
-1.13

+3.04
-2.18
-2.38
+4.60
+0.46
-2.29
-1.80

-2.29
-3.31

-3.61

-14.77

Obscrvations

Pre-breccia Pyrites
Idem
Idem
Idem

Idem
Idem

Syn-breccia Pyrites
Idem

Idem
Idem
Idem
Idem

Post-breccia Pyrite;

fresh, impure Concentrate

Idém; cleapeg concentrate
Idem; clegneq concentrate
Post-breccig Pyrite; Coated,
impure concentrate

Idem; cleapeq concenirate
Post-breccia Pyrite; coated
Post-breccig pyrite; fresh

Post-breccia pyrite; fresh
Post-breccia Pyrite; coated

Post-breccia pyrite; fresh
Post-breccia PyTite; coated

Post-breccia pyrite; fresh

associated with (kaolinite)
clays



the pyrites) and of equally tiny, but quite frequent inclusions of pyrrhotite in the pyrites.
Both observations set this group of pyrites distinctly apart from all the others.

The S-isotope compositions of most of the associated fresh and coated pyrites vary
from -4.66 to -1.80 8*S°/,, (Table 1-V; separate 6.1; 6.2; 7.3; 7.4; 8.1 and 8.2), with the
coated pyrites always being lighter than their fresh associates; an exception is
representcd by separates 7.1 and 7.2 (Table 1-V). These were the first impure separates
obtained, representing a pair of associated fresh and coated pyrites. Preliminary analysis
of these resulted in the heaviest S-compositions of all, respectively +3.04 and +4.60
8"S%, the heavier sulphur occurring in the coated pyrites. The analyses were re-run
after additional cleaning of the remaining parts of the impure concentrates, This resulted
in the extraction of pure pyrites of both fresh and coated original concentrates. The
re-runs of the two cleaned fractions obtained from the original impure concentrate of
tresh pyrites (Table 1-V; separatc 7.1) yielded §*S values of 2.18%,, and -2.38%,,
respectively (Table 1-V; separates 7.1.1 and 7.1.2), thus being in the range of the other
fresh post-breccia pyrites of this paragenetic group. The cleaned fraction obtained from
the original (im[IJure) concentrate of coated pyrites (Table 1-V; separate 7.2}, however,
resulted in a 6S value of +0.46%,, (Table 1-V, separate 7.2.1), thus confirming a heavier
S-composition than that of the fresh associates and the heaviest of all of the post-breocia
pyrites of this paragenetic group.

The second paragenetic group of post-breccia pyrites is represented by only one
fracture sample containing fresh pyrites associated with white (kaolinitic) clays (Plate
1:1-5). These are microscopically free of inclusions and are not intergrown with other
ore minerals. Pure mineral separates were therefore easily obtained. These pyrites
yieldcd §*S values of -14.77°/,, thus being of very light S-composition in the context of
the previously discussed results,

The surface exposure specimens/pyrite concentrates are shown in Table 1-VL They
all lie within the range of -0.49 to -3.63 §$%,, (CDT) compositions. No S-isotope
fractionation related to primary grain-size variations could be observed (Table 1-VI;
separates 12.1, 12.2 and 12.3), nor any influence of the mineralised redox fronts (Table
1-VI; separates 13.1 and 13.2). Paragenetic influences are also absent, as shown by local
and regional comparisons (Table 1-IIT). Although pyrite separates 12.1, 12.2 and 12.3
are from closely sampled strongly hydrothermally altered phonolites with cavernous
leaching and advanced argillic decomposition, local paragenetic (and grain-size)
variations do, however, exist. Separates 13.1 and 13.2 comprise two continuous parts of
one large sample of reduced phonolite from a mincralised redox front hosting

pitchblende nodules. The pyrites are from the non-mineralised, reduced rock portions,
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are simifarly ﬁne-grafned, and paragenetic differences between the two rock portions
are non-existent. Separate (14) was collected independently and prepared by N. Waber

Sample Sample Separate 6348°.’c.0 Observationg

no, code location no, Size CDT

12 U-4(A)  near 9-IRH 124 <05mm _gg49 Hydrotherma) fine.
Brained pyrite

U-4(B) idem 22 13mm ~2.40 Hydrotherma) mediym.
grained pyrite
U-4D) idem 123 >8mm -2.05 Hydrothermal Coarse-
grained pyrite
13 U-ZE)  near 8-1KK 133 115-170 -0.54 Hydrothermg} fine-
grained pyrite
U-7(G) idem 132 1151704 -3.63 Iden;

14 OUM-102 ;. 14.1 ni. 326 Hydrothermaj pyrite of
reduced phonolite
(“matrix pyrite”)

n.i. = not identifieg

and 18.2 (Table l-VII). The former, however, Was an impure concentrate ang therefore

only the two re-rupg of its cleaned fractions (nos, 17.1.1 and 17.1.2) seem reliable, The
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TABLE 1-VII
Sulphur isotope compositions of pyrites from the massive pitchblende nodules.

Separate Zones of nodules
Sample Sample
current no.  code no. size Silicate Pitchblende zone Silicate Observations
core pre-pitchblende  syn-pitchblende  undefined  shell
15 S$/N-24 151 <3 mm -8.85 Mixture of two pyrite generations
15.2 +30# -12.20 “Pyrite layer”
153 30-48+# -1331 Idem 15.2, finer grain-size
154 -48# -13.11 Idem 15.3, finer grain-size
15.5 <15mm 813 -
16 KU-3 16.1 <15 mm -2.20 Pyrite poor, small nodule
16.2 <1.5mm -240 Idem 16.1
17 KU 171 <1mm -3.14 Impure concentrate
1711 <lmm -12.39 Idem 17.1, re-run after cleaning
1712 <1 mm -11.83 Idem 17.1.1
18 vII 1811 =05mm 378 _
18.1.2 =<0.5mm -3.81 B
18.2 <15mm -5.16 Mixture of two pyrite generations
183 =15mm -71.25 -




water-table-reiated (ie. Pre-pitchblende, byt distinctly Post-hydrothermaj as inferred jp
the case of the “pyrite layer” pyrites of separateg 15.1, 15.3 and 15.4 (Table 1-VII)), or

Pyrites from the silicate core of nodule S$/N-24 (Table 1-vpp; Plate 1:1-1 4) refers to 4
mixture of Pre-pitchblende hydrotherma) pyrite and of low-tcmperature post-

Case of pyrites 15.5 and 18.3 (Table 1-vID),
Sample KU.3 (no. 16, Table 1-VII) does not conform to the above mode]. )t is a

generally smalt, pyrite-poor nodule that wag selected for com Parative studjes because of

I-VIL, no. 16, Separates 16,1 ang 16.2),
Analyses of samples of (4), (19), (20) ang (21) (Tables -, 1-1T and 1-IT1) are stil] i
Progress. They refer to Pyrites of deep-seated hydrothermaj U-mineralisation origin (no,

4), and to sulphates resulting from fecent sulphide oxidg tion (nos, 19-21).

e



4. Conclusions and summary

Pyrites from the reduced phonolites and nepheline syenites, breccias, redox front
samples and massive pitchblende nodules can be classified mineralogically and texturally
into hydrothermal (=high-temperature) and low-temperature pytites. Hydrothermal
pyrites occur in the F1 and F4 drillcore samples and in surface open pit hand specimens.
The F4 samples can be subdivided into pre-breccia, syn-breccia and post-breccia
(hydrothermal) pyrites. The S-isotope compositions of all the hydrothermal pyrites lie
within a quite narrow interval ranging from +1.24 to -3.63 §8°/0 (CDT), consistent with
an origin from upper mantle-derived (mafic) magmas/rocks. Interestingly, this is also the
typical compositional range of sulphides from porphyry copper deposits.

Most hydrothermal pyrites can, doubtlessly, be attributed to the “potassic
rock”-forming hydrothermal process associated with Zr-REE-Mo-U — mineralisations
that characterise the mine. However, some of the post-breccia hydrothermal pyrites in
particular, for instance the association of fresh and dark coated pyrites (Tables 1-111, 1-V;
samples 6, 7 and 8), may represent a distinct, younger hydrothermal event, as indicated
by the mineralogical/paragenetic character of the pyrites.

Low-temperature (post-hydrothermal) pyrites occur only in the massive pitchblende
nodules which could be separated from the pitchblende zones. These pyrites show the
lightest S-isotope compositions (below -10 §5%,, (CDT)), probably suggesting
biological reworking of sulphur during the development of pitchblende concentration
related to water-table formation (Tables 1-IIT and 1-TV; pyrite separates 15.2 — 15.4;
17.1.1 and 17.1.2). The core and external silicate zones of the pitchblende nodules
commonly contain non-separable associations of hydrothermal and low-temperature
pyrites present in variable proportions, but always of heavier S-isotope compositions
than the typical low-temperature pyrites.

The isotopically lightest pyrites, apart from the low-temperature pyrites from the
pitchblende nodules, were found in one F4 sample from a deep-seated post-breccia
fracture (Tables 1-IIT, 1-V; sample 5). The association of these pyrites with kaolinite, and
the lack of other associated and included sulphides, distinguishes them paragenetically
from the typical post-hreccia hydrothermal pyrites (Tahles 1-111, 1-V), indicating the
possibility of a low-temperature origin together with deep fracture circulation and
reprecipitation of biologically reworked sulphur. The influence of: a) a conductive zone
(Tables 1-II1, 1-TV; sample 1), and b) of a U-mineralised redox front at a few cm distance
(Tables 1-111, sample 13) on the S-isotope composition of the pre-existent hydrothermal

pyrites could not be characterised.
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Appendix 1:1 |
" PLATES 1:1-1 - 1:1-18
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Appendix 2

Selective phase extraction analy

ses on four rock samples

from the Osamu Utsumi mine site, Pogos de Caldas,

Brazil.
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Appendix 2
Selective phase extraction analyses on four rock samples

from the Osamu Utsumi mine site, Pogos de Caldas,
Brazil. -

R. EDGHILL

Alligator Rivers Analogue Project, Australian Nuclear Science & Technology
Organisation, Lucas Heights Research Ia boratories, Australia,

1. Introduction

Four phase selective reagents were used to extract different adsorbed and mineral
phases with associated radionuclides from four rock samples from the Pogos de Caidas

region. The four extractions undertaken were:

~ Morgan’s sodium acetate rea gént for the removal of species adsorbed onto solids or
associated with carbonates,

- Tamm’s acid oxalate (TAO) for the extraction of amorphous phases of Si, Al and Fe
(such as ferrihydrite).

- Cltrate dithionite bicarbonate (CDB) for the extraction of crystalline iron oxides and
contained elements.

— Total digestion.

The following are cxcerpts from Tim Nightingale’s MSc Thesis (Mobilisation and
Redistribution of Radionuclides during Weathering of a Uranium Ore Body. University
of Sydney, Australia (1988)), and explain some of the properties and effects of the phase

selective reagents.

“2.7.1 Aims of selective Phase extraction schemes

Many selective phase extraction schemes have been described in the literature, each
one tailored to suit the particular requirements and constraints of the investigation. The
diversity not only of schemes but also of different substrates makes intercomparison
difficult. Although it is unlikely that any single extraction scheme could be universally
accepted as a standard for use on al] possible substrates, most schemes tend to

ctoncentrate on the distribution of metal species in five general forms:
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{(a) Exchangeabe metal species.

(b) Metais associated with carbonates,

areagent that j acidic €nough to dissolye carbonate species yet mild €nough in its actiop

to Icave slightly more acid-soluble minerals (such as a8morphous ferric oxyhydroxides)
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Tessier et al, (1979) reported that the apparent levels of Cu, Ni, Pb and Zp in the
carbonate-bound fraction (i.e. in the extract of Morgan’s reagent) were well in excess of
what was expected for dolomite on the basis of available information on trace metal
Contents. They proposed that this was due to the incompiete (or negligible) dissolution
of specifically adsorbed trace metals by the Mg(1 solution, the Preceding reagent in the

above 5.0. For example Hsi and Langmuir (1985) demonstrated this using both
ferrihydrite and gocthite as the substrate, From this point of view Morgan’s reagent,

in solution in the presence of acetate. In the present study the use of Morgan’s reagent

was investigated for the purpose of extracting both the loosely bound ‘exchangeable’

fraction, that associated with carbonates, and the specifically adsorbed fraction.

2.7.4 Metals associated with Fe and Mn oxides

species in both soils and sediments. Many authors have chosen to make a distinction
between poorly crystalline iron ITT oxyhydroxides, which give only poorly defined X-ray

diffraction (XRD) patterns, and more crystalline iron oxides such as hematite and

The differing effects of ‘amorphous’ and crystalline jron oxides on soil properties have
long been recognised. To give three examples, Schwertmann (1959), Mackenzie (1949)
and Taylor (1959) noted the occurrence of the amorphous form although extreme
difficulty was encountered in characterising it due to its very low concentration in soils,
Chukroveral ( 1972) studied a natural ferric oxide sample and were able to characterise
it in terms of its X-ray reflections and infra-red adsorption. It was then considered to be
an identifiable mineral and given thename ‘ferrihydrite’. Schwertmann and Taylor (1977)
published electron micrographs of specimens of natural ferrihydrite, showing it to consist
of spheres with dimensions of less than 100 nm. Hematite consisted of betier defined
crystals of similar dimensions while gocthite consisted of needles u P to 50 nm long.

Johnston and Lewis ( 1983) published a series of electron micrographs detailing the
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oxides. Megumi and Mamuro ( 1976} used the same method to extract uranjum and
thorium associated with goethite,

Coffin (1961) suggested a variation of thijg technique whereby the citrate-dithionite

silicate mineral resemblin g smectite) were significantly affected by this procedure. It also
showed good reproducibility with the Mehra and Jackson reagent with regard to the
quantities of jron and aluminium extracted. Holmgren ( 1967) suggested that the extent
of the extraction was dependent more on the amount of citrate present than the pH, and
that the maintenance of g high pH helped to Prevent the decomposition of dithionite,
A single overnight extraction at room temperature was employed and the PH was
maintained above 6, Above critical concentrations of dithionite and citrate, no additional

iron was dissolved by further addition of these rea gents,

2.7.6 Comparative dissolution of ‘amorphous’ and crystalline oxides

The Mehra and Jackson reagent, which will henceforth be referred o as the CDB
reagent (short for citrate-dithionite-bicarbonate), was subsequently used in conjunction
with the Tamm’s reagent by several authors in order to diffcrentiate between
‘amorphous’ and crystalline iron oxides in soils, For example Blume and Schwertmann
(1969) used the ratio of ‘amorphous’ to crystalline iron, measured by sequential

treatments with the Tamm’s and CDB reagents, to study the genesis of sojl profiles.
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Included i this Study was some interpretation of the Cxtractability of both ma Nganese
oxides and aluminjum,

th decreasing particle size, becoming significant ip the 2 ,m
fraction, Th;s Was attributed i Part to the CXposure of fregh Surfaceg during grinding,
They Concluded that tpe Tamm’s €xtraction femoved ap 4 Ppreciable amount of irop apg



surfaces, The important point was also made that the crystal structure of iron oxides
comprises a continyurm ranging from amorphous to highly crystalline,

Schwertmann (1979) recommended the CDB treatment for use within a sequential

substitution of aluminjum within natural goethites, The latter was first proposed by

Gupta and Chen (1975} incorporated the CDB treatment within an €xtraction scheme
for harbour sediments while Jenne ez g1, (1974) used it for the removal of metals present
in hydrous Manganese and iron oxides, Majo (1977) compared the action of the DB
Teagent on aquatic sediments with that of a half hour extraction with 0.3 M HCI. The
HCI extraction produced very similar results with Tespect to the amounts of trace
elements dissolved. It was therefore proposed, owing to its far greater simplicity, as an
alternative to the CDB extraction in cases where g large number of analyses were
required, Forstner ef gl (1981) and Tessier et af, (1979) expressed some misgivings
regarding the practicality of the CDB treatment, claiming that the dithionite reagent was
normally contaminated with several common trace elements and that it was impractical
for use in conjunction with absorption Spectrometry (AAS), owing to the high sait
content. Substantial Precipitation of trace metals was observed and this was attributed
to the formation of insolubje sulphides,

Rendellet g, (1980) expressed further caution regarding the CDB treatment, claiming
that when applied to the study of sediments there was a misinterpretation of the data,
To demonstrate this they measured adsorption of copper, lead and cadmium from 0.1 M
sodium citrate solutions and found the degree of adsorption onto a sample of river
sediment to be 33, 52 and 36% of total element respectively, This result clearly warranted
caution when applying the CDB treatment to the study of samples containing uranium

and thorium,
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2. Method and materiajs

2.1, Samples and Preparation

Four samples were Studied -

OUM9.14 Oxidised phonolite 1324 mas],
OUM 26.14 Oxidised Phonalite near RF 1356 m a5 j,
OUM 3s5.18 Oxidised argillic phonojite 1364 mas,),
OUM 37.1A Laterite 1372mags,



Uranium-236 apd thorium-229 tracers were used, and were added during the

Cxtraction to minimise effects of readsorption of uranium and thorium after dissolution
of the host phase,

added to the Supernatent.

2.2.1. Morgan’s extraction

Reagent: 1 M sodium acctate, buffered at PH 5.0 with acetic acig,
40 mL of reagent was added to about 1 g (accurately weighed) of sample. The tracers

liquid were then separated.,
The supernatent was taken to dryness with nitrie acid to destroy the oxalate, The
residue was taken up in a minimum volume of 9 M HC], and processed normally for

thorium and uranium.

2.23. CDB

Reagent:  Sodium dithionite 1 g, and a solution of trisodium citrate (0.3 M) and
sodium hydrogen carbonate (02M)atpH7.2.
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fonnfng. No Precipitation was observeq from the solution since any sulphyr Compounds
arising from residuaj dithionite haq Presumably peey, oxidised to Sulphates by the aqua

The SUpernatent wye taken to dryness with g M nitric aciy, The residue Wwas taken up
in a minimum volume of 9 MHCQ), ang Put through the normal analytica; Procedure for
uranium apg thorium using @Spectrometry,

3. .Results and samples

The parameterg considered here ara the U/ 44 XTh/Ay activity ratios and the
concentrations of seyy and ™Th in the different phases. Table 2.1 gives the daty from
€ach separate €xtraction of the whole samplj

¢. Table 211 shows the same data converted
to give the differences between ope €xtract; i ich is simi

On and the previoyg one, which is simijjar to
having €xtracted residyes rather than the . Fi - -4 show

———



(Standard deviations in brackets include counting statistics and estimated 29 measurement

: % %
Uy 8y B0ThAMy 238y 22 Total Total
/B Ke/g By

OUM 9-1A
Morgan’s 0.758 (0.015) 0.641 (0.031) 8.15 (0.21) 6.28 (037 103 6.8
TAO 0.785 (0.031) 0.998 (0.048) 294 (12) 253 (0.9) 372 274
CDB 1028 (0.026) 1104 (0.046) 497 (1.7 9.1 (21 629 532

TulDig. 0931 (0.042) 1.168 0053) 79 woy o4 (3.1) 1000 100.0

OUM 26-1A

Morgams 0892 (0.006) 0013 (0.002) 69 20 105 (0.16) 367 3.7
TAO 0985 (0.028) 0079 (0.004) 1515 (74) 58 (04) 817 20.1
CDD 101t (0.016) 0151 (0.006) 1805 (9 174 (1) 975 60.7

TotatDig.  1.045 (0.002) 0,195 @013) 1849 (109) 286 (17} 1000 100.0

OUM 35.1B

Morgan's 1154 (0.013) 0273 0009 1106 (30) 275 021y 96 3.1
TAO 0987 (0.027) 099 (0.069) 3540 (238) 163 (L1) 308 18.1
CDB 1218 (0015) 1111 (0.45)  4gs0 (167) 256 (15) 422 28.7

ToalDig. 1053 (0.016) 1,184 0.056) 1150 (49 89.8 (69) 1000 100.0

OUM 37-1A
Morgan’s 0987 (0.019) 0,93 (0.020) 84 (0.2) 664 (0.58) 135 5.1
TAO 1028 (0.052) 0553 (0ods) 165 ©08) 270 20) 25 20.8
CDB L143 (0030) 1012 (oods) 247 08) 709 (28 397 54.5

TotalDig.  1.008 (0.055) 1107 065) 623 (34 1301 (@2) 1000 100.0
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TABLE 2-11
Results from selective phase extraction analyses, individya} Phases,
(Values for each €Xtraction minys the Previoys eXiraction, je, for the Particular Phase)
% %
24y 2381y 2307 2341 238y 32Th Total Total
K&/g re/g By e,
—————
OUM 91A
Morgans 755 0.641 815 6.28 103 6.8
TACQ 0.795 1.129 212 19.0 26.8 20.6
CDhn 1686 1.380 20.3 238 257 258
Total Dig. 0.767 1313 293 433 37.1 46.9
OUM 26-14
Morgan’s 0.892 0.018 67.9 Los 36.7 37
TAO 1.061 0.120 83.2 4.7 45.0 16.4
CDR 1.145 0471 293 11.6 15.8 40.6
Total Dig. 2.440 0.952 4.4 11.2 24 39.2
OUM 35.18
Morgars 454 0.278 1106 275 96 3.1
TAQ 0.915 1407 2434 135 214 i5.0
CDB 1.841 1.278 131.0 94 11.4 166
Total Dig, 0.934 1171 655.5 64.1 57.8 71.4
OUM 37.1 A
Morgan’s 0.986 0 193 84 6.64 13.5 5.1
TAO 1.07n 0.898 8.1 204 13.0 15.7
CDhn 1374 2.339 8.2 43,9 132 33.7

Totat Dig, 0.919 1.089 376 59.2 60.4 455
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*Th from the amorphous surface sites into the Crystalline iron phases, Differences in
available sites and entrg pment rates for **{J and 24T, may also play a role. The ratjos for
the residual phases also Suggest a net leaching of U, with preferential loss of 2,

Thorium-232 was found mostly in the residug] phases, although significant quantities

with very little associated with residual Phases (2-4%) and only 16% associated with
Crystalline iron oxides, The very low 2Th/A4 ratios Suggest a recent influx of uranijyum
entering the region of the sample. The adsorbed material again seemed depleted jn Uy
compared to 8y, Thorium-232 was most concentrated in the crystalline iron oxides and

residual phases.

Thorium-232 was found mostly in the residual phases, with a quarter of the total in the
crystalline iron oxides,

Sample 37-1A the least active of the four, had most ofits uranium contained in residual
phases. The ®*Th/y activity ratios of the residual material were close to unity,
suggesting that very little leaching or accumulation of uranium in this phase had
occurred. The very high Th/2U activity ratio for the crystalline iron oxides sy ggests

that loss of uranium had occurred from these phases, althou ghdifferences in entrapment
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The four samples appeared to be very different in terms of uranium serjes disequilibria
and genera) toncentrations of radionuclides, ¢ is difficult to draw clear conclusions from
this data withoyt more know]edge of mineralogy and the sample positions. It doeg
appear, however, that for samples 9-1A, 35-1B and 37-1A, the residual phaseg Such as

clays, felds Pars, etc., contajned the most uranium and thorium, ang that net leaching of

Mmore recently than the others, Crystaliine iron oxides appear to be responsible for a
significant amount of the disequilibrig Observed, especially in samples 9-1A, 35.18 and
37-1A. The iron oxides appear to have entrapped 2 Preferentially o *U. The
Processes that may have contributed to the phenomeng include a-recoi, extremely
strong and irreversibjc binding of ™Th, and Preferential inclusion of ™Th into faults of

the crystal structure during iron oxide transformationg,
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Appendix 3
Minera] chemistry studjes of rocks from the Osamu
Utsumi uranium mine, Pogos de Caldas, Bragzil,

I1.D. SCHORSCHER!

‘Universidade de Siop Paulo, Instituio de Geociéncias — DMP CPp 29 899,
014 98 Sio Paulo (Brazil),

1. Introduction

Microprobe - mineral chemistry studies were carried out during research visits to the
Institute of Mineralogy ang Petrography, University of Bern, using an automatjc
ARL-SEMQ microprobe €quipped with 6 crystal spectrometers ang an Energy
Dispersive System (EDS). The raw data were corrected for drift, dead time and
background with the aid of the COMIC-ED controf program (Sommerauer, 1982), and

mine pit, massjve pitchblende nodules from earjjer Urlnio do Brasil (previously
N UCLEBRAS) collections, and from the Fi ($-1WC11) drillcore specimens, Table 3.1

presents a list of the samples, thejr locations, and brief petrographic descriptions. The




TABLE 3-1
Samples selected for microprobe — minera] chemistry studies,

Curr. No, Sample No, Location (Depth in m) Petrography

1 Fl1/67-1A 9-1WC11 (66.06 - 66.34)  Redaox front in fine-grained pseudoieucite
phonolite without U-mineralisation,

2 F1/68-1A 9-1WCl1 (67.00 - 67.38) Reduced, cataciastic phonolite,

3 F1/69-1A 9-1WC11(67.99 - 68.07) Reduced, porous (leached) phonolite,
(Appendix 3:9; Plate 3:9-1).

4 F1/7-1B 9-1WC11 (70.44 70.76) Reduced, very porous, “pegmatoid”,
phonolite.

5 F1/15-1B1 9-1WC11 (74.79 - 74.93) Reduced, medium-grained, compact (massive
structure) phonolite (Appendix 3:9;
Piate 3:9.2),

6 F1/75-1B 9-1WCI1 (74.79 75, 12} Reduced, medium-grained, compact (massive
structure) phonolite,

7 F1/18-1A 9-1WC11(77.40 - 71.59) Cataclastic zone in reduced phonolite,

8 Fi/110-1A 8-1WC11 (109,44 109,53) Redurced, porous, grey coloured phonolite of

. conductive zone,

9 $/N-18(05) 8-2BI 33 Reduced fine-grained phonolite near redox
front with pitchblende nodules (Appendix 3:9:
Piates 3:9.3 and 3:9-9),

10 ' S/N-21(04) 8-2AH 63 Redox front with pitchblende nodules, in fine.

Srained micraxenolithjc phonolite
(Appendix 3:9; Plates 3:9-5 and 3:9.6).

11 5/N-24 Utdnio do Brasil collection  Massive pitchblende nodule with two pytite
generations and argillised Phonolite core
(Appendix 3:9; Plates 3:9.7 and 3:9.8).

The minerals were analysed in three groups:

a) alkali feldspar, kaolinite, illite/sericite, zircon, Fe-oxide/HFO and for the partial
analysis of fluorite;

b) Ti-Fe-U oxide ore minerals, and

¢} pyrite and eventually other sulphides,

Additionally it should be mentioned that the initial U-oxide measurements from a
massive pitchblende nodule (S/N-24; Tabie 3-I) were carried out using a program
developed for the measurement of U-silicates. Some measurements were later repeated,

and these are discussed below,




unstable under the electron beam,

The analysed minerals are discussed in Eroups according 1o the mineral species,

3.1 Alkali feldspar

When possible, the centra and intermediary portions, as wel] as borders of the alkali
feldspars were analysed. Attention was given to the adjacent minera] types and to the

hydrothermal alkali feldspars are normally fine- to very ﬁne-grained, idiomorphic,
colourless to cjear and, microscopically, fully transparent (without any significantly
observable minera] of fluid inclusions),

Analytical resuls (Appendix 3:1) showed alf of the analysed alka); feldspars to consist
of almost pure K-feldspar, Na,0 contents, if present, rema; n below 0.5 wt 95, Detected



perthitic exsolutions proved to be alkalj exchanged, composed of almost pure K-feldspar,
although of differeng Optical orientation from that of the hosting K-feldspar. The

(Ulbrich, M., 1983, 1986; Ulbrich, M. er al, 1984), i.e. various types of orthoclase
Phenocrysts, groundmass sanidines, albite-rich Plagioclases, alkal feldspars »in
pseudoieucitt;s eic., converting them into very pure K-feldspars, Primary magmatic
Fe-contents (in trace amoun ts) may have been present, for example, Ulbrich, M. ( 1983)
and Ulbrich, M. et g1 (1984) measured and calculated Fe,Oy-contents 0f0.4-0.7 wt.%

mean value of 6.07 wt.% of Ca0 (Waber et al, this report series; Rep. 2), this element
was not detected ip any significant amount i the F1 alkali feldspars. It was therefore
not included in the microanalytical programme.

Alkali feldspars of the oxidised rocks (Table 3-I; e.g. sample F1/67-1A, Appendix 39,

Plates 3:9-5and 3:9-6) were also analysed. They showed normal compositional variations

pervasive argillisation/kaolinisation (2nd. generation, Supergenic kaolinite formation)
and the general Pigmentation with HFO from the oxidation of pyrites,

Relict alkali felds Pats occur in the silicate matrix of pitchbiende nodules near redox
fronts (Appendix 3:9; Plates 3:9-3 — 3:9-5) and even in the massive parts of massive
pitchblende nodules that Survived dissolution in the oxidised parts of the mine profiie
(Appendix 3:9; Plates 3:97 and 3:9-8). Their optical characteristics are indistinguishabie

from the analysed alkali feldspars, indicating similar com positions,
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32 Kaolinites

nephelines and ag Neoprecipitates in rock pores and interstices, intimately intergrown

with similarly fine-grainegd Pyrite, somewhat Coarser illite/sericite and, in some cases, with

that resulted from the “postma gmatic-hydrothermaj " stage, evep though more abundant
(i.e., of more genera] Occutrence) than in the F1 rocks. The fracture kaoljn; tes, dispite
their association with pyrite, are of uncertajn origin, whether hydrothermaj “potassic

rock™-related or €vensupergene, as wag Indicated in ope case by the S-isotope sighature
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Sporadicaily, Ce and Y (trace amounis),
The kaolinites suffered parti] substitution by illite/sericite in the course of the

“potassic rock” hydrothermal alteration, probably under conditions of increasing

structural character, The coarsest types have been described in drilicore F4 as muscovite
(Waber et al., this Ieport series; Rep. 2), X-ray diffraction data of the F1 rocks were also

(above approx. 360°C) and/or very high K*-activity conditions,

The illite/sericite-kaolinite aggregates can exhibit homogeneous, random, or zoned
intergrowth of the ma jor minerals. The last-mentioned s by far the most frequent and
the zoned aggregates may show regular textures of illite/scricite-rich border zones and
kaolinite-rich centres or irregular ones, within domains where one or the other main

mineral predominates. In both cases of zonation, the margins of the aggregates are more
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(calculateq di-valent oxide of » L8-39 Wt.%) and Fe and N as minor clements (both

<0.5wt.% of the fespective Oxides), In addition, Y (in a few cases) and Ce (inone case)
were detecteq.

34 Zircon and ZrOz-minerals

Zircons ang intergrown ZrOxminerals are the bnly Zr- and other rare metal-bearing

minerals that Oceur as reguiar constituents of the hydrothermaﬂy altered rock of the



to medium-grained) that normally occur as aggregated individuals and clusters in

rock voids, pores and interstices, and

¢} skeletal zircons occurring as intergranular mosaics within the hydrothermally altered

rock matrices and along leached primary grain boundaries,

TABLE 3-11

Rock types Zr(ppm) U (ppm) n
Regional igneous rocks!) 935 0 10
Fl-oxidised rocks® 826 48 10
Fl-reduced rocks® 854 24 16
Fl-total? 918 133 38
F4-hydrotherm, U-mineralis. ) 16.500 2410 17

1)Analj,'tit:al data from Univ. Bern,
YData from Waber ¢f g7, (this report series; Rep. 2),

All the zitcons/ZrO,-minerals were heterogeneous with variations in colouration,
metamictisation and zoning indicating compositional differences within single crystals

and between crystals,
More than 140 analysis of zircons were carried out and different textural types were
selected. Furthermore, observations of the cathodoluminescence colours emitted under

the incidence of the electron beam during microprobe analysis were also registered, if
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in “totals” Summing near 199 wt.%. However, 5 Systematic Over-estimation of ZrQ, to
the extent of 36 Wi.%, have stji] o be accounted for.

Common Zircons. These are represented by 105 of the analyses apd Contain Y,0,
<1.0wt.%, Zr0, <740 Wt.% and “{otals” differing by <5% of the 100.0 wt.%. Of the
analysed individuals/points, 11show contents of ThQ, (max. 0.41 wt. %); 93 of HfO, (max.
L43 wt.%), 93 of Y20; (max. 0.88 WL.%); 83 of Ce,0, (max. .56 Wt.%), and 55 of Yb.0,
(max. 0,26 wt.%). Yb and Ceshow, in most cases (but not always), rclationships of mutua]
exclusion. The “totals” of mogt of these analyses are op the high side by a few wt. o and
freq uently show correlated conteng of Zr0, >700 W%, clearly indicating ap

group; however, most of the analyses tota] to less than 100,0 wt.%. These zircons may
O may not contain HEO,; (max. 079 wt.%), i.e., they are generally Hf-poor. They show
maximum contents of Y,0, 6.0 wt.% and are generally Yb- apd Ce-bearing, Ope
Yb-free ( Ce-bearing) and one Ce-free ( Yb-bearing) €xception, however, do occur. The

High Zr-zircons/_Z_rog-minerals. These included 13 analyses that show contents of

ZrO; >74.0 wt. 9 and totals > 104.9 Wt.%. In all cases the excess of the analytical totals
above 100.0 wt. 9 corresponds almost entirely to an excess of ZrO, (>70,0 wt.%). These
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€xceptions; max, 0,70 wt.%), Ce,O, (2 exceptions; max. 0.16 wt.%) and less frequently,
Yb, O, (6 exceptions; 0,21 wt.%).

The analytical and microscopical evidence (Appendix 3:3; analyses nos, 67,69,80, 81,
82, 83, 84, 85, 86, %, 91, 92, 93) indicate that these compositions may represent

zircon/ZrQ, intergrowths/transitions,

High Y-zitcons and zircons characterised by low total Contents. 10 analyses ( Appendix
3:3; analyses nos. 52, 53, 54, 55, 56, 57, 59, 60, 94, 117) were included in this group
characterised by Y;0; contents >1.0 wt % (max. 7.52 wt.%) and generally by the

are low, ranging from ~80.0 to not more than 94.0 wt.%. I is considered that these
compositions may represent REE- and HzO*-containing amorphous structural sites jn

the analysed zircons,

86 and 91 wt.%, Ce, Yb and Hf may be sporadically present in small amounts, It i

considered that these analyses may represent metamict zones within the analysed grains.

General remarks

None of the analysed zircons/ZrO,-minerals showed the presence of U and only a few
showed Th. Contamination from other major silicate or sulphide mineral elements (Al
K, i, Fe) are almost absent, although Na is probably present in several cases (Appendix
3:3). Moreover, it is of interest to note that fhc different zircon/ZrO,mineral
compositions are dominantly heterogeneously intergrown within the individu al crystals,
for instance in skeletal zircons, and that they also substitute for each other, even within
optically contiguous areas of zoned idiomorphic sin gle crystals. However, the
zircons/ZrQy minerals appeat to be stable throughout the lithological profile of the
mine, from the deepest, red uced hydrothermally altered rocks up to the lateritic cover,

Correspondingly, they did not contribute much to the formation of the supergenic
redox front-related U-mineralisations of the mine. The mineralogy of the zircon/ZrO,
species will be more important for estimations of P-Tand the chemical conditions which
resulted in the “potassic rock” and related deep-seated hydrothermal U-mineralisation

forming processes.
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35 Fluorites

“potassic rock” and the U-mineralisation~rela ted hydrothermaj event that affecteq the
mine site. The analytical data are presented jp Appendix 3:5, together with some
observations on colour and textures,

The analyses revealed co, Positions of quite pure fluorites: U apg Th were noy

3.6 TiOz-(rutile)-minerals

= reduction and feprecipitation of irgy a pyrite,
= Ieprecipitation of Ti as TiQ,-mij nerals, Probably Iutiie, and

~ clay minerg] formation,



igneous, hydrothermal and even supergenic origins, are known to be very effective
scavengers for elements such as Nb and Ta, but may also fix REEs, U and Th among
others. Consequently these were also included in the microanalytical programme.

Most interesting from a crystal-chemical viewpoint are the HfO-contents. It seems
that the tetravalent Hf substitutes preferentially for Ti in the analysed Ti-oxide species,
without being accompanied, in s pite of the hydrothermal activi ty, by Zr. Besides, there
regularly occur small Fe- and Si-contents and irregularly minor Al-, K- and, in one case,
Na-contents. Of the REFEs only Ce was regularly detected.

Quantitative results are presented in Appendix 3:6. Mineralogical and textural
descriptions of the analysed individ uals/points are not presented. All the analysed grains
show granular forms (individual dimensions of a few tens of microns in diameter) and
occur frequently aggregated in clusters pseudomorphosing mostly former aegirine-

augites.

The analyscé confirmed the common presence of Fe, Si and Al, and further revealed -

the equally frequent presence of Nb and, less regularly, of Y; the presence of Ce was not
confirmed.

The microanalytical data support the excellent correlation of Nb and TiQ, shown by
the drillcore F1 bulk rock geochemistry (Waber et al, this report series; Rep. 2), and
reveal some additional probable relationships of these mineral species with Hf and Y.
The sporadically observed Th-contents of the TiO,minerals cannot be correlated with
any other particular geochemical or mineralogical feature of the studied samples. The
U-content observed in sample SN 24-2RU2, i.e., a massive pitchblende nodule, arose

from contamination.

3.7 U-minerals

Among the previously described minerals, U determinations were limited by the
detection level of conventional microprobe techniques.

The only U-minerals detected at Osamu Utsumi mine, associated with deep-seated
hydrothermal and redox front mineralisations (including the massive nodules as
particular cases; Appendix 3:9; Plates 3:9-3 - 3:9-8) are black coloured cryptocrystalline
U-oxides, generally termed pitchblendes. Analysis were carried out on pitchblendes from
redox fronts (Appendix 3:9; Plates 3:9-3 — 3:9-6) and of massive nodules (Appendix 3:9,
Plates 3:9-7 and 3:9-8).
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Transmitteq light and ore reflectance Studies showed that the redoy front-refateq
Pitchblende nodules (Appendix 3:9; Plates 3.9.3 to 3:9.6) consist of Cryptocrystalline

Nodules (Appendix 3:9; Plates 3:9.7 and 3:9.8),

nodujes furnished feasonably refigple analysis, The pitchblendes of the redox
front-related nodules (Appendix 3:9; Plates 3:9-3 3:9-6) are More problematicaj

pitchblendes consist of quite pure U-oxides. Minor elements (not Contaminations)
always include Si0; (0.9 220 wt.%) and PO, (0.1~02 wt.%). K,0O was Common
(usually aroung 1.0-20 Wt.%) and ALLO, only in some cases (normally «1 Wt.%). The
quite frequent Fe-contents (as FeO,: 0.0 - 20.3 wt.%) are considered due to slight



Pyrite

More than 50 quantitative analysis of distinct textural generations of pyrites from
drillcore F1 were made, and ail revealed pure pyrite compositions devoid of any minor
element content. Occasio nally, some (minor) Pb-contamination was detected, invariably
associated with traces of As, from the polishing discs. The presence of minor amounts

of Mo in pyrite was not possible to establish because of the analytical interference of

sulphur.

Oxidised rocks

Samples of oxidised rocks from U-mineralised redox fronts were included for two
reasons: a) the occurrence and analysis of U-oxide minerals on the reduced side, and b)
the occurrence of HFO-minerals, possibly co-precipitated  with measurable
concentrations of radionuclides, REEs and other elements of analogue interest, on the
oxidised side of the front. Particular attention was paid to sam Ples hosting sharp redox
fronts (Appendix 3:9; Plates 3:9.5 and 3:9-6) that permitted all the zones and minerals
intended for analysis to be contained within individual polished sections. The
unsuccessful attempt to measure the pitchblendes of the redox front-related nodules has
been already discussed above. Equally unsuccessful was the attempt to measure
HFO-minerals of low crystallinity because of their instability under the electron beam.
The more stable iron species proved to be pure Fe-oxides. Analysis of the HFO-minerals
require additional specific analytical techniques (see Veiga et al,, 1989) that were not
available.

The microprobe work also revealed the presence of hydrated Ti-oxides in the oxidised
rocks near the redox fronts. They correspond to hydrated varieties of the analysed
Nb-bearing Ti-oxides of the reduced rocks (see above). The number of analyses,
however, were not enough to verify whether the hydrated Nb-bearing Ti-oxides are
substitution/alteration products of the reduced equivalents, or if they occur as additional,

more recent independent species of supergenic origin,
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Appendix 3:1

K-feldspar
Textural and electron Microprobe data

Sample Rock type

WC.75.18 Reduced, medium-grained leucocratic Phonolite.
WC.78.1A Cataclastic Zone in reduced leucocratic Phonolite,
WC110-1A Reduced Porous leucocratic phonolite,






respectively >Smm, 1-8, 0,2-1 and <0,2 mm),

—_—
Anal. No, Sample No, Descriptions
——
1 75/1-KF11 Neoformed microcrystal -1, centre,
2 75/1-KF12 Neoformed microcrystal -1, border,
3 75/1-KF16 Neoformed microcrysta| -2,
4 75/1-KF17 Neoformed microcrysta| -2.
5 75/1-KF18 Neoformed microcrysta| -3,
6 75/1-KF15 Neoformed fine-grained arystal 4, border.
7 75/1-KF13 Neoformed fine-grained arystal 4, centre,
8 75/1-KF14 Neoformed fine-grained Crystal -4, intermediate zone,
9 15/3KF01 Fine-grained Crystal -1, intermediate zone, poor in inclusions,
10 75/3-KF)2 Fine-g:rained_ crystal -1, clear border — free of
inclusions; Y-(tracc) contents,
11 75/3-KF01A Fine-grained crystal -1, centre very rich in
kaolinite, fluid and ()HFO inclusions.
12 75/3-KF01B Fine-grained crystal -1, clouded centre {(same as -01A).
13 75/3-KF03 Fine-grained crystal -2, clear border.
14 75/3-KFo4 Fine-grained crystal -2, clouded centre (with inclusions).
15* 75/3-KF05 Fine-grained crystal -3, clear border.
16 75/3-KF05A Fine-grained crystal -3, intermediate zone with inclusiops,
17* 75/3-KFos Fine-grained crystal -3, centre-rich jn inclusions;
weak Pb-contamination.
18 75/3-KFo6 A Fine-grained crystal -3, centre (near point -06);
very weak Pb-contaminatjon,
19 75/4-KF)1 Groundmass crystal -1, border with inclusions,
20 75/4-KFR)2 Groundmass crystal -1, centre wih inclusions,
21 75/4KF03 | Groundmass crystal -1, intermediate Zone with
inclusions; Ce-, Y- (trace) contents,
2 78/2-KF28 Medium-grained crystal, border with inclusions,
23 78/2-KF26 Medium-graineq crystal, border with inclusions,
24 78/2-KF27 Medium-grained crystal, border with inclusions;
Fe-(minor) contens,
25 78/2-KF29 Medium-grained crystal, intermediage zone with inclusions,
26 78/2-KF3) Medium-grajncd arystal, centre with inclusions,
27 78/2-KF31 Medium-grained crystal, centre with inclusions,
28 78/3-KF12 Fine-grained groundmass crystal with inclusions;
Y-(trace) contents,
29 78/3-KF13 Fine-grained groundmass crystal with inclusions;
Fe-(minor) contens,
30 78/3-KF13B Fine-grained groundmass crystal with inclusions;

Fe-(minor) contents,



Anal, No.  Sample No. Descriptions

31 78/3-KF11 Fine-grained groundmass crystal with inclusions.

3 78/6-KF21 Fine-grained groundmass crystal -1, border with
inclusions,

33* 78/6-KF22 Fine-grained groundmass crystal -1, intermediate
zone with inclusions,

34+ 78/6-KF23 Fine-grained groundmass crystal -2, border, in
contact with fluorite.

35 78/6-KF24 Fine-grained groundmass crystal -3, border with
inclusions; in contact with zircon.

36* 78/6-KF25 Fine-grained groundmass crystal -3, intermediate
zone with inclusions,

Kl 7877-KF01 Fine-grained groundmass crystal, border with
inclusions; in contact with zircon; Fe-(minor) contcnts.

38+ 78/8-KF06 Neoformed microcrystal -1, grown into kaolinite;
border free of inclusions.

39 78/8-KFQ7 Neoformed microcrystal -1, centre, free of inclusions.

40 78/8-KF08 Fine-graincd groundmass crystal -2, intermediate zone
with inclusions; Y-(trace) contents,

41 78/8-KF09 Fine-grained groundmass crystal -2, intermediate zone
with inclusions.

42 78/8-KF09A Finc-grained groundmass crystal -2, border with'
inclusions.

43 78/9-KF01 Microcrystal finely intergrown with illite/sericite.

44 110/1-KF66 Microcrystal -1, border with zircon; pale blue
cathodoluminescence,

45 110/1-KF67 Microcrystal -1, centre, pale bluc cathodoluminescence.

46 110/1-KF68 Microcrystal -1, border with zircon; red cathodo-
luminescence; Fe-(minotr) contents.

47 110/1-KF69 Microcrystal -1, centre; red cathodoluminescence;
Fe-(minor) contents.

48 110/1-KF65 Microcrystal -1, intermediate zone; red cathodo-
luminescence; Fe-(minor) contents.

49 110/1-KF70 Microcrystal -2, intermediate zone.

50 110/1-KF71 Microcrystal -2, border with zircon, Y-(minor) contents.

51 110/3-KF01 Coarse-grained phenocryst -1, centre, very rich in inclusions,

52 110/3-KF02 Coarse phenocryst -1, intermediate zone, very rich
in inclusions,

53 110/3-KF03 Coarse phenocryst -1, intermediate zone; very rich
in inclusions, '

54 110/3-KF4 Coarse phenocryst -1, border with illite/sericite;
with inclusions.

55 110/3-KFU4A Coarse phenocryst -1, border with pyrite; with inclusions,

56 110/3-KFM22 Fine-grained groundmass crystal -2, centre with inclusions.
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59 110/3-KFm 19 Fine-graine groundmgagg Iystal -2, borde, with inclusiong,
60 110/4-KF1g Coarse Phenocrys “1, border wity, kaolinitc;
with inclugjo, .
61 110/4-KFy4 Coarse Phenocryg, -1, border with kaolim'te; with inclusiong,
62% 110/4-KF1, Coarse phenOCryu -1, intermcdjatc Zone with inclusiong,
63 110/4-KF73- Coarse phenocqst -1, centre wigh inclusions,
64 110/4-KFng Fine-grained Eroundmyyg, Crystal, border with
inclu.sions; Fe—(un'nor) Contents,
65 10/4-KFnog Fine-graineg Eroundingeg crystal with Inclugiops,

66* 110/4-KFM27 Fine-grained groundm
67 110/4—KFM26 i i

*Analysis ot reporged,
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Crystal matrix: fine-grained centre Crystal matrix: fine-grained intermedinte zone Crystal matrix: fine-grained clear rim
Sample 753 KPOLA 75/3-KF0I1B 75/3-KF04 _ 75/3-KFU6A 75/3-KF01 75/3-KFI5A 75/3-KP02 75/3-KF03
S50, 64.07 6351 63.66 6312 63.00 63.83 63.75 63.75
FeO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.19 0.16 0.26 Q.19 0.44 0.17 0.09 0.13
MgO 0.00 0.00 0.00 Q.00 Q.00 0.00 0.00 0.00
K:0O 16.02 16.16 15.84 15.77 15.89 16.18 16.33 16.08
ALO; 18.11 1762 17.54 18.06 17.68 18.27 17.64 18,02
uo; 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ThO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yb,0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CeyO3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y203 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00
La,0a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total (w.%) 98.39 97.44 91.29 97.14 97.01 98.44 9786 97.98
Or 97.94 98.94 97.85 9785 95.79 97.96 98.99 9897
Ab 206 1.06 215 215 4,21 204 1.0 1.03

Crystal matrix: medium-grained centre

Sample 75/4-KF02  782-KF30  78/2-Kf31 78/3-KF12  78/3-KF13 _78/3-KF13B 78/3-KF11 T78/9-KF01  110/1-KF57 110/1-KF69 110/3-KF22 110/4-KF26 110/4-KF27 110/4-K¥23
§i0n 64.23 63.68 65.23 45.84 6454 64.92 6550 63.70 6397 64.11 64.87 6559 6417 63.37
FeO 0.00 0.00 0.00 0.00 0.90 0.59 0.00 0.00 0.00 046 0.00 0.00 0.00 0.00
Nay O 0.25 0.18 0.11 0.40 0.38 030 024 0.3 0.00 011 0.00 0.10 0.18 0.14
MgG 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 15711 15.88 16.42 16.10 16.41 16.15 1633 15.54 16.24 16.29 1683 16.89 1638 15.98
AlOy 171 17.98 18.16 18.33 18.26 18.49 18.08 1741 18.07 18.04 18.23 18.10 18.64 1761
UG, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ThO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ~ 0.00 0.00 0.00 0.00
Yb;03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CesOs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y05 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00
Lay03 0.00 0.00 0.00 0.00 0.00 (.00 (.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
Total (w1.%)  97.90 37.72 99.93 100.75 100.49 10045 100,18 91.3% 98.28 93.01 993 100.69 9933 97.11

Or 97.92 9754 98.97 95.92 96.97 96.54 97.96 96.84 100.00 98.98 100.00 98.92 97.98 99.00
_-_‘_‘_‘_-__‘_'_"'—‘—‘—.-I._
_— 208 - 206 1.03 4.08 3.03 3.06 2.04 3.16 0.00 1.02 0.00 1.08 2.02 1,00
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Crystal matrix: phenocryst centre Crysial matrix: phenocryst intermediate zone Crystal matrix: phenocryst rim
Sample 110/3-KF)1 110/4-KF13 110/3-KF(Q2 110/3-KF03 110/3.KF04 110/3-KFMA 110/4-KF10 110/4-KF11
S0y 64.41 63.76 63.88 5488 63.94 65.07 64.33 6423
FeO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na;O 0.00 0.00 0.05 0.05 0.10 0.00 0.00 0.13
MgO 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
KO 15.62 16.88 16.04 1659 17.09 16.38 16.70 16.89
Al,O5 18.23 1771 18.04 18.30 18.16 1842 17.99 1838
U0, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ThO, 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
Yby O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cer03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y:03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La,04 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 0.00
Total (w1.%) 98.26 98.35 98.01 99.82 99.29 99.87 99.03 99.63
Or 100.00 100.00 100.0 100.00 99.03 100.00 100.00 100.00
Ab 0.00 0.00 0.00 0.00 0.97 0.00 0.00 0.00

Crystal matrix: neoformed centre Crystal matrix neoformed clear rim

Sample 75/1-KF11  751-KF16  75/1-KF17 75/1-KF18 75/1-KF13  78/8-KF07 75/1-KF12  75/1-KF14 75/1-KF15
Si0, 63.26 63.73 63.43 63.92 6338 63.86 4350 6356 63.40
FeO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.10 0.15 0.0 .19 0.00 0.13 0.10 0.16 0.11
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K;O 15.63 14.39 15.85 15.70 16.75 1581 16.20 16.69 16.35
Al,Oy 20.13 1856 17.76 17.99 17.61 17.54 17.75 1785 1783
UO, 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
ThO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y204 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
Ce504 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00
Y504, 0.00 0.00 000 - 0.00 0.00 0.00 0.00 0.00 0.00
LasyOy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tolal (wt. %) 99.11 98.82 97.14 97.80 97.74 97.34 97.55 98.26 97.68
Or 98.92 9B99 98.9M 97.92 100.00 98.91 9894 98.04 98.96
Ab 1.08 1.01 1.0% 2.08 0.00 109 106 1.96 1.04

/ .
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Idem, pegr byrite; mingr elemen¢ Contents of

e 4]

10
1

12

13
14

15
16
17
18
19

TRReN

27

29

110/5-K 004
110/5-K0o3
110/4-K01
110/4-K 2

Na and Mg; weak P‘b-contamination.

Idem, intermediate Zone; minor element contents of

Na and Mg: weak Pb-contamination.

Zoned kaolinjte (centre)-sericitc (border) Pseudomorpp
of nepheling pen, Sericite border; weak Pb-conramjnation.

Idem, near Sericite border; minor clement Content of Ny

and Nj,

Kaolinjtc-zircon-pyrite Precipitate in 5 yoiq centre,

As above, neay zircon; minor element conten of Mg,

Idem, near 2ircon,

Idem, intermediate Zone,

Idem, intermediate Zone; minor element content of Mg; pp.
Contamination

Idem, intermediate 20ne,

Idem, intermediate Z0De; minor elemeng Content of Mg,
Idem, intermediate 20ne,

Idem, intermediate Zone,

Idem, near alkalj feldspar; minor elemeng Content of Mg,
Mainly sericite Pseudomorph of Depheline; minop ¢lement
content of Ce,

As above, centre; K—(sericite) Contamination; miger element
content of Fe,

Mainly kaolinite pscudomorph of Bepheline; centre.
As above, intermediate Z0ng,



Anal. No.  Sample No, Description

3 110/4-K03 Idem, centre; associated with pyrite.

32 110/4-K04 Idem, centre; associated with pyrite; minor content of Na;
K-(sericite) contamination,

33 110/4-Ko5 Idem, centre; associated with pyrite.

34 110/4-K06 Idem, centre,

35 110/4-Ko7 Idem, border; K-(sericite) contamination.

36 110/4-KD8A Idem, intermediate zone; Pb contamination.

37 110/4-K09 Idem, intermediate zone; K-(sericite) and Pb-contamination.

38 78/5- K019 Kaolinite-zircon-pyrite precipitate in a void, near zircon;
Pb-contamination; minor element content of Mg,

40 78/5-KO18 Idem, near zircon; minor element content of Na.

41 78/5-KO18A Idem, intermediate zone; Pb-contamination; minor element
content of Y.

42 78/5-K021 Idem, near pyrite.

43 78/5-K0O22 Idem, intermediate zone: Pb-contamination; minor element
contents of Na and Y,

44 78/5- K020 Idem, intermediate zone,

*Analysis not reported.
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Crystal matrix: kaolinites from zircon-pyrite-clay precipitate in voids

Sample M/5-KO00 7BB-KOU1 78R-KO0Z 78/8-KOD3  788-KOM 78/5-K01% _ 78/5-KO19A 78/5-K018  78/5-KO18A 78/5-K021 78/5-KO22
SiQy 4621 4387 43,78 44.14 43.11 4473 44.99 46.63 46,67 46.33 4528
FeO 0.00 0.00 052 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NayO 0.00 012 0.11 0.08 0.10 0.00 0.00 0.04 0.00 0.00 0.05
MgO 0.00 0.26 0.30 0.12 025 0.16 0.00 0.00 0.00 0.00 .00
KO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al Qs 38.71 379 3800 36.33 R kA 37.24 3953 39.43 30.27 37.60
U0, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ths 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zr02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cey04 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
Lay04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y203 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.05 0.00 0.06
Yt 05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
HiO, 0.00 0.00 0.00 0.00 0.00 0.00 (.00 0.00 0.00 0,00 0.00
Total (+t.%) 84.92 82.17 82.71 80.67 80.73 81.96 82.23 86.20 86.15 85.60 83.00
Crystal matrix: kaolinites from zircon-pyrite-clay precipitate in voids (contd.)

Sample 78/5-KO20  78/2-KO00 7872-KO19 78/2-K020 78/2-K021 TR2-KO022 T182-KO22A 78/2-KOZ  7872-KO24 78/2-KOHMA T82-KO25
S0y 43,70 45,60 4598 4538 45.64 43.25 4579 4592 4423 4437 4458
FeQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NayO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.00 0.00 0.09 0.00 0.00 007 0.00 0.11 0.00 0,00 0.06
KO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AlO4 3745 3BE5 .41 8B5S 38.60 3624 39.14 38.18 3596 3744 3.,
U0, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ThO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZrQ, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cea04q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La,04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
Y;0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yb0, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HiO» 0.00 (.00 0.00 0.00 0,00 0.00 0.00 0.00 0,00 0.00 0.00
Towl (wi.%) BLIS 85.45 84.48 83.54 B4.25 956 85.93 85.21 81.19 8181 224
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Appendix 3:3

' Illite/s.ericit’e

Samp]e Rock type

WC.75.18 Reduced, medium~gramed leucocratje phonolite

WC.78.1A Cataclastic Zone in reduceg leucocratic phonolite
" WC-110-14 Reduced poroys leucocratie phonolite,
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2 78/9-S2
3 78/9-803
4 78/9-804
5 78/9-S05
6* 78/9-Sg6
7 78/9-S07
8* 78/9-808
9 78/9-S084
10 75/2-801
11 75/2-802
12 75/2-503
13» 75/2-805
14~ 75/2-S06
15 75/2-806A
16 75/2-S06B
17 75/5-S08
18 75/5-S10
19 75/5-S11
20 75/5-812
21 110/1-872
22 110/1-§73
23 110/1-874
_______ ———

Almost monomireralic
il[itc/seﬁcitc Pseudomorpp of
nepheline

As above

Idem
Idem
Idem
Idem

Idem
Idem
Idem

Almost Monominery|jo
illite/sericite Precipitate i 4
void

As aboye

Idem

Idem

Idem

Idem

Idem

Zoned illite/scricite-kaolinite
aggregate, near border of
kaolinite

As above, interng part of
illite/sericite zone

Idem, interngj part

Idem, interpy) part
Iﬂite/seﬁcite-zircon-pyritc
Precipitate in rock interstices,
border of larger single crystal- 1
As above, interng| part of
Crystal - 1

Idem, internyj part of crystal . 7

Pb-contamination!

Fe - M; Na, Mg-m

Fe . M; Na, Mg-m
Fe, Na, Mg-m
Fe-M;Na,Mg, Y-m
Pb-contanﬁnation!

Fe - M; Na, Mg-m;
Pb-contamination!
Fe-M;Na,Mg, Y-m;
Pb-contamination!

Fe - M; Na, Mg.-m;
Pb-conramination!

Fe - M; Na, Mg-m

Fe, Na, Mg Y. m
Fe,Na - m

Fe . M; Na, Mg - m;
Pb-contamhlation!
Fe-M; Na, Mg . m;
Pb—contamination!

Fe . M; Na,Mg .
Fe-M; Na, Mg v. m
Fe-M;Na,Mg,Ce~m

Fe-M;Na,Mg~m
Fe-M;Na,Mg-m
Fc-M;Na,Mg-m
Fe,Mg.-m
Mg-m

Fe-m



Anal. No.  Sample No. Description Chemistry

24 110/1-875 Idem, larger single crystal - 2, Fe, Mg-m
bordering pyrite

25 110/1-876 Idem, larger crystal - 2, bordering Fe - M; Na, Mg - m;
zircon and pyrite Zr-contamination

26 110/1-§76 Idem, repeated analysis without Zr- Fe-M; Mg-m
contamination

27 110/1-877 Idem, intermediate zone of crystal -2 Fe, Mg-m

28 110/1-S78 Idem, internal part of crystal - 3 Fe, Na, Mg-m

29 110/1-879 Idem, crystal - 3, border with pyrite Fe,Mg-m

30 110/1-S80 Idem, internal part of crystal - 2 Fe,Na-m

31 110/3-823 Centre of larger individual crystal -1~ Fe-M;Mg-m

32 110/3-S24 Internal part of larger crystal - 1; Fe-M;Mg-m;

Pb-contamination!
33 110/3-825 Rim of larger crystal - 1 Fe-M,Mg-m
34 110/3-826 Rim of larger crystal - 1 Fe - M; Na, Mg - m;
Pb-contamination!

35 110/5-S0O05 Composed pseudomorph of ne, Na-m
internal part of illite/sericite zone

36 110/5-S006 As above Fe,Na, Mg, Y-m

37 110/5-80O07 Idem Fe-M; Na-m

38 110/6-S0Q08 Idem Fe - M; Na, Mg -m

39 110/5-SO09 Idem Fe - M; Na, Mg -m

40 110/4-521 Almost monomineralic illite/sericite Fe-M;Na-m
domain of comiposed aggregate

41 110/4-822 As above Fe, Mg -m

42 110/4-823 Idem Fe-M;Mg-m

43* 110/4-S24 Idem Fe-M;Mg-m

44* 110/4-825 Idem Fe - M; Na, Mg - m

* Analysis not reported.




AlOy 3513
vo, 0.00
ThO, 0.00
Yb,0, 0.00
Ce;04 0.00
Y20, 0.00

Normatised on 20

Si 6.21
ALV 17
Al V] 386
Fe 0.18

0.04
rg 1.73

Na 0.4

6.30
1.7
176
0.27
0.06
i1

6.24
1.75
381
024
0.06
17

a1y
181
393
0.10
0,03

6.20
1.80
3.9
0.00
0.00

6.22
1.78
385
6.13

6.27
173
37
02s

6.27
173
381




Crystal matrix: illite from nepheline Crystal matrix: illite from nepheline pseudomorphs, border zone
pseudomorphs, central zone {contd.)

Sample 110/4-525 110/4-524 75/5-508 75/5-510 75/5-811 75/5-512
$i0, 4583 45.56 46.66 4.60 46.86 487
FeOQ 2.00 2.80 156 23 1M 2.29
Na;O 0.08 0.00 0.12 0.13 0.13 0.11
MgO 0.23 0.47 021 0.16 0.15 0.21
K0 10.83 10.37 8.34 8.80 B.36 8.69
ALO; 3626 34.30 3554 35.63 3527 3541
U0, 0.00 0.00 0.00 0.00 0.00 0.00
ThO, 0.00 0.00 0.00 0.00 0.00 0.00
Yb,04 0.00 0.00 0.00 0.00 0.00 0.00
Ce05 0.00 0.00 0.33 0.00 0.00 0.00
Y04 0.00 0.00 0.00 0.00 0.00 0.00
La,04 0.00 0.00 0.00 0.00 0.00 0.00
Total (wt.%) 95.24 93.50 92.76 93,70 92,48 9358

Normalised on 22 O

S 6.12 6.21 6.28 6.25 632 6.28
AlTV 1.88 1P 1.72 175 168 1.72
AlV1 383 an 392 388 s 3.87
Fe 0.22 0.32 0.18 027 0.19 0.26
Mg 0.05 0.10 0.04 0.03 003 0.04
K 184 180 143 1.50 144 149
Na 0.02 0.00 0.03 0.03 0.03 0.03




———,

46.31 44.45 45.22 45.50

126 0.77 047 0.61 0.37 228 1.57

0.00 0.04 0.00 0.00 0.04 0.00 0.03 0.00 0.00

0.06 0.05 0.00 0.09 0.22 0.18 0.15 0.3 0.08 0.00 020 0.17

K0 9.92 10.25 1043 782 941 8.24 10.36 1028 10.11 10.65 9.71 894
ALO, 3762 3.9 37.59 36.72 36,08 3658 36.83 35.95 3718 37.00 34.40 573

Normalised on220

Si 6.11 6.11 6.08 6.21 6.19 624 6.14 6.22 6.16 6.06 623 6.20
ALY 1.89 1.89 1.92 17 181 1.7 186 1.78 1.84 1.4 177 1.80
AlVT 403 4.04 199 4.07 392 4.00 395 3 3.99 4.00 382 19
Fe 0.06 0.00 0.09 0.10 0.15 0.14 0.09 0.05 0.07 0.04 026 0.18
Mg 0.01 0.01 0.00 0.02 0.04 0.04 . 0.00 0.04 0.04
K 1.69 173 177 135 . : : . 1.85 171 155

Na Q.00

e, e,

682
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Crystal matrix: void infilling

Sample 75/2:501 7512802 7572503 75/2-806A 75/2-506B
S50, 45.84 4529 45.42 45,92 4550
FeO 1.63 0.96 0.61 2.00 236
Na,0 0.08 0.10 004 0.1¢ 0.14
MgO 0.16 0.08 0.00 0.08 009
K,0 9.37 973 952 8.11 9.49
AlO; .67 3555 35.45 507 unn
U0, 0.00 0.00 0.00 0.00 0.00
ThO, 0.00 0.00 0.00 0.00 0.00
Yb,0; 0.00 0.00 0.00 0.00 0.00
Ce,05 0.00 0.00 0.00 0.00 0.00
Y,0; 0.00 0.11 0.00 0.00 0.06
Lay0s 0.00 0.00 0.00 0.00 .00
Total (wt%) 9174 91.83 9105 91.29 92.42
Normalised on 22 O

Si 6.28 6.20 6.24 6.28 6.22
AlTV 172 1.80 1.76 172 178
ALVI 388 39 3.98 3.93 383
Fe : 0.19 0.11 0.07 0.23 027
Mg 0.03 0.02 0.00 0.02 0.02
K 164 17 1.67 141 1.66

Na 0.02 0.03 0.01 0.03 0.04
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6%
7%
8*
o
10*

11+
12
13+
14%
15*
16+
17+
18+
19+

20*
21+

22*

23!

24*

25*

26*

27"
28*
20+
30*
31+

11011-z015

11011-2016
110/1- 2014
110/1- 2013
1101-7z018
110/1-Z2012
11071- 7011
110/1-2038
110/1-2037
110/1-2036

11011-2041
110/1-z019
110/1-202g

110/1-2031
110/1-z039
110/1-Z0g9
110/1-2029
1101-Zoog
1Y1-Z042

110/1-z043
110/1-Z204g

110/1-2049

110/1-Z0g3
1101-Z0gp

110/1-Z0g;
1101-2001

110/1-Z0g45
110/1-z0go
110/1-Z04¢
110/1-Z047
110/1-Zz.007

Large sizeqd (~6 mm) skeleta]
Crystal - 7, Popuiation 1. border,

Idem - 3, Population 1, border,

Idem. g, Population 1; interna part.

Idem - 3, Population 2, border(-l)

Idem - 1, population 2; centre profile acrogg
Idem - 1, Popalation % intermediage Zone crystal
Idem. g, Population 2, bordcr(-Z)

Idem- g, Population 3 border,

Idem. 3, Popalation 3; interna| part

Idem. g, Population 3, internaf part,

inclusions of higher reflectivity,

Idem - 1, population 3; internal part,

inclusiong of higher reflectivity

Idem - 3, Population 4; internal border near
K-feldspar inclusion,

Idem- g, Population 4; internaf border near
K-feldspar inclusion,

Idem - 3, Population 4; intermaj part,

Idem - 3, Population 4; intermediate Zone.

Idem . 1, population 4; centre,

Idem . 3, border.

Idem - 2 game as Z0O48 - different
analytical pojng.

Idem - 2, centre,

Idem - 2, border with K-feldspar, very strong
biue cathodolumincsccnce; weak K.
AJ-contﬂm.ination!

Repetition of anaiysis Z0O02, withoyt
contamination

Idem - 2 intermediate Zone; very strong
yellow catbodoluminesccncc.

Idem - 2, centre

Idem - 2, centre,

Idem . 2 intermediate Zone,

Idem - 2, border,

Idem- 3, Population 5; intermediate Zone,

97




Anal, No. Sample No. Description

32+ 110/1-Z006 Idem - 1, population 5; internal border
near K-feldspar inclusion,

33+ 110/1-Z005  Idem - 1, population 5; internal part.

34+ 110/1-Z004 Idem - 1, population 5; border.

35% 110/2-200 Idem - 1, intermediate zone; very strong
yellow cathodoluminescence.

36* 110/2-Z06 Idem - 1, intermediate zone.

37* 110/2-Z07 Idem - 1, border; very strong yellow
cathodoluminescence.

ag* 110/2-Z210 Skeletal crystal - 2, border

39+ 110/2-Z09 Idem - 2, border; very strong yellow
cathodoluminescence.

40* 110/2-Z08 1dem - 2, border

41* 110/2-Z16 Idem - 2, border; very strong yellow

_ cathodoluminescence,

42* 110/2-Z211 Skeletal crystal - 3, border; very strong
yellow cathodoluminescence.

43* 110/2-212 Idem - 3, border; very strong yellow
cathodoluminescence,

44* 110/2-Z13 Idem - 3, centre.

45* 110/2-Z14 Idem - 3, intermediate zone,

46* 110/2-Z15 Idem - 3, border.

47+ 110/2-Z02 Skeletal crystal - 1, border.

48* 110/2-Z01 Idem - 1, border.

49* 110/2-Z03 Idem - 1, centre.

50* 110/2-Z05 Idem - 1, centre,

51* 110/2-Z04 Idem - 1, intcrmediate zone.

52* 110/4-219 Zircon-ZrOz-mineral intergrowth - 1, border.

53* 110/4-Z15 Idem - 1, border.

54* 110/4-217 Idcm - 1, internal part.

35+ 110/4-Z220 Idem - 1, border; Al-contamination!

56* 110/4-Z0 Idem- 1. '

o 110/4-Z16  Idem - 1, internal part.

58* 110/4-Z.18 Idem - 1, internal part.

59* 110/4-Z19A Idem - 1, border.

60* 110/4-Z14 Idem - 1, border.

61* 110/4-Z213 Idem - 1,

62* 78/2-Z15 Zoned crystal - 3, border.

63* T8/2-15A Zoned crystal - 3, centre.

64* 78/2-15 Zoned crystal - 3, border.

65* 78/2-Z16 Idem - 3, centre.

66* 78/2-719 Idem - 3, border.

67 TR2-Z15A Idem - 3, centre.

68 78/2-211 Idem - 3, border.

69* 78/2-217 Zoned crystal - 1, border.

70* T82-Z1TA Idem - 1, border ~20p

294

further towards the crystal centre than Z17.
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72
73*
74+
75¢
76*
7‘7!
78
791
80*
81+
82+
83+
84*
85+
%*
g7
88+
89+
o+
91
92+
o3
Gq*
95

97
98

100+
101+
102
103
104*
105
106+
17

109

110

111+
112+
113*
114+
115+
116*
117+

78/2-Z18A
78/2-Z18R
78/2-218¢C
78/2-220
78/2-721
182-7Zn
78/2-Z01A
78/2-701
782- 703
78/2-7p4
78/2-7Z044
78/2-704B
78/2.705
TRI2-Z05A
78/2-Z06
78/2-708
78/2-Z07
78/2-207A
78/2-Z14

78/2-2134

78/2-Z13
78/2-212
78/3-Zp1
78/3-Z201A
78/3-202
78/3-203
78/3-Z04
78/3-705
78/3-Z11
78/3-Z12
78/3-Z10A
78/3-Z10B
78/3-Z10C
78/3-Z10
78/3-709
78/3-208
78/3-Z08A
78/3-207
78/3-Z0¢
78/5-Z01
78/5-2
78/5-213
78/5-Z0)4
78/5-Z05
78/5-Z06
78/S-207

Idem - L, cenqre,
Idem - 1, centre,

Idem- g, intermediage Zome,

Hem- 1, border,

Zoned crystal - 2, border Z0ne - §,

Hem - o, border 20ne ~L

Idem - 2, border zoge - L

Idem -2, border zone . I alteraﬁon( 7

Idem -2, intermediage zone - 2; alteration(?) Profile 1

Idem - 2, ceatre zope - §,
Idem - 2, centre zope - 5.
Idem - 2, cepgre 20ne -4; alteration( 7} Profile 2

Idem- 3, border,
Idem . j, border,

Idem - 1, border.

Idem -1, border,

Idem -1, mtermediate zone; alterau'o::(?)

Idem -1, intermediate Zone; aJtcralion(?) border to
Idem . g, intermediage Zone, ceatre profile
Idem - 3, intermediate Zone.

Idem - 1, intermediage zone,

Idem - 1, centre,

Idem - 3, centre,

Idem - 3, centre,

Idem- 1, intermediage zone,

Idem - 1, centre,

Idem - 1, intcrmcdiatc zZone,

Zoned idiomorphic crystal - 1, border.

Idem - 3, intermediate Zone - 1, border (o
Idem - 1, intermediate zone - 2, cenire profile
Kdem -, centre,

Idem . 1 intermediate Zone,

Idem - 1, border.

Idem - 1, border.,
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Anal. No.  Sample No. Description

118* 78/5-217 Zoned idiomorphic crystal - 2, centre.

119* T8/5-Z.16 Idem - 2, border; very strong yellow
cathodoluminescence.

120* 78/5-Z13 Idem - 2, centre.

121* 78/5-Z14 Idem - 2, intermediate zone.

122* 78/6-Z01 Skeletal crystal - 1, border.

123* 78/6-Z02 Idem - 1, internal part.

124 78/6-Z03 Skeletal crystal - 1, border.

125* 78/6-205 Idem - 2, border.

126 T8/6-Z204 Idem - 2, centre.

127 78/6-Z06 Idem - 2, border; very strong yellow
cathodoluminescence.,

128 T8/6-Z06A Idem - 2, centre,

129* 78/6-207 Idem - 2, border; very strong yellow
cathodoluminescence.

130 78/6-209 Idem - 2, border; very strong yellow
cathodoluminescence.

13 T8/6-Z08 Idem - 2, intermediate zone.

132* 78/6-Z10 Skeletal crystal - 3, centre.

133 78/6-Z10A Idem - 3, border; very strong yellow
cathodoluminescence.

134 T8/6-711 Idem - 3, centre.

135 78/6-Z.15 Idem - 3, sutured border; strong blue
cathodoluminescence. :

136 78/6-Z.14 Idem - 3, border; very strong yellow
cathodoluminescence.

137* 78/7-201 Skeletal crystal - 1, border; very strong
yellow cathodoluminescence.

138* 78/7-Z01A Idem - 1.

139 78/7-202 idem - 1, intermediate zone; very strong
yellow cathodoluminescence.

140* 78/1-203 Idem - 1, border,

141 78/1-Z04 Idem - 1, intermediate zone.

142 78/7-205 Idem - 1, centre.

143 78/7-Z06 Idem - 1, border.

144* T8/7-207 Idem - 1, internal part.

* Analysis not reported.
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Crystal matrix: zircon

Sample 78/6-Z04  TRIG-ZOGA 78/6-Z08  TB/6-ZO3 76-200  TREZIT  TB-Z10A TR/6-Z.14 Mm6-Z15  TfI-Z05 TRT-Z02  TRT-Z04 TRT-ZDG  TRIRZOT
Location Centre a Centre a Intermed.a Rim a Rima Cente b Rimb Rim b Rim b Centre Imemed. Intermed. Rim Centre
Si0y Ky v 333 3323 32.90 3357 33.20 3233 31.87 3 33.13 3243 32.89 3311 33.06
FeQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NaO 0.10 0.10 0.11 0.15 0.07 0.08 0.13 0.11 009 0.18 0.07 0.08 0.12 0,06
MgO Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
U0, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
ThO, (.00 0.00 (.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZxO, 67.43 66. 77 66.86 66.11 67.20 66.36 65.04 &41.80 6761 67.12 64.44 66.28 67.91 65.73
Yb03 0.00 0.00 012 0.16 0.12 Q.12 012 0.13 0.16 0.26 018 0.14 0.19 0,00
Ces04 Q.07 0.17 0.19 0.11 0.11 0.10 009 0.19 0.14 0.15 0.16 0.13 0.10 0.13
Y,0; 0.3% 023 0.36 0.29 0.33 0.62 0.68 0.33 0.46 0.20 0.06 031 0.39 0.16
KO 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al Os 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lay0, 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HIO; 047 0.72 0.79 0.70 0.00 0.9 0.39 0.69 0.00 0.00 0.80 0.62 0.71 057
Total (wt.%) 10122 101.33 101.66 100.40 101.40 101.28 9%8.77 98.13 102.21 101.03 98.14 10046 10253 99.71
Normalised 10 16 O
Si 397 4.02 4.01 4.01 4.04 4.02 4,01 399 4.03 4.01 4.04 4,01 397 4.04
Fe 0.00 0.00 0.00 (.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.m 0.02 0.03 0.04 0.02 0.2 0.03 0m 0.02 0.04 0.02 0.2 0.03 0.02
Mg 0.00 0.00 0.00 (.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
u 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 - 0.00 0.00
Th 0.00 (.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 .00 0.00 0.00
Zr 398 393 393 39 394 391 393 395 354 R 39 3.4 397 392
Yt 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00
Ce 0.00 0.01 0.01 0.00 0.01 0.00 0.00 001 001 0.01 0.01 0.01 0.00 0.01
Y 0.03 0.02 0.m 0.02 0.02 0.04 0.0% 0.02 0.03 0.01 0.00 0.02 0.03 oM
K 0.00 (.00 0.00 0.00 (.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
La 0.00 0,00 0.00 0.00 0.00 0.00 0.00 (.00 0.00 0.00 0.00 0.00 0.00 0.00
Hf 0.02 0.03 0.03 0.02 0.00 0.03 0.01 0.03 0.00 0.00 0.03 0.02 0.02 0.02

Lot
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rystal matrix. zircon (contd,)

Sample B/3-210 78/3-Z01A 7B/3-Z10A T8/3-ZI10R 78/3-Z06 78/3-202 78/3-7203
Location Centre Intermed, Inte . _Intermed, Intermed. Rim Rim ]
Sio, 32.19 3323 329 3268 3318
FeO G.00 0.00 .00 0.00 0.00
Nay,0 0.09 0.08 0.09 0.08 0.10
MgQ 0.00 0.00 0.00 0.00 0.00
vo, 000 0.00 0.00 0.00 0.00
ThQ, 0.00 0.00 0.00 0.00 0.00
Zro, 6595 66,60 65.86 64,92 66,82
Yb;0, 0.00 0.00 0.00 013 0.13
Cey0, 0.08 0.18 0.16 0.08 0.09
Y50, 0.05 a.25 0.18 025 0.32

Normatised to16 0

Si 4.00
Fe 0.00
Na 0.02
Mg 0.00
U

Th

Zr

Yb

Ce 0.00
Y

K

Al

La

Hf 0.00

0.01
0.02
0.00
0.00
0.00

4.04
0,00
0.02

" .00

0.00
0.00
393
0.00
0.1
0.01
C.00
0.00

4.04
0.00
0.02
0.00
0.00
0.00
s
0.00
0.00
0.02
0.00
0.00

4.02
0.00
0.02
0.00
0.00
0.00
395
0.00
0.00
0.0z
0.00
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Appendix 3:5'

Fluorite

Textural and electron microprobe data

- Sample : Rock type _
WC-78-1A - Cataclastic zone in reduced leucocratic phonolite.
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Characteristics of the analysed fluorites.

Anal. No.  Sample No, Description
1 78/6-F116 Colourless crystal - 1, intergrown with
skeletal zircon.
2 78/6-FI17 Colourless crystal - 2, intergrown with
skeletal zircon. .
3 78/6-FI18 Colourless crystal - 3, intergrown with
skeletal zircon,
4 78/6-F119 Light violet coloured crystal - 4, intergrown
with skeletal zircon,
5 78/4-Fi01 Heterogeneously coloured crystal - 1, partly
deep violet in colour. )
6 78/4-Fi02 Idem 1, deep violet colowr,
7 78/4-F103 Idem 1, light violet — almost colourless.
8 78/4-Fip4 Idem 1, light violet — almost colourless,
9 78/4-Fl06 Idem 1, violet colour, border of crystal.
10 T8/4-F109 Idem 1, deep violet colour, internal part of
the crystal.
11 78/4-Fi10 Idem 1, deep violet colour, intermediate zone
of crystal.
12 78/4-Fi11 Idem 1, deep violet colour, border of crystal.
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" Appendix 3:6

Rutile and Ti-oxides

Electron microprbbe data

Sample : - Rock .
S/N-24 - Massive pitchblende nodule (Urénio do Brasil collection).
WC-75-1B _ Reduced, medium-grained leucocratic phonolite.
WC-78-1A Cataclastic zone in reduced leucocratic phonolite,
WC-110-1A ' Reduced porous leucocratic phonolite.
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Mineralogical characteristics of the analysed TiO,-minerals (rutiles).

The presented analyses are of sample nos.; 110-1A, 78-1A, 75-1B and SN24 (see Table
next page). All analysed grains are microgranular hydrothermal replacement products

of aegirine-augites.
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| Appendix 3:7

Pyrite

Electron microprobe data

Sample
WC-78-1A
WC-110-1A

Rock type __
Cataclastic zone in reduced leucocratic phonolite.

Reduced porous leucocratic phonolite.
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Crystal matrix: pyrite

60¢

Sample 11071 F¥>¢ 110/1°PYSS 110/1-PYSR 110/1-PY60 110/1-PY01 110/1-PY64 110/PY _ 110/1-PY54 110/1-PY5S 110/1-PY01 110A1-PY61 110/3-PY12

Fe 4623 45,20 44.93 46.40 4597 4629 46.62 45.07 4550 46.13 #4.91 46.39

s 53.20 5.7 51.83 5296 53.01 53.36 5252 5172 5251 5242 5252 5263

Pb 0.67 0.94 049 0.00 0.00 0.00 113 141 129 1.49 0.5 129

As 0.12 0.17 0.7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mo 0,70 0.57 0.7 0.60 057 056 057 0.00 0.00 0.00 0.00 0.00

Ag 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total (wt.%) 10091 9981 98.56 95.96 9956 100.20 100.84 98.19 99.30 100.04 58.18 160.31

S/Fe (atomic)  2.00 2.03 201 1.99 2.01 2.01 196 2.00 2.01 2.00 204 1.98
Crystal matrix: pyrite (contd)

Sample 1103-PY13 110/5-PYS 78/1-PY1S  7T8/1.PY13 78/1-PY14 T8/1-PYI0 78/1-PYMd 782-PYH

Fe 45.69 46.85 45.54 46,31 4569 4557 44.48 45.34

s 53.18 52.64 52.52 53.05 5283 5097 51.76 Lykey)

Pb 0.80 093 0.00 0.51 075 n 284 086

As 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00

Mo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ag 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total (w1.5%) 99.67 100.41 98.46 99.87 99.27 100.44 99.08 98.98

S/Fe (atomic) 197 1.96 2,02 2.60 201 195 2.04 203
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Appendix 3:8

Uranium-oxides

Electron -micm_probe data

Sample
S/N-24

Rock

~ Massive. pitchblende nodule with two pyrite

generations and argillised phonolitic core
(Urénio do Brasil collection, see Appendix 3:9;
Plates 3:9-7 and 3:9-8).
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Crystal matrix: uranium-oxides

Sample SN24-1U1  SN24-1U2  SN24-1U3  SN24-1U4  SN24-1U7  SN24-1U9  SN24-1U11 SN24-1U12 SN24-1U13 SN24-1U14 SN24-2U1 SN24-2U2 SN24-2U03  SN24-2U4
FeO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
§i0y 242 2.15 223 2.09 2,13 2.96 2.59 252 213 287 2.99 214 288 272
AlO, 0.29 0.15 0.00 0.20 0.18 0.53 0.39 0.12 0.16 0.51 0.33 0.11 0.21 0.14
TiOy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K0 139 1.16 1.01 0.4 0.85 0584 116 111 1.16 132 151 123 0.88 107
NbO3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y0y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
U0, 87.17 E2.80 8232 82.66 B4.06 84.8% 8216 B1.47 8255 82.04 84.02 85.78 85.97 83.28
Yao0 042 0.00 0,30 007 0.00 0.14 0.00 0.00 0.00 011 009 013 0.62 0.00
Ces04 032 0.00 0.00 0.00 0.00 0,30 0.00 0.16 0.14 0.12 013 0.14 0.00 0.00
LaxO; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ThO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total (wi.%) 9201 B6.26 85.86 85.97 87.23 89.66 86.30 88.39 86.13 86.98 89.08 8953 X056 8721

Crystal matrix: uranium-oxides (contd.)

Sample SN24-2U5  SN24-2U6  SN24-3U1  SN24-3U2  SN24-3U3  SN24-3U4  SN24-3U5  SN24-3U6 SN24-3U7 SN24-3U8  SN24.3U9 SN24-3U10 SN24-4U2 SN24-4U3
FeO 0.00 0.00 0.00 0.00 098 0.00 0.00 0.00 1.19 0.00 0,00 0.00 0.00 0.00
CaQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8i0y 323 290 233 213 235 249 2.26 246 19 287 2.09 207 2.67 27
AlLO; 0.38 043 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.31 0.88 0.62
TiOy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnQ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K0 152 139 12 151 1.20 140 1.01 195 1.08 0.00 0.90 136 084 0.92
Nb2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
YboO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
U0y B4.75 8480 81.53 81.26 oM B0.B4 9.7 8192 79.16 B1.97 827 8118 79.06 78.62
Y20, 011 0.00 0.00 0.05 0.05 0.00 0.16 0.08 0.15 0.00 0.00 0.18 0.00 0.07
CexOy : 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.12
Lay(Oy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ThO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total (wi.%) 89.99 89.52 85.08 B5.05 84.51 84.72 83.20 8641 877 8484 85.82 85.23 53145 53.05
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Appendix 3:9

PLATES 3:9-1 - 3:9-8
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PLATE 3:9-1. Reduced POIphyritic phonolite. Note the white alkali-feldspar Phenocrysts,

microporosities and
nepheline.

medium-grey, nearly rectangular pseudomorphs after

Sample no.; FI 169-1A4.

PLATE 3:9-2. Reduced medium-grained porphyritic phonolite with massive structures,

The dark seams in th
altered fractures min

e left hand corners of the drillcores gre k)drotkennm'ly
eralised with microcrystalline Ppyrite,
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PLATE 3:9-4. Sawn surface of sample illustrated in Plate 3:9-3. Note fine-grained textiire
of the reduced phonolite and the elongated fracture dependent forms of the

black pitchblende nodules.




Sawn surface of sample illustrated in Plate 3.9-5. Noge the sharp redox front
in the microxenolithic, Sine-grained phonolite. The lefi-hand part consists
of reduced rock, light-grey coloured, and shows microporosities and one
(kidney shaped) millimetre-sized pitchblende nodule (upper left, about I cm

319
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@ White colouyeg core of hydrothermally alyerey and argillised roci
{(Phonolite), Surrounded by q blgck nodule-form ing pitchbiende zone and g
fine externg] Yellowish whige clay shell. Note the “horizontal” zone which is
exiremely rich in secondary coarse-grained pyrites in the {op portion of the

Pitchblende zone {vellow reflectivity). This probably represents o Jormer
water table-relateqd Phenomenon,

|




Appendix 4

‘Whole-rock geOchem.lcal data and geochemical profiles of
| R boreholes F1, F3 and F4. |

| (Complled by N, Waber, University of Bern),

T T
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Abbreviations

LPh =~ leucocratic phonolite
VLPh = volcanic leucocratic phonolite
PlcPh - pseudoleucite-bearing phonolite
PlcCpxPh - pseudoleucite~clin0pyr0xene-beari ng phonolite
NeS ~  nepheline syenite xenolith

VBr = volcanic breccja -

PhD = phonolite dyke

RF = redox front

ox. ~  Oxidised

red. ~  reduced

a. - argillic

b. - brecciated

L - fractured

L ~ leached

m. ~  mineralised

vm. = vein mineralisation

Analysed Samples

Ns = Nepheline syenite xenoljth

VB . ~  volcanic breccia

PH —  volcanic phonolite
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Borehole F1
Osamu Utsum;j mine, ore body E

Mine coordinates: 9-1WC11

Altitude; 1324 m above sey level
Depth of borehoie: 126 m

Inclination; Vertical borehole

Drilling €quipment: Rotary coring system with water flushing

Core diameter: 47.6 mm
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3832 53.67 36.67 3861 59.45 60.92 5677 38.28

y . 022 o, 0.52 038 0.49 045 050 0.18 0.13
! AR Bas 550 237 218 pp 2169 1310 BI7 2141 e 20514 22?3 22';;

365 7.33 3.50 357 em g 3.30 2.0 356 146 149 0.81 0.73 0.92 0.88
Mr0 0.00 0.00 001 000 0go  goo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Mg0 0.02 013 0.01 004 g5 0.04 0.02 0.06 0.05 0.03 0.04 0.00 0.00 0.03 p
C20 0.00 0.00 0.00 000 000 guo 0.00 0.00 0.00 0.00 0.00 p
Na,O 035 0.18 027 0% 303 g 0.26 030 2.19
K0 1233 595 1364 135 BS3 n4a 5
P,0s 0.07 0.05 0.02 0.03
H,0 E%7, .

F
F .4, . na. DA, n.a, n.g. na.
B 4585 1324 1497 1067 8 418 553
R 351 39 304 M5 as3 355 k3] 9 M7
i 163 243 180 183 155 174 1
36 ;m 139 46
f P 19 x| 3¢ 19 9 45 9 5 136
f R 5 23 b.d. 11 b, 43 11 13
] T gg ::[l ;;J gg ;.54 22; 733 26 16 k' 28 a7 78 145 21 65
108 51
Nb 121 74 125 143 47 104 197 N 4 . s u o >
216 149 114 145 43 45 68 19
Ia a7 289 117 97 256 211 121 1498 176 140 12 137 k)] 1128 .
Ce 805 192 b.d. M 268 1606 574 1276 327 136 137 185 1584 746 e
Nd s 114 21 51 71 26 42 288 67 Ly e d 40 55 254 4(‘;8s
Y 76 206 37 39 60 k' 53 103 43 53 61 70 102 92 2
Zr 912 7847 567 649 403 420 892 977 1y 783 02 560
v 238 1352 150 156 212 155 143 165 357
IE: blt; b.g, b.dg. b.d, 14 b.d, b.d,
i b.d. 9
b.d. b.d.
Cu b.d, b.d
Zn 20 46
Hr n.a. 169
Ga 37 n.a
S 2 [
S b.d, b.d

XR.F-dal.a; na, = por dnalysed, b.d, - belowdclection.




Borehole F1: Major and trace clement analyzes (contd.).

Sampie 42-1A 43-1A 45-1A 47-1A 50-1A 5514 59-1A 59.1B 63.1A 67-1A-A  67-1A-E 6B-1A 68-1AA  68-1AB 68-1AC
Depth (m) 41.87 42.1 487 46.1 49.82 5433 58,15 58.35 62.9 66.17 65.27 67.08 67.15 67.25 67.35
Rock type LPh LPh LPh LPh LFh LPh LFPh LPh LPh LPh LPh LFh LPh LPh LPh
Red/RF  Ox/RF Ox. Ox/t. Oxfa. Ox/a,f.  Ox. Ox/a. Ox/a,f.  OyRF Red/RF Red/a, b, Redfa, b, Red/a,b. Red/a.
5i0, 5382 34 37 54.52 5675 572 5636 54.76 5420 54.85 55.21 54.92 34.10 55.22 55.50 54.13
TiO, 0.67 054 0.58 0.75 0.38 0.53 0.45 05% g4y 0.49 0.48 0.52 0.50 052 0s2
Al,Oy 23.28 22.66 2356 2256 23.56 22.08 23.77 2328 24.13 2353 22389 2145 22.64 214 21.77
Fe,, 2.78 456 4.05 197 1.46 330 7 4.33 in 321 352 4.0? s 376 in
MnO 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.60 0.00 0.00
MgO 0.03 0.07 0.03 0.06 0.00 0.06 0.04 0.05 001 008 0.04 011 0.09 0.12 010
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0m 0.00
Na,O 1.25 151 0.30 0.16 0.28 0.16 0.57 021 0.25 0.31 0.39 1.31 0.24 025 0.18
K0 129 1239 13.11 13.75 12.84 13.03 1259 11.7% 12.45 1339 13.1¢ 1256 13.20 1328 13.06
P20 0.07 0.09 0.07 0.09 0.05 0.08 0.09 0.10 0.06 0.06 0.05 o.05 0.05 0.05 0.05
H;O 37 335 2.86 295 303 3.98 328 4.97 350 2.68 3.87 484 3.599 394 4.29
CO, n.a. na. n.a. n.a. n.a. n.a, n.a. na. n.a. n.a. na, n.a. na. n.a. na,
Total (".%) 9859 99.55 99.08 99.04 98.81 9958 9927 99.52 9947 98.96 99.26 9943 99.74 957 9782

F {ppm) n.a. n.a. n.a. 1340 n.a. 1095. LEN 1000 n.a. na. na, na, 1091 1220 883
Ba 540 57 510 02 578 524 598 528 587 1449 385 383 30 298 315
Rb 343 i 313 32 13 309 25 283 311 295 286 309 29 295 27
Sr 205 191 158 160 196 180 207 211 226 140 149 196 192 167 148
Pb kY 21 17 35 b.d, n 29 27 59 8 13 22 15 13 b.d.
Th 28 105 30 75 41 27 61 58 42 3 k) 17 9 12 8
U 2305 49 190 212 91 153 263 308 198 42 131 191 61 45 25
Nb 21 197 324 184 70 23 27 328 255 238 268 306 244 257 220
La 259 235 250 412 183 428 298 361 281 208 197 213 233 229 208
Ce 152 188 72 2331 204 301 14 401 150 186 242 188 178 157 14§
Nd 70 69 97 85 84 7% 90 g 60 47 82 46 33 25 16
Y 99 55 59 68 86 66 101 141 56 6 52 38 a8 » pX|
Zr 945 1451 752 857 3057 1101 1794 2208 596 649 1102 826 1425 1004 588
\4 183 312 171 400 135 170 263 269 29 200 148 318 259 244 251
Cr 13 20 12 b.d. bd. b.d. b.d. b.d. b.d. bd, bd. 14 b.d. b.d. bd
Ni 11 7 7 b.d. 7 b.d. 10 b.d, 6 7 7 6 b.d. b.d. b.d
Co 7 10 b.d. b.d. b.d. b.d. b.d. b.d. b.d, b.d. bd. bd. b.d. b.d. b.d
Cu b.d. 8 4 b.a. 4 bd, 4 b.d, 4 4 4 b, b.d. b.d. b.d.
Zn b.d. 47 25 20 b.d. 80 9 14 7 b.d. 9% 21 1 it 13
_ Hf n.;- na, n.a. 13 n.a. 11 n.a, 27 n.a, n.a. n.a. na. 15 7 2
Ga 532 48 41 n.a. 29 na. 45 n.a. 43 40 33 7 .
2 Sc 6 8 b.d, 5 bd. 6 bd. 6 bd. b.d. bd, 46 " e 5
o S 1170 b.d, 62 b.d. 32 b.d. b.d, b.d. 47 350 16028 1414 1527 7384 7115

XRF-data; na. = pot analysed, b.d, = below detection,
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Sample
Depth (m)

Cu

1109
116

113

167

3670
0.43
2151
335
0.00
0.10
0.09

36.10
04g
21.69
3.28
0.m
0.02

315
112
bd.

2t

243

133
203
49

667
111

1218

Rey,

5652

b5

na
10
342
Im
b.d

13
241

n7

453

375

e
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Borehole F1. Major and trace element analyses (contd.).

Szmple 10d4-14 105-14 106-1A4 10714 10914 109-1RB 111-1A 112-1A 113-1aB 11314 113.1B 117.14 118-14 119-1A 121.14
Depth {m) 103.% 104 .82 105.43 106,78 108.92 108,98 110.13 111.12 111.2 11213 11242 116,96 117.75 118.2 120.17
Rock type LPh VBr LPh LPh LPh LPh LPh LPhH LPhR LPh LPh LPh LPh LPh LPh
Redfm, Red/avm. Redjr, Red/f. Red/a, f, . Red, Red. Red/vm. Req. Red. Red. Red/a, Red. Red, Red.
S0, 56.71 42.40 55.20 56.96 51.20 56.88 56,09 5597 56.36 59.03 5951 5573 56.86 56.15 61.54
TiQ, 035 0.37 048 0.52 0.72 0.5 0.48 056 041 G.08 0.39 0.55 0.32 0.49 0.08
AlOy 2173 20.48 21.66 21.92 25.54 2225 22.18 18.51 2.7 2.18 21.63 2.4 21.76 22.66 19.12
Fe,. 238 1.56 320 2.56 3.84 228 312 5.64 3.09 0.73 0.99 313 2.75 2.44 0.84
MnO 0.01 0.00 0.00 0.G1 003 0.00 0.0¢ G.00 0.00 0.01 0.00 0.00 .02 0.02 0.01
MgO 0.04 0.00 0.02 0.04 007 0.06 0.03 0.02 0.08 0.2 0.05 G.07 0.4 0.02 0.00
Ca( .00 0.09 0.00 0.00 0.46 0.00 0.00 0.00 0.01 0.50 0.28 0.13 0.02 0.06 G.24
Na,0Q 0.13 0.49 0.86 0.07 0.36 0.23 0.43 054 G.36 0.0s 0.21 0.39 0.28 0.44 0.60
KO 13.40 10.40 13.86 13.61 8.23 1351 13.96 1385 13.680 14.13 14.42 12654 13.24 12.86 15.02
P,0; 011 0.68 0.10 0.6 0.09 0.09 005 0.04 0.04 0.07 0.65 0.06 0.09 0.07 0.05
H.O 3% 5.33 3.13 3.24 7.50 347 2.99 . 325 217 221 4.11 3.58 370 1.25
CO, n.a. n.a, n.a. n.a. n.a, n.a. n.a. n.a. n.a, na, na, n.a, n.a. na. n.a.
Total (»t.%%) 9840 87.80 99.51 98.99 98.04 90.28 99.33 98.83 98.91 . 98.97 99.75 99.46 98.96 98.91 98.75
F (rpm} n.a. n.a. n.a. n.a. na. 1102 na, n.a. 1331 . n.a. 2343 1098 n.a. n.a, n.a,
Ba 1095 937 i 719 446 891 589 376 634 882 761 860 86 783 715
Rb 316 151 29 33 197 286 304 290 308 345 3 284 308 285 k)
Sr 480 689 453 255 112 421 237 289 180 240 188 155 100 128 130
Pb 7 1262 9 b.d. b.d. b.d. 48 11 b.d. b.d. b.d, b.d. b.d. b.d, b.d.
Th 127 3451 9N 29 12 83 59 45 s 52 22 13 26 51 40
U 18 210 51 25 94 10 24 24 b.d, 17 b.d. 79 12 42 16
Nb 202 105 225 229 336 208 285 507 224 17 91 303 7% 338 83
La 168 14204 276 153 259 308 259 K rp) S04 193 417 259 167 227 233
Ce 258 22807 435 240 446 243 i 72 538 M1 374 230 293 21 3 {1]
Nd 2 5578 97 < 41 65 41 88 187 127 60 68 47 41 69 65
Y 89 970 127 67 77 68 59 110 91 88 59 72 51 46 43
Zr 2323 405 1559 1754 2084 898 855 2788 2790 1735 740 2068 73 431 258
A\ 592 247 258 311 90 408 176 185 247 257 218 231 155 97 k']
Cr b.d. 102 b.d. b.d. b.d. bd. b.d. b.d, b.d. b.d, b.d. b.d, b.d, b.d. bd.
Ni b.g 93 12 bd. b.d. b.d. [3 15 b.d. bd. b.d, bd, b.d. b.d. b.d.
Co b.d. 9 b.d. b.d. b.d. b.d. b.d. -b.d, b.d, b.d. b.d, bd. b.d, bd, b.d,
Cu b.d, 21 4 b.d, bd. b.d. 4 4 b.d. b.d, b.d, b.d, b.d, 4 4
Zn 139 4424 145 107 119 151 83 188 81 81 144 49 - 42 109 19
Hf n.a. n.a, n.a. n.a. n.a. 8 n.a. n.a, '] na, 6 23 n.a, na. n.a,
Ga 56 k” 41 42 37 na, 36 41 n.a. 40 na. na. 43 31 ba'l
Se 7 8 bd, 7 4 4 b.d. b.d. 4 7 4 4 6 bd, b.d.
S 16081 TSR 14482 10079 15148 842 11823 29553 4191 2459 3831 3743 11741 11914 2366

XRFdaia; n.a. = not analysed, b.d. = bejow detection.
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Borehole Fi: Major and trace element analyses (contd.),
Sample 126-1A  126.18a 126-1BB
Depth (m) 12535 1255 125.7

Rock type LPh LPh LPp
Red, Red, Red,
5i0, 36.09 3656 5572
TiO, 045 053 0.69
AlO, 22.10 2203 214)
Fe,, 1.83 236 283
Mno 0.13 Q.11 0.4
MgO 0.02 0.06 0.07
CaQ 1.og 0.28 043
Na,O ) 0.32 0.31 0.48
X;0 "1325 13.62 13.22
Py0; 005 0.06 0,06
H;0 350 346 393
Co, n.a. n.a. n.a.
Toral (»1.%) 98.83 99.38 99.28
F (prm) na. 2100 2793
Ba 750 843 824
Rb 301 296 201
Sr 206 132 131
M b.d b.d. bd
Th 4 10 5
u 7 b.d. b.d
Nb 97 100 131
La 301 asz 457
Ce ass 3m 430
Na 7] 49 7
Y 55 33 44
Zr 248 403 532
A 232 47 393
Cr b.d. b, b.d
Ni b.d. ba. b.d
Co b.d. b.d. b.d
Cu 4 b4, bd
Zn 132 7 139
Hf n.a bd 1
Ga 37 na na
S b.d 5 ]



Borehole F1; As and Se-analyses,

Sample Depth Rock Type As Se
(m) (ppm) (ppb)

F1-16-1A 15.05 VLPh Ox, 5 n.a,
F1-26-1A 25.17 VLPh Ox. 21 139
F1-33-1A 32.94 VLPh Ox. 5 n.a.
F1-34-1B-E 3363 VLPh Red. 5 n.a.
F1-39-1A 82 LPh Red. b.d, n.a.
F1-42-1A 41 87 LPh Red. . bd. 14
F1-43-14A 42.10 LPh Ox. 13 62
F1-45-1A 44 87 LPh Ox. 17 n.a.
F1-59-1A 5835 LPh Ox. 50 n.a.
F1-66-14 65.92 LPh Ox, 4 n.a,
F1-67-1A-E 66.27 LPh Red, 7 n.a.
F1-68-1A 67.08 LPh Red. 10 n.a.
F1-74-1A 73.70 LPh Red. b.d. 0.74
F1-91-1A 90.80 FicPh Red. 7 n.a.
F1-101-1A 100.32 LPh Red, na. 14
F1-105-1A 104.82 VBr Red, b.d. n.a.
F1-119-1A 108.92 LPh Red. 7 n.a.
F1-122-1A 121.75 LPh Red. n.a. 14
F1-126-1A 125.35 LPh Red. 17 n.a,

As: manual XRF-data (detection lmit 1 ppm),

Se: neutron activation data,

n.a. = not analysed; b.d. = below detection.
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Borehole F3

Osamu Utsumi mine, ore body E

Mine coordinates:
Altitude:

Depth of borehole:

Inclination:

Drilling equipment:

Core diameter:

9-1NH47

1320 m above sea level

80 m

55° to the horizontal plane

Rotary coring system with water flushin g
0.0-2745m:63.5mm

27.65-80.0m: 47.6 mm

339
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Borehole F3: Major and trace element analyses.

Sample 214 10-2A° 20.1B 314p BB 2814 3514 431A 46.1B 4894 9-1A 5304 sega 1A @914
Depth (m) 125 945 1975 20.80 2238 2723 358 41,98 4584 47.27 48.60 5251 58.49 63.85 68.50
VLPh VLPh PleCpxPh  P1 xFh PleC PleCpoPh PleCpxPh PleCpxPh PleCpxPh PleCpxPh pi xPh PicCpxPh PlcCpxPh PleCpxPh PleCpxPh

Rock type Red/a, b. Red. Rcdc:m Rectﬁp Rad pxPh Red. Red , Red/a, b, Red. - Red. Recd.cfg. v, Red/b, vm, Red/b, v, Red, Red,
S0, 53.75 56.00 54.74 54 55.14 5558 57.29 54.95 56.64 56.76 5558 5532 5359 55.62 56.32
TiO, 047 0.61 045 0.41 0.39 0,35 0.43 .41 0.44 0.40 039 0.38 043 040 0.40
AlO, 21.65 21.48 2201 21.84 21.56 21.33 23.23 2276 23.19 2283 20m 214 21.97 2216 21.62
Fe,, 4.22 3.02 339 3.56 3.25 2.67 .21 277 1M L0s 322 297 322 2.24 241
MnoQ 000 0.00 0.00 0.00 0.00 0.00 0,00 0.00 000 0.00 0.00 0.00 0.00 0.00 000
MgzO 0.11 0.16 020 0.17 0.11 022 017 012 0.16 0.11 0.20 0.15 0.14 .11 0.11
Ca0) 007 0.10 0.07 0.07 0.04 0.07 0.08 0.06 0.07 0.04 0.07 0.05 0.10 0ns 005
Na,O 0.83 1.62 0.9¢ 1.22 095 0.88 105 0.80 099 0.77 162 0.89 122 105 113
K0 11,58 1316 1350 13.21 13.16 13.40 1356 1274 137 1343 1341 1349 11.87 13.38 1359
P04 0.14 0.14 0.09 0.09 Q.08 0.30 0.07 010 Q.06 0.06 0.08 021 0.36 0.11 0.08
HyO 505 3.47 3.03 3.16 3.18 2.96 2.23 342 1.86 2.23 261 2483 4,22 258 251
cO, 0.33 033 0.19 0.44 0.38 0.27 0,10 0.32 0.16 0.12 0.24 0.25 0.26 0.23 0.24
Toral (».%) 98.17 100.09 98.57 98.91 98.24 98.04 9942 98.45 98.63 F7.80 99.43 9799 97.38 97.93 98.46
F (ppm) 1706 1495 1738 1671 1631 1597 1354 1302 1478 1145 1369 157 1830 121 1312
Ba 4449 357 741 51 704 1941 692 965 540 1215 7 1M6 2072 847 ™9
Rb 235 280 303 277 24 27 s 268 3 301 285 285 249 282 315
Sr 307 531 435 508 436 ) 617 456 675 559 481 798 842 622 619
b 13 62 96 136 19 69 39 20 16 a0 401 38 385 41 11
Th %0 44 23 41 45 47 61 158 41 76 40 18 113 k] 30
U 81 50 111 58 36 120 17 b.d. b.d, b.d. 25 169 116 25 30
Nb 325 296 246 2n 198 207 238 p.rx) 237 212 190 228 248 01 228
La 1551 617 556 s 622 511 27 22 199 273 25 308 838 399 220
Ce 1626 546 550 576 643 539 265 240 189 269 299 3m 907 382 158
Nd 366 119 126 139 137 115 43 52 30 &0 53 &5 162 0 bd,
Y 125 as 132 148 117 183 B3 B2 102 93 67 84 119 ;S &0
Zr 1090 643 1788 1691 968 2914 883 679 1002 1124 1266 2782 19 m 929
v 120 175 i 143 132 181 35 773 147 233 203 225 i 315 283
Cr 10 b.d. b.d, b.d. b.d. b.d. bd, b.d, b.d, b.d. b.d. b.d. b.d, b.d, b.d,
Ni b.d. b.d. bl b.d. bd. b.d, b.d. b.d, b.d. b.d. bd b.d. b.d. bd. b.d,
Co 4 4 5 4 b.d, b.d. 5 4 7 b.d. 4 4 b.d, b.d, bd.
Cu b.a, b.d. b.d. b, b.d, b.d. bd. b.d. b.d. b.d. b.d. b.d. b.d. b.d, b.d.
Zn 371 185 172 285 299 279 108 298 97 156 338 307 472 32 239
Hf 13 5 24 21 7 3B 11 4 12 14 13 M 26 6 8
Sc 5 5 8 7 7 5 5 5 5 5 6 5 8 6 5
$ 12480 8498 13969 9502 8621 7188 1011 7968 504 1406 7367 8747 11011 5193 5937
XRF-data; ng, = tot analysed, b.d. = below detection,
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Borehole F3: Major and trace element analyses (contd.).

Sample T2-1A  H-1B 751A T9-A
Depth (m) 71.07 73.62 74.66 7875
Rock type PlcPh PicPh  PikcPh  PicPh
: Red/f. Red. Red. Red,
Si0, . 56.83 5547 5541 $5.87
TiO, 048 063 051 0.49
AL, 2.46 084 2110 21.35
Fe 126 291 331 3.9
MnO 0.00 0.00 0.00 0.00
0.15 010 0.13 0.09
Ca0 0.05 0.04 0.04 0.03
Na,O 115 1.01 0.93 0.92
KO 13.84 13.23 132 13.24
P,0;s 0.08 0.12 0.11 0.07
H,O 183 3.9 3.4 3.05
Co, 0.09 0.24 027 023
Total (wt.%) 98.19 97.68 98.37 98.43
F (ppm) 1487 1280 1332 1229
Ba 354 752 630 627
Rb 27 302 299 20
Sr 559 222 307 214
Pb 15 0 28 40
Th 55 103 at 66
U 43 bl 64 17
Nb 47 250 266 249
La 276 549 354 220
Ce 271 561 324 190
Nd 51 114 59 37
Y 71 101 87 49
Zr 1449 2011 1650 1159
v 205 180 212 211
Cr bd. b.d. b.d. b.d.
Ni b bd b.d. bd.
Co s b.d. bd. bd.
Cu bd. bd. b.d. bd.
Zn 74 189 320 23
Hf 21 27 22 11
Sc 6 6 6 5
$ 863 7988 8904 7889

XRF-data; n.a. = not analysed, b.d. = below detection.
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Borehole F4

Osamu Utsumi mine, ore body B

Mine coordinates:

Altitude:

Depth of borehole:

Inclination:

Drilling equipment:

Core diameter:

8-1UK11

1332 m above sea level

414.76 m

55° to the horizontal plane

Rotary coring system with water flushing
0.0-100.22 m : 63.5 mm

100.22 - 414.76 m : 47.6 mm
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Borehole F4: Major and trace element analyses,
Sample 19.1A 22-1A 3914 91-1B 107-1A 123-1A 129-1A 210.A 210-AB  210-A2 210-A3 212.4] 212-A2 243-A1 243.A2
Depth (m) 18.61 21.1 38.75 $0.05 106.44 12271 128 48 209.59 20959 20959 209.59 2127 2127 2433 243.3
Rock type LPh Ne§ FlcPh NeS NeS§ NeS§ LPh LPh LPh VBr LPh VBr VBr VBr VBr
Ox/a, Ox/a, Ox/a. Rednh. Red/a,b. Redim, Red/by, vm, Red/b, vm. Red/b, vm, Red/m . Red/b, vm, Red/m, Red/m, Red/m, Red/m,
Si0, 53.04 5348 54.33 52.60 54.16 5518 5248 5444 53.66 524 52.61 55.06 .47 55.08 49.23
TiO, 0465 0.7¢ 0.99 0.55 0.50 0.44 0.41 045 052 0.48 033 0.38 052 051 0.as
AlyO, 522 24 88 2375 22,49 23.07 20.11 18.64 2085 2063 21.91 20.63 22.08 21.18 21.82 1783
Fey, 279 241 257 3.16 2.99 .57 389 509 4.61 332 5.99 O | 3.26 2,72 739
MnO 0.00 0.17 0.02 0.00 016 0.40 091 .01 0.01 0.01 0.01 0.0 0.02 0.02 0.03
MgO 0.16 .12 .12 0.17 0.19 0.10 015 016 0.17 0.1% 0.13 0.17 0.19 0.19 0.12
Ca0 0.4 002 0.02 163 1.32 1.19 249 0.11 0.13 0.22 0.7 .51 0.39 0.14 03
Na;O 1.04 0.83 0.74 0.80 1.90 0.55 053 0.01 0.01 0.01 0.01 0.01 0.m 0.01 0.01
KO 1164 11.96 1248 12.77 946 13.27 1224 13.12 12.5% 12.12 1248 12.96 12.5% 129 11.24
P,0yq Q.17 0.13 0.14 0.09 .11 0.05 0.18 027 0,31 0.55 0.27 0.26 0.58 0.35 0.56
H,0 am 3.54 2.9 3.90 4.07 253 3.68 4.77 5.1 5.05 6.3 459 4.39 kKR ] 7
CO, 0.12 0.15 0.19 .19 0.44 0.69 142 n.a, n.a. n.a. na, n.a, na. n.a, na.
Total {wt.%)} 98.66 98.36 98.27 98.36 98,37 98.08 97.02 99.28 9.7 96.26 99.53 9977 97.56 9172 .06
F {(ppm) 1820 1699 1544 8101 5946 6989 11579 n.a. n.a. n.a. n.a. na. n.a. na. n.e
Ba 679 815 1312 787 677 780 444 655 45 i | 780 651 437 437 311
Rb 248 282 280 318 239 289 48 300 278 27 283 201 310 303 288
Sr 123 144 100 335 387 176 517 454 415 726 561 49 07 1452 1372
Pt 39 313 43 5 5 11 59 87 68 363 59 63 185 62 1R
Th 51 ] 62 28 17 17 62 72 1% 121 94 97 244 54 84
U 167 118 101 43 8564 78 184 1480 1509 2235 1714 899 4212 ™ 5057
Nb 254 264 299 215 276 148 232 241 262 29 183 178 458 I 498
La 1836 1230 634 1% 395 186 1641 s 876 1328 674 726 1422 280 514
Ce 1459 1658 659 538 396 189 2253 829 1030 1568 743 835 1785 376 631
Nd 48 266 142 108 70 35 41 212 285 439 185 208 488 104 N
Y 83 147 120 35 32 62 105 159 247 245 125 120 238 n 139
Zr 616 1072 1167 45 383 2082 4529 4498 16574 9715 2132 2779 7449 15242 19997
v 268 404 418 Hs 338 192 146 260 250 400 228 17 m 2 129
Cr b.d. bd. b.d, b.d. b.d. b.d. 12 9 14 18 i3 11 16 8 21
Ni b.d. bd. b.d. bd, bd, bd, bd. 98 235 595 3 50 158 M 117
Co 6 ] 6 4 5 5 9 3R 32 5N n 15 27 P 23
Cu b.d, b.d. b.d. b.d, b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d, b.d, b.d, bd.
Zn 76 74 72 3z ™ 256 68 1965 1850 276 261 1284 2699 55% 2758
Ga n.a. na. na, na. na. na. na. 36 M 45 33 42 43 43 M
Hf 5 10 9 b.d. b.d, 25 57 7 150 138 38 48 115 203 245
S 4 6 6 3 b.d 4 3 n.a. n.a, n.a. n.a. na, n.a. n.a. it.a.
s 96 56 b.d, 18134 5498 13941 2271 20611 21911 21658 27858 15870 15381 17203 Mi1s2
XRF-date; n.a. = got analysed, b.d. = below detection,
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Borehole F4: Major and trace element analyses (contd.).
Sample 243.A3 243-Ad4A  243-AdB  243-AS 243-A6 252-A1 252-A2  252.A3 252-Ad 252-A5 252-A6  252.A7 265-1A-B 383-A 3B6-A
Depth (m) 2433 2433 243.3 2435 2435 252.7 2527 2527 2528 2528 2528 2528 264,35 38255 38552
Rock type VBr VBr YBr NeS NeS NeS NeS NeS VBr VBr VBr VBr NeS YEBr VBr
Red/m. Red/m, Red/m, Red/m. Red/m. RedAvm. Redfvm. Red/vm. Red/m. Red/m. Red/m, Red/m. Red/m. Red/m, Red/m,
Si0, 523t 54.94 56.99 593 60.02 5377 5421 55,11 5253 54.37 54.02 51.36 5045 4.9 48.62
TiO, 0.48 047 0.4 0.2 0.14 0.81 0.76 0.81 0.56 0.53 Q.75 0.55 0.49 0.3s 2.86
AlyO; 2103 2032 19.14 19.12 19.75 238 23.39 23.08 2055 16.62 16.91 15.42 2298 1386 14.78
Fero: 3.52 246 219 L7 157 3 3.05 242 235 5.22 4.02 3.54 432 NAU 16
MnO 0.02 0.03 0.03 0.03 0.02 0.01 0.01 0.01 0.02 0.02 0.03 0.04 0.07 0.02 0.1
MgO 0.17 0.12 0.1 0.1 0.12 0.17 0.16 0.12 01 0.t 0.1 0.1 0.4 0.1 0.1
Ca0 0.28 0.22 022 0.22 0.26 0.63 113 0.4 0.2 0.08 0.11 012 0.60 0.23 0.25
Na,O 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.62 0.01 0.01
KO 217 12.48 13.09 1393 1436 1218 123 12.12 10.54 1193 11.06 .M 11.30 1139 12
P70 0.6 049 0.56 0.35 0.25 0.24 0.21 043 1.06 0.29 0.39 0.43 0.32 0.16 0.09
H,0 5.13 413 3.82 3.02 2.48 456 505 4.7 536 4.7 3.49 am 451 946 7.69
(‘;()2 na. nAa. na. n.a. n.a. n.a. n.a. n.a. n.a. n.a. na. n.a. n.a. na. n.a.
Total {(w1.%0) 95.72 95.67 96.49 98.04 98.98 .77 100.28 99.21 93.28 9391 90.89 85.42 965.22 9772 100.65
F (ppm) n.a. na na. na, na. n.a, na, na. na. n.a. na. na. 3665 na. n.a.
Ba 444 374 504 34 302 478 511 595 369 252 | 0 1135 1001 1154
Rb 333 EX7 328 31 312 257 251 259 208 213 224 in 277 239 262
Sr 1623 1406 1555 1286 1013 1140 1088 2001 3750 730 880 741 355 330 20m
Pb 109 86 84 59 52 70 61 113 306 676 434 254 43 37 b
Th 114 L 115 68 45 41 38 1M 390 131 70 157 214 ErL) 236
U 5588 4749 4708 281 1266 135 89 238 858 76 977 1183 281 7 b5
Nb 484 483 453 M5 303 216 193 308 526 554 778 852 258 112 115
La 484 376 412 235 158 14 1 3 989 183 262 56 1396 55 185
Ce 585 478 509 4 295 23 1% 427 1097 323 438 490 1809 a7 244
Nd 145 133 144 82 80 48 42 100 284 100 139 17 K1y 110 53
Y 150 138 1 1i7 94 67 56 118 %3 2 325 384 320 146 111
Zr 17486 19297 19168 14268 13671 4429 3152 8549 24260 24853 32300 41857 4621 226 1781
v 222 152 7 55 87 151 132 220 169 85 120 92 M » 462
Cr 14 14 15 11 10 6 6 8 16 14 15 16 b.d. 16 18
Ni 7 56 72 40 28 9 9 18 49 38 48 50 b.d. 18 17
Co 17 12 15 13 18 7 6 4 19 49 32 28 5 b.d. 2
Cu 15 14 16 bd. b.d. b.d. b.d. b.d. 24 b.d. 16 17 b.d b.d. b.d.
Zn 627 998 751 a7 378 » 475 i7s 64 1941 767 90 506 653 242
Ga 42 M 24 30 40 43 40 41 31 23 21 18 25 25
HI 232 260 254 189 182 70 54 128 385 337 4R 653 63 5 27
Sc n.a. n.a. na, na, n.a, na, n.a. m.a. n.a. na. na, na. 5 na. na.
8 14509 11787 12211 47983 45638 3625 41316 11145 11516 27360 20285 18307 21098 76425 54466

XRF-data; n.a. = not analysed, b.d. = below detection.
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Borehole F4: Major and trace element analyses (contd)),

Sample 3%4-A A13-1A-A 413-1A-B 413-1A-C 413-1A.D 413.1A-E
Depth (m) 394,51 41185 412,15 412,45 412.75 412.98
Rock type Ne$ NeS NeS NeS NeS Ne$

Red/m.  Redf, Red/f. Red/f. Red/f. Red/f.
§8i0, 5813 54.86 54.64 55.62 5728 5242
Tio, 059 0.71 0.87 0.65 0.38 1.1
AbOs 1956 18.67 19.00 18.94 17.44 17.88
Fe,, 373 435 421 4.11 4.2 6.78
MnO 0.01 112 0.99 0.42 0.11 135
MgO 0.11 G.15 0.14 0.17 0.09 0,11
Ca0Q 0.49 0.27 021 0.42 0.49 0.15
Na,O 0.01 0.68 0.67 057 0.63 050
KO 14.52 1333 1327 13.38 14.14 12.92
P;0; 011 0.03 0.05 0.05 6.05 0.03
H;O 317 2.4 21 292 2.6z 2.7
CO, na 185 153 0.95 0.40 195
Total (w1.9%) 100.43 98.06 97 98.20 9783 97.94
F (ppm) na. 23 217 929 3320 2158
Ba 445 670 685 619 59 554
Rb 381 411 414 406 450 393
Sr 515 205 172 218 219 179
Pb 22 11 12 8 13 18
Th Bl " 8 k| 44 52
) 110 56 48 38 &4 65
Nb 350 454 as7 346 520 597
La 175 m 325 324 349 379
Ce 238 2 as7 333 401 7
Nd &5 55 3 58 72 82
Y 30 39 36 27 32 33
Zr 10%4 2432 1876 1223 1629 1515
v 157 98 %0 81 45 111
Cr [ b.d. b.d. b.d. bd. b.d.
Ni 12 b.d. bd b.d. bd. b.d.
Co 8 9 8 8 5 10
Cu b.d. b.d. b.d. b.d. bd. bd.
Zn 18206 20 295 568 475 309
Ga 3% na. i E: na. nAa. na.
Hf 20 31 2 10 19 19
Sc n.a. h) 5 5 3 5
S 15238 9523 12975 13843 15080
XRF-dara: n.a, == not analysed, b.d. = below detection.
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Borehole F4: F4-353 Xenolith, major and trace elements.

Sample Ns1-I1 Nsi-10 Nsi-9 Ns1-8 Ns 1.7 Ns 16 Ns 1-5 Ns 14 Ns 1-3 Ns 1-2 Ns1-1 PH
Depth {m) A53.40 35341 15342 353.43 353.44 35345 353.46 353.47 35348 35349 35350 353.52
Rock type NeS NeS Ne§ Ne§ NeS NeS Ne§ NeS§ Nes NeS Nc§ PuD
Red. Red.  Red.  Red.  Red  Red  Red.  Red,  Rug Red.  Red.  Red.
SiOy 55.00 54.00 53.90 5250 50.60 49,70 50.60 50.90 51.00 50.90 5220 5%
Al 04 18.70 19.30 20.40 20.40 20.20 20.10 19.90 2080 2030 20,40 21.20 19.60
TiO, 127 150 1.33 133 151 1.40 126 1.08 1 117 086 0.66
Fe,0, 4.60 445 389 4.82 6.30 6.38 6.28 539 561 5.58 4.76 5.07
MO 0.98 0.56 082 087 138 152 170 1.39 151 1.40 113 0.73
MgO 0.13 0.20 0.22 025 029 o028 0.28 0.29 0.28 029 0.25 021
Ca® 0.03 0.04 0.04 0.06 011 011 0.13 0,11 012 012 0.14 017
Na;O 017 0.08 0.10 0.07 0.11 0.12 0.08 011 0.10 0.11 0.14 0.12
K,O 14.10 13.80 13.90 13.10 12.80 12.60 12.90 12.80 1310 1250 1350 1370
P,0s 0.4 0.4 0.04 0.0 0.06 .07 0.08 0.06 0.06 0.08 0.06 0.05
Lor 377 385 377 a7 539 57 531 5.08 5.16 477 431 4.16
COo; n.a. na. n.a, na n.a n.a. n.Aa. na. na. n.a. n.a. n.a.
Total (".%) 98.84 BEZ WU W2 WIS 1% W2 9w w3 o1m sass 98.17
F {ppm) n.a na. na n.a. na. na. na. e na. na. na. na.
Ba 1370 1360 1490 140 1520 1450 1630 M7 1480 1360 1200 &N
Rb 27 305 303 I 204 2 292 M 293 38
Sr 306 274 280 138 422 443 606 1040 740 1210 957 584
Pb n.a. n.a. .. na. A, na. na, na na na. na. na,
Th 2 32 a0 32 33 33 34 30 0 » k1] 27
U 23 274 203 18.6 19.8 16.5 16 13.6 13.4 15.2 138 24
Nb 285 an 7 % 3 34 306 264 7 288 m m
La 201 195 162 182 226 278 32 275 273 349 285 211
Ce 255 260 208 262 M5 49 59 410 408 535 395 311
Nd &4 56 52 [ 87 104 147 108 105 140 101 [
v n.a. na, na. na. na. na, na. na ne. na, na na.
Zr 644 915 B89 93 ™1 726 627 L8 564 737 [ 1050
v 100 120 140 160 140 140 120 130 130 110 140 140
Cr 23 19 19 14 0.9 29 27 09 41 8 11 3
Ni 4 1 b.d. 2 3 3 2 3 2 4 3 3
Co b.d b.d. 0.8 bd. 0.7 b, 13 08 0.6 18 08 b.d.
Cu 5 55 3 5 55 4 35 55 as 5 5 5
Zn 240 130 130 200 300 k¥ )] 30 210 260 200 210 280
He 1 17 16 17 15 13 11 11 10 13 12 17
Pl 0.53 0.66 0.6 073 1 0% 1 0.82 0.83 1.03 084 1
s na. na. n.a. na. n.a. n.a. na. na n.a. n.g. na. na.

ICP-data; na. = not analysed, b.d. = below detection,
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CA

w2 Sample VB21 VB22 VB23 vypag VB25 vyBag
Depth (m) 35353 534 35385 35356 353.57 35358
Rock type VBt VBr VBr VBr VBr VBr

Red, Red. Red, Red. Red. Red.

5i0, 5580 55.80 5620 55.60 58.00 53.00
ALO, 19.80 19.60 1870 1600 1540 158
T, 035 033 0.42 043 047 0.49
Fey,04 410 5.14 4.98 8.05 521 454
MnO 0.35 051 0.39 0.29 0.26 032
MgO 0.16 0.16 0.15 0.18 0.26 024
Ca0 0.04 0.01 0.02 0.03 0.04 0.05
Na,O 0.15 0.17 0.17 0.13 0.63 054
| &) 14.10 13.80 13.90 1370 1350 1389
Py0s 0.05 0.04 0.05 0.05 0.05 0.05
LOI 385 4.00 i 4.54 in 3.08
Co, n.a n.a. na, n.a. n.a. n.a.
Total {wt. %) 98.77 99.56 98.68 99.26 97.13 97.91
F na. n.a. n.a, n.a. na. na.
Ba epm) 596 570 511 414 431 414
Rb 33s i 341 355 389 396
Sr 238 194 170 7% 183 173
Pb I.a. na. n.a. n.a. na. na.
Th | 3 13 54 140 130
U 25.1 20.6 15.7 23.2 44.8 42
Nb 220 195 136 234 339 280
La 233 218 253 255 254 277
Ce 310 287 312 328 n7 365
Nd 3 76 iz 75 x| 84
Y n.a. n.a, n.a. na. na, n.a,
Zr 1170 1750 1060 7800 23700 18500
v 80 90 82 35 26 28
Cr 06 1.9 0.8 2 28 1.2
Ni 4 3 3 6 2 3
Co 0.6 1 13 2.2 13 09
Cu 45 s 3 45 35 3
Zn 110 100 160 160 140 130
Hr 21 30 17 120 430 330
S 0.65 0.68 0.62 0.52 0.75 0.74
5 n.a. na. na. na. n.a. na.
ICPdata; na. = not analysed, bd. = belgw detection.




1393

Borehole F4: F4-353 Xenolith, As, Mo and Cd analyses,

Sampie Depth Rock type Ax Mo Cd
(m)
Ns 1-11 353.40 NeS 29 50 <l
Ns 110 35341 NeS 30 52 <1
Ns 1-9 35342 NeS 20 44 <1
Ns1-8 35341 Ne§ 26 35 2
Ns 1.7 35344 NeS 23 24 <l
Ns 1-6 35345 Ne§ 16 17 2
Ns 1-5 35346 Ne$§ 15 14 1
Ns 14 353.47 NeS§ 13 15 1
Ns1-3 353.48 Ne$§ 13 20 1
Ns1-2 35349 Ne§ 14 11 2
Ns 1-1 35350 Ne$ 13 13 <1
PhD 35352 PhD 32 x| <1
VB 2} 35353 - ¥Br 37 &7 <1
VB22 353.54 VBr 41 61 <1
VB 2-3 35355 VBr 54 72 1
YB 24 35356 VBr &8s 84 <]
VB 25 35357 VBr 56 61 2
VB 26 35358 VBr 60 5 2
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Borehole F4: F4-413 Xenolith, trace elements,

Sample . 413-1A-4 413-1A-B 413-1A.C 413-1A-D 413-1a-E 413-1A.F 413-1A-G 413.1A-H 413-1AT 413-1A.K 413-14-1 413-1A-M 413-1A.N 413-14.0 413-1A-p
Depth (m) L7217 41186 4198 41210 43595 23 41246 41048 2P 41282 gppq¢ W30 41304 4434
Rock Ne§ Ne§ Ne§ - Ne§ Ne$§ NeS§ Nes§ Nes Nes Nes Ne§ Nes§ e

e Red, Red, Red. Red. Red. Red. Red, Red. Red, Red Red. Red, geg g:ﬁ g:i
Ba (ppm) 887 844 1492 n.a. 1848 na. na. 2662 752 1105 564 764 664 142 413
Rb 333 328 347 na, 315 na. na. 32 356 329 318 a4 ™2 308 282
Sz 225 208 225 na. 210 n.a. n.a, 210 256 e oy 288 i7R 234 139
™ 33 3s 26 n.a. 26 na. n.a. kL) 33 142 38 41 9 40 45
Th 23 23 22. n.a. 23 n.a. na. 23 29 2 27 3 29 25 18
U 33 39 32 n.a. 33 na. n.a, 47 57 32 28 64 54 42 S0
Nb 24 211 191 na. 271 n.a. n.a. 238 226 149 125 371 410 118 386
La 4R 159 150 163 140 195 172 102 157 151 155 189 104 122 22
Ce 273 630 242 352 236 3% 251 180 255 250 258 25 0 226 136
Nd 66 74 60 51 62 73 61 45 67 64 67 83 56 60 15
Y 21 21 18 na. 16 n.a. n.a, 15 32 16 17 14 11 16 5
Zr 312 408 263 n.a. 1N n.a. n.a. 142 346 9% 157 123 7 174 295
v 44 65 52 na, 69 n.a, na, 82 43 59 Y 29 81 93 ™
Cr b.d. 1 1 na, b.d. na, n.a. 2 1 1 3 1 5 10 9
Ni 3 3 2 n.a. 1 na, n.a, 4 3 2 4 1 10 55 2
Co 4 11 11 n.a. 11 n.a. n.a. 7 5 5 7 13 10 8 [}
Cu 8 7 & na, 7 na. na, 28 12 9 108 13 28 167 17
Zn 406 255 244 na. P41 na. n.a. 618 w5 972 702 997 730 757, 508
Hf 6 8 4 n.a, 4 n.a, na, 3 ] 3 3 3 4 4 7
Ga 38 48 57 na. 53 n.a. na. §3 45 54 M 43 42 41 42
Se 4 10 4 na, 3 na, n.a. 7 2 5 I 1 3 1 5
5 n.a, na. na. n.a. n.a. n.a. n.a. n.a. na n.a. na, na. na. na na
As 12 23 39 ra. 18 n.a, na. 88 26 1B 4 37 42 31 16
Mo 30 47 EL] na, 33 n.a. n.a. 27 40 30 23 20 27 25
Cd P 2 1 na, 1 n.a, n.a, 1 ] 3 1 3 12 3 5

ICP-data; n,a. = not anahysed, b.g. = below detection.

e e e e L N e T T e e e
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Appendix 5
Mineralogy of borehole F4.

(Compiled by H.D, Schorscher, University of Sio Paulo).
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TABLE 5.1

Samples selected from drillcore F4 for mineralogical and petrographic stndies.

Sample Depth in m Summarised rock description Radiation

nureber total cps abave by

4-1A 3.30-3.44 Onid. breccia with p'laimy p_honolite and minor nepheline syenite fragments. Fe-ox hydroxides are irreguiarly distributed among 10
rock fragments, being relatively more concentrated along grain boundaries and fractures

14-1A 13.24 - 1351 Oxid, breccia with mainly phonolite and minor nepheline syenite fragments. Fe-ox Mydroxide distribution as above, 10

19-1A 18.47 - 19.26 Onid. breccia with phonolite, pseudoleucite phonolite and nepheline syenite fragments Fe-ox hydroxide distribution as abgve

22-1A 20.82-21.33 Oxid. porphyritic bypabyssal nephefine syenite, Fe-ox.hydroxide distribution as above,

24-1A 22.85-2333 Ondd. hypabyssal nepheline syenite; fractured. Fe-ox /bydroxide distribution as above. 10

29-1A 28.03 -28.17 Oxid. brecciated porphyritic phonolite with pseudoleucite, Fe-ox hydroxide distribution as above,

34-1A 33.05-33.35 Ozdg.(’sorphyritic, xenolithic, phonolite with fine-grained, flow-oriepted groundmass; fractured, Fe-ox /hydraxide distribution 5
as above.

39-1A 38.40 - 39.04 Onxid. subvolcanic porphyritic phonolite with pseudoleucite. Fe-ox ydroxide distribution as above,

54-1A 52.95-53.03 Reduced porphyritic, xenolithic phonolite with pseudoleucite (nepheline syenite xenolith), 5

57-1A 56.46 — 56.61 Reduced_ breecia with predol_'n_ina_nt phonolite and minor nepheline syenite fragments set ina pyrite- and fluorite-rich matrix Fragments 35

' show variable degrees of Pyritisation.

60-1A 59.77 —60.00 Reduced porphyritic phonolite with fine-grained flow-criented groundmass; strong sericitisation, 5

68-1A 67.27- 6737 Reduced porphyritic, xenolithic phonolite (phonolite and nepheline syenite xenoliths), 5

76-1A 75.20-75.45 Reduced breceia with phopolite anq _nepheline syenite fragments and massive violet fluorite mineralisation in breccia matrix and 65
veins. Fragments show variable Pyritisation.

80-1A 79.50-79.82 Reduced breccia (microbreccia); matrix predominates over fragments. These show variable Pyritisation. 85
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TABLE 5-1 (contd.).

Sample Depth in m Summarised rock description Radiation

number total cps above bg

86-1A 85.77 - 86.10 Reduced breccia (| phonolite and nepheline syenite fragments) with blue Mo-mineral (ilsemannite) in some fragments. Fragments show 45
variable pyritisation.

91-18 90.60 - 91.26 Reduced nepheline syenite, fractured and brecciated, together with reduced breccia with nepheline syenite and phonolite fragments of
variable pyritisation,

93-1A 9292-93.04 Reduced breccia (microbreceia) with predominantly phonolite fragments of variable pyritisation. 20

105-1A 104.55-104.72 Reduced hypabyssal nepheline syenite; fractured. 15

107-1A 106.00 - 106.88 Reduced breccia with nepheline Syenite and phonolite fragments of variable pyritisation

111-1A 110.15-11036 Reduced breceia with phonolite fragments of variable pyritisation. Breceia matrix shows fracturing with pytite and/or opague 25
ore-rich fillings.

123-1A 12247-12294 Reduced breccia (fragments of various phonolites) zone in reduced porphyritic to non-porphyritic, fractured phonolite,

129-1A 128.21-128.75 Reduced, porphyritic (fine-grained groundmass) and fractured phonolite.

135-1A 13440 -134.59 Reduced breceia {fragments mainly of phonolites) with fracture fillings and breccia matrix of massive violet Ca Fy, 65

139-1A 138.24 -- 138.56 Reduced, porphyritic (fine-grained groundmass) and fractured phonolite. 15

146-1A 144.95 - 14507  Fractures in phonoiite; fracture fillings of clays, pyrite and muscovite,

148-1A 14697 -147.27 Reduced breccia (phonolite fragments), locally with pyrite and violet Ca F3-rich roatrix and fractures. One level suffered 45
partiai axidation earlier than the main brecciation and Ca F> mineralisation,

135-1A 154.06 - 15432 Reduced breccia with predominant phonolite and minor nepheline syenite fragments. Breceia matrix is partiaily of massive viojet 25
3 O

164-1A 163.30-163.39 Reduced breccia (fragments of phonolites) of Polygenetic origin: the originally magmatic breccia (fragments in a matrix of very 15
fine-grained phonolite) suffered Iate- to postmagmatic fracturing with pyrite and kaolinite mineralisation,

175-1A 17421 -17436  Reduced breccia (microbreccia) with phonolite and nepheline syenite fragments. Breecia is of magmaiic origin (matrix of very 25

fine-grained Phonolite) and suffered late. to postmagmatic fracturing and mineralisation (pyrite, fluorite, zircon, semi-opaque
rare metal minerals, clay rminerals},
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TABLE 5-I (contd.)
Sample Depthin m Summarised rock description Radiation
number total cps above bg
178-1A 17690 -177.12  Reduced phonolite breccia with mineralised matrix, Zonally arranged mineralisation (from phonolite fragmens to matrix): hydro-
thermalised phonolite (freshest rock with K-feldspar and minor sericite, kaolinite and PyTite); zone of argillic alteration
of phonolite (major sericite, kaolinite, increasing pyrite contents and minor zireon and semi-opaque rare metal Minerals);
first discontinuous matrix zone of mainly clay minerals {sericite, kaolinite, minor PyTite, zircon and semi-opaque, rare mine-
rals; second continuous matrix zone of maximum U-mineralisation (major zircon semi-opaque, rare minerals, Opaque ore minerals
pyrite and tentatively identified U-oxides); voids and pares of this zone are filled with kaolinite and colourless (g B, both reptaced
by young sericite.
181-1A 180.66 — 180.76 Reduced phonolite breccia with mineralised matrix (mainly Opaque ore rinerals, PyTite). 20
192-1A 191.18-191.35 Reduced very fine-grained porphyritic phonolite breccia with Opaque ore (mainly pyrite) and coarse sericile/muscovite minera-
lised matrix and coarse sericite/muscovite-filled fractures. The phonolite fragments are marginaliy affecred by argillic alteration
{sericitisation, kaolinisation) outside the mineralised zones.
201-1B 200.83 - 200.96 Biotite-lamprophyre dyke with evidence of fracturing autohydrothermal alteration and affected by Intemperic decomposition, 0 (=bg)
216-1A 215.19-215.43 Reduced porphyritic phonolite with coarse {¢ > 1.2 cm) pseudoteucites in fine-grained groundmass. Incipient axidation is evi. 20
denced by limonitic alterations of minerals and along grain boundaries,
223-1A 22246-2261  Reduced fine-grained phonolite with ore mineral-filled micro fractures, 15
229-1A 228.02-22829 Reduced breccia with ore mineral-rich microfractures and viojet fluorite in voids and in the breccia matrix, 20
230-1A 229.15-229.36 Reduced porphyritic phonolite Jocally brecciated.
238-1A 17.00-237.16 Reduced fine-grained porphyritic phonolite with microfractures and microbreccia portions. 10
245-1A 24396 ~244.12  Reduced phonolite breccia with anomalous radioactivity and rich in ore minerals. Limonite - spots of lacipient cxidation around 80
radioactive minerals.
246-1A 245.82 - 246,00 Reduced typical (coarse-grained, isotropic) nepheline syenite, Selective complete sericite and kaoligite substitution of
nepheline along with stronger pyritisation (if compared with K-fetdspars) occurreq.
248-1A 2474024760 Reduced hypabyssal porphyritic nepheline syenite. 0 (=bg)
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TABLE 5.1 (contd.).

Sample Depth inm Summarised rock description Radiation
number : total cps above bg
250 Reduced subvoicanic porphyritic phonolite with fractures/fillings of fluorite and pyrite. Fluorite i rich in carbonate and
fid inclusions (b > 25 k).
250-1B 259.69-25984 Reduced breceia, mainly phonolite with minor nephefine syenite fragments, iocally with ore mineral-rich marix, Fragments show va- 0 (=bg)
riahle pyritisation,
262-1A 26122 ~261.37 Reduced phonolite with fracturing and breccia ZOne, 25
2563-1A 262.63-262.76 Reduced porphyritic phonolite with fractures and breccia zone.
265-1A 263.97-264.70 Reduced hypabyssai nepheline Syenite with pegmatoid vein.
271-1A 270.36 ~270.58 Reduced Phonolite breccia (pseudolencite phonolite and subwolcanic phonolite fragments) with violet fluorite in breecia matrix. 45
276-1A 274.87-275.10 Biotite-lamprophyre dyke with xenoliths of hydrothermatised Phonolites and nepheline syenites. L.amprophyres suffered auto-
276-1B rydrothermat alterations (distinct from the xenotiths),
280-1A 27987 -279.96 Reduced hypabyssal nepheline Syenite, with fractures, Micropores of nepheline syenites are fluorite-bearing, being conce ntrically
replaced by sericite, 5
287-1A 286.49-28673 Reduced breceia (nepheline syenite and phonolite fragments) with ore mineral-rich matrix, 10
289-1A 288.13-288.28 Reduced phonolite breccia with carbonates; fluorite mineralised matrix and fractures,
290-1A 28938 -289.50 Reduced Phonolite breccia with mineralised matrix (violet fluorite, ore minerals - mainly pyrite). 0 (=bg)
296-1A 295.14-29520 Reduced phonoiite and phonolite breccia with mineralised pores and matrix (Buorite, ore minerals mainly pyrite), including 0 (=bg)
pseudoleucite phonolite and phonolite with preserved chessboard-albite phenocrysts,
301-1A 300.10-300.39 Reduced breccia with phonolite and nepheline syenite fragments. Fragments show different grades and patterns of pre-brecgia 5
Pyritisation. Matrix and fractures are mineralised with mainly clays, carbonates, fluorite and ore minerals - mainly pyrite,
J4-1A 313.06 ~31320 Reduced phonolite breccia with mineralised matrix and fractures (carbonates, clays, viclet flucrite). In polished thin sections
314/1 and 31472 the matrix Predominates and only a few rock microfragments occur,
31514 31439-314.53 Reduced Phonolite breccia with minerafised matrix (pyrite-rich). 0 (=bg)
320-1A 31946 -319.57 Reduced porphyritic phonolite (no carbonate Or mineralisation).
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TABLE 5.1 (contd.).

Sample Depthinm Summarised rock description Radiation
number total cps above bg
328-1A 327.47-32765 Reduced porphyritic and xenofithic phonolite with minor fractures. 5
330-1A 32941 -32955 Biolite-lamprophyre dyke; border zone affected by oxidic alteration from deep circulating weathering solutions glong the
banging contact of the dykes.
331-1A 32992 -330.32 Biolile-lamprophyre dyke; centre of the dyke is best preserved, rich in relatively coarse-grained aceessory apatites.
375-1B 37426 -37453 Reduced porphyritic phonolite and breccia with ore mineral (nainly pyrite)-rich breccia matrix 10
381-1A 380.57-380.81 Reduced xenolithic phonotite (nepheline syenite xenolith), 0 (=bg)
382-1A 381.72-381.88 Reduced porphyritic and xenolithic phonolite with fluorite in rock pores. 5
384-1A 383.42-38354 Reduced porphytitic (pseudoleucites) and xenolithic (phonolites) fractured phonolite. 0 (=bg)
387-1A 386.05-38620 Reduced subwolcanic phonolite and breccia with ore mineral (mainly pyritic)-rich matrix apd blue secondary molybdenum mineraj 0 (=bg)
staining (ilsemannite?).
388-1A 387.52-387.72 Reduced porphyritic and xenolithic phonolite (nepheline sycnite and phonaiite xenoliths) and reduced repheline syenite with
hydrothermalised pegmatoid (zoned structure: colourless fluorite surrounded/encicsed by kaolinite, bath being surrounded
and replaced by sericite).
391-1B 390.65 -390.76 Reduced nepheline syenite breccia with ore mineral (mainly pyrite)-rich matrix. Fragment boundaries show styctite-type 15
sutured structures caused by pressure dissolution,
395-1A 394.70 -39%4.85 Reduced nepheline syenite with minor fracturing and breceiation, Hydrothermal fracture.retated zircon formation and zona] 20
{centre 10 border) pscudomorphism of nepheline by: fluorite, kaofinite and sericite (replacing kaol, and Ca ;).
404-1B 403.42 -403.63 Reduced nepheline syenite and phionolite breccia with ore mineral (pyrite)-rich matrix. 10
406-1A 405.61 - 405.82 Reduced, hypabyssal nepheline syenite with ore (pyrite}- and zircon-rich fractures, i0
407-1A 40593 -406.23 Reduced porphyritic phonolite (su brvoicanic) with interstitial hydrothermal zircon,
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TABLE 5-I (contd.).

Sample Depth in m Summarised rock description Radiation
Dumber cps above bg
409-18 408.51 ~ 40866 Reduced phonolite with hypabyssél nepheline syenite xenolith. Contact zone is enriched in opaque ores (pyrite) and zircon, 0 (=bg)
414-1A 41356-413.78 Reduced xenolithic phonolite slightly fractured with xenoliths of hypabyssal nepheline syenites. Contacts with xenoliths and 0 (=bg)

fractures are enriched in opaque ores (pyrite).

s = counts per second
bg = background




TABLE 5-11

ydro:

radioactivity Mmeaurements),

thermal mineral assemblages (based on macroscopic studies and

Assemblage Type of assemblage Radioactivity
minerals (vefer to PLATES in
Appendix 5:1)
1: pyrite Monomineralic, microcrystailine masses None = by
to coarse (millimetric) idiomorphic
crystals filling open spaces between
breccia fragments,
2: clay minerals Cryptocrystalline clay masses containing None =
+ pyrite disseminated microcrystalline (Plates 5:1-1 and
pyrites, This assemblage is intergrada- 5:1-9)
tional with assemblage 4 through
molybdenum contens,
3: fluorite Microcrystalline components of the Minor positive
+ carbonate mairix and coarser masseg cementing anomalies
+ pyrite breccia fragments, Carbonates occur (Plate 5:1-7)

% clay minerals

4: pyrite + clay
minerals

+ molybdennm
minerals
(unidentified)

5: pyrite

+ uranium
mineral
(unidentified)
+ sulphide
minerals
(unidentified)

always as inclusions in fluorite,

Microcrystalline pyrite-clay assembiages

with blue, secondary Mo-minera] staining,

Microcrystalline masges filling
open spaces between breccia
fragments.

Minor to medium
positive anomalies
(Plate 5:1-8)

Maximum observed
positive anomalies
(Plate 5:1-10)
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TABLE 5-1T{
Mineralogy of F4 drillcore saraples, Osamu Utsumi uranjum mine/8-1UK11 (for sample depth see Table 5-I.
1 : Alkalj feldspar M ~  Major mineral (>10 vol.%)
2,17,34  : Sericiteftllite m — Minor mineral (1~ 10vol.%)
3,18,33  :Kaolinite tr - Trace minerai (<1 vol.%)
4,19,41 : Unidentified clay minerals v — Variable, minor or major mineral in fragments of breccia
5,21,31 :Secondary iron minerals (limonite-hematite) s - Suspected presence of mineral (normally trace mineral)
6,23,36 : Pyrite - ~ Not observed
7,22,32 : Unidentified opaque ore minerals Ph - Phonolite
8,20,37 :Zircon NeS - N epheline syenite
9,26,40 : Carbonates Br — Breccia
10,24, 38 Semi-opaque unidentified minerals F ~ Fractures
11, 25,39 : Fluorite, 1-violet, 2-pleochroitic centres, 3-zoning, 4-colouriess Mx - Breccia matrix
clear, 5-abundant carbonate and fluid inclusions FMx - Fracture in breccia matrix

12,27,42 :Uranium minerals
13, 28,43 : Molybdenum minerals

15 : Rock types: Ph-phonalite, NeS-nepheline syenite, Br-breccia

16,35 : Muscovite

44 * Radicactivity of sample in total cps-bg

Sample  Thin Rock mineralogy Mineralogy of rock-pores and interstices Mineralogy of fractures-F, breccia matrix-Mx, ops
section fractures in breecia matrix-Fix

no, no. 1 2 3 45 6 7 8 9 0 11 1213 15 16 17 18 19 20 21 2 23 24 25 26 27 28 39 31 32 33 34 35 36 37 38 39 40 41 42 43 44

4-14 01/10 My v . M . t ¢ - tr . - - Ph - M. m M - tr . - . - F MmMMm. . . .. - ... 10

14-1A 02720 My v - M. o. . 5. - . F v uMm. . . _ _ - .
02/21 My v « M. tr . . . - Ph-vv--trtr-tr. - - . g L I . . . _ 1w
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TABLE 5-111 (contd.).
Sample Thin Rock mineratogy Mincra[ogyofrock-poms and interstices Mineralogyoffmctures-F, breecia matrix-My eps
section fractures in bregeia matrix-FMyx
f0. Ro. 123 4 5 6 7389 10 11 12 13 1516 17 18 19 20 22 23 29 25 2627 28 30 31 3 B 34 35 36 37 g » S LS
19-14 19-IAB M S M- e Loy, - - ph-vv--u-tr-tr- - - . F Mtrvv-.--- - . ..
191A-C M v « . M- mue. gn . - - F Mt v
914D Mv v . g, . m - . m - T PR - v v tr F
191A-E M v m m F

0308 A
0305 B

- Irotr - tr . = "  Ne§ .
=i tr - gr

853882
2Rz
g

M F
v F
NeS - M v . tr i tr - g . - e . F
M F
M F
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TABLE 5-111 (contd.).
Sample Thin Rock mineralogy Mineralogy of rock-pores and interstices Mincralogy of fractures-F, breceia matrix-Mx, eps
section fractures in breceia matrix-FMsx
no, no. 12 3 45 6 78 9 101 12 13 15 1617181920212223245 26 27 8 30 31 32 33 M 35 36 37 38 39 40 41 42 43
57-1A 06/16 Mmmmoeo Mtrtr trm ml, s - Ph . ¢r Vo o- ottt v otr v v . F trotr v otr - M - g . - m - . 3
245 '
NeS tr M m - - - g . - - F s - otr M otrotr - oty . - tr - -
Mx tr or er tr - M ¢ m ml, m ms -
245
60-1A 077 MMmmtr mtr- - . - - Ph - v r - tr - v . . - - Fo--mv - v oy < tr - . §
68-1A 08/15 MMMmttmuttieg - tr - - - Ph . v mtr - . motr - - . F ir tr m or - M . @ - - tr - .08
NeS - M fr - - - u - . - - F tr tr tr m - M . m . - - .
76-1A 09/12 Mo Mmmtrmmeuemmm s - Ph - m m - trtr v m - v - F r m m m - v . @ . m - - &
Me tr v v m . o tr v i v ms -
245
FMx - tr M tr - « s m - yom . -
09/13 Mvatrmmtrmmms-NES'V mrtrmvy mmd ¢ - F o m o tr « M. g . m tr - -
Ph - m m - &r tr v om . v - Ftrtrmv-rn-m- vy om - -
Mc tr mv v - o Ir m ml, v m g .
245
FMx tr m m tr - m s m - M - .
BO-1A 10/01 Mo Mmtrv mt trm ¢ s - Ph - m m - frtr v mtr - . F trr e - m - mm tt m . . Bg§
M tr m YV - v umm2d mmgs .
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TABLE 5.111 (contd.).

—_—

Sample Thin Rock mineralogy Mineralogy of rock-pores and interstioes Mineralogy of fractures-F, breegja atrix-Mx, cps
section fractures in breceia matrix-FMx
no. no. 1 2 3 56 789 101 12 B 15 16 17 18 1920 21 22 23 24 25 262728 30 3 3 33 4 35 36 37 33 39 40 41 42 43 44
86-1A 11/06 My tt M mtr orm g $ &t Ph - m oy pq Ir m v m w4 m - . F r m v m . , ._ IT ' m V. m s . 45
Mx tr m v m - Mo m vy m m s
1107 M M tr mtr - ¢rmm 5 - NeS . Mm 1z Y - mom omg tr - . F fIr tr m v . ¥ m roer - L
M trmom m -« Mt nq m:4 Ir m 5 .
11/08 A M v Ir v m - . mlds tr Ne§ - M Y m Ir r v v mg - . - Me tr m v m M m
1178 B M v tr motr - m mlds ¢ NeS - Myv m 3 Mx m m m M v
91-1B PI-1B-B M Ir v mtr . F M
F m [ 3 S
Mx tr o v M~ mtr m vgq - i - .
91-1B-D M M It m m - o m g . . NeS - v M Ir ' m M m +q - - - F Ir tt v m . ¢ . tr v14 mom .
91-IB-F M M r m m - ¢ tp m4 - . NeS- mm tr Ir &r M tr w4 - - - F tr tr v m . o, . tr v4 Ir mw . .
91-1B-G M M Ir m otr tr orogr m4 . . NeS - M 1r tr r v my . - - - F r o mor . ir v4
NeS - mm ¢r Ir &r M tr +wq F
93-14 12/18 Mm it m tr - tr m

12/19

M

tr

tr

tr
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TABLE S5-I (contd.).

Sample

Thin

Rock mineralogy

Mineralogy of rock-pores and inte mstices

Mineralogy of fractures-F, breecia matrix-Mox, cps
section fractures in brecci matrix-FMx
no. no. 1 2 3 4 5 7 8 9 10 11 12 13 15 16 17 18 19 20 21 22 23 24 25 6 27 30 31 32 33 34 35 36 37 I8 39 40 41 42 43 4
105-1A 13/19 MMM tr tr - m mmld . - NeStr Mv m - tr tr tr tr m:l4 i - F Iwotr tr tr - M - tr - - - - . 15
NeS- Mmm - m - tr g mld tr -
107-1A 107.1A-A M M v tr tr m - m - - - NeS - M Mm - tr tr Mtr . - - M tr e Mm - v M m md - m - -
F tr tr tr tr - m .- - - - M- -
F tr tr M m - tt - m - - m - -
107-IA-B M M + tr tr fr - m - - - Ph . Mm - tr tr M. - - - F tr tr v v . tr - gt - - m - -
NeS- v vy m - v tr v m - - - F Ir tt v v - m - m - - m - -
107-1A-F M M v tr tr & trtr told - - Ph - Mo tr tr tr Mm mild tr - F tr - Mm - o . - . - e ..
Ph - trmtr « tr m Meg - - - Mx tr tr v v - v - m M tr m - -
Ph - t+t Mm - mtrm M M:14 tr -
10714-G M v M tr tr tr trm tld - - Ph - tr Mtr - - &r m o Mld tr - F tr tr v - m - tr - tr - .
NeS - tr Mtr - tr tr M m - - - Mx tr mv v - M- mM mm .- -
107IAI M v M tr tr tr tr m trd - - Ph - v v mmtr r v m . - - F tr m tr - M- m . - tr - .
F r - v v . tr - m - - m - -
M tr tr v v - v r m m4 tr m - -
1i1-1A 14204 Mmyvy tr m - mm trld- - Ph - m Mm - tr tr m tr M1 M - F tr « m M- tr . M- mtr - - 2%
Ph - tr v tr - tr tr M tr - - - F tr tr mv - M - tr - -t - .
Ph - MMm- tr tr m tr - - . F tr tr MM+« tr - ¢ M1 M1 .- -
Ph - - - -+ r - otror - M - Mx tr tr v v « m - m mld v m - -
14/20B Mmv tr m - m tr tdS5- - Pho - m v tr - tr r M tr - - - F tr m Mtr - M. tr . - m - -
Ph - tr Mtr - mir tr M - - - M: r tr Mm - M- tr - tr m - -
. Mx tr tr o tr - tr - fr md4S5 M tr - -
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TABLE 5-H1 {contd.).

Sample Thin Rock mineralogy Mineralogy of rock-pores and interstices Mineralogy of fractures-F, breceia matrix-Mx, cps
section fractures in breccia matrix-FMx
no. no. 1 2 3 4 5 6 7 8 9 1011 1213 15 16 17 18 19 20 21 2 23 4 25 26 27 22 30 31 32 33 3 35 36 37 38 M 40 41 42 43 4
12314 123-1A-A M M v m tr m tr - m ¢ tr - - Ph - tcouw - - - - tr- Md oawo-o- F tr tr tr tr - tfr - m w14 tr - - -
Ph - Mm - - trtr Mo - - - - M tr tr m M- M- m - - m tr -
123JA-C M m m tr tr m tr - #tr tr 4 - - Ph - mmm - tr tr Mm - M- - F tr tr MM - M - m vd mtr - -
1231A-D M m m t tr m tr - tr tr ted - - Ph - tr tirt tr - &r tr M M m4 M - - F tr = tr M - tr - tr md m tr - -
129-1A 1291AB M m m tr tr m tr - tr tr 4 . - Ph - MMt - tr tr Mm m4 r - - F tr - MM - tr - - tod tr fr - -
129JA-C M M m t tr m tr - tr m tr4 - - PR - tr M m - 1 tr tr M md tr - -
1294A-E M m M tr tt m tr - m m tntd - - Pho- - -0 tr - tr &t Ml 4 M- - F o tr Mm - m - v - m tr - -
135-1A 15/23A Mv v mtr v tt - m mml s - Ph - m mtr - i tr M- - - - - F tr tr tr tr - m - v Ml4d m - s - 65
4,5
F tr #r tr tr - M - m - I
Mx ¢r tr m m - m - m Mld M tr 5 -
15/23B M v v mt mt - mm ml s - Ph - m M - - r tr m m - m - - F tr » m M- tr - mwvid mur - -
4,5
Mx tr tr tr tr - m - m M1, M trs -
45
139-1a 16721 Mv v rtrmit - mmted - - P M Mir - trir v md M- - B otroqrowwor - Moot tr tr - - 15
F tr tr t tr - tr - m - Mitr - -
F tr - v M- m - v - v tr - -
146-1A UK-146M M tr M tr tr m tr - - ir - - - F tr tr v m Mv - m - .t - -
UK-146 Z F tr tr v m M v - m - R
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17/16B Mmmn tr
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E 5-I11 (contd.). - . ]
:‘AB{L .n( ) pp——— Mincralogy of rock-pores and interstices Mineratogy of fractures-F, breccia matrix-Mx, cps
ampié Ilct“ i Roc fractures in breccia matrix-FMx
secton

° 1 2 3 4 5 6 7 8 9 10 11 1213 15 16 17 18 19 20 21 22 23 4 25 26 27 282 30 31 32 33 3 35 36 37 8 X 40 41 42 43 M4
no. o,

. - -4 tr - - Mx tr m v v - mtr v w4 tt ms .- 25
- 4 g - NeS.- v v tr tr tr v ftr v
175-1A 20/13A M v v mtr m tr tr m tr ‘
20/113B M v v mtrmt tr - mtrid s - Mx tr tr v v - v m v m4 tr ms -
: Ph - Mm - tr - - M vd tr - - F - - ot M - o - . . L.
-1A- tr tr m tr m tr m m4 s -
178-1A 178-1A-A M m m v R o
2 - M .
1781A-B M v v m m m tr m tr m md4 s - " . M v m v m M mé4 tr ms
178-14a-C M m m tr tr m tr v tr v md - - Ph - tr or tr - tr tr - % -
- - . - - - " ) . i o
181-1A 21714 M v v trttomtrtr - m - . - P - Mm tr m tr Mz mtr v v v m m o 20
0 Mvy v tt t muwtw -m- - - PR mMwuw- - oo Mm.- - - - FMx- - tr Mm tr - - . - e - - s
v = ’ Mc tr tr m Mm Mtr m - N
2312 See table: Mineralogy of biotite-lamprophyres Sec table: Mineralogy of biotite-famprophyres See table: Mincralogy of biotite-lamprophyres bg
201-B e 2 .
- - - - - - F ot . M- m- tr- Lo .. =
21614  249A M Mmttmt tr - tr - - - Fh m i tr mtr M m T v ¢
B M M tr tr m trotr tr . - Ph - trxr- muw Mm- - - - F Mtuv v - M- v . - - -
24 m - -
trotr tr tr mld Ph - M tr - tr tr tr m tr ml4 tr - - F tr tr tr M. M- o mld o tr - - 15
223-1A 25/15 Mv mtr tr m 14 - -
Ph - Mitr tr - tr tr M m trild - - - F mt tr m - M- mtrld tw tr - - 20
tr m tr tr tr m trild - -
229-1A 26/6A M Mmoo tr Mmoo e e
M M ot trotr ir m mel Br - tr ¢&r &r - - tr tr m MIS tr - - Mx tr tr v v - v m m mi4 o om - -
26/6B m tr tr m a1, - -
45

FMx - tr tr m - M - m M4 tr tr - -
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TABLE 5.111 contd, ),
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2301A-C M MMg

230-14.D My tr
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TABLE 5-111 (contd.).

Sample

Thin

Rock mineralogy

Mincraiogy of rock-pores and interstices Mineralogy of fractures-F, breccia matrix-Mx, cps
section fractures in breccia matrix-FMx
no. no. Tt 2 3 4 5 6 7 8 9 10 11 1213 15 16 17 18 19 20 21 22 23 24 25 26 27 28 30 31 32 33 M 35 36 37 B B 40 41 42 43 &4
262-1A 31118A M v v tr tr m tr tr m m tril - - Mx mtr mm - m m M mt m ot - - 25
Mx mttr m M- mm Ml m tr - -
31/18B M Mmt tr mtr tr m tr ted - - Ph - m M tr - tr tr m tr - M- - F tr tr M m - tr - M tod M m- -
263-1A 263 Mtrmit tt m tr tr tr m trd - - Ph - - M- - - trmtr md tr - - F tr tr M tr - tr - ¢r - - tr - -
2631A-B M m m tr tr m ¢ tr m m - . . Ph - MM - - - - ir - - M- - F -« Mtr - tr - tr - M- - -
F tr - m - - tr - m - M- - -
265-1A 263-1A-B1 M M m tr tr m tr tr - tr - .- . NeS§ - M m tr tr tr tr m m - - - -
263A-B2 M M Mtr tt mtr tr - m trld - - Ne§ - - - - - - =« =+ =« M1 - - - F t m MM- m- m - - tr - -
271-1A 323A M v v tr tr m tr tt tr m milds - Ph - v tr - tr - tr m tr M4 - - . F - - T M- tr - - md - - . - 45
F tt tr tr v - m - m wi, tr tr - -
45
Mx tr m m M - m tr m M5 trtr 5 -
32/3B My v tr tr m tr tr trm mlds - Ph - v tr tr tr & tr m m M14 tr - - Mx tr ¢r tr m tr tr tr m Md, trtc s -
. 15
33/3C M Mmit tr m r tr trtr tmd § - Ph - tr tr tr mt m tt+ m M M4l oo - -
276-1A 276-1A See table: Mineralogy of biotite-lamprophyres See table: Mineratogy of biotite-lamprophyres Sce table: Mineralogy of biotite-lamprophyres
276-1B 276-1B See table: Mineralogy of biotite-lamprophyres Sec table: Mineralogy of biotite-lamprophyres Sex table: Minemlogy of biotite-lamprophyres
280-1A 33/5 MMmituwtrmtrmtr tr mld- - NeStr Mm - - - tr m - Ml4 o - - F tr tr v v tr m - tr md tr m- - 5§
NeStr Mtr - M- ot m- 1rl - - -
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TABLE 5-TH (contd.).

Sample Thin Rock mineralogy Mineralogy of rock-pores and interstices Mineralogy of fractures-F, breccia matrix-Mx, cps
section fractures in breccia matrix-FMx
no. no. 1 2 3 4 5 6 7 8 9 10 11 12 13 15 16 17 18 19 20 21 22 23 34 25 26 27 28 30 31 32 33 M 35 36 37 3|8 9 40 41 42 43 44
300-1A 36728 Mmmt tr tr tr tr v m ml, - - Mx tr tr m ¢r m tt m ml Mm - -
{contd.} 245 245
26/26 Mmmm©¢t mtr tr m m - - - Mx tr tr m tr m tr m - MM- .
314-1A 3144 m tr tr tr tr tr tr tr M m M15- - Mx ftr tr tr - tr tr m M5 M tr - -
31472 m tr mtr tr tr tr tr M M MIl5- - Mo tr tr - - tr - M M15 Mo - -
314-Af1 M itr mtr tfr m tr ttr v m ml5- - Mx tt tr m tr m - MM15s Mm - -
3M4-A/2 M tr mtr tr ¢t tr tr m m mi-5- - Ph - - m - - & - - w MlI4d m - Mx & tr m tr Ir - M M15 Mg - -
315-1A 37 MmMm¢ii v tr tr &t m mil, - - Mx mtr v tr v - moml, toom- - bg
245 245
320-1A 38722 M Mmt tt m tr tr - tr - - - Ph - M Mmt tr it tr & - . . F tr tr m M tr - tr - « - - - bg
328-1A 39728 M Mmt tr mtr mm - - +- Ph F tra Mm m - m - mm-.- - 5
330-1A Sce table: Mineralogy of biotite-lamprophyres See table: Mineralogy of biotite-lamprophyres Sce table: Mineralogy of biotite-lamprophyres
331-1A Sce tabte: Mineralogy of biotite-lamprophyres See table: Minemlogy of biotite-lamprophyres See table: Mineralogy of biotite-lamprophyres
375-1B 40/44 M Mmtr tr m tr tr ¢t - ¢tr45- - Ph F tr tr M v M- tr . - tr - - 10
F o - - . tr - - M45 m - - -
40/45 M M mtr tr m tr tr trm trd5- - PO - - - - - - - . - Md5 1 - Mx tt trt m Mt v m m - - tr - -
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TABLE 5-TI (contd.).

Sample Thin Rock mineralogy Mineralogy of rock-pores and interstices Mineralogy of fractures-F, breccia matrix-Mx,
! +
cection fractures in breccia matrix-FMx
no. no. 1 2 3 4 5 6 7 B 9 10 11 12 13 15 16 17 18 19 20 21 22 23 24 2§ 26 27 28 30 31 32 33 34 35 36 37 38 39 40 41 42 43
406-1A 49/41 MMmt tr mtr tr - - « - NeS F mt mtr - Mtr m- R
49/42 Mmmtr tr m tr tr - ftr - - - Nes F tr tr - - . Mmtr - - e - .
49/43 Mmmt tr m tr tr - tr - -« NS- Mo m- o0t uomtr- - -
4071A 407A M M m tr tr m tr tr - tr - -« PA - v - - M- - . - . - - -
409/1B 50729 Mv mtr tr mtrtr - tr - - - P - Mm- tr - - mouuw - . .-
NeS - - tr - v - tr M. - - e -
414-1A 51146 MMmt¢t tr mtr tr - tr - - - Ph - Mm - M- tr M- . - . - F m tr v m - ¥ (r tr . - tr - -
51/47 M v mtr tr v tr m - {ir - - - Ph - tr Mtr - tr r MM - - - -
51/48 Mmmtr tc m tr tr - ftr - - - N8 - - m - M- &« Mt - - - - F tr tr tr - - M m tr - -t - -
51/49 M~v v tr tr m tr tr - tr - - . F = tr ~ - - Mitr tr - - - . -







Appendix 5:1
PLATES 5:1-1 - 5:1-12.
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PLATE 5:1-1. Clast- and clast-matrix-supported hydrothermalised breccia with redox
front. Note the well-developed breccia structures in the reduced (grey-coloured) portions of
the sample and their obliteration in the oxidised, Fe-oxide/hydroxide (HFO)-stained
(yellow-brown coloured) parts. Compare with PLATE 5:1-2.

Specimen: B-breccia ore body (mine exposure).
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PLATE 5:1-3. Very coarse breccia of the matrix to clast-matrix-supported type, reduced in
the outcrop parts with well-preserved structures (greyish-blue colouration). Oxidation
masks the breccia structures (brown-coloured outcrop parts) and changes the reduced
greyish-blue colours of the pyrite and Mo-mineraliastions to brown, due to pervasive HFO
precipitation/pigmentation.

Specimen: B-breccia ore body (mine exposure).
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PLATE 5:1-5. Sample of hydrothermalised, reduced, heterolithologic clast-supported
breccia, with violet fluorite in the matrix. About 3/4 nat. size.
Specimen: borehole F4 (8-1UK11); sample 202.
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PLATE 5:1-7. Reduced microbreccia with angular fragments and set in a hydrothermal
dark violet (almost black) fluorite matrix (mineralisation). The sample is also high in
radioactivity; see Table 5-I. About 3x nat. size.
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PLATE 5.4 -8 Reduceq clast-magriy. Supported breceiq With open m
higher radz'oactz'w'ty (Table 5.f ) and blue pg, “Staining. Noge the varigpje
of the pPre-breceig mineralise Jragments, 4 bout nat. sire

Specimen: borehole 4 (8-1UK]1]). Sample 21014
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PLATE 5:1-9. Reduced clast-matrix-supported breccin with matrix rich in white (kaolinite)
clays and poor in pyrite; minor micropores and fragments show variable colours and grades
of pre-breccia pyritisation and of blue Mo-staining, About nat. size.

Specimen: borehole F4 (8-1UK11); sample 252-1A.
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about 314 nas size,
Specimen,: borehole Fyq (8-1UK} 1 ); sample 24314,
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PLATE 5:1-11. Reduced breccia with post-breccia fractures mineralised with secondary
hydrothermal sulphides (mainly pyrite and coated pyrite, the coatings originally identified

as possible galena, but not confirmed). About 3x nat. size.
Specimen: borehole F4 (8-1UK11); sample 394-1A.
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Appendix 5:2

Model for the evolution of the rock sequence observed at

the Osamu Utsumi mine.
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Appendix 5:2

Model for the evolution of the rock sequence observed at
the Osamu Utsumi mine.

Stage 1 (Fig. 5:2-1) involves the main alkaline phonolite and nepheline syenite
magmatism (1.1), progressing to the postmagmatic (pegmatitic-) pneumatolytic (1.2) and
hydrothermal (1.3) sub-stages.

The magmatic mineral assocition of sub-stage 1.1 may be considered essentially the
same as in the regional rocks (Table 5-IIT: Ph, NeS; minerals of columns: 1,2, 3, 4, 5, 6),
as supported by the presence of pseudomorphs and relicts in the hydrothermalised host
rocks and fragments of the breccias in the mine (Table 5-IIT: Ph-A, NeS-A; equivalent
minerals).

Mineral associations of sub-stage 1.2 were most probably similar to those observed in
the regional rocks (Table 5-ITI; Ph, NeS; minerals of columns: 7, 8, 9}, with or without
additional agpaitic rare metals silicates instead of giannettite, but were not preserved in
the studied rocks of the mine.

Mineral associations of sub-stage 1.3 must also be inferred from the regional rocks
(Table 5-TII: Ph, NeS; minerals of columns: 9, 10). However, it is important to note that
this sub-stage included the partial dissolution of rare metal silicates, as evidenced by
giannettite in some of the regional rocks, and that it generally caused only incipient,

incomplete alteration.

Stage 2 includes the breccia-forming and mineralising tectono-magmatic and
hydrothermal processes. A pre-breccia, pre- to early syntectonic hydrothermal sub-stage
(2.1) can be distinguished, as well as the main breccia formation and Zr-U-mineralising
tectono-magmatic and hydrothermal sub-stages (2.2: 2.3; 2.4; 2.5) and a post-breccia

(late- to post-tectonic) hydrothermal su b-stage (2.6).

Sub-stage 2.1 developed during increasing hydrothermal activity and an
intensification of tectonic fracturing. This resulted in formation of the “potassic rock”
by processes that were continuous throughout the sub-stage, for instance the general
pyritisation of the rocks, and other discontinuous processes which succeeded each other
in temperature and time. The latter included the sometimes total dissolution of the

pneumatolytic rare metal silicates, followed at higher temperatures by the precipitation
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of hydrothermal zircons and, independently, the advanced kaolinisation of the rocks,
This in turn was foliowed by illitisation/sericitisation and the structural readjustment and
alkali exchange reactions of the primary high-temperature K-Na feldspars.

Sub-stages 2.2-2.5of the main breccia-forming Magmato-tectonic and hydrothermal
activities included, during sub-stage 2.2, the explosive (magmato-phreatic) eruption of
MINor amounts of highly fluidised pseudoleucite (plc.)-phonolite magma (2.2) that
produced rare high-temperature breccias, in cases grading to xenolithic plc.-phonolites.
The magmatic mineral associations of these rocks (2.2) were, as far as can be deduced
from pseudomorphs and relicts, similar to those of the Country rocks in the mine ('Table
5-IT1; Ph-A, NeS-A). However, textures are distinct, generally exhibiting an extremely
fine to Cryptocrystaliine flow-oriented matrix with only rare angd not very coarse
Plc.-phenocryss,

Sub-stages 2.3 and 2.4 of Postmagmatic Pneumatolytic and hydrotherma alteration
of high-temperature breccias and phonolites could not be documented in the studied
rocks; their possible existence was inferred.

Sub-stage 2.5 fepresents the hydrothermal alteration of the main breccia and
Zr-U—mineralising processes. These acted syntectonically and almost exclusively in the
matrix of the breccias. Mineral associations vary considerably (Table 5.I11: mineralogy
of breccia matrix), indicating the heterogeneous composition of the hydrothermal/
mineralising fluids, However, in the samples of higher radioactivity, pyrite and other
unidentified opaque ore minerels, highly metamictic zircons and other unidentified
semi-opaque minerals, hydrothermal clay minerais and, not infrequently, Mo-minerals,
violet fluorite and associated yellowish-brown coloured carbonates are always found,

Sub-stage 2.6 includes mainly pyrite, hydrothermal clay minerals, violet fluorite and
associated yellowish-brown carbonate, which occur in post-breccia fractures. They may
be partly, or totally identical to the mineral assemblages that occur as the latest fillings
of voids (porosities and interstices) in the breccia matrices and rock fragments, and were

therefore attributed to the fina] part of sub-stage 2.5.

Stage 3, sub-stage 3.1 is in fact a continuation of sub-stage 2.6. It was assumed to
represent a possible post-breccia and pre-biotite lamprophyre period of minor fracturing
and weak hydrothermalism that developed under steady-state slow cooling conditions
on a regionalscale. The main indications are post-breccia fractures with pyrite and coated
Pyrites, sometimes associated with clay minerals (mainly kaolinite). In addition, true

post-breccia fractures filled with colourless carbonate could also be observed.
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of the rocks and the mineralogy of the xenoliths are described jn Table 5-111.
Postmagmatic hydrothermal processes considered as sub-stage 4.2 affected mainly the
lamprophyres, resulting in zeolitisation and carbonatisation. These hydrothermal
processes may also have a minor influence adjacent to the dykes, e.g. along fractures

¢ontaining hydrothermally altered Ph, NeS and breccia wall rocks,

time of supergene (weathering) processes are not known,
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Appendix 6
Mineralogy and geochemistry of redox front I (RFI).

H.D. SCHORSCHER

Universidade de Sio Paulo, Instituto de Geoci€ncias-DMP, C.P. 20 899,
014 98 Séo Paulo (Brazil).

1..Introduction

Redox front I (RFI) was sampled from the Osamu Utsumi uranium mine {open pit,
coordinates 8.2BJ.61). Two sample sets were prepared for distribution; one set for
measurements of natural Pu and T, and the other for radiochemistry and global
geochemistry.

Mineralogical, petrographic and geochemical studics were carried out at the University
of Bern using routine XRF major and trace element analysis, together with the

determination of rock physical parameters.

2. Field observations and sampling

RFI constitutes a complete profile across oxidised phonolite, the redox front scnsu
strictu and the reduced phonolite. On the reduced side, about 10cm away from the redox
front, a zone of secondary nodular U-mineralisation begins. This zone is about 30 cm
wide and grades away from the front, accompanied by the disappearance of U-nodules
into the reduced country phonolite.

The phonolite is an extremely fine-grained, almost aphanitic rock containing only
subordinate coarser components (phenocrysts and microxenoliths). The oxidised
phonolite is a light yellow/brown colour and the reduced phonolite is light to medium
grey in colour.

The total width of the exposed profile was about 3 metres. Sampling was conducted
systematically through the oxidised portion, the redox front, and included about 50 cm
of the adjacent reduced phonolite, which contained the zonc of secondary
U-mineralisation. Following this, two sampling intervals of about 35 and 100 cm were
selected within the reduced country phonolite further away from the redox front. Figure

6-1 gives aschematic view of the original outcrop situation and of the approximate spacial
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Figure 6-1. Schematic view of the original OQULCIOp Sifuation at the RF] sampling site (scale
3 m long). Indicateq are the approximate Ppositions of the redox front (RF) and of the
sampling locations RFI | 1 6 Oxidised rocks occur on the right-hand side of the redox
Jront and reduced rocks on the left. The zone of maximum U-mineralisation is indicated
by black dots representing pitchbiende nodules (Osamu Utsum; uranium mine,
coordinates: 8.2 BJ.61, view towards the E).




and structural relationships of the collected samples. The individual samples were

medium-sized, weighing between 8 and 15 kg each.

3. Macroscopic descriptions and sample preparation
3.1. Macroscopic descriptions

Detailed sample descriptions have been carried out and the various textural features
illustrated in Piates 6:1-1 to 6:1-6 (Appendix 6:1); summarised sample descriptions and
radioactivity measurements are contained in Table 6-I. Briefly, the RFI rocks suffered
hydrothermal and supergenic alteration, following the early magmatic genetic stage; the
supergene alteration occurred under reducing conditions or reducing conditions
followed by oxidising conditions. The reduced RFT rocks furthest from the redox front
(Fig. 6-1, samples RFI-5 and -6; Plates 6:1-5 and 6:1-6) have best preserved the primary
magmatic and subsequent hydrothermal properties.

The main host rock is a very fine-grained, almost aphanitic phonolite of light to medium
grey colour. It is normally only weakly porphyritic and microxenolithic (Plate 6:1-5),
although in sample RFI-6 (Plate 6:1-6) there occurs one larger nepheline syenite
xenolith. Phenocrysts consist of pseudoleucite, alkali feldspar and (pseudomorphosed)
nepheline; microxenoliths of nepheline syenite and phonolite fragments also occur.

Hydrothermal effects include mainly the porous leaching of pseudoleucite
phenocrysts, (micro-)xenoliths of nepheline syenites (Plate 6:1-6) and coarser-grained
phonolites, and the disseminated pyritisation of the rocks and fracture planes.

The supergenic processes led to the development of the redox fronts which élrc locally
associated with secondary U-mineralisations occurring on the reduced sides, and
generally\ associated with the precipitation of hydrous ferric oxides (HFO) on the
oxidised sides of the fronts.

The RFI redox front is easily recognisable due to the sharply developed colour contrast
between the HFO-bearing oxidised and pyrite-bearing reduced rocks (Plates 6:1-1 and
6:1-2). The secondary supergenic U-mineralisation concentrates in the reduced rocks
(Plates 6:1-3 and 6:1-4), forming a zone of variable width (20 — 30 cm) extending almost
parallel to the redox front.

The mineralised zone, however, starts only some 5 to 10 cm ahead of the HFO
precipitation front located inside the pyrite domain (Plate 6:1-3). The U-mineralisation

consists of black coloured aggregates of cryptocrystalline oxides occurring either as
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TABLE 6-1
Summarised macroscopic petrography of RFT samples (see Fig. 6-1 for sample location).
Current Sample code Sample description Radioactivity Refer to PLATES
no. cps above bg n Appendix 6:1
1 RFI-1 Oxddised, light-yellow/brown jn colour, very fine-grained 30
microporphyritic and microxenolithic phonolite. The
sample extends from about 30 ¢m in the host rock to the
redox front. It shows a homogeneous and oscillatory zoned
hydrous ferric oxide {mainly Limonite) distribution and
contains bleached, whitish coloured residual nodules resulting
from pitchblende dissolution.
2 RFI.2 Rock composed mainly of oxidised and minor reduced phonolite, 30 6:1-1;
including the redox front. The sample extends from about (10 cm before RF); 6:1-2
25 cm before the redox front to about 10 cm into the reduced 50
phonolite, and represents the physical coutinuation of sample (Zone rich in HFO close to RF);
RFI-1. Only the reduced phonolite differs, being light-grey 50
in colour, characterised by finely disseminated pyrite (Reduced side close to RF);
and is free of HFO minerals,
3 RFi-3 Rock composed mainly of reduced phonolite, minor oxidied 50 6:1-3
phonolite, including the redox front, The reduced phonolite (Zone of 10 cm near RF);
is characteriged by 2 10 cm zone mmmediately adjacent to the 95
redox front which is free of nodular U-mineralisation This (Transition to U-mineralised
Zone soon gives way to the appearance of pitchblende nodnles zone);

and eventually to the zone of maximum mineralisation.
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TABLE 6-I (contd.).

Current Sample code
no.

Sample description

Radioactivity
cps above bg

Refer to PLATES
in Appendix 6:1

4 RFI-4

Reduced phonolite selected from zone of maximum secondary
{redox front-related) U-mineralisation. Pitchblende nodules

of various dimensions, forms and internal textures are always
controlled by fracture systems. The pitchblende nodules are
commonly richer in pyrite than the enclosing reduced phonolite.
The reduced rock portions consists of a very fine-grained
microporphyritic and -xenolithic phonolite similar to that
described above. The sample represents the profile portion
which grades away from the redox front, accompanied by the
disappearance of pitchblende nodules, into the normal {macro-
scopically non-mineralised) reduced country phonolite.

Reduced country phonolite (macroscopically non-mineralised),
collected about 35 cm from sample RFI-4 within 2 homogeneous
sequence of rock composition.

Reduced country phonolite (macroscopically non-mineralised)
containing a major xenolith of reduced nepheline syenite. The
sample was collected about 1 m from sample RFI-5in a
sequence of macroscopically homogeneous phonolites.

120
(Zone of max. U-mineralisation);

15
(Reduced country phonolite);

15 _
{Reduced country phonoliie);

6:14

6:1-5

6:1-6




nodular concretions of roq nded, elliptical or, more rarely, irregular forms of pitchblende
(of submillimetric to centimetric dimensions and sometimes showing zZoning structures;
Plates 6:1-3 and 6:1-4), or as very fine, normally submillimetric coatings on fracture
surfaces (Plate 6:1-3). The secondary U-mineralisations are always enriched in pyrite
compared to the host (reduced) rocks.

Genetically and structurally it is significant that the formation ang preferential
development of both types of secondary U-mineralisation are controlled by
fractures/fracture systems (Plates 6:1-3 and 6:1-4),

Within the 5 - 10 ¢cm zone of reduced rocks closest to the HFO front, the progressive
and normally complete dissolution of the U-mineralisation stjlf occurs under the
continuing presence of pyrite. In the oxidised rocks, secondary U-oxide mineralisation
is absent, except for rare cases of preserved relicts that survived (in association with
pyrite)in reducing micro-environments entirely included by the oxidised rocks. The total
dissolution of secondary U-mineralisation results in bleached, white-cbloured,

pyrite-free rock portions that precisely demarcate the original extent of the

1-13) and their dissolution, leading to a low pH acidic environment, favoured the fairly
complete removal of the originally indigenous nodule (Blanchard, 1968).

In the oxidised rocks, similar ma gmatic and hydrothermal feat ures were developed as
described for the reduced phonolites. However, these were modified and less wel]
preserved, due particularly to the oxidic-supergenic overprinting, The latter resulted in
higher rock porosities and permeabilities due to general pyrite dissolution that was only
partially compensated for by the overall HFO precipitation, These tend to be distributed
homogeneously to inhomogeneously throughout the rocks. In the RFI oxidised rocks
the HFO distribution s irregular, with some rock portions showing homogeneously
dispersed HFO and others showing millimetrically fine rhythmic zoning (Plates 6:1-1 and
6:1-2). The origin of the thythmic zoning is not known but may be related to seasonal
oscillations of the water tabje and/or to climatic changes. Former secondary U-oxide
mineralisations can be recognised by matching areas of bleached rock (Plates 6:1-1 and
6:1-2). However, the distribution of radioactivi ty, as shown by scintillometry, is irregular
in the oxidised rocks. Higher radioactivity occurs in the rock portions richer in HFO,
indicating the fixation of (mainly) U to the Fe-oxyhydroxides, probably by

Co-precipitation.
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3.2. Sample preparation

Detailed macroscopic studies determined the samples selected for the mineralogical
and geochemical studies. A total of 10 thin sections, 5 polished sections and 7 polished
thin sections were prepared for light-optical, petrographic and ore microscopy. Selective
powder samples for complementary mineralogical XRD studies were extracted from the
bulk rocks, together with other features of interest such as secondary nodular
U-mineralisations and their dissolution-bleached equivalents.

For geochemical studies two representative sample sets were selected; large-sized
samples (decimetric) of the major zones distinguishing the RFI front, and smaller, more
densely sampled sets (centimetric) to better define the small-scale variations. Finally, a
set of samples for determining rock physical parameters was selected. Table 6-11 presents

sample details and the nature of the performed studies.

4. Mineralogy and petrography

4.1. Non-mineralised rocks

The main phonolites of the RFI profile are quite homogeneous, extremely fine-grained
(almost aphanitic) and contain only subordinate amounts of microphenocrysts and
microxenoliths. The mean grain-size of the phonolite was estimated from the major
constituents, i.e. sariidine laths and prisms, and ranges from 0.02 — 0.04 mm. These have
survived hydrothermal and supergene processes without any major textural alteration.
The other major silicate minerals comprise sericite/illite (white micas) and kaolinite and
are products of hydrothermal replacement. Semi-translucent minerals include Ti-oxides
(rutile) in the reduced rocks and HFO minerals (mainly limonite) and Ti-oxides in the
oxidised rocks. Opaque minerals consist mainly of cube-shaped pyrite microcrystals that
occur exclusively in the reduced rocks; the pyrites are free of inclusions and are freshly
preserved. Due to the extremely fine grain-size of the RFI rocks, volumetric estimates
are problematic. However, the best possible approximations are given in Table 6-ITI,
which considered the original magmatic, hydrothermal and supergene minerals.

Textural evidence shows that the main RFI phonolites are of very shallow subvolcanic
to extrusive origin. The low zircon contents indicate that these phonolites were not

affected by higher grade hydrothermal U-Zr-REE mineralisation.
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TABLE 6-11
Sample details and studies performed,

Sample splits Prepared according Geochemistry: analytical sets and nos, Other studies
Number of 10 petrographie zones Refer to PLATES

I-various II-Univ. Bern Rock physical X-ray Optical Mmineralogy,
original sample  No. Petrography methods XRF Cd-AAS parameters diffraction petrography In Appendix 6:1
RFI-1 1A Oxidised rock: 25-15em 03 - 03 - I-A + -
from redax front - RFI-1A 2 RFI-1A 13 + -
{2 identical splits) '
1B Oxidised rock; 15-5 cm - RFI-1B 1,31 RFI-1B I-B + -
from redox front with L1
bleached nodules 12
1C Onidised rock: 5 cm - RFIL-1C - RFI-1C - + -
adjacent to redox front
ID  Reduced rock: =3cm - - - - - + -
adjacent to redox front
RFI-2 2A Onxddised rock: 25-10 cm - - 1,30 - - + _
from redox front, with
bleached nodules
2B Oxidised rock: 10 cm o4 - o4 - - + 6:1-1,
adjacent 1o redox front - 6:1-2
2C  Reduced rock: -~ 10 cm - - 4 - I + 6:1-1,
adjacent to redox front, I4 6:1-2
non-mineralised
RFI3 3A Oxdised rock: —13 cm - - - - - + 6:13
adjacent 1o redox front
3B Reduced rock: non-minerali- 05 - 05 - Ls + 6:1-3
sed zone of ~ 10 em - RF1-3 5 RFI-3 - + 6:1-3

adjacent 1o redox fromt
(2 identical splits)
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TABLE 6-II {contd.).

xenolith

Sample splits prepared according Geochemistry: analytical sets and nos. Other studies
Number of to petrographic zones Refer to PLATES
I-various II-Univ. Bern Rock physical  X-ray Optical mineralogy
originalsample No.  Petrography methods XRF Cd-AAS parameters diffraction ~ petrography in Appendix 6:1
RF1-3 c Reduced rock: 0-< 5 cm - - - - 111 + 6:1-3
{contd.) of mineralised zone with
abundant U-macronoduies
- RFI4 4A-1 Reduced rock: mineralised - RFI4A-1 - - - + -
zone with U-micronodules
4A-2 Reduced rock: mineralised - RFI-4A-2 - - - + _
zone without U-noduies
4B Reduced rock: max. minera- 06 - 06 — - + 6:1-4
lised zone with abundant - RFI4B 6,7 RFI4B L6 + 6:1-4
U-macronodules 17
(2 identical splits)
4C Reduced rock: transition to - - - - - + _
non-mineralised phonolite
RFI-3 5A  Reduced phonotite, non- - RFI-5A - RFI-5A - + 6:1-5
mineralised
5B Reduced phonolite, weakly o7 - 07 - - + -
mirneraiised - RFI-5B - RFI-5B - + -
(2 identical splits)
RFI-6 6A  Reduced phenolite, non- ~ - - - - + 6:16
mtineralised
6B Reduced nepheline syenite - RFI-6B - RFI-6B - + 6:1-6

DMixed samples of RFI-1B and RFI-2A.




4.2. Mineralised rocks

The phonolites of the mineralised zone (Plates 6:1-3 and 6:1-4) are identical in
composition with the non-mineralised rocks (Table 6-111), except for the pitchblende
nodules and their bleached equivalents in the case of oxidised, formerly mineralised
phonolites (Plates 6:1-1 and 6:1-2). The pitchblende nodules consist of cryptocrystaliine
U-oxides precipitated alon g grain boundaries and in (micro-)pores and interstices of the
rock. These precipitations form intergranular films and aggregates, causing partial to
total pore fillings. The U-oxides are accompanied by the Precipitation of a second
generation of pyrites, but only in the inside of the nodules. Both processes effectively
diminish the microporosity of the reduced rocks. The second generation pyrites are
frequently coa rser-grained than the earlier varieties and may even include them. Both
Pyrite generations are freshly preserved and show no differences in colour or reflectivity.
The substitution of rock-forming minerals by pitchblende and/or second generation
pyrites could not be verified microscopically. Doubtless there exists a growth process of
the nodules. This can be described, based on mineralogical-textural grounds, as
originating from some point source and subsequently being followed by centrifugal
spreading and growth controlled by fracture planes and grain boundaries, and the
infiltration and the fillin g of micropores with U-oxides and pyrtites. Regular (concentric)
and irregular zoned U-nodules are products of variable densities/concentrations of
U-oxide precipitation (Plates 6:1-3 and 6:1-4). The reasons for the variable patterns of
the U-oxide precipitation within isotropic igneous rocks are unknown and difficult to
explain by purely inorganic processes.

In general, the pitchblende nodules can be considered to consist of cryptocrystalline
U-oxides (sec item 4.3, XRD studies), with crystallites dominating below the [imit of
microscopic resolution (magnification of about 1200 x). Aggregated masses of U-oxides
arc optically isotropic. The U-oxides are precipitated together with a second pyrite
generation mainly available in naturai Open spaces (grain boundaries, rock pores,
interstices) of the reduced rocks without any microscopically recognisable substitution
of the rock-forming minerals. The sizes of the nodules range from microscopic (and even
submicroscopic) dimensions, as a lower limit, to a maximum of a few centimetres. The
nodular forms suggest either inorganic growth processes, e.g. ovoidal concretions or
biogenic processes. The microtextures and mineral parageneses are interpreted as
favouring the biogenic hypothesis. The nodules of the active redox fronts can be termed
first generation nodules and are distinct in nature and origin from the massive secondary

U-nodules described elsewhere, (Appendix 1).
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During the advancement of the redox front, the pitchblende nodules of the mineralised
rocks suffered dissolution still under reducing conditions, due to the continued stability
of pyrite. This resulted in pitchblende-free zones directly adjacent to the redox fronts
on the reduced side. The widths of these zones can vary from millimetres (or even
submillimetres) to centimetres, as in the case of RFIL. For comparison, an example of
millimetre dimensions from another redox front is shown in Plate 6:1-7, These zones are
also pyrite-bearing but normally distinctly white-coloured (due to the dissolution of black
U-oxides) when compared to the adjacent mineralised (grey) and oxidised
(vellowish-brown) rocks. Their compositions proved to be similar to those of the adjacent
reduced rocks free of U-oxides, and they should not be confused with the clay mineral
(e.g. kaolinite)-enriched zones. Plates 6:1-8 and 6:1-9 show pitchblende dissolution using
detailed cathodoluminescence images.

Further advancement of the redox front finally leads to the complete oxidation and
transformation of the formerly U-mineralised reduced rocks into oxidised varieties.
Macroscopically, oxidation refers only to the precipitation of HFO minerals (mainly
limonite) that give the oxidised rocks their typical yellowish-brown colouration (Plates
6:1-1, 6:1-2, 6:1-3 and 6:1-7). This oxidation process is already seen in the U-oxide-free
rocks as a function of the availability of low pH solutions reshlting from the oxidation of
pyrite, which forms a variety of ferrous and ferric sulphates. In the presence of low
sulphate concentrations all the oxidised Fe-pyrite is reprecipitated in situ as indigenous
limonite, ideally without any pscudomorphism of the former pyrite microcrystals. At
higher sulphate concentrations, mobilisation, oxidation and limjted transport takes
place, and reprecipitation as limonite occurs only after adequate dilution and hydrolysis.
Limonite can be precipitated as new forms, independently of the former pyrite
distribution, as homogeneous or inhomogeneous pigmentations. This generally affected
the oxidised rocks, explaining their higher porosity resulting from pyrite dissolution,
which was only incompletely compensated for by the reprecipitation of the HFO
minerals (limonite). At highest original pyrite contents which have consequently resulted
in the highest sulphate concentrations, all of the former Fe-pyrite is removed.
Reprecipitation takes place elsewhere after sufﬁcient transport has occurred to permit
adequate dilution and hydrolysis. This is the case with the bleached nodules remaining
from the final dissolution of the former pitchblende noduies (Plates 6:1-1 and 6:1-2),
which contained a very high content of original pyrite. The bleached nodules achieve
the highest porosity through these processes since pyrite dissolution is not compensated
for by HFO mineral precipitation. Microscopically, the bleached nodules contain all the

rock-forming minerals comprising the enclosing oxidised rocks, and are characterised by
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TABLE 6-IiI

Modal compositions of RFI non-mineral

brackets refer to totally replaced minerals).

ised reduced and oxidised phonolites (numbers in

Vol.%
Mean grain-size in mm

Minerals Origin Observhtions
Alkali feldspar 1-2 Former microperthitic orthoclases
phenocrysts 0.1:>5 showing alkali exchange and indicating
magmatic structural readjustment. Fluid inclusions
and weak kaolinisation are also present.
Pyrite and HFO mineral inclusions occur
in both the reduced and oxidised rocks,
Pseudoleucite tr.—1 Pseudomorphs composed of alkali feldspars,
phenocrysts 05->2 sericite/illite, kaolinite, pyrite and
magmatic containing HFO minerals.
Nepheline (tr.-1) Replaced kaolinite, sericite/illite,
phenocrysts (01-3) pyrite and containing HFO minerals,
magmatic
Acgirine-augite (0-tr.) Replaced by cryptocrystalline agpregates of
phenocrysts 01-2) TiO2 minerals, kaolinite, unidentified clay
magmatic minerals (? smectites), pyrite and containing
HFO minerals.
Nepheline of the (~10) Replaced by kaolinite, sericite/illite, pyrite
groundmass (~0.02) and containing HFO minerals.
magmatic
Sanidine laths and 55-65 The main magmatic minerals show evidence of
prisms of the 0.02-0.04 alkali exchange and structural readjustment,
groundmass magmatic Some kaolinisation also occurs.
Aegirine-augite of {1-3) Replaced by cryptocrystalline agpregates of
the groundmass (0.01- 0.03) TiO2 minerals, kaolinite, unidentified clay
magmatic minerals (? smectites), pyrite and containing
HFQ minerals,
Pyrite 3-6 Idiomorphic microcrystals finely disseminated
0.01-0.04 only in reduced rocks,
hydrothermal
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TABLE 6-III (contd).

Vol.%
Mean grain-size in mm
Minerals Origin Observations
Kaolinite 10-15 Replacement minerals of nepheline, alkali
<001 feldspars, aegirine-augite,
hydrothermal (and
supergene)
Unidentified clay tr.—-1 Replacement minerals of aegirine-augite.
minerals <0.01
(? smectites) hydrothermal

TiO; minerals

(? rutile)

Sericite/illite

Zircon

HFQO minerals
(limonite)

Microxenoliths

(and supergene)

tr.-1
<0.04
hydrothermat

5-10
<0.02
hydrothermal

tr.
0.01-0.04
hydrothermat

~5
<0.01
supergene

1-3
0.5~ >50
magmatic

Replacement mineral of groundmass aegirine-
augites, present as cryptocrystalline

aggregates.

Replacement minerals of mainly nepheline/
kaolinite from nepheline.

Hydrothermal mineral sometimes altered to
baddeleyite,

Clouded or rhythmically zoned distributions
of cryptogranular aggregates forming
pigmentations and impregnations. Only occurs
in the oxidised rocks,

Composed of angular fragments of phonolites
and nepheline syenites of lcucocratic to
hololeucocratic composition included/
surrounded by a weakly flow-oriented RFT
phonalite,
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the same textures, except for the HFO minerals. The observations of pyrite dissolution
and HFO mineral reprecipitation in the RFI rocks are in very good agreement with the

descriptions and genetic interpretations of Blanchard (1968) which formed the basis for

the discussion above,

43. X-ray diffraction (XRD) studies

Initial X-ray work was carried out at Paulo Abib Engenharia 5.A., 830 Paulo, and
completed using the €quipment at the University of Sdo Paulo (USP). Semiquantitative
XRD analyses using LiF as an internal standard were run at the University of Bern by
N. Waber. The XRD results of selected samples from RFT are shown in Table 6-IV,
Textured preparations refer to powder preparations with Planar orientation. Most
samples were run in three laboratories, and with both Planar and non-oriented powder
preparations. The equipment at USP could only be used at 2 ¢ angles > 5° therefore,
smectite peaks could not be observed in these runs. In addition, for some samples, the
analysed alkali feldspar peak (d ~3.25 A) was more intensive than the chosen full scale
deflection (of 1,000 cps). These peaks could not be measured and are therefore indicated
in the table as not measurable (n.m.).

As the differences between duplicate runs (and runs made in different laboratories)
were larger than the microscopically observed mineralogical variability, numerical
(semi-)quantitative interpretations were avoided, The LiF (d ~2.01 A) peak intensity
(Table 6-IV) refers to an admixture (internal LiF standard) in the weight proportion 10:1
(10 samples, 1 LiF) and can serve as an estimate for the analytical conditions of these
runs.

Some general conclusions from the X-ray results include the greater presence of
smectites in the RFI samples than expected from the microscopic work (probably in the
range of 3 — 6 vol.%). The latter indicated the presence of unidentified clay minerals
(probably smectites) in trace amounts of 1 vol.% aggregated into psc¢udomorphs after
aegirine-augites. The measured smectites are probably present as cryptocrystalline
(submicroscopic) finely disseminated individual grains.

The illite/sericite (d ~10 A) peak is always significantly weaker than the kaolinite
(d ~7 A) peak, supporting the relatively higher abundance of the latter mineral (Table
6-11). Complementing, and to some extent modifying, the microscopic results, one
observes the highest kaolinite/illite peak intensity relationships and also the absolutely

lowest illite peak intensitics in the pitchblende nodules and bleached noduies. This
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TABLE 61V
X-ray diffraction data of selected RFT samples.

Minerals: Peak heights (in mm) > background

Sample Run Lab. Preparation Sample petrography
no. no. Smectif Hiite Kaoligite  Alk. feldspar  Uraninit LiF
(split no.) d~15 d~10A d-7 d~3.25 R d-~3.10 d~201 A
RFI-1 I-A PA textured 11 12 37 n.m, ~ - Oxidised bulk rock powders.
(1A) I-A USP idem - 9 17 135 - -
I3 Be idem 62?; 10 19 n.m, - 48
I3 Be non-oriented 3(? 8 12 140 - 38
RFI-I I-B PA textured i3 11 4 o.m, - - Bleached nodule,
(1B) I-B USP idem - 8 22 210 - - selectively extracted
-1 Be idem 7(? 3(? 16 190 - 32 powders,
L1  Be non-oriented 10(? - 10 110 - 27
12  Be textured 10(? 3 ?} 22 n.m. - 41
: 12 Be noun-oriented 3(? ? 17 135 - 34
RFI-II I PA textured 9 15 28 n.m. - ~ Reduced bulk rock (powder)
(2C) II USP idem - 14 24 137 - - adjacent to redox front.
I4 Be idem 57 4?) 15 194 - 41
I4 Be non-ordented - 8 13 108 - 34
RFI-III L5 Be textured - 16(?) 21 176 - 45 Reduced bulk rock (powder)
(3B) L5 Be non-oriented 4(7) 10 15 128 41 from centre of non-ntinerafised
zone adjacent to the redox front.
RFI-II1 I PA textured 3(7) 2(?) 87 47 85 - Pitchblende noduie of
(30C) Ul USP idem ~ - 10 55 45 ~ mineralised zone,
selectively extracted.
RFI-IV L6 Be textured ? - 12 88 70 29 Pitchblende nodule;
{4B) L7 Be textured 2(? - 14 160 - 38 Reduced bulk rock {powder)
1.7 Be non-oriented 3(? 3( 12 125 - 36 of mineralised zone adjacent to
pitchblende nodule.
Abbreviations:
Lab = Laboratories D.m. = not measurable
PA = Paulo Abib Eng. S.A. - = not observed
USP = University of S50 Paulo (?) = uncertain peak identification
Be = University of Bern




indicates that the U-oxide precipitation and dissolution, i.c. the pitchblende nodule
formation and later destruction (with release of low pH sulphate concentrations),
exercised some preferential attack on the mica mineral,

Alkali feidspars are the most abundant minerals of the RFI rocks and consist texturally
of typical sanidine laths and prisms often of very fine grain-size (Table 6-IIT). Chemically,
however, they are very pure K-feldspars (see section 6). These characteristics, together
with the XRD patterns, indicate that crystal chemical exchange reactions affected the
primary magmatic sanidines, substituting Na* for hydrothermal K+ along with structural
modification. These reactions produced the presently observed very pure K-feldspars of
intermediate structural state and triclinicity (between high and fow tem perature). Similar
processes were reproduced experimentally and confirmed using stable isotope studies
by O’Neil and Taylor (1967) under P-T conditions that permit extrapolation/comparison
with the “potassic rock” hydrothermal processes of Pogos de Caldas (Waber ef al, this
report).

The main U-minerals of the pitchblende nodules are cryptocrystalline U-oxides similar
to those described by Barrington and Kerr (1961; referenced in the ASTM-index under
No. 13-225) and others described by Swanson and Fuyat (1953). A comparison of the
main X-ray peaks is shown in Table 6-V. The uraninite of the RFI pitchblende noduies,
however, furnished broad X-ray lines indicating low Crystallinity, probably allied with
partial oxidation of the UO, to UQ, (Table 6-V, column PH/HHW).

5. Rock physical parameters

Rock physical properties of RFT selected minor samples (see also section 6)and of the
regional phonolites and nepheline syenites (Schorscher and Shea, this report series;
Rep. 1) were determined by N. Waber (Univ. Bern). Results are shown comparatively in
Table 6-VI. The measurements confirm the microscopic observations regarding the
higher porosity of the oxidised RET rocks when compared with the reduced
non-mineralised rocks (Table 6-VL, sample no.: RFI-1A, B, C and RFI-5A, -6B; means
1and 3).

Sample nos. RFI-4B and -3 are of reduced phonolites from ( respectively) the zone of
maximum U-mineralisation and the zone free of U-mineralisation due to dissolution
adjacent to the redox front. They further support the results of the XRD studies which

indicated that the supergene reducing processes of formation and subsequent dissolution
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TABLE 6-Vy
X-ray diffraction data of uraninite from RFT pitchblende nodules compared to literature data,

a b RFI pitchblende
d(A) Int. d(A) Int, d(A) Int. PH/HHW
3.09% 10 316 10 312 10 8.5
2,686 5 274 5 270 5 29
1.900 5 193 5 191 5 29
1.62 4 165 5 1.63 5 35
7 additionzal peaks 5 additional peaks Interval not studied

downtod = 1.4 A downtod = 1054

a = Midnite Mine (Barrington and Kerr, 1961)
b - = Swanson and Fuyat (1953)
PH/HHW = Peak height to half height width ratio

of the pitchblende mineralisations occurred with partial silicate mineral replacement,
causing a moderate elevation of the porosities (not observed microscopically).
Comparison of the RFI rocks with the regional rocks (Table 6-VI), for example in terms
of their mean values (means 4 and 5), reveal strong differences in their global rock
densities and porosities, even thou gh they have identical grain densities. This indicates
that the hydrothermal (reducing) potassic rock-forming and supergene (reducing and
oxidising) processes compensated for the incurred porosity formation by precipitation
of denser mineral phases such as pyrites in the reduced rocks and HFO minerais in the
oxidised rocks. A graphic representation of the variation of the rock physical parameters
of the RFI samples is shown on the scale profile of the redox front illustrated in Figure

6-2.

6. Geochemistry

6.1. Sample preparation and analysis

Two main representative sample sets were prepared for geochemical studies: one from

large-sized homogeneous parts of the original samples and one from selected minor

429




TABLE 6-VI

Rock physical propetties of selected RFI

Caldas complex.

samples and regional alkaline rocks of the Pogos de

Sample Density Grain (solids) Porosity Rock types

no, (Hg), global density

RFI-1A 217 262 17.1 RFT oxidised phonolite,

~20 cm from redox front;

RFI-1B 220 262 15.9 RFI oxidised phonolite,

15 to 5 cm from redox front;

RFI-1C 218 2,65 17.8 RFI oxidised phonolite,

: 5 to 0 cm from redox front,
rich in HFO minerals;

RFI-3 217 2.64 17.8 RFI reduced phonolite,

0 to 10 cm from redox front,
zone without U-nodules;

RFI-4B 2.20 261 15.5 RFT reduced phonolite
(without U-nodules) of zone
of max. U-mineralisation;

RFI-5A 235 2.59 9.4 RFT reduced phonolite,
~ 1 m from redox front
(variety 1);

RFI-5B 2.26 - - RFT reduced phonolite,
~1m from redax front

. (varicty 2);

RFI-6B 233 2.61 106 RFI reduced nepheline syenite
xenolith, ~2 m from redox
front;

PDC-PH-02B 2.62 2.66 1.6 Regional nepheline sycnite
— hypabyssal;

PDC-11-04 2.57 262 18 Regional phonolite
— subvolcanic;

PDC-PH-05 2.59 2.61 0.6 Regional phonolite — volcanic;

PDC-I1-06 2.50 2.59 35 Regional nepheline syenite
~ plutonic;

PDC-11-07 249 - - Regional nepheline syenite
— plutonic;

PDC-PH-(8 259 - - Regional phonolite
— volcanic;

PDC-11-01 255 - - Regional nepheline syenite
- hypabyssal;

means 1 218 2.63 16,93 RFI oxidised rocks;

means 2 2.19 263 16.65 RFI reduced, mineralised and
related rocks;

means 3 231 260 10.00 RFI reduced non-mincralised
rocks;

means 4 223 2.62 14.87 RFI rocks, all;

means 5 2.56 262 1.88 Regional rocks, all.
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Figure 6-2. RFIredox front: distribution of rock physical properties.
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portions cut out of the original samples (based on specific mineralogical, petrographic
and metallogenetic characteristics). From these, as an additional detail, specific powder
samples were removed by drilling for complementary geochemical (and mineralogical)
analysis. Details of the different sample sets and the analytical work performed are
presented in Tables 6-1 and 6-I1, and the chemical data are listed in Appendix 6:2.

Geochemical sample set I (Table 6-IT} comprises five large-sized representative
samples (750 - 1350 g) from the main mineralogical-petrographic zones of RFL Major
and trace element studies (by routine XRF analysis; University of Bern), determination
of Fe*,,, Fe**, S and Lost On Ignition (LOI) using classic methods, analysis of Mo by
Atomic Absorption (AAS); work performed at Paulo Abib Engenharia S.A., Sio Paulo),
and determination of Cd by AAS (work done by R. Mader, University of Bern) were
carried out on the samples. Figures 6-4, 6-6 and 6-13 show the distribution of Fe**, §,
LOI and Mo across the redox front. The geochemistry of Cd will be discussed later
together with complementary data. Analytical problems arose during the determination
of Fe**, probably due to the presence of uranium. Thus, even the reduced rocks with
abundant pyrite sbowed below-detection-level amounts of FeO (<0.2 wt.%; Appendix
6:2; Table 6:2-1),

Geochemical sample set I1 (Table 6-II) comprises 10 samples selected from the original
specimens in an attempt to further subdivide the main zones of the redox front, and also
to consider the internal compositional and textural variations of the original samples. To
accomplish this, the original sample RFI-1 was subsampled (1A, 1B, 1C) from the redox
front (Table 6-II), j:nrogrcssing into greater HFO mineral contents as indicated by the
more intensive yellowish-brown colouration.

The original sample RFI-4 was aiso subsampled (4A-1, 4A-2, 4B) to show different
degrees of U-mineralisation. Sample RFI-4 represents the zone of maximum
U-mineralisation and the subsampies prepared represent reduced types a) containing
pitchblende micronodules (4A-1), b) devoid of macroscopically recognisable
pitchblende nodules (4A-2), and ¢) of maximum U-content with abundant pitchblende
macronodules (4B). Subsampling of RFI-5 resulted in sample SA (non-mineralised) and
5B (contains pitchblende micronodules).

Sample RFI-6 was subdivided according to its lithological composition into sampie 6A
(reduced non-mineralised phonolite country rock) and 6B (reduced nepheline syenite
xenolith). However, only 6B was analysed. The analytical results are presented in
Appendix 6:2 (Table 6:2-11).

The mean geochemical variation of the respective elements in the regional

(hydrothermally altered non-potassic) rocks, the borehole F1 reduced rocks and the
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values for borehole F4 rocks to be used - i.e, oxidised phonolites and nepheline syenites
(sample nos. 19-1A, 22-1A,39-1A) and reduced nepheline syenite xenolith (sample nos.
413-1A-A; -1A-B; 1A-C; 1A-D; 1A-E), respectively, since borehole F1 rocks were not
analysed for this element.

Concerning samples RFI-1A, -3B, -4B, -5B, and the §, Fe,05,, and LOI analysed by
both laboratories (Paulo Abib Engenharia S.A., Séo Paulo and the University of Bern),

parts of the same original samples (Figs. 6-2, 6-6 and 6-4; Appendix 6:2, Tables 6:2- and
6:2-II). This is particulaﬂy important in the case of sample RFI-4B, where the split
analysed by the Paulo Abib laboratory was free of pitchblende nodules (analysis no. 06,
Appendix 6:2; Table 6:2-), in contrast to the split analysed by the University of Bern
(analysis RFI-4B, Appendix 6:2, Table 6:2-I) which represented the maximum
U-mineralisation, i.¢, particularly rich in pitchblende macronodules (Appendix 6:1, Plate
6:1-4). This fact explains, for instance, the almost proportional differences in the Fe,,

and S resuits by a factor of 2,

6.2, Geochemistry of sa mple set I (large-sized sam ples)

Figures 6-6 and 6-4 show the stepwise and proportional decrease of S and Fe,, from
the reduced rocks (analysis no. 07; sample RFI-5B) towards the redox front (on its
reduced side), corresponding, most probably, to the formation and partial removal in
solution of Fe-sulphates from pyrite (even though dissolution of pyrite could not be
positively confirmed microscopically). The mobilisation and release into solution of Mo
(Fig. 6-13) is anomalous, apparently occurring as a continuous (one-stage) process in
the near-vicinity of the redox front on the reduced side. This further supports the
existence of specific Mo-minerals (probably sulphides) in the reduced rocks rather than
its presence as a minor constituent (up to <1.500 PPm) in pyrite. However, it must be
mentioned that molybdenite (MoS:) has not been observed in the RFIrocks (either due
to cryptocrystallinity or to its hon-existence) and that the Jess likely jordisite (amorphous
MoS;) may in fact have been overlooked, In the field, one very frequently observes the
presence of a blue Mo-mineral, most probably ilsemannite (Mo-hydrous oxide), in the
presence of pyrite, i.e. only in the reduced rocks exposed to weathering. Ilsemannite is,
according to Ramdohr (1975), most readily formed from the weathering of jordisite by
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rapid oxidation (even in mineral collections). At the Osamu Utsumi mine the formation
of the blue Mo-mineral was observed on drillcores of reduced rocks within time s pans
of only a few days. Jordisite is considered here as the more probable Mo-mineral phase
in the reduced RFI rocks, even if the formation of the blue Mo-mineral in the studied
rocks was not observed. With respect to jordisite being a paragenetic mineral forming
part of the hydrothermal U-Zr-REE-mineralisation at the mine, there are some
reservations. For example, Jordisite is a very low temperature mineral (Ramdohr, 1975).
From the oxidised side of a zone located outside the direct influence of the redox front,
Mo-values may again reach up to half of the original content of the reduced rocks, and
may have been fixed mineralogically by coprecipitation onto HFO-minerals of low

crystallinity (mainly limonite).

63. Geochemistry of sample set Il (main XRF samples)

The main major and trace element (XRF-) data-sets of the RFI redox front (Appendix
6:2; Table 6:2-1I) are compared globally with other equivaient oxidised and reduced
potassic rocks of the Osamu Utsumi mine, and with the regional rocks (unaffected by
the potassic rock hydrothermal alteration) and related Zr-REE-U-mineralisation
(Waber et al., this report). In addition, the specific geochemical processes related with
the development of the redox front are also discussed.

The XRF analytical data for RFI were recalculated to obtain mean values for the
oxidised and reduced non-mineralised rocks (U <210 ppm) and for the reduced
mineralised rocks (U >210 ppm). These arc compared and related to one U-mineralised
oxidised rock from the RFI front (U =861 ppm, sample RFI-3), and to the mean values
for borehole F1 oxidised and reduced rocks and the regional rocks (Appendix 6:2; Table
6:2-IIT). The non-mineralised reduced rocks were considered first, to try and reconstruct
the character of the magmatic and superimposed hydrothermal geochemistries of the
RFI rocks. It should therefore be remembered that these were initially classified
mineralogically and petrographically as very fine-grained hololeucocratic volcanic
phonolites containing subordinated Phenocrysts of alkali feldspar, pseudoleucite,
nepheline and aegirine-augite, and (micro-)xenoliths of phonolites and nepheline

syenites, i.e. unsaturated alkaline rocks (section 4).
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6.3.1. RFI phonolites: magmatic composition and hydmthermally altered potassic
rock

Major elements

When comparing the major elements (and corresponding mean values) of the
non-mineralised RFT rocks with the equivalent mean vaiues for the reduced borehole
F1 rocks (Appendix 6:2; Tables 6:2-11 and 6:2-11I), the similarities in TiO,, ALO; and 1.OY
conicnts, and the overall low and very low contents of Mn, Mg, Ca and P (-oxides), are
casily observed. Dilferences include higher SiQ, and K:O contents in the RFI rocks and
the higher Fe,Oy,, and Na,O contents of the borehole F1 rocks; Na,Q, in particular, is
almost entirely absent in the RFT rocks. These differences are similar when com pared
to the equivalent borehole F4 rocks and to the redox fronts IL, T and IV sampled and
analysed by Waber et g/ (this report; section 9.

In comparison with the regional rocks (Appendix 6:2; Table 6:2-111) it becomes evident
that all the above observed differences (of the RFI and borehole F1 reduced rocks) not
only continue to exist, but reach maximum values, Additionally, the regional rocks also
show minor but significant MnO and MgO contents and much lower LOL If the RFT
reduced non-mineralised rocks are plotted together with the regional rocks in a total
alkali-silica (TAS) diagram (Le Maitre, 1984) and compared with the borehole F1 rocks
(Waber et al., this report), all rocks are observed to lie in the phonolite (unsaturated)
field. The RFI rocks, however, plot near the divide with the field of more (silica)
saturated rocks (alkali trachytes and trachytes), in contrast to the regional rocks which
Plot in the opposite, more unsaturated part of the phonolite field. The borehole F1 rocks
cover the main part of the phonolite field and the calculated means ol the reduced
non-mineralised varieties lie at the centre. Bearing in mind the reconstructed magmatic
mineralogy of the RFI rocks (see section 4; Table 6-1II) and the chem istry of the
mineralogically similar regional rocks (particularly of the regional phonolites), it
becomes evident that the original RFI rocks were ccrtainly more leucocratic (Fe-Mg
mineral poor) and their chemical composition is mainly a product of the “potassic rock”
hydrothermal alteration. This imposed on the original rocks the progressive and ultimate
total loss of Na,Q, the equally complete loss of CaQ, MnO and MgO, and the partial loss
of Fe,Os,, (while the preserved Fe was almost completely reduced to the divalent state
and reprecipitated mainly as pyritc). The Nézo loss was not entircly compensated by the
addition of K,Q; there also occurred moderate to substantia] enrichments of $iQ, and
ALO;, whereupon nephelines underwent partial alteration to illite/sericite and kaolinjte

(causing SiO, and K gains, but total-alkalj losses at ~ constant Al Os) and the main
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magmatic sanidines suffered alkali exchange reactions (Na by K), structural
readjustments, and incipient kaolinisation (which caused increases in K and Al,O; and
important Na and minor SiO, loss). The almost total loss of CaO, MgO and MnQ, and
the partial loss of Fe, 05, are explained by the argillation of magmatic Fe-Mg minerals,
mainly of acgirine-augites, through the formation of pseudomorphs comprising mixtures
of clay minerals (kaolinite, smectite), pyrite and Nb-Fe-rutile (with consequent losses in
variable proportions of Na, Ca, Mg, Fe, Mnp, Si). Possibly, there also occurred the
dissolution of minor magmatic plagioclase feldspar and of the minor anorthite
components of ternary magmatic (alkali-) feldspars.

TiO, is present in the RFI and borehole F1 rocks in similar amounts, somewhat lower,
however, than in the regional rocks. Magmatic Ti occurs in these rocks in rare oxidic ore
minerals, but mainly as a minor element in the clinopyroxenes. (Giannettite is a
pneumatolytic Ti-bearing mineral of the regional rocks, hydrothermally unstahle, but
less frequent in pho nolites.} These have been generally referred to as aegirine-au gites,
but even the groundmass clinopyroxenes of the voleanic phonolites show compositional
zoning. This is particularly well developed in the case of the coarser phenocrysts and
nepheline syenite regional rocks (Schorscher and Shea, this report series: Rep. 1),
ranging from sodi-augitic centres to almost pure aegirine rims. Ulbrich (1983) and
Ulbrich et al. (1984) reported microprobe analyses of the clinopyroxenes of various
nepheline syenites from Pogos de Caldas with TiO; contents ranging from 0.5 wt.% in
the centres to 5 wt.% at the acgirine borders. Due to its geochemical immobility, Ti
reprecipitates (hydrothermally) in situ as TiO,- (rutile-) minerals, pseudomorphing the

clinopyroxenes.

Minor and trace elements

To discuss the original magmatic and supertmposed hydrothermal trace element
geochemistry of the RFI non-mineralised, reduced phonolites is more problematic, even
if the equivalent borehole F1 rocks are also included for comparison (Appendix 6:2;
Tahles 6:2-I1 and 6:2-111). For instance, the trace element geochemistry of the borehole
F1 rocks (Waher ez al., this report) showed that macro- and microscopically they are very
similar, and that in the core profile more or less contiguous rocks showed abrupt
differences in their trace element contents, in some cases by factors of 2 to >10. This
has a major influence, for instance, upon mean valucs, even in the case where quitc a
high numher of analysed samples are petrographically similar. In the case of RFI, and

similarly with the RFIL, III and IV redox fronts, the numbers of analysed samples are
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characterised,

For RFT samples, RF]-3, RFI-4A-2, RFI-5A and RFI-6B (Appendix 6:2; Table 6:2-11)
were considered to represent the Mmean composition of the reduced non-mineralised (U
<210 ppm) RFI rocks (Appendix 6:2; Tuble 6:2-111). However, even though
microscopically the first three (phonolite) samples can be considered as similar, the

fourth sample, 5 nepheline syenite xenolith, was alsg included, even though of different

and phonolites), the other only the phonolites,
The RFI reduced non-mineralised rocks are compared to the equivalent borehole F1

values are given for RF] and regional rocks (Appendix 6:2; Table 6:2-I1). The initia)
(higher) means include in both cases all the rocks (phonolites and nepheline syenites)
and the second only the extremely fine-grained, volcanic phonolites. This was necessary

because, in the case of the regional rocks, there exists a very characteristic, strong

(means: 387 ppm). Similarly, in the case of the RFI rocks, the nepheline syenite
(Appendix 6:2; Tabie 6:2-1I; sample RFI-6B) has a much higher Ba content than the
means of the associated volcanic phonolites. Therefore in this Case, the means of the
RFI volcanic phonolite are considered more representative and should be compared
with the cquivalent means of the regional phonolites for the appropriate estimation of
the Ba-enrichment factor. For the RFI and regional phonolites this is ~7.

Such evident fractionation was only observed in the case of Ba, Furthermore, the

petrographic variability of borehole F 1shows that it includes predominantly subvolcanic
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to hypabyssal rock types, and only minor weli-defined plutonic and shallow volcanic rock
types. Therefore, the mean values for all the rocks, rather than the partial means from
minor lithological subgroups, were used for the other comparisons, including Ba from
the borehole F1 and regional rocks. Its enrichment factor in this case is lower ( ~2.5).
One mineralogical reason for the enrichment of Ba in the hydrothermally altered rocks
could be the inclusion of a complementary celsian component during the alkali exchange
reactions of the feldspars. This interpretation is supported by Ulbrich (1983) and Ulbrich
et al. (1984) who have described the erratic presence of low Ba contents, similar to those
0f CaO ( £0.36 wt.%), in the alkali feldspars of nepheline syenites from Pogos de Caldas.
In addition, barite is known in hydrothermally altered rocks from the Osamu Utsumi
mine, and its existence as a minor finely-dispersed mineral in these rocks could not be
totally excluded. |

The enrichment of Rb by a factor of 1.7 in RFI and 1.9 in the borehole F1 rocks
corresponds quite well to the K,O enrichment factors (1.7 and 1.6 respectively). This
process, too, is mineralogically related to the hydrothermal alkali exchange reactions of
the feldspars and, to a lesser extent, to the hydrothermal sericite/illite formation in the
pseudomorphs resuiting from nepheline.

Thorium has higher mean values in the RFI and borehole F1 rocks than in the regional
varieties. The borehole F1 mean value, moreover, lies within the range of data published
from various global alkaline intrusive complexes (Roger and Adams, 1978). However,
based on the few analysed regional rocks in the Pogos de Caldas complex it is difficult to
decide whether the Th means of borehole F1 really represent a weak hydrothermal
enrichment, or whether the Th mean value of the regional rocks represents unusually
Th-poor rocks. The RFI rocks are quite clearly Th-enriched with respect to the borehole
F1 rocks hy a factor of 2, and to the regional rocks by a factor of 6. The attempt to
correlate Th with another trace element for the four individual RFI samples yielded at
best a reasonably good positive lincar correlation with Zr. If the borehole F1 and regional
rock mean values are included, they lie quite close to each other, but are still totally
isolated from the correlation line.

This tends to indicate that the Th-contents of the borehole Fl rocks probahly represent
low or unmodified magmatic values, while those of the RFT reduced non-mineralised
rocks are of hydrothermal origin. Specific Th-minerals were not observed. Microprobe
analysis of hydrothermal zircons from the borehole F1 rocks indicated the presence of
Th in zircons from the potassic rocks of the mine (Waber et al., tbis report, Appendix 3).

Giannettite, however, is the main Zr-bearing mineral in the regional rocks.
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The borehoie F1 means are considered to fepresent the mean U-congent of the reducing
hydrothermal potassic rock-forming process, and not the associated higher grade
U-mineralisation, Higher grade, truly hydrothermal (deep- seated) U-mineralisatiops

were only analysed recently in sampies from borehole F4. These were found to congist

to the hydrothermal potassic rock-forming process, independent of the grade of

U-mineralisation. Specific V-bearing minerals were not identified in the RFT orborehole

in the regional rocks (means of 168 ppm), bound to the sificate minerals {mainly
Pyroxenes). In the course of the hydrothermal aiteration it becomes enriched, attaining

practically identical mean values (about 220 Ppm) in the RFT and borehole Fi rocks.
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Elements Sr, Pb, Nb, Zr, Ga and Hf

Strontium occurs in the regional rocks in concentrations typical for worldwide
nepheline syenites (1,000 - 3,000 ppm; Goldschmidt (1954)), with a mean content of
1,913 ppm. Much lower contents and mean values are found in the hydrothermally
altered (non-mineralised) RFI (626 ppm) and borehole F1 rocks (181 ppm), being
reduced respectively by factors of ~3 and >10. Similarly, lower Sr mean values (than
those of the regional rocks) are found in the borehole F4 reduced {(non-mineralised)
rocks and in the RFII, III and IV reduced non-mineralised rocks. The hydrothermal
Zr ~ U-REE mineralised rocks of borehoie F4 may achieve higher Sr contents than the
regional rocks, thus showing that an Sr-enrichment occurred during the high-
temperature hydrothermal mineralising processes. However, the Sr enrichment factors
vary strongly, not only between different occurrences but also within individual
mineralised zones.

The redox front-related U-mineralisations show no relationships with Sr. It is known
that the typical alkaline (magmatic) minerals of feldspathoidal (atkaline) rocks such as
nepheline, leucite, orthoclase and sanidine may contain quite high amounts of Sr
(Goldschmidt, op. cit.). Ulbrich (op. cit.) and Ulbrich e al. (op. cit.) confirmed SrQ
contents of up to =1 wt.% in nepheline syenite alkali feldspars from Pogos de Caldas.
St contents are lower in the case of equivaient hydrothermal minerals, for instance in
low-temperature K-feldspars or in mica minerals resulting from the replacement of
feldspathoids. This may explain the observed reduction of Sr in the studied RFT and
borehole F1 rocks as being due to the associated processes of low-temperature
(hydrothermal) alkali exchange reactions of the feldspars and the replacement of
feldspathoids. The differences between RFI and borehole F1 rocks (and the other
reduced non-mineralised rocks) are thought to reflect primary magmatic variations,

Lead occurs in very low concentrations near, or even below, detection level (<6 ppm),
in both the regional (non-altered) and borehole F1 reduced (non-mineralised) rocks;
higher contents (mean value = 47 ppm Pb) were found in the RFT rocks. These may be
related to the magmatic and hydrothermal variations, but also, at least in part, to the
higher U-contents of the studied RFI rocks. No Pb or Pb-bearing minerals were found
in the discussed rocks. The occurrence of galena associated with the hydrothermal
U-mineralisation has been mentioned in Uranio do Brasil internal reports, but has not
been confirmed in this study of the high-grade hydrothermal U-mineralisation.

Niobium occurs in the regional rocks in normal concentrations (mean: 249 ppm) for

alkaline rocks of these types, and also shows similar concentrations in the borehole F1




and Nb can be observeqd (Waber et al | op. cit.).

Zirconium and hafnium will be discussed together, The former shows similar mean

consistently the presence of 1.0-1.5wt. % of HIO,. The low total Zr contents in the RF]
rocks, when compared with more thap double the amount of Zr in the borehole F1 and
regional rocks, are considered to be reficts of the primary magmatic geochemical

character of the RFI phonolites.
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In the regional, borehole F1 and RFT rock groups, the REE (mean) contents follow
the natural sequence of abundance: Ce followed closely by La and, to a lesser extent by
Nd. In addition, the total abundances of these elements in the regional and borehole F1
reduced non-mineralised rocks are quite similar (most probably lying within the limits
of analytical uncertainties). In contrast, the RFI (reduced non-mineralised) rocks show
individual and mean values significantly lower than those above (Appendix 6:2, Table
6:2-111); La and Ce are reduced by at least 5 to 6 times and Nd by more than 10 times.

The light REEs, La, Ce and Nd are expected to be fixed in the regional rocks in the
clinopyroxenes, alkali feldspars and Zr-minerals (mainly giannettite). In the reduced
borehole F1 rocks they are associated with the hydrothermal zircons (mainly Ce);
however, in the hydrothermally exchanged alkali feldspars La, Ce and Nd are, if present
at all, below the microprobe detection level (estimated <500 ppm).

The correlation of La, Ce and Nd with Zr is evident for the three compared groups,
particularlyif the analytical uncertainties are keptin mind. If the geochemical immobility
of REEs is also considered, it may be concluded that the RFI phonolites were, in terms
of their magmatic origin, strongly depleted in REEs (La, Ce and Nd), as they were in Zr.
The hydrothermal reducing potassic rock aiteration heat, judging from the comparison
of regional and borehole F1 rocks, shows that on ly a very minor effect on these clements
occurred, if at all.

Yttrium is similar to the REEs in showing the same concentrations in the regional and
borehole F1 rocks, but is about 2 times less in the reduced non-mineralised RFI rocks.
Yttrium should also be present in the regional rocks, mainly in the clinopyroxenes, and
possibly in giannettite (and other rare metal silicates). In the borehole F1 rocks Y is most
frequently found in crystallo-chemically significant amounts in zircons and zircon-
baddcleyite intergrowths (Waber et al., this report, section 5). This, however, would imply
higher Zr-contents in the RFI rocks (where in fact they are diminished) or, alternatively,
higher Y-contents in the RFI zircons. As such indications are however lacking, it is
thought that the higher Y-contents of the RFI reduced rocks may somehow be related
to their higher U-content. It is known that various hydrothermal U-mineralisations
formed by alkali metasomatism are also associated with Y and heavy REE enrichment
(for instance: Porto da Silveira, 1986; Porto da Silveira et al, 1989),

Scandium was only analysed in the regional rocks and borehole F1 rocks. In the former,
the mean values are below the XRF detection limit (<1 ppm)}, and in the borehole F1
reduced, non-mineralised rocks a value of 2 ppm was obtained. These very low values

are within the expected limits for nepheline syenites (Goldschmidt, op. cit.).
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Elemenys Cr, Ni, Co, Cu, F and §

and Nd. Otherwise the trace element Compositions for these types of unsaturated
hololeucocratic nepheline- and pseudoleucite-bearing rocks are normal, The

hydrothermal reducing potassic rock alteration led to the enrichment of Ba, Rb, V,Zn

due to their lower total Zr content and to their particula tly Hf-rich hydrothermal zircons,
Scandium, Cr, Ni, Coand Cy occur in very low tota] concentrations in both the regional
Mmagmatic and the hydrothermally altered RFT and borehole F1 rocks; this is considereq




normal. Gallium and F were not analysed in the regional magmatic and the RFT rocks.
The former shows concentrations lower than normal for magmatic nepheline-alkali
feldspar rocks in the hydrothermally altered rocks, and the latter shows similar

concentrations when compared to the borehole F1 and regional rocks.

6.3.2. RFI oxidised and reduced phonolites

The non-mineralised reduced RFI and borehole F1 rocks are compared here with the
cquivalent oxidised RFI and borehole F1 rocks, Comparisons are based on the mean
values obtained for a total of 16 analysed individual samples (Appendix 6:2; Table 6:2-11I1)
including the RFI rocks from samples RFI-1A and RFI-1B and the borehole F1 rocks,

Comparison of the major elements shows only minor systematic variations that include
increasing ALO, (and possibly TiO, and K:O contents) in the oxidised rocks; SiO,
diminishes very slightly and LOI more characteristically. Calcium, if present in the
reduced rock, is almost totally eliminated. Among the other elements, Fe,0s, shows
insignificant variation and MnO, MgO and P,O; maintain very low concentration levels.
This is also the case for Na,O in the RFI rocks. The apparent enrichment of Na,O in the
borehole F1 oxidised rocks is erroneous; the higher contents are due to the preservation
ofless altered perthitic K-feldspars in some of the oxidised rocks (Waberet al, thisreport;
Appendix 4).

These major element variations between reduced and oxidised RFI (and borehole F1)
rocks may be largely explained by incipient oxidising lateritic weathering processes
producing further kaolinisation (AL,Oy-increase, SiOrdecrease), pyrite oxidation (LOI
reduction), HFO mineral precipitation (irregular Fe/Oso redistribution), possible
carbonate and fluorite dissolution (CaO decrease), and rock-solid volume reduction and
residual enrichment of KO (in weathering-resistant white micas) and TiO, (in
rutile/hydrorutile minerals).

In comparison, the trace element variations show systematic but minor enn'chments of
Rb, partial depletion of Sr, strong depletion of Zn and S, and significant enrichment of
Ga in the oxidised rocks. The REFs, La, Ce and Nd, were inert/immobile during the
oxidising supergenic process. Ba and Nb show non-systematic variations and V is
immobile, or only very slightly enriched, in the borehole Fi rocks, but strongly enriched
in the RFI oxidised rocks.




Cr, Ni, Co, Cu and Sc (analysed only in the borehole F1 rocks) maintain very low total
concentrations and F, analysed only in the borehole F1 rocks, is significantly diminished
in the oxidised rocks.

Pb, Th, U, Y, Zr and Hf in the RFI rocks behaved differently from those in the borehole
F1 rocks due to the higher grade of U-mineralisation of the former. Upon oxidation, a
drastic reduction of Zr in the RFI rocks, and a consequent reduction of HE, Y and Th,
were also observed; similarly a decrease of U and Pb occurs.

In the borehole F1 rocks Zr and Y were generally immobile, and Pb, Th and U show
higher concentrations in the oxidised than in the reduced rocks. However, the total
concentrations of Pb, Th and U are within the range of these elements present in the
oxidised RFI rocks.

The ohserved trace element variations further support the major element results, i.e.
Rb enrichment is sympathetic with K;O, Sr depletion with CaQ; Zn and S indicate the
dissolution/oxidation of sphalerite and of all the other sulphide minerals. The
enrichment of Ga is, as that of AL,O,, typical for lateritic weathering. This is confirmed
by the immobility (within the restrictions of analytical uncertainties) of the REEs and
also Ba and Nb, and by the enrichment of V., _

Cr, Ni, Co, Cu and Se are known to become enriched during lateritic weathering;
however, their low availability during the incipient stages of the process may have
resulted in their chemical uniformity. The decreasé of F in the oxidised borehole F1 rocks
is confirmed by the mineralogy, which points to the total dissolution of fluorite during
oxidation of the rock.

Pb, Th, U, Y, Zr and Hf behave differently in the RFI and borehole F1 rocks. In the
former, their behaviour corresponds to weathering dissolution with partial laterite
reprecipitation of a hydrothermal low-grade radioactive mineralisation. This has also
resulted in the partial dissolution of ZrO, - HfO,-rich, Th- and Y-bearing hydrothermal
zircons, and in the partial dissolution of (probably) U-oxide minerals and of (radiogenic)
Pb. In the case of the borehole F1 rocks, Zr and Y remained inert and Pb, Th and U
enrichment occurred from the considerably lower “protore” levels of the reduced rocks,
to what may be considered the initial stages of their concentration, to form a lateritic

geochemical anomaly in the oxidised rocks.
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6.3.3. RFI redox front processes

Major and trace elements (XRF da ta)

The geochemical character of the RFT redox front is shown in Figures 6-3 to 6-13, and
will be briefly discussed in comparison with the RF1 non-mineralised, reduced and
oxidised rocks mean values.

Four U-mineraliseqd samples were included with the analysed RFT rocks. One
(RFI -~ 1C) typifies an oxidised U-mineralised zone directly adjacent to the redox front

Zn, Co, Nj, La, Ce, Nd, Pb and, particularly strongly, U and S tend to be concentrated
in the mineralised zone, Of the remainder, Y was slightly depleted and v enriched (but
less than the means of the oxidised rocks) and the other elements remained within or
VEIy near to their mean values. Specific mineral phases that may be related to the
observed geochemical anomalies could not be detected, except for HFQ minerals
(mainly limonite). These are known to copreci pitate available metals, e.g. REEs and U
in lateritic deposits, but they do not explain the high S content. 1t is thought that possibly
jarosite or similar Fe**-sulphates may also have formed, accounting for the S and trace
element abundances (Bambauer et al, 1988, 1989).

Of the redox fronts sampled and analysed by Waber ez a/, (this report), only RFII (in
voleanic breccia) showed a comparable oxidised Fe~ U —_§ enrichment, directly adjacent
to the redox front. This and sample set I, without an oxidised U-mineralised zone
(Figures 6-4 and 6-6), seem to indicate that the development of such a zone is either not
a general feature of the redox fronts, or is restricted to vCIy narrow zones (note that
sample RFI-2B of sample set I is a few cm more distant from the redox front than sample
RFI-1C of set I).

The reduced, non-mineralised zope directly adjacent to the redox front on the reduced
side (sampie RFI-3B) shows only weak geochemical variations when compared to the
reduced non-mineralised rock. ALO,, TiO,, Ga, V and Pb are enriched and Zr, Y, Th,
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Hf, Zin, S and LOI are depleted; this is believed to be mainly due to redox front-related
processes and not just the effect of natural rock compositional variations, However,
sample RFI-3Bis one of those included in the means of the RFI non-mineralised reduced
rocks. The more mobile elements of the hydrothermai stage and of the redox
front-related superimposed U-mineralisation were depleted, and the more immobije
elements, including ( ?radiogenic) Pb, are enriched. The apparent mobility of Zr, Hf and,
particularly, of Th and Y is surprising,

From the zone of maximum U-mineralisation, three subsamples representing different
U-grades were analysed, including non-mineralised, weakly mineralised and strongly
mineralised types (sample numbers RFI-4A-2; -4A1 and -4B). They are considered
together with samples RFI-5A and -5B of the non-mineralised and weakly mineralised
reducing phonolites. It can be seen from the geochemical profiles that, of all the major
and trace elements considered, only U precisely characterises the redox front-related
U-mineralisation. Even Pb and Th are typically enriched in the highest grade
U-mineralised rocks of RFL In the low-grade (weak) U-mineralisations (samples
RFI-4A-1 and -3B) both clements show insignificant variations, being either enriched
or depleted in relation to the means of non-mineralised reducing rocks. Zr, Hf, Y and
the analysed REEs show non-systematic variations with respect to the grade of the
U-mineralisation related to the redox front, and most probably reflect just the rock
compositional variations of magmatic and/or superimposed hydrothermal origin,
However, this almost pure U-enrichment of the redox front mineralisation is
characteristically very different from any of the hydrothermal (high-temperature)
U-mineralisations. It characterises the redox front RFI, supported also by main and trace
element geochemistry, as a low-temperature, geologically young (subrecent to recent)

roll-front mineralisation.

The peochemistry of Cd

The presence of the CdS greenockite in massive pitchbiende nodules from the Ur4nio
do Brasil collections in Pogos de Caldas has already been noted. Unfortunately these
massive pitchblende nodules were only found during the carly stages of mining at Osamy
Utsumi, and details of their location are only qualitative. However, jt is known that they
werc collected from the open pit in the oxidised rocks, at a few metres to a few tens of
metres above the méin redox front, overlying reduced rocks in areas of the higher grade

U-mineralisations.
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The nature and possible genetic relationships betwee.n these massive “fossi]” nodules
and those of the (subrecent to recent) active redox fronts observed in the mine (Ist -
generation nodules) were judgedto be of considerable interest 1o the project. As ares ult,
the selective Cd mineralogy and geachemistry of the nodules were invegt; gated.

"Two series of analyses were carried out at the University of Bern. The first sampie

series included the main RFI oxidised apd reduced bulk rock samples (Table 6-11;

~ bleached nodules from pitchblende — pyritedissolution (without HFQO minerals) from
oxidised rock;

- reduced bulk rock directly adjacent to, and about 5 cm from, the redox front (in the
middie of the non-mineraliged reduced zone);

- pitchblende macronodule from the zone of maximum U-mineralisation, and

- reduced bulk rock directly adjacent to the abovementioned macronodule, byt

without U-nodules and approx. 50 cm from the mineralised zone.

The results of the Cg analysis are shown in Table 6:2-1v (Appendix 6:2) and Figure
6-13. The figure shows the very good a greement of the (wo sam ple sets, Geochemically

it is important to note that:

pitchblende noduies;
- Cdis strongly and very selectively concentrated inside the pitchblende (macro-)
nodules of RFT;
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The cnrichment/precipitation of Cd at the redox front is certainly related to the
observed dissolution of sphalerite during the formation of the oxidised rocks. Is
precipitation within the firs generation pitchblende noduies, together with second
generation pyrite and Cryptocrystalline U-oxides, isvery similar to the observations made
in the case of the “fossil” massive pitchblende nodules, In the latter case, S-isotopes
indicated a biochemica] origin for the second generation pyrites (Waber et al., this report;
Appendix 1),

From the mineralogical-textural and geochemical evidence, it is believed that the
related active redox front formation of (first generation) pitchblende noduyles containing
paragenetic second generation pyrite and Cd enrichments was facilitated by
bio-geochemical processes, probably through the action of sulphate-reducing bacteria,
Specific Cd minerals could not be identified, However, from analogy with the massive
pitchblende nodules, it is believed that the Cd mineral in this case js also greenockite
(CdS), present in such fine-grained and low total abundances that its detection using
microscopic and XRD techniques is precluded.

According 10 the author, the ohserved precipitation of U-oxides, of Cd and related
second generation pyrite exclusively within the microenvironments of the related redox
front pitchblende nodules, and involving bacterial/bio-geochemical processes, is
apparently an as yet unobserved geochemical association,

It is known from literature (Bambauer et al,, 1988, 1989) that Cd enters the oxidised
Fe mineral jarosite under low-temperature weathering conditions. For the RF sample
(RFI-1C), which showed high U-contents and the possible presence of jarosite,
unfortunately no Cd analyscsfexist. However, in the oxidised sam ples (RFI-1A, RFIL- 1B)
the Cd-contents are higher than in the non-mineralised reduced rocks and it is positively
correlated with the Fe,0,,, contents. In these cases this may indicate the copreci pitation

of Cd with HFO minerals (mainly limonite).

7. Summary

Fundamental to all interpretations is the ability to distinguish the primary magmatic
and later superimposed reducing hydrothermal processes from the final supergenic

processes which resuited in bedrock oxidation and in the formation of the redox fronts.
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The primary magmatic composition of the RFI rocks consisted of extremely
fine-grained, almost aphanitic, weakly porphyritic (mainly orthociase, nepheline ang
pseudoleucite phenocrysts) and (micro-)xenolithic (phonolite and nepheline syenite

fragments) hololeucocratic voleanic  phonolites, Geochemically they are sijlica-

RFT phonolite samples could not be detected,

The potassic rock reducing hydrothermal alteration, associated with weak
(hydrothcrmal) U- (Th) -~ zr (H) - Y mineralisation, is responsible for the main
present-day characteristics of the RFI rocks. Globaj ly, one can consider the governing
mineralogical processes as  K-feldspathisation (through exchange reactions),
sericitisation/illitisation assoctated with argillation (major kaolinisation and minor
smectite formation) and Pyritisation, Chemically, the main processes involved alkali
exchange reactions resulting in K enrichment, Si0,, ALO; and Rb enrichments and Sy

losses. Physicai parameters such as porosity increased, together with a lower global

front-affected RF] rocks.

The redox front processes, in fact, appear to have had only a very restricted

al. (this report series; Rep. 10). Geochemically the related redox front U-mineralisations
are mainly characterised by the U-enrichment itsclf, minor Th and (?radiogenic) Pb
enrichment, and very selective Cd enrichment (only in the U nodules),

The oxidic redox front-related processes are restricted to a very proximal zone; in the
case of RFI within a zope of less than 5 cm directly adjacent to the redox front.

Geochemical processes consist essentially of an (oxidic) enrichment of Fe, U and
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(sulphate) S. Mineralogically, the formation of HFQ minerals {(mainly limonite) could
be observed and the formation of Fe(I11)-sulphates (possibly of the jarosite type)
inferred. The oxidised Fe species are considered the most important phases for
explaining the other Systematic trace element variations observed in the direct vicinity
of the redox front.

A few more centimetres distant, the influence of the redox front disappears and the
‘normal’ oxidised rocks show only minor mineralogical and geochemical altcrations
typical of incipient lateritic weathering, ie. the formation of a second kaolinite

generation correlated with Al and Ga enrichment and U-logs,
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Appendix 6:1
PLATES 6:1-1 - 6:1.9.




——————
e
T
o — s







PLATE 6:1-2. Detail of the redox Jront and axidised phonolite Jrom sample RFI.2 (PLATE
6:1-1). Note “oscillatory zoning” of HFO (hydrous ferric oxides - mainly limonite)
distributions, and that the axidation may be incomplete even in residual zones of the
oxidised phonolite clearly left behind by the passage of the redox front (e.g. in the right-hand
lower portion of the sample that shows greyish colours unaffected by brown HFQ staining).
Note also that the dissolution of the pyrite-enriched pitchblende nodules occurred without
the precipitation of “indigenous” HFO, thus resulting in white, particularly HFO-poor
nodulesfrock portions.




——

- T TTT— .

Phonolite with pitchblende nogdyjes (black) of zone of maximum (redox front-relateq)

U-mineralisation (right-hand topmost part of the sample, delimitated appraximately by the

dashed markings). Note the Jine-grained (mi, ro-xenolithic naryre of the phonolite and the
controlled formation of the pitchblende nodules. At the fop edge of the
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PLATE 6:1-4. Sample RFI-4 of reduced phonolite from the zone of maximum (redox
front- related) U-mineralisation. The view is from a highly mineralised natural fracture
plane containing five major pitchblende nodules that crosscut the mineralised zone in the
reduced phonolite. Note the different densities of the pitchblende impregnation in the
nodules (shown by the colour variations from totally black decreasing to medium grey), the
forms of the circular, imegular and composed nodules, and the intemal textures of
homogeneous nodules (right-hand middle and top of sample) and inhomogeneous
nodules. The latter show regular concentric zoning (left-hand middle and top of the sample)
or irregular zoning (composed nodule touched by the upper left-hand corner of the scale).
It should, however, be noted that the 3-dimensional forms of the nodules are normally
flat-lenticular and only very rarely thick-lenticular to subspherical. Maximum cross sections
always occur on the faces of the fracture planes.
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PLATE 6:1.5, Reducea
maxinum U-mineralisq

content of microxenol

Phonolite (sample RF1.5) aby,
fion (cf. Fig 6.1 )- Note the very

iths, and the microporosities,

it 35 cm away from the zone of

e-grained rock groundmgs

s, the
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PLATE 6:1-6. Reduced composite rock sample (RFI-6) collected about 1 m away from
sample RFI5 (cf. Fig. 6-1). The sample comprises a larger sized reduced nepheline syenite
xenolith (right-hand side) of medium to coarse grain-size and lighter colours, enclosed by
a very fine-grained reduced phonolite (left-hand side). The phonolite shows medium grey
colours with dark grey veining (due to absorbed moisture during preparation) and a
microporosity and flow orientation subparallel to the contact with the nepheiine syenite
xenolith. The phonolite and nepheline syenite portions were separately prepared and studied
(about 4/5 of nat. size; see rectangular thin section mark across phonolite/nepheline syenite
contact).
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PLATE 6:1-8. Cathodoluminescence image of (two quarters of) a pitchblende nodule of
total maximum diameter about 10 mm Jrom a redax front in fine-grained phondlite. Note
the non-emission of pitchblende impregnated (dark to black) portions of the nodule and
the light yellowish-reddish emission of the illite — K-feldspar — kaolinite silicate mineral
matrix of the nodule after pitchblende dissolution along the borders and in the left-hand
part of the nodule (seen only in the upper photograph). Open pores in the nodule show
light-blue or dark-(ink) blue emission (depending on the presence of preparation adhesives
covering the glass support of the polished rock thin section) and dark- (ink) blue emission,
if within the surrounding silicate matrix of the nodule (which was better impregnated by the
preparation adhesives). The emission colours of the surrounding rock matrix are medium
yellowish-grey and the finely disseminated black minerals are non-emitting (mostly
submillimetric) pyrites. Compare with same nodule in plain light view (PLATE 6:1-9).
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Rock chemica) data for RFY,







Appendix 6:2

Rock chemical data for RFI,

TABLE 6;2-1
Chemical data for sample set [ (Table 6-11) comprising large-sized samples.
Analytical methods and elements
Classic (wt.%) AAS (ppm)

Sample no. Petrography

(Anal. no.) S} FeOstot) FeOD)  LOID  Mol) Cdd)

RFI-1A 013  1.63 <0.2 2.87 85 4.0 Oxidised rock 25-15 cm

(03) from redox front

RFI-2B 009 L10 <(.2 188 55 0.658 Oxidised rock 10-0 cm

(04) from redox front

RFI-3B 0.35 048 <0.2 229 115 1.1 Reduced rock 0-10 cm

05) from redox front;
pyrite-bearing

RFI.4B 055 046 <02 2.01 145 0.788 Reduced rock of max,

(06) U-mineralisation;
pytite-bearing

RFI-5B 1.09 105 <0.2 338 143 22 Reduced rock ~ 70-90

(07) ¢m from redox front;
pyrite-bearing

Analysis carried out by:

DPaulo Abib Engenharia S.A., Sa0 Paulg;

Z)University of Bern.

LOI was determined at 900°C,

FeO analysis was not successful

(as shown by the results indicating below detection limit values obtained

for the reduced pyrite-bearing rocks, probably due to the presence of greater amounis of oxidised

uranium).

Cd values represent the results from triplicate analysis.
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345
45 52;
106 660 &
262 351 270 241 295
La 47 55 72 76 100 7
Ce 71 57 4 72 90 90 125 38
Nd 6 15 1 1 8 16 10 18 o
Y 40 37 34 56 35 132 59 159 105 89
Zr 82 97 85 99 114 459 153 678 326 545
A% 357 342 307 29 170 91 175 115 197 322
Cr 5 8 8 3 2 3 4 5 5 10
Ni 6 6 9 6 6 17 9 20 17 1s
Co 0 1 3 0 0 5 1 6 12 3
Cu 0 0 0 0 0 0 o o 0
Zn 46 56 93 139 177 353 158 354
Ga 57 55 54 50 17
Hf 2 2 3
5 1039 27354

Iversity of Bern,
red. Ph, = reduced Phonalite
ax. Ph. ~ axidised phonoljte
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TABLE 6:2-111
Mean compositions from oxidised and reduced, non-mineralised and mineralised RFT and F1 rocks, and from the regional magmatic nepheline syenites and phonolites.

Redox front-1 rocks Borehole F1 rocks

Regionaj

Oxides Orxidised (3) Reduced (7) Oxidised (16) Reduced (29) rocks (10)
(Wt.%) U<210 ppm(2) U =851 ppm(1) U<210 ppm(4) U>210 ppm(3) U<310 ppm U<210 ppm U<5 ppm
Si0y 59.66 58.45 59.94 60.07 56.00 56.17 52.86
Ti(g 0.50 0.46 0.47 0.43 0.47 0.45 0.64
Al 2223 22.07 21.51 21.13 2337 2177 19.53
Fea03104 1.72 2.52 112 1.21 292 3.05 ' 396
MnO 0.0t 0.01 0.01 0.01 <0.01 0.08 024
MgO 0.12 0.10 0.10 0.10 0.05 0.07 0.28
Ca0 0.02 0.01 0.01 0.01 0.01 0.14 1.70
Na,0 0.01 0.01 0.01 0.01 0.68 0.38 7.49
KO 14.21 14.04 14.06 14.14 13.02 13.40 8.16
PO 0.10 0.09 0.11 0.10 0.05 0.05 0.08
L%)Is 232 2.80 3.00 2.89 311 3.54 1L.75
Total wt.% 100.88 100.56 160.34 100.11 99.68 99.10 96.68
Ba (ppm) 306 236 3811)3342) 202 972 614 2521)502)
Rb 284 287 267 282 338 298 154
Sr 495 448 626 559 ' 168 181 1913
Pb 19 30 47 10 25 <6 &
Th 40 42 52 77 60 25 9
8) 118 861 146 1.995 89 32 <5
Nb : 281 266 277 295 152 226 249
La 46 60 45 68 227 305 263
Ce 67 91 64 86 301 314 350
Nd 5 15 5 12 60 69 92
Y 39 34 109 73 66 50 41
Zr 90 86 445 198 922 929 965
v 350 307 205 181 205 196 67
Cr 7 8 <6 <6 <6 <6 <6
Ni 6 9 15 11 5 5 <3
Co <8 <8 <8 <8 <8 <8 9
Cu <3 <3 <3 <3 4 <3 <3
Zn 51 93 121 242 19 225 168
Ga 56 M 37 33 39 x2 n.a.
Hf 2 3 11 4 n.a. o.a. 12
Sc na. n.a. n.a. n.a. 4 2 <1
F na. n.a. na, n.a. 1.158 1.638 1.757
S 1.287 27.354 22318 11.696 <50 8.790 928
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1-1B; 10-14; 14-14; 16-14; 20-1B; 26-1A; 31-14; 33-1A; 34-1B; 43-14; 1-1C; 2-14; 23. 1A; 4714, 55-1A; 59.1B.
Excluding sample 1-1C the following trace element means were determined:

Zr = 7847 ppm; V = 1352 PPm; Y = 206 Ppm;

20-1A: Ce = 1.606 ppm;

23-1A: 14 = 1.498 ppm; Ce = 1.276 ppm; Nd = 288 ppm;

47-1A: Ce = 2331 Ppm,

Borehole Fi reduced megns include samples:

39-1A; T4-1A; 75-1B; Ti-14; 81-1A; 85-1A; 90-1B; 101-14; 106-14; 111.1A; 112-1A; 119-14; 121JA; 126-1A; 68-14 top;
68-1A mid; 68-14 bot; 69-1B; 71-1A; 75-1B; 77-1B; 78-1A; 109-1B; 112-1AD; 113-1B; 117-1A; 126-1A; 126-1B,
Excluding 74-1A the foliowing trace element means were determined:

La = 6843 ppmo; Ce = 6272 Ppm; Nd = 1,834 PPM; Y = 461 ppm,

1} = meansof all the rocks;

2) = pumber of analysed Phonolites;
Dot analysed;

(M) = pumber of analysed rocks,

I

n.a.




TABLE 6:2-1v

Cadmium AAS analysis from RFT samples.

Sample Analysis

no, no, Cd Petrography of analysed sample fraction

RFI-1A 03 4.0 ppm Oxidised bulk phonolite; ~25-15 cm
from the redox front

RFI-2B M 658 ppb Oxidised bulk phonolite; ~ 10 cm
adjacent to the redox front

RFI-3B 05 1.1 ppm Reduced bulk phonolite, non-mineralised Zone
~ 10 cm wide, adjacent to the redox front

RFL-4B 06 788 ppb Reduced bulk phonolite (without pitchblende
nodules) from zone of max, U-mineralisation

RFI-5B a7 2,2 ppm Reduced bulk phonolite weakly U-mineralised
(with pitchblende micronodules)

RFI-1B2A 1 4.1 ppm Bicached nodules from samples RFI-1/2
(mixed sample)

RFI-1A 2 2.6 ppm Bleached nodule from sampie RFI-1A

RFI-1BRA 3 3.0 ppm Oxidised bulk phonolite (mixed material adjacent
to bleached nodules; sample RFI-1/2)

RFI.2C 4 844 ppb Reduced bulk phonolite; ~0.5 cm from the
redox front

RFI-3B 5 1.0 ppm Reduced bulk phonolite; ~ 5 cm from the
redox front (middle of non-mineralised zonc)

RFI-4B 6 19.5 ppm Pitchblende nodule from sampie RFI-4B

RFI-4B 7 307 ppb Reduced bulk phonolite directly adjacent to
pitchblende nodule RFI-4B

KU-6 KU-6 21000 ppm Massive pitchblende nodule (“fossil” nodule)

containing microscopic CdS greenockite; from the
Urénio do Brasil collection (semiguantitative
analysis)
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Appendix 7
Detailed geOIOglcal logs of boreholes Fl, F3 and F4,
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PHONOL [TE ; oxfdised, Grange-brown porphyritic, strongly
altered to clay minerals, K-feldspar phenacrysts wp to
1 em, partly or totally altered tp clay minerals,
FRACTURE Z0ME in phonolite; oxidised, strongly altered,
POFOUS, Matrix: grey clay minersls, orange-hrown spots
and cavities with clay mingrals, oxldised PY and
Fe-Dxides,

PHONOLITE, oxidised, porphyritic, Strongly altered,
porous, orange-brown, strongly fractyred, K-Feldspar
altered to white + grey clay minerals,

FRACTURE IONE in phonolite; oxfdlsed, very POFoUs, matrix
grey clay mnerats, cavitfes fAlled with ox,py + Fe-Dx,

PHONOL T TE; oxidised, arange-brown, coarse-grafned,
strongly altered,

FRACTURE Z0ME 1gn axidised phorotite; white clay miperals
around fractures, Yery purous.

PHONOLITE; oxidised, alternating orange-brown snd grey,
fine-grained with K-feldspar phenocrysts, ¥2ry porous,

FRACTURE ZUNE fil)eg with grey clay minerals.

FRACYURE ZONE filled wlth grey CH,

PHONOLITE: oxidiseq, arey-brown, porphyritic with a Finp-
grained matriy, strongly altereq, K-feldspar phenocrysts,
parous.

PHONOLITE: oxidised, with large #ltered greenish spotg
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PHDNOLITE; oxidised, rorphyrice alternating perous and
compact ropes. Porgys parts Irey-brown, COmpact-parts
orange-brown in cologr

PHONOLITE oxidised, gray-brown, flae-graineg with
K-feldspay phenocrysts {-1.5 cmj, Pseudoleucite
Phenocrysts {-2 ). Poroys with steeply dipping
fractures exhibiting leaching ones,

PHONOLITE; oxidisad, strongly fractured.

PHOHGLITE; reduced, bright drey, fine-graineqd with
K-feIdspar. phenocrysts. Yery POFOUS with 2 sharp
CONtact with the cxidised phono]{te,

PHONOL I TE; reduced, cataclastic zone with much py
enrichment along fractures,

PHONOLITE reduced, fine-grained. strongly fractured,
bright grey, porous, strongly altered.

ARGILLIC 70N ip reduced chonglfte, greyish white,

ARGILLIC 20NE n reduced phonalite, grerish white

Hierabg

T-spec,
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PHONOL I TE ; reduced, grey, fine-grained with K-feldspar,
pheracrysts and psevdoleucite phenocrysts. Two open
fractures with py 4 U-phase plys two i-minoralised
3pots; border to oxidised phonoljce characterised by

2 5 mm thick white clay layer,

PHONOLITE; oxidised, fine-grained with K-feldspar
phenocrysts, pseudoleucite phenoerysts, strongly
altered. First § ¢m g bright orange-brown, changing
into dark orange-brown

PHONOL T TE; oxidisad, porphyritic medium-grained,
£-feldspar phenacrysts totally aitered, Leaching
wones ajong fractyres; Pores Filled with Fe-0x,
ox PY aad clay minerals.

PHONOLITE ; axidised, PGTOUs, orange-brown,

PHONGLITE; oxidised, compact, orange-brown.

PHONOL ITE; oxidisad, POrous, orangs-brown.

PHONOLITE; oxidised, meditm-grained and compact
with K-feldspar phenocrysts {-1.5 cm}. Fe-Ox along
grain boundaries.

PHONOLITE: oxidised with K-feldspar and pseudoieucite
phenocrysts, orange-brown,

Leached, bright zone along steeply dipping fractures.

{H
Py

CH
Felln
oxPY

= 3mn)

—dmmi 1

Y-spec., U-series,
Ra-isotopes, micrg-
biology, fission
track, permeability,
porosity, diffusivity

Permeability, porosity,
diffusivigy

Hicrobiology

Permeability, porasity,
diffusivity
microbiology
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PY ¥ Fe-gy spots;

PHUNULITE;

oxidised Orange-brown, medivm-grained with
K~feIdspar and Pseudolaucite Phenocrysts, Porgus, altered,

and fractureq,

PHOMOL T YE

Pieudolevcite shenoe
phonolite, ng visible U-mineralisatTon‘

PHONOL I TE; cxidised, sharp contact between top and botton
(orange-grey Spotted). Fa.0y enter the redycad Part along

reduced, ey, compact

grain boundzrieg and fractuyres.

ARGILLIC ZOME 4q reduced phonoifte,
Wilte to greenish-

wWhich alsg contain py,

PHONULITE: reduced, fine-graineq

clay minerals.

white clay mineral

equigranular with
relatively frash feldspar; foy mores filled with PY and

Fe-0x argung K-feldspar phenocrysts
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r¥sts, Sharp cont
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Ydspar and pseudoleucite Phenocrysts {-2 em);

fractured zone with @arginai reddfsh alteration
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te tn smal) crystals,
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ALTERATION ZONS tn requeay phanelite; yeliow clay minarals,
m.

Psevdolieucite up to 3 g

PHOI‘_{ULITE'! reduced, groy with large yellow spots, med um-
Qraingd with K-feldspar and Psevdoleucite phenocrysis up

te 4 cm, Yellow aitaration zones and smali ldiomorphoys Py

occurs along fractyres,

FHONOL I TE ; reduced, reddish-grey, Fine-grained with large
psevdolaucite phemocrysts (.5 o). Porous, pores mostly
filled with white clay minerals and py along fractures
which show red atteration. -

Mo-minarals on fracture planes.

PHONDL [ TE; reduced, greenish-grey, medivm-grained with a
few raddish K-fetdspar phenacrysts and pievdoleucite
phenacrysts, Compact, pores fi1led with groen and white
clay minerals,

Heavily fractured one, altered tg white clay mingrals,

PHONDLITE; reduced, grey with reddish spots or K-feldspar
phenocrysts (-2, cm}, slightly porous,

PEGHATDID Z0KE with K-feldspar,

BALCC)A; phunélitrcomponents in 2 dark grey clay matrix
centaining much Tine-grafned Py,
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Hicrobiglogy

T-spec., U-serfes,
Ra-isotopes, fission
track

491




and 3long frae turss,

equigranular, compact,

FINE-GRATNED DYKE {phnno]ytfc?}, dark grey,

nes, flpe- tg medium-grainag matrix with
leucite and K-feldspar phenacrysts. Fluorite

calated grey
2rge pseudp-
In cavitiesg H

PHONOLITE ; reduced, reddish arey, medium-grained,
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CH
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PHONOLITE; reduced, reddish with qroy spots, mediym-

orained with large preudaleycite phenocrysts and

K-fe}dspar. Porous. Partly heavily fractured. with zones H

of alteratign along the fractures, ve)loy clay minerals, Py

R
PHovoLITE; reduced, compact, teddish-grey,
END OF Hoig
Fe' — iron K- - K-feldspar M - clay miners|
Mn - manganege BA  — barite SM - smeclite
Mo - molybdenum 11 - siderite L~ ikite
Ti - titanjum ZR - Zircomium KAOL - kaolinite
U -~ uraajum L - Dluarite
ANII anhydrite

PY _ pyrite On - oxide
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GAL - galena
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DRILLING OWNER .

ORILLING COMPANY;

BOREHOLE r3 (9-1NH47)

POCOS DE CALDAS - PROJECT

GEOSERV - NUCLEBRAS

OSAMU UTSUM! MINE

GEOLOGICAL Log: .50

GECLOGICAL LOGGING ;

bright grey, fine-grained

the wrain-size

DESCRIiPTID L]

PHONOLITE; reduced, bright grey, fine-grained to 2quigranular with 5

ARGILLIC 20ME; assoclated with pyrite and shows higher radioactivity

Lo equigranular with a
PY-impregnation.

te; aggregates of pitchblende and
ccur disseminated in the fhono 17 te
of the a0gregates dacreasos

PHONOL I TE; oxidised, orange-brown with py mastly replaced by Fe-gxides

fine-grained to equigranuiar with
nation; in several small rones the
wWith a clay-pyrite matriyx,
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%/ N (]| PHONOLITE; reduced,
/ L ot Yery strong argillie alteration;
LT U-MINERALISATION; redyced phenoli
@ - e Pyrite {0.5 - | ¢p in diameter) o
Joe and along smalt Fissyres;
SR towards the rednx- front,
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] L and Fe-hydrox{des.
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LT PHOROLITE; reduced, bright grey,
-, argillic alteration and PY-impreg
o phonolite displays tectonic breceis
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ARGILL IC ZONE;

phonolite §
2 higher radie,

S tatally altored te clay; zone Shows
ctivity withoue any visible U—mfneralisation.

PHONOL I TE i reduced, [}
af clay mfnerals, K-feldspar and pyrite:
Spar [fresh, g.5'. ! em), Pseudomorphic replaced g,
and Psevdoleun ity {0.5 -

n); moderate to strong
alteration and P'r'-fmpregnation.

s fine~ to modigm-
K-fnldspa
totaiiy 3

YOLCANIG BRECC1A; foyaitic apd Bhonolitic components i 4 matrix of
clay minerais, K-felclspar and pyrite.

FOYAITiC XENOLITH, in the phonolite,

Severai I0n8s with Yery strang argillic alteration and Pyritisation,

PHONOL § TE H

reduced,
af mIinily K

grey, fing-gp
-feldspar

alned to porphyritic w
and nephelin

ith Phenocrysts
e-psevdomorphs .
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foncs rich in nepheifne-pseudomrphs dternate with Iones aearly free

of them,

DYKES 7, medivm-grained with much K-Ffeldspar put mostly devoid of
nepheline—pscudmﬂorphs; strong argilije akteration byt stil] with
distinct contacts to the surrguading phonoiite.

High porosity and leaching tektures,

YOLCANIC BRECCTA: totally altered fovaltic and phonolitic components,

matrix mainly clay minerats and p¥rite; around the breccia the
F-feldspar gf the phonglite iz altored to clay.
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« o, i granular phoaoi e and fayalte; size of the companents increases
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Fe-Hn-oxides .

———

TECTOMNIS ATION

FRACTURE MINERALS
U-ﬁd]thFlA[.lZAATYC)N
J OPEN FRACTUES

¥OLCANIC BRECCIA, orange-brown, Fine-grained matriyx of clay minerals Fe-
oxides/hydroxides and in certain 2ohes Mn-oxides: Texturally diffarent

xenoliths a1} strongly altered,

PHONOLITE XENOLITH; Grange-trown, strong argillic alteration ang staining
Hith Fe-oxides;hydroxides, Porous: Incorporated nepheline-syenite
xenoliths; breccia-matrix peretrates intp the xencliths along fractures.

PHONOL 1 TE XENQL i TH; orange-brown, K-feldspar phengcrysts up to 1 cm,

nepheing fsevdomorphs yp tg § s cavities filled with clay minerals and
s

YOLCANIC BRECCIA; orange-brown, fine-grained matrix with clay mingralg and
Fe—oxides/hydmxides. Textura‘.'ly different xenoliths of nepheline-syenite
and phonolite compasition; xeno}iths are of angular shape and vary
between 1-10 ¢p in diameter; reaction rims developad aroynd xenpliths,
some show raligt preserved pyrite-impregnatinn‘

NEPHELINE—S\‘ENITE XENOLITH: erange-brown, equigranular strong argillic
alteration and staining with Fe—oxides!hydmxides.

PHONDLITE YXEROLITH; orange-brown, with K-feldspar, Psevdomorphosed
nepheling and pievdoleucite as phenocrysts.

YOLCANIC BRECC1A; accumulation of non-orientated K-feldspar {up tp 2 cm)
in the argi1lic matrix.

YOLCANIC BRECC1A; corroded in Cavikties with chalcadony infillings.

PHOMOL ITE XENOL ITH: arange-brown with large Pseudoleycite (-2 cm), E-felgd-
Spar and some pseudomorphosed nephelines as Phenocrysts,
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FHONDY [ g KENOL TN,

Frangn-browg with large Pizudoleucyiie Parphyries (3 cm).

REFHEL INE SYENiTE XENULITH; orange-brown

. medfum-grained equigran;lar
Strong marging) 2lteration.

PHONOLITE xENDLITH; orange-brown, fine-grainag Porphyritic.

REPHEL [Ng SYERITE; orange-brown, mediym-

grained equigranular

YOLCANIE BRecera; 1
(White). Smy)]

Orsnge-coloyred With a hi
. fracturgs with

?ht ghly srgitlic m3trix
Phonolite ang nepheline—syenite Xenoliths acegr along
strong Fo-oxide Staiaing

FHONOLITE XENOL1TH; orange-brown, fine-grainsg Parphyritic with Pseuda-
leucite Phenacrysts {-3 cm}.
HEPHELINE-XENOLITH; orange-brown, medium-grainag,

YOLCANIC BRECCIA; orange-grey, VEry argillic with small-sized xengl fihs
{-2 cm} of diffarent origin,

YOLCANIC BRECCIA; Orange-brown with coa
origing K-feldspar

Fse xenoliths gof difforent
orientated a

long matriy flow direction.

PHONOL I YE XENOLITH

i Orange-brown, fine-gra
of K-feldspar and

Ined with smal? phenocrycts
Preudomorphosed nephelin

e,

YOLCANTC BRECCTA; orange-brown with flne-graineqd matriy,
¥ith Fe-oxidgs and

fractores filled
clay crogscyr breccia and “enoifths.

PHONGL I TE AENGLITH; orange~brown wijth large Pseudoleucites; rimsg strong
atiered,

Iy

PHONOL I TE IENULITH; Orange-birgwn, intrugag by the breccia {along rraclures);
-feldspar, nephellne angd Psewdoleucite (1-2"cm

vorims strongly altered.

PROROL i T XEMOLITH; arange-hyy
1t

W, almost equigranular, oy replaced
nepheiing Pseudolavcite and K-

fetdspar Bhenpcrysts occur; along fractiuras
ntruded by the breccia; rims and fractures strongly altered and Veached,
!
.____________._._____________*_h______________q_



—_——————

0,09 -~ . T

AT g

- L
e

LIt I £ B

1,3

R

¢ @
o

G, =

50,00 —

Q

EIC I

0,00 ™

PHONOLITE XENOLITH; orange-brown, fine-grained with few K-feldspar
phenocrysts and rimmed by large K-feldspars; well-preserved nepheline-
syenite xenp)ith incorporated inte the phonolite.

REDUX-FRONT; well-defined in xenol{ths, diffyse in the breccis-matrix;
on the reduced side grey coloured with well-preserved pyrite; no U-mine-
ralisation; the deeper situated oxidised zone 15 fracture-rejated.

VOLCARIC BRECCIA; bright grey comprising an argillic matrix of clays
containing PY and K-feldspar; xenoliths up to 10 cm and vepresent ail the
rock types (nephelire-syenite, phonolite}. The nepheline-syenite xencliths
are ysually smaller and 211 ape anqular; all xenaliths show rim alteration
along late occurring fractures,

PHONOLITE XENOLITH; grey with very few K-feldspar; replaced nepheline;
phenocrysts are altered at the rim assoclated with strong PY impregnation.

YOLCAMIC BRECCIA; grey with a fine—grained clay-pyrite-matrix and mediym-
grained K-feldspar's: nearly xenolith-free.

FHONOLITE YEMOLITH; large {em-size) phenccrysts of K-feldspar porous and
pyrite impregnated; replaced nepheline and pseudolevcite rims are totalty
altered to clay.

VOLCANIC BRECCIA; huge vugular cavities filled with ¢clay and partly
oxidised pyrite,

VOLCAHIC BRECCIA; strong argillic altaratign,

NEPHELTHE XENOLITH; bright greenish-grey, medium-grained with pseudsmorphs
of mafic minerals, and strongly impregnated with pyrite; fina-grained
pyrite in nephetine pseudomorphs, much coarser-grained pyrite {as in the
breccia matrix) along fractures, these fracltures have been subsequently
displaced.

YOLCARIC BRECCIA; grey, with small-sized xengliths of different origin,
all of them pyrite impregnated; in the breccia matrix coarse bluish
¥-feldspar (-2 cm) and Interstitial violet fluorite occur, besides clay
minarals and pyrite.

IGHE; reddish grey in colour with large K-feldspar crystals {up to & cm};
fluorite and pyrite occur as matrix around angular xeaoliths.

PHONOLITE XENOLITH; fine-grained with small K-feldspars and napheline-
phenocrysts {0.5 cm); healed fissuras containing pyrite, clay snd flusrite,
have been broken,

YOLCANIC BRECCIA; yetlowish-grey comprising a fine-grained pyrite-K-feldspar-
fluorite matrix containing xenoliths of differgnt origin (up to & cm).

PHONOLLTE XEMOLITH; grey, fine-grained porghyritic with 2 pyrite-impregnat-
ed ground mass. Showing orientated yellow textures.

U-HINERALTSATION atong fractures accompanicd with pyrite,

PHONOL{TE XENOLITH; grey and nearly totally digasted; large pseudp—leuci;e
crystals (4 em) and K-feldspar up to ) cm; strongly impregnated with pyrite.
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OXI01ZE0 z0ME
secondary g

It voLcansc BRECCIA:
inte the red

neralisati
veed brecci,

orange-brown angd fractyure related;
o0 (grey-yellow), eccurs along Fissures PEnetrating

PHONOL 1Tg XENOLITH

i fing-grainegd With smy]; Phenacrys ks
U—minera?isation {yellow-gruen <oloured

v Secondary
gel) oorurs alo

g fractures,
F?UNULITi XENOLITH; grey with lar.
{

3¢ Pseudoleugite {3 cm) and K-feldspar
) ; strangly altered,

voLcaxtc BRECCIA; bluish-grey. Yery fine-graineg matrix of clay minerals
and pyrite; xenoliths almost completaly digested.

OXIDISED 20nE TN ¥oLcay

IC BRECCLA;
stafaing

fracture related, orange-brown Fe-oxide
Pengtrating into reduced pock aleng Fissyres.

PHONOLITE Xenoy [1y; bright grey, medivm-grained an
pyrite {apregnation than 1n the ¢

d equigranclar;
Urraunding brece{

stronger
2 mateiy,
YOLCAHIC BRECCIA;

strong fluorite fmpre
around xencliths,

-mineralisatign (black) in fractures; the fractures displa
with flugrite in the centre grading tg pyrite.'u-minerals a
towards the rimg,

gnation with accumulations OCturring

Y & ronai filling
ad clay minerals

YOLCANIC BRECCIA;
matrix; U-minerali
breccia-m,
impregnat

OCCurs massjyve, viclet flyorfep mineralisation in breccia-
satfon ocoyrs 2long fractyres and ag disseminations [
atrix; xenoliths oy HHifferent origin display varfable pyrite
ion,

NEPHEL tie IENBLITH; reddish-grey comprisiag, mainly K-feldspar and
Pseudomorphosed mafic components ; containg waak pyrite impregration
Surrounded with zones of pyrite, fluorite ang U-minerays

HEPHEL INE XENOLITH; grey,

PHONOLITE XENoL £7y; reddish-gray
prrite impregnatipn.

i o/phenocrysts of
play flow textures,

PHOROLITE XENOLTTH; yei?qwish-grny. fine-grained rimmed by fluorite ang
PYrite,

PHOROL 1 TE AENOLTTH; reddish-grey with bluish coloured rips due to Ho-mine-
ralisation ({!semaniteL

K~FELDSPAR PHENOCRYSTS 0.5 -4 ca) in a fine~grained, ?reen—grcy matriy;
extreme flow textyrps repheline, pyrite and fluorite an ¥ occurring aloag
late fissures; sharp border Lo xenolith,

XEHOLITH an

d PHENG/XENOCRYS TS in breccig
bluish colg

“matrix di
ured matrix gye to Mo

splaying flow lexturag;
-minera?isalionA
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HEPHELII:IE-STENITE KEMOLITH; reddish-grey, medium-grained with strong
alteration along fractures; incorporated phonolite xenopliths,
™
NEPHEL IME-SYENTTE XENDLITH; reddish-grey and strangly altered. o *
M, Py
X 5 f PHONOLITE XENOLITH: grey, fine- tred hyri -
0.00 — ¥ r 5 gratned porphyritic (K-falds ar, nepheline-
] I3 z pseudomorphs ); weak pyrii‘:e-impregnatiun. ( P P ¢
I CH, Py X
NEPHELIN!;-STENITE KEMOL I TH; reddish-gray, medivm-grained and equigranutar [
with bluish coloured blasts or K-feldspar; moderate pyrite-impregnation. =
1] tH
-
& o, Py X
® o]
4 a YOLCANIC BRECCIA; dark-grey, fine-gratned matrix with many angul
qular
& o xenolfths (10 - 20 cm) of different eriging matrix mainly of pyrite ot
oo and clay minerals with weak Ko-mineralisation, 1
‘{Z |
e A I
- a -
& R -
A ]
- A & :
- MEPHEL INE-SYEHITE XENOL ITit; reddish-qreen-grey, medium-grained with ]
‘.G" .o incll:lsic_ms of fine-grained porphyritic phonolite senoliths: weak pyrite [~ CH,FPY 3
S SERRER matrix impregnation with coarse pyrite aggregates alonq fractures. ; FL
. a &
. & A
3 ‘I..x;
T NER, - .
= ) EPRELINE-SYENITE KENGLITH and different PHONOLITE XENOLITIS,
4 A
a @ %
7] g a af‘ U-MIRERALISATION tn breccia-matrix together with fine-grained pyrite.
[ X
a & ﬂmn
4.. . .- HEPHELINE-SYENITE XENOLITH; green-red, medium-grained and porphyritic FL,CH
Lreon {k-feldspar, nepheline to 2 cm); fissures contain p¥rite, clay and
LTt fluorite; rims altered.
LY TR R e
4 s & CH, PY
~—‘2.—-__f,.. NEPHELINE-SYENITE; medium-grainad, equigranular comprising mafiniy
1 . K-feldspar and psevdomerphosed mafic components; pyrite impregnated.
v '. S {H, Py
Py x
fL
[} CH.PY
HEPHELINE-SYENITE XENOLITH; reddish-green and exhibiting wei)-preserved ] FL
pseudomorphs after mafic components {pyroxene}. : -t M
o
[}
E £, KF
PHONOLITE XENOLITH; dark-grey, Fine-grained with K-Feldspar phenocrysts o
up to 1 cm and nepheline-pseudomorphs up to 0.5 cm; two figpheline-syenite 1
xenaliths occur in the phonalite showing leaching at the rims. [
HEPHELINE-SYENITE XENOLITH; grey, medivm-grained and equigranular showing [ X
psevdomorphycally replaced pyroxene { 7 ) surrounded with a toarse-grained ]
breccia matrix {(bluish K-feldspar); both borders of the xenolith display [ ]
higher activity, H «
KEPHEL TNE-SYEMITE XEHOLITH; reddish-grey, medium-grained characterised o
by K-feldspar {zoned) and K-feldspar highly dusted with Felx. H
E fl
[
10,00 — & -
a& & YOLCANTC BRECCIA; coarse-grained with bluish K-feldspar in a Fine-grained ]
A matrix; different angular xenoliths of dark-grey in colour alsg occur, — FL Py
A [
Ll 1

501




YOLCANIC BRECC A

phonal itic mateix
pseudoleucftc; flow

consisting of K—foldspar-and
¢

extured; mainly mepheling-syenite xenoliths

PRONOLYTE KENOLTYH: ey, fine-grained and equigranylar

PHOMOL 1 TE LENOLITH; centains large psevdeleucite phenacrys ts {-1 cm).

PHONOL ITE XENOLITH; containg large Pseudoleucite,

VOLCANIC 8RECC]A; mainly fine-grained phonelitic mitrix wi
of nepheline-syenites and phonalites; ip several
Ttself reworkeqd and antoliths Gecur; explosive ch

th xenoliths
zones the breccia g
aractar,

NEPHELINE-STENITE XENOLITH; green-grey fine-graingd ma
K-feldspar up to 1 em and nephelin

trix containing
e 1 cw; replaced maf
strong pyrite impregnatfon.

¢ minerais;

YOLCANIC BRECCI4; comprises mainly a fipe-
incorporated nepheline-syeni

grained ph
& pyrite-flyorit

te and phong1it
X penetrates ¢

onotitic matriy with

ic Xenoliths; in several places
trix,

e clay matrs e phionolitic my ri

PHONOLITE XENOLITH; grey, fine-graineq with K-feldspar ang pievdaleucite
phenocrysts; leached rims; pyrite impregnateq.
YOLCANTC BRECCIA; comprises

2 fine-grained m
containing pyrite and flupri

atrix of clay minerals
te xeno

Tiths of diffarent origin,

HEPHELIHE~SYENITE XEROLIYH; green-red with man
phenocrysts {1.5 baw, | m);

¥ K~feldspar-
K-feldspars 5him

and nepheling-
flow textures.

K-FELDSPAR enrichmnt i volcanic breceia cantaining interstitial fluorite.

NEPHELINE-STENITE KEM

OLITH, k-feldspar and
rims strong

nephel ine phenocrysts (i-1.s cmj;
1y altered; Pyrite impregnation,

PHONOL I TE XENOLTTIN; arey, very fine-grained and non Porphyritic,

FHONOLITE XENOLITH; green-red, fine-graingd matrin with K-
phenocrysts; rims altered; many small fissyres With coaree
which contrasts with the fine-

xennlith,

feldspar

“grained pyrite
Frained variety which impregnates the whoie

fine-grained 30d equigranujar with a matrig
¥5 xenoliths of different origin ogeyr which are
strongly altered; flugrite ap

d disseminated U-mineratisation occur in an
argiilic zone together with yig urthor U-mineralisatign accurs

Tet fluorite; ¢
along fissures.

PHONOL [ TE XENOLITH; frow textyres displayed by K-feidspar phenacrysts |

FHONOL ! TE XEWOLTTH;

reddish; K-feldspar phenocrysts display flow textures,

—————
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VOLCANIC BRECCIA; xenoliths of al] types occur (inc). phonolite with flow

texture) {2-10 cm} n a matrix of mainly fine-grained pyrite, clay, fluprite
_and K-feldspar; some dark-red clay occurs as cavity filling: secondary, .
yellowish U-mineratisation is abseryvad along fractures that display oxidation

(Fe—o:ides;hydroxidesL

PHONGLITE XENOLITH; K-feldspar phenocrysts {1 em} show Flow textures;
nepheline (0.5 cm} occurs in an aphanitic matrix; xenglith of pyrite-
nepheline-syenite (3 cm) impregnated,

YOLCANIC BRECCIA; nearly free of xanoliths although idiomorphic reddish
K-feldspar up to 2 cm occurs fin a fine-grained matrix.

PHONOLITE KEWOLTTH, reddish-grey, fine-grained perphyritic with
K-feidspar and nepheline phenocrysts; in the upper part K-feldspar is
flow-orientated, but in a contrasting direction to that In the xenplith
above; nephaline-syenite fragments are the only inclusions in the phono-
lite, around which weak flow textures oLcur; rims are strongly altered,

VOLCANIC BRECCIA; pyrite- and fluorite-rich matrix containing phonetite
and nepheline-syenite xenoliths; U-minaralisation occurs in Fissurss
together with reddish clay and pyrite.

PHONOLITE XEMOLITH; reddish-grey, fine-grained porphyritic; intruded
in several zones by small breccia veing {1-3 em}.

YOLCANIC BRECCIA; full of small-sized xenoliths of different origin
set in a matrix of clay minerals, pyrite and fluarite,

PHONOLITE XENOLITH (as above).

PHOROLITE XENOLITH (as above}.

YOLCANIC BRECCIA; many xenoliths of different origin, most of them are
angular, some slightly rounded, but al) are strongly altered; matrix
comprises pyrite, K-feldspar and clay; U-mineralfsation occurs along
fractures and in the matrix with abunhdant flugrite ang clay {yellowish).

Disseminited U-mineralisation together with fluorite.

PHONDLITE XENGLITH; K-feldspar jaths displaying flow textyures.

YOLCANIC BRECCIA: phonotite and nepheline-syenite xenolithg garying
strongly in the dogree of pyrite impregnation; some phonolitic
aenoliths display flow textures.
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NEPHELIHE—SYENITE XENOLITH; bright—grey, medivm-graingd with Toned
K-feidspar blasts,

VoLCANTC 8RECCIA; massive fluarite~pyrile-c1ay BAtrix with dissemi-
nated U~minera|fsatfon in the matriy and more concentrated in
fissures,

PHONDL[ T ZEHOL I TH; K-feldspar displays flow textures,
t 4

K-FELDSPAR earichmont ¢ and aroynd phonolitiy xencliths in the
breccia materix,

YOLCANIC BRECCIA: differant phonaglite xenoliths, some with K-feldspar
2nd nepheline as phenocrysts. others with K-feldspar and larga
Psevdoledc i tag,

Heavily fractured ang leached rone with coarse fluorite, prrite, 2ircon
and K-feldspar in open fracturps ang cavitias,

VOLCANTE BRECCIA, strong pyrite impregnation with U-mineralisation
disseminated ip the matris ang aleng fractyres,

YOLCANIC BRECCIA; magmatic origin with very fine-grained phonelitic
matriy containing phonolitic ang nepheline-syenitic xenolths; zones of
stroag tectonisation and argiilic alteration alternate wigh dense Zones;
U-mineralisation bccurs 1n argiltic zenes and along fractures.

U-mineralisation around phonoiite xenolith,

U-mineraltisatign around xenpliths,

PHONDLITE XEHOLITH; greenish-grey, very fine—grained with K-feldspar
and replaged nepheling occurring as pheavcrysts.

VOLCAMIC BRECCIA; Strong tectonisation and argillje alteration;
disseminated U-mineralisation in the matrix

VOLCARIC BRCCCIA; massive fluorite with interstitial U-mineralisatign.

OXIDTSED ZONE 1p YOLCAN]C BRECCIA; erange-brown dye tg Fe-oxides
hydraxide staining; difryse borders.

Disseminateg U-mineralfsation In dark-grey coloured breceia matrix
accompanied with fluorite and pyrite,
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PHOMOL T T XENOLITH; ey with large {1.5 cm) reddish K-feldspars,

PHONOLITE XENQLITH; green-grey; included K—feldspar—phenocrysts
display Flow texturas; separated by breccis material,

YOLCANIC BRECCIA, very porous rpne in breccia.

HEPHEL IRE-SYENTTE XENOLITH; green-grey, medium-grained and equigranylar,

PHONOL I TE LENOLITH; strongly brecciated and altered phanolite and
xenolith with a very fine-grained, pyrite-impregnated matrix,

VOLCANIE BRECCIA; bluish-coloured breccia matrix gue to Ho-mineralisation.

Fracture-boynd U-mineraiisation.

PHONOLITE XENOLITH; dark-grey and f1ne-grained—porphyritic with
psevdomorphs after mafic minerajs.

ULTRAMAF [C DYKE; yellowish-green and conpletely altered tg earth clay
material; some of the fractures procecd undisturbed from the breccia
through the dyke,

VOLCANIC 8RECCIA; Bluish coloured due tg Mo-mineralisation

UL TRAMAF ] OYKE; yellowish-green, strongly altered with abundant small-
sized (1-2 cm) and roundad xenoliths of uakngwn origing much higher
activity than in the surrounding breccia.
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2one with large 1gsg of core.

YOLCANTC BRECCIA; xengliths are strongly atterad ang display incipient

oXidatign {(rimmed by Fe»oxides): formation of secondary yellowish
U-mingrsls.

NEPHELINE~5YENITE XENOLIIH; strongly fracturedfbrecciated, med i ym-

?rained porphyric (K~feldspar 1.5 cm, nephelineg | &m) and pyrite
mpregnated,

togather i

M, PY
Porays K-feldspar aggregate with clay. .Px
CH, KF
NEPHELINE-SYEHITE XENOLITH; Strongly altered, and Partly leached and
Parous, with K-feldspar ang pyrite impregnation, 5:-§*
CH, Py
KF
PHOMOL I TE XENOLITH; strongly a]tered,.grey-orange <oloured with
incipient oxidation along grain boundaries, by

NEPHELINE—SYENITE XEROLITH; red-green, poroys with strong argf)lic
alteration,

Black U-minerals OcLur along fractures and disseminated in the matriy PY U
th fluorite.

VLTRAMAF ] C DYRE; dark-green, ¥ery fine-grained matpix with smal|-
sized roundad xenoliths of unknown origin; np pyrite impregnation,

YOLCANIC BRECC1A; massiye fluorite set in 2 breccia matpiy,

PHONOL 1TE XENOL2TH; bright-grey, fine-grained Porphyritic with
pyrite impregration.

Strong black U-mineralisatipn QECUrring In fraetyures together wit)
pyrite; fermation of secondary yeliowish U-minerals,

PHONOLTTE XevoLrmi grey and strongly brecciated,

4 ,
Aggregate of coarse, blujsh K-feldspar.
- . . M, PY
HEPHEL INE-SYNENTTE AENOLITH, greenish-red, strongly brecciated with mafic
minerals totaliy altered; lower border Yery irregular, CH, KF
Ft
M, py
YOLCANIC BRECCIA; dense with small xenoliths {some rounded) of al) types KF
(0.5 ~ 4 om) set in a matrix of malnly K-feldspar, fluorite, pyrite and
clay minerals; the area around the fractyres are perous and leached and
the fractures are pften refilled with ¢lay, ["'Er J
CH, Py
BY L, FL
VOLCANIC BRECCIA; porgus zone with many cavities partiy filied with €M, b

K-feldspar, pyrite, viglet fluorite, black U-mingrals and zircon.
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Exlensive core Toss.

NEPHECINE-SYEN]TE XENOLITH; gray, modium-grained ang equigranular with
someg CORrser-grafnad K—feldspar; many replaced mafic minerals,

U-mineralisation occurs along fractures and a5 matyiy disseminations
together with pyrite,

U-mineralisation around xengliths,

Disseminated y- and Ho-mineralisation fn breccia-matrix and concentrated
at xenolith margins,

NEPHELINETSYENITE XENGLITH; medium-grained with many mafics; intrudeg
several times by em-thick breccia-zones; 2round these and at both rims,

strang leaching and change of colayr from grey-red tq red oceurs {mafic M, Py

leached, K-feldspar stablg). KF FL
o, Py
tH, PY
4]

FHONOL I TE XENOLTTH; fine-grainnd porphyritic with Psevdeleucite as

thenacrysts,
PY, 4

U-mineralisation QCCuUrs in fractyres together with an unidentified red

mineral; incipient oxidation is present along grain-boundaries with the

formation of secondary yellow U-minerais. Y,y

£

CH
HEPHELINE—SYENITE XENDL I TH; reddish-grey, with strong pyrite Impregnation.

VOLCANIC BRECCIA; fina- to medivm-qraineg with & matrix consfsting

mainly K-feldspar, prrite and clay; all types of xenolith occur (1-15 cm),
mostly angular but 0me small gpes slightly rounded; savera) K-feldspar
enrichments along fractures; phonolite and xenolths oceyr with and
without large pseudoleucites; Ti-minerais present.

MEPHEL IRE-SYENITE YERDLITH; leucocratic, red-grey and medium-grainad.
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PHONOLITE XENOLITH; fing-grained makriy containing nepheline and K-feldspa

r
phenocrysts partly totally altered to clay; impregnateg by Muorite.

NEPHELINE-SYENITE XENULITH; red, medium-grained. porous, Strongly altered
{especia?ly rims) ang infiltrated with clay and fluorite along fractures,

YOLCANIC BRECCIA; Predominant |y reddigh-
K-reldspar. pyrite, ang some clay; n
origin geeyp with variable pyrite im

Goloured with a dense matrix of
on porous; xenoliths of different
pregnation,

YOLCANIC BRECCIA; grey {dark) ang dense with 3 strong impregnation of
pyrite and chalcopyrite {nearly missive sulphide type) but xenolith sti1y
¥isible 1ip matriy,

PHONOLITE XENOL2TH; dark-grey, severa] times intruded by smal| {5 em})

breccia ones; fine-grainegd porphyritic (K-feldspar~nepheline, & mm) with
strong pyrite impregnation.

FlONOLITE XENOLITH; grey, dense and nearly non-porphyri tic.

NEPHEL INE-SYENTTF XENGLITH; medium~grained. equigranular ang dense
with strongly disseminated U-minera?isatfcn.

NEPHELINE-STENITE XENOLITH; Strong U—minera?isation.

HEPHELIHE-SYENITE KENOLITH: rpd-
non-mineralfsed,

white spottaq phorolitie xenolith,

FRONOLITE XEROLITH; Strongly brecciated, yrey and fine-qrained
porphyritic {K-feldspap ~1.5 cm; nepheling .1 cmy; strong pyrite
and U—mineralisation, also along fractures,

NEPHEL INE-SYEN{TE XENOLITH; red, fine-grained With K-feldspar
predominant; strong U—mineralisation.

YOLCANIE BRECC]A; Coarse-grained, Pegmatitic with K-feldspar, preite,
nepheline, fluorite and xenaliths; many OPEN pores/cavities; xengliths
strongly a)tered with abundant fluorite up to 3 wm; strong
U-mineralfsation.

PHDNULIYE-KEHOLITH; grey, with large K-feldspars anpd replaced nepheling
phenoerysts; major minerals are flugrite, clay, pyrite ang K-faidspar
2long fractyres is 2 red staining; poroys ard strong pyrite impregnation.

PHOMOL ITE XENOLITH; grey,

very ffne—grained, MN-porphyritic with 4 strong
pyrite Impregnation,

ULTRAMAF T DYKE; green-yellow, flne-grained with unidentified red
idiomorphic phenocrysts up to Y cm; rims are totally altered tp clay
although the centre bettor Preserved (fresh biotite)?; within the dyke
small breccia zgnes accur which are very argillic and contain pyrite;
the drke itself is free of pyrite,

VOLCANIC BRECLTA; strong pyrite mineralisation in breccia matrix.

ULTRAMAFIC DYKE; tetally altered to clay; free of pyrite.
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H, Py

M, Py
N[PHEL]N[-SYENITE KENOLITH; medium-grained and teucocratic; leached. E: ,
WFY
M, Py
LH
PY,FL
YOLCARIC BRECCIA; grey with xenolfths of different origin and with e
variable pyrite impregnation {2 - 15 o) ; medium-grafned matrix with
pyrite, fluerite, clay and K-feldspar; some of the xenolith totally By
altered and there exist some coarse~gralned zonas with vulgular cavities
filled with pyrite, fluorite, K-feldspar, clay minerals and rircon. S
M
FL
XF,PY
tH
Bissemina ted Mo-mineralisation.
FY, T
M, Py
HEPHELTHE-SYERTTE XENOL i TH; red, Jeucocratic and strongly a)tered with
pyrite impregnation; leached.
H
FL Kf
Amorphouys siderite as a fracture filling in addition to flugrite. 510
PHONOL I TE XENOLITH; fine-grained porphyritic; brecciated and altered KELFL
with a strong pyrite fmpregration.
PY,FL
M
290,00 @ a
] & CH, PY
®a ,
{12 e
4 4
® 4 & VOLCANTC BRECCIA; dark-qrey; mych pyrite and fluorite,
A& A
1.4 e
4 4
a 48 €M, EL
Dy &
LI ﬂ\ﬁ FL, ey
T 7a
A
NEPHELINE-SYEN|TE XENOLITH; mesocrate medium-grained and equigranular:
mafics are totally altered anrd partly leached with a strong pyrite
tmpregnation.
PHONOGLITE XENOL ITH; red, dense ang fine—grained. but strongly brecciated.,
x
x PY,SH
& 4 VOLCAMIC BRECCIA; dark greenish-blagk argtile {smectite) matrix
a2 Ez Intimately intergrown with fine-grained oyritae, M Py
A
1w &
& 4
ﬂﬂ ©
s b4
&
<44 A (b.ﬂ L
FENTE PHOMOL 1 TE XENOLITH; grey, fine-grained and non porphyritic, partly 1
PRI \ breeciated, -1
PREYRS )
L Sy
RN
A 4 A
A
Ab A, VOLCARIC BRECC]A, grey coloured and dense containing xenolfthy
1a {1-15 em}) of different erigin and with variabie pyrite impregnat fon,
]
Y A
& A @
30000— A 4 A M
& A -
'y A
s 8 . )
4 ® NEPHEL INE-SYEMITE XENOLITH; leucucratic, medium-grained and equigranuiar,
e CH, Py
S a g; o CH
T st
Txx 'y
Xy o xox
Iy
i
o
1e%s" YOLCARIC BRECCIA: yellow green with a clay matriy {xenol¥th-matrix 1:7).
a n m




NEPHELINE—STENITE XENOLITH

and clay;

nepheline s pge

H }eucocratic;
udemorphoys and

mafics re
K-feldsp

tlaced by prrite
ar s Partly altered.

VOLCANIC BRECCIA; zonec of strong argfl]fc alteration.

NEPHELINE-S?EHITE XEMGLITH; gray, medium-grained. equigranular with
pyrite—impregnation; amarphous siderite occurs in fractures

PHOROL ITE XENOLITH; grey, fine-gratned and non-porphyritic; intervpted
by a zone comprising only clay and idiomorphic violet fluprite,

VOLCANIC BRECCIA; xenolith siza is very heterogeneous and most are
strongly altered and Porous; argiltic zones exist with strong pyrite
impregnation; several thick fractures {prrite, fluorite, clay,
K-feldspar) oceur with cmwide leaching zones around; several cases pf
medium- tg COarse-grained K-feldspap enrichment,

PHONOL1TE XEROLITH; grey, fine-gratned ang non-porphyritic; lower haif
Strongly affected by brecciation.

NEPHELINE- SYENTTE XENOLITH; bright red, medium-grained and equigranuiar;
fow mafics (pseudomnrphically replaced).

NEPHEL!NE-S?ENIIE XENOLITH; red-yellow, medium-grained and equigranyiar;
few mafics; leaching has accurred at the rims and along fractures;
pyrite impregnation is present in the middle; intruded by breccia,

VOLCANIC BRECCIA; strongly altered ang green-yellow in cologr except for
a few visible xengliths; medium-grained matrix; K-feldspar is totaiiy
altered to clay mincrals,




PHONOL L TE XENOUITH; arey, fine-grained and fon-porphyritic with pyrite
fmpregnation; ex{sks has a xenolith of Porphyritic phonglite with a
distinct contact; ngt brecciated,

PHOROLITE XENOL1TH; bright grey and fine- to med{um-grained porphyritic;

K-feldspar and nephel{ne phenocrysts {0.5 am} both altered to clay;
sharp contace with the dyke; not brecciated,

ULTRAMAFIC ke ; yellow-green at the rims and dark black-green in the re-
latively well-preserved central part; in the fine-grafned matriy bliotite,
-feldspar and Pyroxene are present ag crystals up to 3 oy 4p the middie

of the dyke are well-preserved nephaline-syenite xenolths up to 1.5 cm.

NEPHELINE-SYENTTE XENOL I'Tw grey-rose-yellow, med{um-grained ang equi-
granular; K-feldspar {pink) is partly altered; nepheline fs altered to
clay (white, yellow, qrey); often the Preserved core mafics ape all
altered o green-ye? Jow clay and pyrite impregnated; between 332,89 -

Around the fractures is evidence of teaching and K-feldspar enrichment .

YOLCANIC BRECCIA; breceda veln with fine-grained phonolitic matriy.

Two Jeucosomes {Scm 2 cm thick); mainly K-feldspar with xenciiths
{1.5 em).

Leucosomes as abgve.

PHONGLITIC DYKE; with sharp contacts and chilled marging; no xeaoldiths.

VOLCANIC BRECC)A; displaying incipient oxidation 2long grain boundaries
and around xenoliths.

M
KF
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PHONOL I TE KENOLITH; reddish-groy, finc-grained and porphyritic;
reaction rim comprising clay minerals; Pyrite and K-feldspar,

YOLCANIC BReccia YEIN; xenoliths from the overlying nepheline-syenito and
the underlying Phonolite; matrix of blyish and reddish large K-feldspar
with py¥rite, fFluorite ang clay minerals; the breceia vein followed a
smali phonal{tq¢ dyke that Intruded the nepheline-syenita.

Strong in sity brecciation of the phonplite matrix between the fragments,
mainly K-feldspar and pyrite.

Pegmataid K-feldspar enrichmant ip the phonpiite.

Strong pyrite tmpregnation in the Phonolite; along fractures occur
K-feldspar enrichments

VOLCAMIC HRFCCIA VEiN: large biyish K-feldspar, fluorite, pyrite and clay,

Pemmataid K-feldspar enrichment; in intarsticies fluorite aad pyrite,

YOLCANTC BRECCIA VEINS; fine-grained clay matrix ang K-feldspar phenocrysts
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Strong fn site brecciation with zones rieh in K-feldspar,

VYOLCANTE BRECCTA YEINS: small, with few xenol ths from the cverlying
phonolite angd tha underlying nephetine-syend o, ’

_ NEPHELIHE*SYEHITE {XENOLITH ) reddish-grey, medium-grafned and

equigranular; nepheline apd mafic components totaliy replaced; certajn
Zones are leached and very POrouUs; pyrite OCCUrs ag impregnations in
Several zones, Particularly where strongly altered phenolite-
xenoliths oceyr.

Pegmatoid K-feldspar enrichment zone jin nephe?ine~syenite.

Strong in sity hrecciation; nepheline-syenite Shows strong argfliie
alteration.

PHONOLETE {XENOLTTH 1 grey, fine-grafned porphyritic with phenocrysts
of K~feldspar; ﬁseudoleucite and replaced nepheline; weak pyrite
1mpregnat|on; intruded several times by breccia velns varying in
thickness; fracture fnff?]ings display 20ning from centre to rim;
fluorite, K-feldspar. clay minerats, pyrite.

VOLCANIC BRECCIA VEIN; with clay-matrix and coarse grainad blyish-

red K-feidspar; strong alteratign 2one fn the phonodite.

VOLCAMIC BRECeiA VEIN; with only phonalitic fragments incerporated,

VDLCAFIC BRECCIA VEIN; mainly fine-grained with clay minerals.

NEPH[LINE—SYENITE XENQLITH; Strong alteration and pyrite-impregna-
tion.

YOLCANIC BRECCIA VEIN; fine-grained clay matrix containing K-feldspar,
pyrite and flugrite; only nepheiine-syen{te fragments are incorporated.

NEPHELIHE~SYEHIT£; medium-grained; $trong alteration api leaching;
cavities fillegd with pyrite, clay minerais and fluorite,

PHONOLITE XENOLITH; arey, fine-grained and parphyritic; pseudo-
levcite vp to 3 .

Strong in sity brecciation of the phonolite with strong K-feldspar
enrichmant,

NEPHELINE-SYENITE (XEROLITH 7): thick alteration Zone l':!f K-fe]dspar
and clay minerals occurs towards the brecciated phonolita; in the
central part reddish-grey; medium-grained equigranylar; pyrite and
Ho- impreqnat forn .
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YOLCANIC BRECCTA; fine-grained clay matrix with coarse I(—fe]d'spar.
fluorite, pyrite; nepheline-syenitie xengliths predominate; all the
xenoliths are strongly altered and impregnated with pyrite, fuorite
and K-feldspar,

LEUCOCRATIC DYKE (XENOLITH )i arey, medium-grainad with a trachytic
textyure; K-feldspars show orientation; moderate pyrite impregnat jon.

NEPHEUNE-STENITE (XEHOLITH H red-grey, mediun-grained and
equigranular; strang alteration and Tmpregratipn with #-feldspar,

YOLCANIC BRECCIA; containing both nepheline-syenitie and phonalitie
xenotiths; matrix rich in K-feldspar,

PHONOLITE XENOLTTH: arey although red in 2ones with strong K-feig-
spar infiitration; fine-grained slightiy porphyritic; porous and
leached; pyrite impregnated; efflorscence of yellow-green, secondary
U-minerais,

NEPHELINE-SYENTTE XENOLITH; reddish-grey meditm-grained and equigranular:
moderate alteration, particularly K-faldspar alteration,

VOLCAHI e BRECCIA; nephelina-syenftie and phonolitic xengliths; Porous §
argillic matrix; some coarse K-feldspar, Pyrite and fluorite.

PHONOLITE x&noLTTh.

YOLCANIC BRECCIA; 1 - 2 ¢n large idiomorphic K-fe?dspar crystals with
interstitial pyrite'and_clay; in cavities Pyrite, clay, and somoe
fluorite; small xenoliths,

NEPHEL INE-SYENTTE XENOLITI; red due to K-feldspar infiltration.

PHONGLITE XEMOLITH,

VOLCANIC BRECCIA; mainiy nephelina-syenite *enoliths whick display strong
argiilc alteration; K-feldspar infiftration and pyrite impregnation;
breccia matrix mainly composed of fine-grained clay, K-feldspar,

fluorite and nyrite,

“10,
NEPHELINE-SYENTTE XENOLITH, medivm-grained ang equigranu]ar:
strong K-feldspar inf{ltration,
[
|1
|1
1
L]
.1
R ]
d4 .44 Pegmatoid K-feldspar zone in nepheling-syenite. :
4 Al
"gt x &?‘ X :
Daid ]
4, 8% VOLCARIT BRECCIA: grey with much Prrite; coarser components In the [
A ‘1 A matrix display flow texture, ]
c hyritic; porous; ﬂ
AT X X XX PHONOLITE XENOLITH; grey, fine-grained and porp yritic; p H __1
‘ pyrite impregnated.
ENC OF HOLE
Fe - iron KrP - K-feldspar CM ~ tlayminerat PY - Pyrite )
Mn -  manganese BA - barite SM - &mectite CCP - chalcopyrite
Mo — malybdenum SID - siderite 1. - ilite GAL - gAlena
Ti - (ranium ZR - zircosium KAOL - kaolinjle PBL -  pitchblende
U - umnium L - Nuorite
ANH - anhydrite
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