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Abstract. 102 samples of low-grade uranium ore from 70 drill 

holes at Kvanefjeld, Ilimaussaq alkaline intrusion, South Green

land were studied by means of autoradiography, fission-track 

investigations, microscopy, microprobe analyses and uranium-

leaching experiments. The principal U-Th bearing mineral, steen-

strupine, and several less common uranium minerals are dis

seminated in lujavrite 'nepheline syenite) and altered volcanic 

rocks. Stenstrupine has a/erage composition Na6.7HxCai.n 

(REE+Y)5.8(Th,l')o.5 ( ""1 . 6*"
 e1 . S^Q. 3^0. lAl0. 2 ) Sii2036 

(P4.3Si-) ,7 )024 (F,OH). nH20; n and x are variable. It either 

is of magmatic origin (type A) or connected with metasomatic 

processes (type B), or occurs in late veins (Type C). Preponder

ance of grains are metamict (usually 2000-5000 ppm U3O8) or al

tered (usually above 5000 ppm U3O8), sometimes zoned with both 
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components present. Occasionally they are extremely altered with 

U content falling to 500-5000 ppm U3O8 and local accumulations 

of high-U minerals formed. Replacement by crystalline monazite 

(• metamict uranothorite and other components) is locally import

ant. Uranium recovery by carbonate leaching (NaHCO3+Na2C03+02) 

depends both on alteration of steenstrupine and on hydration of 

parent rocks. Yield is between 98 and 50%, the average U concen

tration in the examined rock around 350 ppm U. 
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1. INTRODUCTION 

Since 19 76 the Ministry for Commerce has financed a number of 

research and development projects on energy. One of the projects 

concerned the extraction of uranium from lujavrite from the 

Kvanefjeld area, the Ilimaussaq complex. South Greenland {Fig. 

36). The name of the project is "Uranudvinding"; it commenced 

in 1978 and is conducted by Risø National Laboratory, Roskilde. 

The present investigation, which deals with the distribution 

and extraction of uranium and the mineralogy of the ore, is a 

part of the project, and hus been carried ont by the Geological 

Survey of Greenland (GGU) in cooperation with the Risø National 

Laboratory, since January 1st 1978. 

1.1. General problems, project aims 

Extraction of uranium from lujavrite has been carried out at 

the Department of Chemistry at Risø National Laboratory for a 

number of years. The research work has resulted in two different 

techniques by which the refractory ore can be treated. The first 

one is based on roasting the ore in a S02-atmosphere and the 

second one on extraction with a carbonate solvent in a press

urized tube reactor. The uranium yield from both procespas has 

varied tremendously and being a heterogeneous ore with respect 

to the fixation of the uranium it became clear that a better 

understanding of the microstructure, the mineralogy and the 

small scale distribution of the uranium was important in order 

to understand, and to improve the efficiency of the extraction 

process. The distribution of uranium has been studied by a 

number of techniques: autoradiography, fission track investi

gation, general microscopy, microprobe and scanning electron 

microscopy. Classification of the lujavrite ore on the basis 

of these investigations is then compared with the results of a 

series of laboratory extraction tests on identical lujavrite 

material. 
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1.2. Selection of material and sample preparation 

Core material from various drilling projects at Kvanefjeld was 

available in the form of continuous drill cores 32 mm in diam

etre. The total number of drill holes is 70 which corresponds 

to approximately 9000 metres of core. From this material 102 

samples were chosen to represent the following criteria: 1;»rge 

variation in uranium extraction yield, and large variation in 

lithology and representative spatial distribution. Fig. 1 shows 

the distribution of drill holes at Kvanefjeld and Table 1 lists 

the positions of the rock samples selected for analysis. 

Each drill core is fully documented petrographically in un

published reports. The contents of U and Th are determined for 

the entire length of the drill core using gamma-ray spec

trometry (Løvborg et al. 1972, Sørensen et al. 1974, Nyegaard 

et al. 1977). 

The selection of representative samples on the basis of the 

combination of the petrological data and uranium content re

sulted in the documentation of all of the five principal rock 

types which represent the potential U ore, each with a large 

range in radioactivity. These are: medium to coarse grained 

(MCG) lujavrite, arfvedsonite lujavrite, aegirine lujavrite, 

deformed lava and naujakasite lujavrite. Naujaite and undeformed 

lava do not display sufficiently high uranium concentrations 

to warrant study. In addition, some steenstrupine-analcime veins 

and mineralized rock contacts were sampled. For each drill hole 

usually two (rarely one or three) of the most abundant types 

were selected (Table 1). The samples were taken from the parts 

of the drill core which displayed a reasonably constant uranium 

content over considerable core lengths. 

High U contents in lujavrite comprising only negligible core 

lengths were not considered. However, the highest anomalies 

from the entire material connected with the above mentioned 

veins and contacts, were also included, mainly for their mine-

ralogical interest. 
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The length of each sample was about 15 cm of d r i l l co re . I t was 

s p l i t lengthwise in to 3 por t ions using a rockcu t t ing saw. The 

c e n t r a l s l a b , about 4 ram th ick was used for autoradiography, 

microprobe and f i s s i o n - t r a c k obse rva t ions . One semicy l indr i ca l 

por t ion was saved whereas the other was used for the e x t r a c t i o n 

experiments at Risø. 

2. AUTORADIOGRAPHIC WCHK 

Autoradiographic study of the samples was undertaken with the 

aim of recognizing the distribution of radioactive minerals 

in the rock prior to their detailed study by more elaborate 

methods. The choice of material for thin section and polished 

thin sections was based on the autoradiographs. 

In the course of the study it was confirmed that the autoradio

graphs of rock slabs represented an excellent record of the 

radioactive fabric of the rock types. 

2.1. Techniques, scope of work 

Autoradiographs were prepared in the photographic laboratory of 

GGU. The central rock slabs were placed with the cut surfaces 

directly on the emulsion side of the Fuji Lith. HO 100 film 

(13x18 cm). Exposure time of 14 days was chosen as it gave the 

optimal image. 

The outline of the slabs was recorded together with their serial 

number in order to facilitate the comparison of photographic 

characteristics with radioactive fabric. The quality of radio

grams was mostly very satisfying except for some cases of rough 

surfaces. 
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2.2. Results 

Five categories of radioactive fabric were described in the 

studied material. 

1) Homogeneous (or relatively homogeneous) fine to medium 

grained type of distribution of radioactxve grains in the rock. 

This type is very abundant. Concentration of radioactive grains 

varies from high to low (Table 2, Fig. 2). 

':'i'j. 2. Autoradiography and the corresponding rock samples 

representing homogeneous distribution of fine to medium 

grained radioactive minerals. 
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2) Veins or layers with medium to fine grained radioactive 

minerals. The thickness of layers or veins is of the order of 

0.5 to 1.0 cm. They are interlayered with more or less sterile 

layers of usually greater thicknesses. Distribution of ore-

bearing layers is usually irregular (Table 3, Fig. 3). 

Fitj. 3. Autoradiographs and the corrc^.pondirvj rock sanplcs 
with veins or layers of nedium to l i n e ' t rained r a d i o a c t i v e 
minera l s . 

3) Patches or nests of medium to coarse grained (0.5-1.5 mm in 

diameter) radioactive minerals (Table 4, Fig. 4). The distri

bution is always irregular and at lower concentrations they 

represent transition to the next fabric type. 
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4} Individual sca t t e red large rad ioac t ive g r a i n s . Typical 

d i ane t e r i s about 2 to 3 rm. Medium to high concen t r a t ions 

p reva i l (Table 5, F ig . 5 ) . 

5) Rock samples which, i n s p i t e of being se lec ted for t h e i r 
L" con ten t , l e f t no d i s c e r n i b l e narks on t h e i r au toradiographs . 
Although containing a c e r t a i n amount of uranium t h i s type is 
termed "barren rock" (Tabic 6 ) . 
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M-
I-'ig. 5. Autoradiography and the correspo .ding rock samples 
with ind iv idua l large s c a t t e r e d g r a i n s of r ad ioac t i ve 
minera l s . 

2.3. Classification of lujavrites 

Frequency diagrams of different types of radioactive fabric 

for the principal rock types disclosea interesting correlations 

(Fig. 6) . 

As expected, the radioactive minerals in the medium to coarse 

grained lujavrite primarily occur as large scattered grains and 

in appreciable concentrations. All the other fabrics occur in 

this rock type with much lower frequercy. 
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Fig. 6. Frequency d i s t r i b u t i o n of d i f f e r e n t types of 
r ad ioac t ive fabr ics of p r i n c i p a l rock t ypes . 

Naujakasite lujavrite displays predominantly the "homogeneous 

fine to medium grained fabrics" and medium to low uranium con

centrations. Only in rare instances does the distributi D.I of 

radioactive minerals occur in layers (patches). 

Arfvedsonite lujavrite represents the most abundant r̂ cr. type 

in the examined area. It shows a complete spectrum of radio

active fabric types and has uranium concentrations varying from 

high to low. The homogeneous, layered and "barren" types are 

the most abundant. 
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Only one specimen of aegirine lujavrite was examined (with a 

patchy distribution). This rock type is not abundant in the 

area and only this single sample was taken. 

The principal fabric type of deformed lava is the layer type. 

The content of radioactive grains is usually medium to low. 

3. MICROSCOPY 

-'. 1. Scope of work 

Pttrographic characteristics of the studied rock specimens were 

described, and the optical study of steenstrupine in them was 

performed on thin sections and polished thin sections. The 

sections were selected from the drill cores by means of the 

autoradiographic study. The cuts selected for the thin and 

polished sections (about 3 x 4.5 cm in size) were taken from 

che portions which: 

1) displayed radioactive grains of a character typical for the 

rock sample. 

2) had concentrations of radioactive grains sufficiently high 

to warrant their representative cross-section in the 

finished sections. 

The polished thin sections were also used for microprobe analy

ses and fission track investigations of uranium minerals. 

Altogether 97 sections were completely described. The microscope 

used in the study is ZEISS Universal. 

3.2. General mineralogical description of lr.javrites 

For each of the studied specimens principal felsic, mafic and 

accessory minerals were determined and tabulated (Table 7a-e). 
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During the study we found that the degree of alteration of 

primary felsic minerals represented a general phenomenon 

independent of the boundaries between the various rock type? 

in the area. A working hypothesis was made that the degree of 

alteration (called "hydration" below) might also partly control 

the alteration of steenstrupine. Furthermore, it could have 

influence on some stages of ore dressing. In the description, 

the rock specimens are therefore divided into 4 groups on the 

basis of the degree and sometimes also the type of hydration. 

The 4 groups are the following: 

1) weakly hydrated rocks 

2) medium hydrated rocks 

3) very intensely to completely hydrated rocks 

4) hydrated rocks with ussingite 

In the distribution maps from Fig. 7 to Fig. 10 tne black 

coloured sector of a circle may be 120 , 240 or 360 indicating 

that one, two or three samples belong to a single drill hole. 

In the weakly hydrated rocks the bulk of the original felsic 

minerals are preserved. Among their, nepheline, sodalite, 

microcline, albite and in some cases naujakasite are most 

abundant. Hydration processes primarily attack nepheline which 

is replaced from the nargins by analcime. Sodalite is similarly 

attacked whereas naujakasite and albite are usually fresh in 

this group. As a rule natrolite occurs as an accessory mineral. 

Weakly hydrated rocks are abundant in the studied area where 

they represent almost one third of the studied specimens (Fig. 

7, Table 7a). This category contains a fair number of specimens 

from each of the principal rock types (arfvedsonite and 

naujakasite lujavrites, deformed lava and aegirine lujavrite) . 

The only exception is MCG lujavrite - from which only one weakly 

hydrated specimen was found. 

In the group of medium hydrated rocks the alteration of 

original felsic minerals is pronounced and the hydration 

products Lecome substantial components of the rock. Nepheline 
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rirJ- 7- Weakly hydrated rocks. Numbers denote depth (in meters) under surface. 

is substantially replaced by slightly anisotropic analcime. 

It is still present in abundant, small to medium sized relics 

embedded in the analcime matrix. Microcline is also considerably 

attacked whereas albite seems to be still fresh. Besides abundant 

analcime, also natrolite represents a substantial component of 

the rock. This category is somewhat less common than the pre

vious one and it mainly contains arfvedsonite lujavrite and 

naujakasite lujavrite (Table 7b). The spatial distribution can 

be seen fron Fig. 8. 
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l'i<j. 8. Medium hydrated rocks. 

In the group of very intensely to completely hydrated rocks 

analcime and natrolite represent the basic felsic minerals. 

Caly small relics of the primary felsic minerals, nepheline, 

microcline, albite and sodalite, are occassionally found in the 

analcime matrix. Natrolite is present in much larger amounts 

than in the previous group; sometimes it is even more abundant 

than analcime. Besides the more common fibrous natrolite also 

fine to medium grained mosaic-like aggregates are present. This 

group again contains nearly all the rock types. Except for 2 

samples it is confined to a relatively small area of Kvanefjeld 

- the so called "mine area" (Fig. 1, Fig. 9, Table 7c). 
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Fig. 9. Completely hydrater! rooks. 

A special type of strongly hydrated rocks are those which 

besides analcime and natrolite contain large amounts of large 

tabular crystals of primary microcline. In this rock type 

natrolite occurs in smaller amounts than analcime, albite is 

less abundant and nepheline was not found at all. 

This group is almost entirely confined to one rock type - the 

MCG lujavrite and it represents the bulk of its samples. Again 

it is confined to the "mine area" (Fig. 9, Table 7d). 
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Fig. 10. Hydr-ted rocks with us s ing i t e . 

Another special type of alteration present in a small number 

of weakly, medium to strongly hydrated rocks is the development 

of ussingite +_ analcime. Ussingite seems to replace the original 

albite in the rock. Typical for this type is a very irregular 

development of hydration, with both hydrated and unaltered 

portions present in the same section. This type of hydration 

was found in arfvedsonite and naujakasite lujavrite, primarily 

confined to one area in the NW part of Kvanefjeld. (Drill holes 

48, 49, 50, 57 and 25). (Fig. 10, Table 7e). 
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The various alteration processes show a distinct regional 

pattern. With rare exception the occurrence of strongly hydrated 

rocks is confined to the mine area drilled in 19 58, 19 62 and 

1969. Nearly all samples of MCG lujavrite, taken from relatively 

shallow to medium depths of the complex MCG lujavrite intrusion, 

which is situated in fine grained lujavrite (Sørensen et al. 

1974), are completely hydrated (with primary microcline). The 

specimens of arfvedsonite and naujakasite lujavrite taken from 

below MCG lujavrite are usually only medium hydrated. Strong 

hydration continues, primarily in arfvedsonite lujavrite and 

deformed Lava, to NE of the MCG lujavrite intrusion, below the 

sheets of roof rocks. 

The NW and N areas, drilled in 1977 yield about equal amounts 

of weakly hydrated and medium hyd-ated rock specimens (primarily 

arfvedsonite lujavrite). Sporadically strongly altered rocks 

occur. No distinct distribution pattern of hydration can be 

recognized except for the accumulation of ussingite-bearing 

rocks in one area close to the northern end. The latter rocks 

usually occur as the portions of arfvedsonite lujavrite over

lain by a thicker volcanic complex (Nyegaard et al. 1977). 

3.3. Description and classification of steenstrupine 

Steenstrupine, the principal uranium-bearing mineral of the 

studied rocks was first described by Loienzen (1881) from the 

material collected by J.K.V. Steenstrup. The mineral displayed 

trigonal symmetry and its formula was variably given as 

Na2Ce(Mn,Ta, Fe...) H2 ((Si,P) 0 4 ) 3 (Strunz, 1944) or (Na, CaK 

CaCe Nb (OH, F) ((Si, P)04>3 (Bøggild, 1953). The early authors 

only studied steenstrupine from veins and pegmatites. Buchwald 

and Sørensen (1961) and Sørensen (1962) were the first who 

also studied in detail the steenstrupine-bearing lujavrites, and 

this work plays an important part in the later large-scale 

exploration at Kvanefjeld (Wollenberg 19 71; Sørensen et al. 

1974). 
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The present microscopic study of thin sections from the drill 

cores of the Kvanefjeld area has shown that steenstrupine in the 

studied rock types occurs in two distinct forms which will be 

called A and B. They substantially differ in size, shape and 

origin. 

The A type represents euhedral, small to medium (0.10-0.15 x 

0.10-0.30 mm), fairly regular grains with hexagonal cross-

sections, sometimes with rounded corners. In many cases it 

contains a small amount of inclusions, mainly arfvedsonite 

needles. The steenstrupine occurs as small crystals among the 

arfvedsonite ana the felsic components indicating its primary 

origin. 

The B type of steenstrupine is far less abundant. Its shape 

and size show considerable variation. The generally subhedral 

crystals are bounded by large crystal faces but they also 

partly enclose the surrounding minerals which have their own 

crystal outlines. The steenstrupine crystals of this type are 

in general heavily loaded with inclusions. Most abundant is 

arfvedsonite, followed by microcline, albite and nepheline. 

Sometimes analcime replaces primary lath-shaped felsic com

ponents enclosed in steenstrupine. Some of these large crystals 

are intimately connected with arfvedsonite felt. They are 

heavily loaded with this cype of arfvedsonite so that sometimes 

they imperceptibly grade out into a felt-like arfvedsonite mass. 

The steenstrupine of the type B was almost exclusively found 

in MCG lujavrite. Its formation may be connected with general 

metasomatism and recrystallization processes, producing the 

medium to coarse grained variety of lujavrite in the late stages 

of rock formation. The steenstrupine of the examined analcime -

steenstrupine veins (described as the type C) is morphologically 

is fairly close to this category. Our observations and resulting 

classification are in general agreement with division of steen

strupine in the Illmaussaq lujavrites into two types by 

Sørensen et al. (1974) or into the type i_ and (i_i_ & iii) by 

Sørensen (1962). In some samples of altered lavas the affinities 

of steenstrupine remain uncertain. 
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Steenstrupine of the Kvanefjeld area in most cases underwent 

alteration of varying intensity. 

Practically all "unaltered" steenstrupine in all rock types of 

the Kvanefjeld area is already transformed into a metamict, 

optically isotropic state. 

Combination of the two genetic types with the intensity and 

the structure of alteration yields 7 principle types of steen

strupine for the studied rocks: 

type A: (primary, basically small to medium euhedral grains): 

a) metamict (unaltered) 

b) altered unzoned 

c) altered zoned 

d) extremely altered 

type B: (late, metasomatic, basically large, subhe "ral grains): 

a) fresh anisotropic 

b) metamict (unaltered) 

c) altered 

In the examined rocks fresh anisotropic steenstrupine of the 

type A only occurs as rims of the metamict or altered grains. 

It will be described further together with these categories. 

The metamict steenstrupine of type A has a high refractive 

index and light creamy colour (Fig. 11). In some cases slight 

alteration on margins and cracks is observed. 

The concentration of the mineral in the rock varies greatly from 

abundant, ca. 5-10% (sample 39/140), to scarce (sample 63/135.30). 

Samples of this type are evenly spread all over the examined 

area and occur at all possible depths depending on local geo

logical conditions (Fig. 12). 
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Fig. 11. Metamict type of steenstrupine, Aa. Magnification 

120x. 

The unzoned altered type of steenstrupine, Ab, represents a 

broad group from occurrences in which only parts of the grains 

are altered to occurrences in which entire grains underwent 

alteration. Consequently, this type is the most abundant in 

the Kvanefjeld area (Fig. 14). It is characteristic for all 

rock types (except MCG lujavrite), and it is distributed all 

over the examined area except at places where one of the more 

special types of steenstrupine (described below) becomes 

typical. In many instances it occurs combined with other types 

of euhedral, A, steenstrupine, primarily with the metamict 

type. 

In thin sections its colour varies between light yellow, brownish 

yellow and rusty brown for the more altered parts. Refractive 

index is lower than in the previous case. 

Unaltered, fresh portions of the grains are isotropic whereas 

the altered parts represent fine-grained products which often 

display anisotropy in the form of aggregate polarization. The 

euhedral shape of steenstrupine crystals usually remains pre

served. Only in some cases it becomes obliterated (e.g. 65/51). 
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rig. 12. Distribution of metamict steenatrupine, type Aa, 
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Fig. H . Vnxon«4 al t*r«4 ty?*e «f xteenstr^>in«, AJ». 

This type of oteenstrupine shows greater variability in size, 

than the previous one (Aa). The najority of the grains are bigger 

than in the Aa type (Fig. 13). 

A very characteristic variety of the type A steenstrupine, 

occurring primarily in arfvedsonite and rwujakasite luja* rite 

of the nine area is the altered zoned variety. The zonation 

manifests itself in the partly to fully altered grains. It is 

not observed in netanict grains and extremely altered grains. 

Thus wo presume that the primary compositional zonation appears 

only in the process of alteration which »ill develop in the 

compositionally suitable grain portions. Types of zonation and 

the intensity of alteration vary within broad limits. In the 

most abundant case stcenstrupine displays dark altered core and 

light rims which are in most cases anisotropic with sinile-

crystal extinction (Fig. 15). Opposite cases are known: in 

28/00 steenstrupinc has light isotropic cores and altered dark 

rims (Fig. 16). In a number of samples also grains with two or 

more altered and unaltered zones .ire present. It should be 

stressed that the zonation types and alteration stage <s uniform 



Fig. 14. Distribution of unzoned altered type of steen-
strupine. Ab. 



to 
-J 

Fig. 15. Altered zoned variety of steenstrupine, Ac. 

Magnification 120x. 

Fig. 16. Altered zoned variety of steenstrupine, Ac, in 

naujakasite lujavrite. Magnification 90x. 



Fig. 17. Distribution of altered zoned variety of steen-

strupine, Ac. 
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and typical for each sample. In this group there are almost no 

samples which contain different types of steenstrupine in thin 

section. The map (Fig. 17) of the distribution of various 

steenstrupine types suggests that the zoned steenstrupine is 

primarily situated in the upper layers of fine grained lujavrite 

in the mine area, below the layers of MCG lujavrite and altered 

lava. 

In the case of extreme alteration of steenstrupine of type A 

the shape of (completely altered) grains becomes gradually 

obliterated. They become nebulous in thin section and dis

integrate (Fig. 18). Sometimes they may be replaced by ether 

phases, primarily neptunite. 

Fig. 18. Completely a l t e r e d s t e e n s t r u p i n e , type "•'!. 
riagnif i ca t ion 120x. 

The type cf extreme alteration varies from section to section. 

The usual type of alteration is replacement by very dark rusty 

brown material, nearly opaque in thin section. Original in

clusions are still present in this case and, except for eudialyte 

they remain unaltered. In other cases the rusty patches in the 

altered grains of steenstrupine alternate with analcime. Even 

in the cases where the original grain disintegrated into 
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Pig. 19. Distribution of completely altered steenstrupine, 
type Ad. 
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nebulous relics the original inclusions can still be seen. In 

this case arfvedsoi.ite is usually replaced by aegirine. The 

rusty alteration product will in these cases change into a loose 

gray network. Rocks with this type of steenstrupine alteration 

occur scattered among the rocks with altered zoned and unzoned 

steenstrupine in the old mine area. Our results (drill holes 54, 

46 and 70) suggest that they might form an uninterupted area in 

some portions of the northern part of the examined region (Fig. 

19). 

The shape of the crystals of B type steenstrupine and the in

clusions in them have already been described (part 3.3, § 4). 

The fresh anisotropic type of steenstrupine, Ba, is very rare. 

It occurs mainly in the metamict isotropic grains as rims or 

isolated parts. Anisotropy is usually weak and not easy to 

observe. As an example we can quote No. 18/78.60. 

The metamict B type of steenstrupine, Bb, is not so abundant 

in the studied area as the A type. Colour in thin section varies 

from light yellowish to light brown. In this case the brown 

colour does not represent an alteration feature although the 

darker brown portions indicate incipient alteration. This type ø 

of steenstrupine is isotropic (Fig. 20). 

The amount of metamict B type steenstrupine varies from section 

to section, in general it makes 5%, in some cases up to 10% of 

the volume of the rock. Crystals are usually large and they are 

often interconnected by thin cracks in the surrounding minerals 

which apparently were formed when the volume of steenstrupine 

crystals increased on metamictization. In a few cases, namely in 

the section 37/36, large grains of steenstrupine were replaced 

in their marginal parts and along fissures by grains of 

monazite associated with uranothorite and U-bearing Na-Zr 

silicates. They pseudomorph the shape of the original steen

strupine crystals. Alteration processes which can be locally 

observed usually start along fissures as well. 
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fig. 20. .Mctamict type of steenstrupine, Bb. Magnification 

30x. 

i •' i g • 2\. Metamct steenstrupine, type Bb, with the apical 

parts replaced by monazite (light). The pseudonorph retains 

the shape of the original steenstrupino crystal. Magnifica

tion 30x. 
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Fig. 23 shows that this type of steenstrupine is concentrated 

in the southern part of the "mine area". It is bound to MCG 

lujavrite and usually occurs in the upper part of the drill 

holes. 

The altered B-type steenstrupine, Be. In most cases it follows 

the "metamict" Bb type. In the drill holes 4/107 and 9/67 it 

occurs in arfvedsonite lujavrite alongside with the A type. In 

both cases the rock contains veins of MCt; lujavrite and of 

analcime so that we may consider the subhcdral, B-type crystals 

to be of later, metasomatic origin. 

The alteration of the B-type steenstrupine proceeded differently 

at different localities. The replacement by ronazitc has already 

been mentioned (Fig. 21, 22). In other cases (18/79, 4/107, 

30/47) the alteration has a similar character to that in the 

Ab type. The altered portions are slightly to strongly ani-
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Fi<j. 23. Distribution of metamict type of steenstrupine, ub. 
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Fig. 24. Strongly altered stoenstrupine, type Be. Magnifi

cation 120x. 

sotropic and besides the dark components they most probably 

contain natrolite and analcime. In the case of strong alteration 

some parts of the original steenstrupine grains are replaced 

by neptunite (Fig. 25). 

When the frequency of different types of steenstrupine is plotted 

against the studied rock types the following conclusions can 

be drawn (Table 8): 

1) The degree of alteration of steenstrupine cannot be con

sidered as a function of the rock type for all the three 

principle rock types bearing the A type steenstrupine, 

arfvedsonite lujavrite, naujakasite lujavrite and deformed 

lava. 

2) As mentioned above, the B type steenstrupine ranges from 

fresh to metamict and altered and is practically limited 

to MCG lujavrite. 

3) Intensity of alteration of steenstrupine is not a function 

of the intensity of hydration of the rock. Thus completely-

altered steenstrupine frequently occurs in weakly hydrated 
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rocks, and fresh or weakly altered steenstrupine can 

frequently be found in completely hydrated rocks. 

The geographical distribution of different steenstrupine types 

has already been discussed. The trend of the completely altered 

steenstrupine and especially of the "barren rocks" to occur in 

a distinct area along the NW and N margins of Kvanefjeld should 

again be stressed. 

Fig« 25. Distribution of altered metamict steenstrupine 
type Be. 
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4. FISSION TRACK INVESTIGATIONS 

4.1. Techniques, scope of work 

For the location and determination of U-bearing minerals in thin 

sections of the studied rocks, the fission track method was used. 

The method was developed by Fleischer et al. (1965). It was 

applied to the Illmaussaq rocks for the first time by Wollenberg 

(1971) whose modification of the method is followed to some 

extent in the present study. 

As a solid state fission-track detector we used lexan poly

carbonate plastic 0.75 mm thick. A lexan slide is firmly attached 

to the surface of the polished thin section in such a way that 

two edges of the lexan slide and of the section exactly coincide. 

A pack of up to 6 "sandwiches" is irradiated by thermal neutrons 

in the facility at the DR 3 research reactor at Risø. After some 

experimenting an irradiation time of 1 minute was chosen. 

Uranium standards are placed at the front and rear ends of the 

package. 

The standards represent the Ca-Al-Si glass with the eutectic 

composition in the Ca0-Al~O3-SiO2 system, to which uranium oxide 

was added in order to obtain the following U-,0- concentrations: 

0 ppm 2 500 ppm 

500 ppm 5 000 ppm 

1 000 ppm 10 000 ppm 

The glasses were prepared by weighing out components and each 

of the mixtures was melted at 1500 C and homogenized in a 

mortar three times. The method was developed by Gamborg-Hansen 

(unpublished). They were all checked by delayed-neutron counting 

(for 10 sec) after neutron irradiation at the research reactor 

DR 3 at Risø (for 20.3 sec). The results (463, 2417, 5047 and 

9776 ppm U^Og for the respective glasses) confirm that the 

original U contents were preserved during preparation. 
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The fission tracks in the detectors were developed by etching 

them with 6N NaOH at 75°C for 10 to 15 minutes. Because of the 

large amounts and frequent inhomogeneity of the radioactive 

grains, the uranium content in them was estimated by comparing 

the density of tracks produced by a grain (or by its part, or 

a zone in it) with the uniform track densities produced by the 

six standard glass compositions. We used lower magnifications 

and worked in the same way as if using the empirical blackening 

curve on X-ray films. It should be noted that the total U 

contents of the rocks have been determined by gamma spectrometry 

of the drill cores (Table 1). 

A sliding table (machine work by the workshop of the Geological 

Central Institute, University of Copenhagen) was constructed 

for use under the microscope for the fast comparison of the 

fission track record on the lexan slide with the mineralogy of 

the original polished thin section. The lexan slide and the 

thin section are placed side by side on this table and can be 

centered using the two edges they had aligned in common during 

their exposure. Thus swinging the table back and forth, the 

grain and its fission track image will be brought into the same 

position in the microscope field of view. In this way we avoid 

the problems in locating and determining the radioactive minerals 

in the fine grained rocks which contain large amounts of dark 

minerals. The use of Wollenberg's. (1971) method (i.e. obser

vations on the detector-and-rock section sandwiches) would slow 

down the work considerably. 

4.2. Associations of U-bearing minerals 

The fission track studies enabled us to localize and determine 

all the uranium-bearing minerals in the studied rock samples. 

It was found that in general steenstrupine represents the most 

important U-beariny mineral and that the contents of uranium in 

steenstrupine are in direct relationship with its preservation/ 

in situ alteration. In some rocks steenstrupine is associated 

with other, quantitatively less important U-bearinq minerals, 

or it is decomposed and recrystallized into an association of 

secondary products. 
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The fo l lowing a s s o c i a t i o n s inc lude the types of primary miner

a l i z a t i o n , i t s a l t e r a t i o n as wel l as the post t y p i c a l secondary 

products . The fo l lowing a s s o c i a t i o n s were recognized: 

a) Rocks with s t e e n s t r u p i n e of the type A 

1) rocks with raetamict and/or a l t e r e d s t e e n s t r u p i n e , Aa+Ab. 

2) rocks primari ly with zoned s t e e n s t r u p i n e , Ac. 

3) rocks with a l l t y p e s / d e g r e e s of s t e e n s t r u p i n e a l t e r a t i o n , 

Ab+Ac+Ad. 

4) rocks with extremely a l t e r e d , r e c r y s t a l l i z e d and replaced 

s t e e n s t r u p i n e . Ad. 

5) rocks with raetaraict and a l t e r e d s t e e n s t r u p i n e (as 1) and 

with a raetamict high-uraniurc Y-Zr s i l i c a t e . 

6) rocks with extremely a l t e r e d s t e e n s t r u p i n e which d i s p l a y s 

accumulations of L'-rich p h a s e s . 

7) naujakas i te l u j a v r i t e s with zoned s t e e n s t r u p i n e and a low-L" 

"naujakasite replacement product". 

b) Rocks with s t e e n s t r u p i n e of the type B 

1) rocks with metamict and a l t e r e d , and r e c r y s t a l l i s e d s t e e n 

s t r u p i n e . Among rrcondary products are n o n a z i t e , u r a n o t h o r i t c , 

I h o r i a n i t e , n e p t u n i t e . In some cases i t a s s o c i a t e s with 

extremely a l t e r e d s t e e n s t r u p i n e A, i . e . Bb+Bc^Ad. 

2) rocks with a l t e r e d s t e e n s t r u p i n e . Be. 

3) metamict and a l t e r e d s t e e n s t r u p i n e and an U-bearing Zr-Al 

s i l i c a t e . 

c) Impregnations of f ine to coarse grained metamict to a l t e r e d 

s t e e n s t r u p i n e of uncerta in type in the a l t e r e d l a v a . 
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Fig. 26. Microphotograph of the thin section and fission 

track image of raetamict steenstrupine, Aa. Magnification 

120x. 
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4 . 3 . D e s c r i p t i o n of i n d i v i d u a l a s s o c i a t i o n s ar.d t h e uranium 

c o n t e n t s in the m i n e r a l s . 

A-1 R o c k - _ w i t h _ m e t a m i c t _ a n d / o r _ a l t e r e d _ s t e e n s t r u p i n e (Aa_and_Ab| 

a s _ ^ e _ p r e d g m i n a n t _ U - b e a r i n 2 _ m i n e r a l 

The Aa s t e e n s t r u p i n e u s u a l l y forms smal l i s o t r o p i c g r a i n s w i th 

f i s s i o n t r a c k d e n s i t y c o r r e s p c - ' H n g to 2000-4000 ppm U30„ in 

some rock samples , and to 3000-5000 ppin U^08 in o t h e r samples 

( F i g . 2 6 ) . In g e n e r a l , t he metamict A s t e e n s t r u p i n e does no t 

exceed 5000 ppm U,O g . In most c a s e s i t a l t e r n a t e s w i t h a l t e r e d 

unzoned s t e e n s t r u p i n e Ab with h i g h e r f i s s i o n t r a c k d e n s i t i e s , 

u s u a l l y between 5000 and 7000 ppm, sometimes in more a l t e r e d 

p a r t s up t o 10000 ppm U,Og . In some s e c t i o n s , a c h a r a c t e r i s t i 

c a l l y twinned Zr-Al s i l i c a t e wi th t h e same U c o n c e n t r a t i o n as 

i n t h e Aa s t e e n s t r u p i n e o c c u r s . 

I n d i v i d u a l s e c t i o n s ( a l l da t a ppm LUOg): 

Sample No. Aa Ab Notes 

57-109.00 2500-4000 5000-7500 Aa < Ab 

58-93 .00 3000-4500 5000-7500 Aa < Ab 

56-157 3000-4500 5000-7500 a c c e s s . s i l i c a t e 3000-4500 

70-16 .10 2000-4000 Aa < Ab, a c c e s s . s i l i c a t e 

2000-3000 

60-147.70 20 00-3000 inhemogeneous Aa < Ab 

5000-7000 up 

to 10 00 0 

27-29 ~ 5000 > 5000 in a l t . p a r - s Aa (Ac) 

A-2 R o c k s _ p r i m a r i l Y _ w i t h _ z o n e d _ s t e e n s t r u p i n e 

In t h i s group zoned s t e e n s t r u p i n e , Ac, in whi^h me tamic t and 

a l t e r e d zones a l t e r n a t e , r e p r e s e n t s t h e p r i n c i p a l U - b e a r i n g 

m i n e r a l . Smal le r amounts of Ab or Ad s t e e n s t r u p i n e may a l s o be 

p r e s e n t . D i f f e r e n c e s in uranium c o n t e n t s between t h e zones a r e 

w e l l e x p r e s s e d in f i s s i o n t r a c k images for t h e c a s e s w i t h b road 

zones Dr wi th s imple z o n a t i o n ( F i g . 27, 2 8 ) . However, on ly 
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F i g. 27. MicrophotO'jraph of the thin section and fission 

track images of altered zoned .<; tcenstrupi ne, Ac in 

arfvedsonitc lujavrite. Magnification 30x. 
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fa 

i' i i j . 28 . D c t d l l o d view of s t c e n s t r u p i n c Ac frcra Fi<;. 2 7 . 

Maijni f i c a t ion I20x . 

average U contents over Lhe zoned parts can be obtained in the 

cases with narrow, repeated zones. For some samples an associ

ation of Ac crystals with abundant very fine-grained now altered 

(Ab or Ad) steenstrupine, dispersed throughout the rock, is 

typical. 
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Indiv idual sec t ions ( a l l data in ppm L' 0g) 

Sample No. 
33-48.00 

Ac 
7000-10000 

5-121.30 

16-52.00 

61-77.05 

22-120.30 

6-44.90 

Notes 

Numerous small steenstrupine 

grains in arfvedsonite etc., 

< 7000. Britholite (creamy yellow, 

high n, often altered) 1000. 

Wavelength scan indicates Si, P, 

Ca, Th, ? K, La, Ce and Fe as 

major elements where-- s Y, Na, Mn, 

Nd, Sm and Pb as minor elements. 

ppm U30g 

8000-10000 

dark altered 

core 

isotropic 8000. 

Often only just 

observable light 

zonation in 

metamict 

steenstrupine. 

Altered zones/parts 

_> 10000 

Pronounced multiple 

zonation, narrow 

zones: average: 

2500-5000. Broader 

zones: light zones 

2500-4000; highly 

altered zones 

5000-7000. 

_> 5000-6000; most 

altered parts 

<_ 10000 

Essentially metamict 

with just observable 

zonation. Light zones 

~ 2000; darker zones 

~ 3000 

In aegirine-natrolite matrix: 

numerous small Ad crystals with 

inhomogeneous Jistribution of 

tracks 4000-7000 

Small amount of Ab, Ad; in the 

natrolite-rich zone: very 

abundant small grains of 

steenstrupine-strings of grains 

Ab to Ad 4000-5000 

A few Ad grains with high U-

accumulations occur 
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7-112.20 As the previous one 

4 3-105.20 Light zones 5000; 

altered zones _> 7000 

A-3 Rock^_w^th_a^l_ty^e^/d^g^e^s_of_s^e^n^tr^pin^_alter^tion -

Ab+Ac+Ad 

The range of f i s s ion t rack d e n s i t i e s r e f l e c t s the broad range 

of a l t e r a t i o n types present in the same rock. Density of f i s s i on 

t racks in the a l t e r ed Ab type of c r y s t a l s corresponds to 

4000-5000 ppm U-,Og in l e s s a l t e r e d , l i g h t e r p a r t s and 7000-8000 

ppm U,Oa in a l t e r e d p a r t s . In the l a t t e r , but p r imar i ly in the 

extremely a l t e r e d Ad gra ins U-rich accumulations with over 

10000 ppm U-.0„ are found. The Ad type otherwise d i sp lays from 

500 to 2000 ppm U^Og. 

Individual sec t ions ( a l l data in ppm U-jOg): 

Sample No. Ab,c Ad 
46-73.85 Large inhomogeneously a l t e r e d 5000-2000 

Ab c r y s t a l s : l e s s a l t e r e d 
4000-5000, more a l t e r e d 
7000-8000; high-U accumu
l a t i o n s 10000; r a r e zonation 

30-12.50 Large Ab as above; cracks with Numerous small Ad 

low U-content around Ab c r y s t a l s with U-
r ich accumulations 
2000-5000; 
" e r i k i t e " / 
monazite 500-1000 

29-29.85 Ab, c as 46-73.85 

A-4 Rocks_with_extremely -_alteredx_recry_stalized_a^ 

The grains of s t eens t rup ine a re completely a l t e r e d in to a 
mixture of secondary phases among which mostly n a t r o l i t e and 
monazite, sometimes nep tun i te can be d i scerned . In o ther cases 
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a gray irregular network results. The shapes of the grains are 

obliterated, and sometimes their cores are completely replaced 

by non-radioactive material. As a rule their fission track 

records are very irregular, mostly 2000-3000 ppm U-,0„, in a few 

instances 5000 ppm U30„. Monazite shows 2000-3000 ppm U,0„. 

Individual sections 

Sample No. 46-157.75, 66-87.55, 69-117.05, 21-59.55, 

59-61,85, 13-80.00. 

A-5 Rock^_with_me^am^c^_an^_alte^ed_stee^s^r^£ine (aI_Azil_5D^ 

with_a_metamict Jhi2blH£§DiH2?i_Xr^r_fiIi£2^£i 

In the majority of cases, metamict isotropic, Aa, which already 

has small altered parts or patches, and smaller amounts of 

altered, Ab, steenstrupine represent the conspicuous U-bearing 

components. However, in all sections of this type numerous small 

randomly distributed grains and strings of grains occur which 

change state from metamict to highly altered. They probably 

represented small steenstrupine grains or they might be products 

of steenstrupine decomposition. 

As a rule the U content of the Aa steenstrupine is 4000-5000 ppm 

U^Og and that in the Ab type (or altered portions) is mostly 

7000-8000 ppm U^Og. The fission track densities from the small 

grains suggest 1000-3000 ppm U,08 although the accuracy is low 

due to their size commensurate with the length of the fission 

tracks. 

A metamict mineral is disseminated in all samples, consisting of 

highly decomposed, usually shapeless, darker brown, isotropic 

grains. High fission track densities suggest concentrations 

> 10000 ppm U,Og. Some parts show black opaque portions. 

Although not so abundant as the steenstrupine grains, they may 

carry a considerable portion of the total U-content in these 

rocks (Fig. 29). Microprobe scans show Si, Y, Zr, Na and Sn as 

the main elements and Th, U (~ 1.9 wt%) , Fe, K, Ti, Al as minor 

elements (section 49-139.35). 



Fig. 29. Microphoto'jraph of the thin section and fission 

track image of the netanict f-Y-Zr silicate (dark in the 

centre; the denso fission track ir.age) associateci with 

metamict and altered steenstrupinc in arfvcdsor.itc 

lujavrite. Magnification 120x. 
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Individual sections: 

Sample Nos. 49-139.35, 25-78.35, 15-22.05, 17-111.10 (the latter 

with predominantly Ab (800C-10000 ppm U , O Q ) . 

A-6 Rocks_with_extremelY_altered_steenstrupine_wh 

accumulation_of_uranothorite 

This group is closely related to A-4 but differs from it in 

important spot-like accumulations of uranium in the extremely 

decomposed grains of original steenstrupine. The low and very 

irregular U-conter.ts in the steenstrupine remnants lie in some 

cases in the range of 1000-2000 ppm U,0g whereas in the other, 

L^ter preserved, cases between 4000-5000 ppm U-jOg. In such 

grains, one or several accumulations occur with, or far above, 

10000 ppm U,Og. It is difficult to assess the nature of the 

phases but they might represent uranothorite or thorianite (Fig. 

30, 31). 

Microprobe scans gave the following results for the high-U 

accumulations: main elements: Si, Th, minor elements: U, ? K, Y, 

Al, Na, Pb, S. The Th:U ratio » 5:1. 

The alteration ray assume all forms, from a grey fine-grained 

network to monazite-(and neptunite-) containing recrystallized 

"ghosts" i.e. accumulations of secondary phases. Microprobe 

scans also confirmed two darker grains in monazite as urano

thorite with Si, Th > U as the main elements, Al, Na, Ce and Y 

as minor elements. 
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Fi'j. 30. Microphotograph of the thin section and fission 

track imaqes of completely altered steenstrupine, Ad. 

Accumulations with or far above, 10.000 ppn l',0„ might 

represent uranothorito or thorianite. Maqnification 30x. 
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Fig. 31. Detailed view of steenctrupine Ad fron Fig. 30. 

Magnification 120x. 
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Individual sections (contents in ppm U-jOg) 

Sample No. 

39-81.00 

54-57.00 

56-13.00 

43-179.00 

62-67.83 

63-135.30 

69-11.05 

Ad 

~ 5000 

4000-5000 

as 54-57.00 

4000-6000 

5000-6000 

high-U spots 

10000 

multiple 

accumulations 

not abundant 

not abundant 

present 

1000-2000(5000) 

3000-5000 ti 

Note 

Few spots in 

(altered) 

naujakasite 

1000-2000 

"Ghost" with 

neptunite 

Often "hollow 

ghosts" or monazite 

1000-2000 

"Ghosts", also 

monazite 

64-29.85 5000 

(outlines) 7000->>10000 Usually "hollow" 

A-7 Naujakasite_lujavrite_with_zoned_steenstru^ 

Steenstrupine in naujakasite lujavrites is typically nicely 

zoned (Fig. 32). Zonation also can be followed on the fission-

track records. The lighter (metamict, slightly altered) zones 

with 5000 ppm U alternate with highly altered zones and portions 

with 7000, rarely up to 10 00 0 ppm U30„. 

Naujakasite, always altered to some extent, is partly replaced 

by a light yellow (light brown) isotropic mineral which en

croaches both from the grain surface and as veins along the 

cleavage of naujakasite. The aggregates are too small to be 

analyzed quantitatively by the microprobe, but their wavelength 

scan suggests Si, Al, K, Na and Fe as the main, Ca and Mn as 

the miror elements. P is absent, as well as any appreciable 

amounts of rare earths. All the elements are already present in 
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t i g . 32. Microphotogranh of the th in s e c t i o n and f i s s i o n 
tracK image of a l t e r e d zoned s t e e n s t r u p i n e , Ac in nau jakas i t e 
l u j a v r i t e . The dark and r-ore a l t e r e d zones y ie ld high f i s s ion 
track d e n s i t i e s . Magnification 120x. 

the parent naujakasite. This replacement phase consistently 

displays fission tracks which suggest an U,0g content of 

500-1000 ppm, sometimes slightly more. 
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In sorae of the sections numerous, highly altered grains occur 

replaced by intimate mixtures of secondary minerals, which still 

preserve, albeit in a very irregular fashion, the original U 

content. Fission track densities suggest a range of 1000-2000 

ppm t>',0-, although there are cases with ^ 3000 ppn U3O- present. 

The nicroprobe scan of the aggregates suggests that they 

represent alteration products of evdialyt*?. 

Individual sections: 

Sarapie Nos. 49-71.30, 5-128.45, 25-78.35, 46-59.00, 28-90.70, 

and 3-68.65. 

B-l Rocks with metanict and altered steenstrupine_Bj sometimes 

together with extremely^altered steenstrupine A {or_with_a 

The raetamict and altered grains of steenstrupine B are often 
associated in the same sample. In sorae cases the extremely 
al tered steenstrupine A i s a l so present, disseminated in the 
rock among (or c lose to) the large grains of steenstrupine B. 
I t should be noted that in th is s tage . Ad, the fine-grained 
aggregates after an altered steenstrupine grain may be v i r tua l l y 
indist inguishable from similar aggregates after several other 
primary components, and might require a complete microprobe 
(bulk) analysis for their characterizat ion. 

The Bb stcenstrupine which forms large subhedral crys ta l s usually 
gives a more or less homogeneous f i s s ion track image with 
dens i t i e s indicating 4000-6000 ppm U,0g in the majority of 
cases . Occasionally i t may reach above 7000 ppm L',0g. Incipient 
a l terat ion i s connected with the la t t er uranium concentrations 
(7000-10000 ppm l^Og). 

Besides the cases where the a l terat ion products are fine-grained 
and remain e s sent ia l ly in s i t u (U content drops in the extremely 
al tered cases of this type to 2000-3000 ppm t'-jOg) , a complete 
recrys ta l l i za t ion and replacement of steenstrupine B i s common. 
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Fig. 33. MicrophotO'jrai'h of the thin section and fission 

track inatjc of metan id s teens trupme, Lib, partly replaced 

by monazite, uranothorite and other phases. Hono'jeneous 

track density represent.s steenstrupino. Weak track density 

represents nonazite and deT.se black spot.s the tracks fron 

uranothorite and the '.a-Xr-Si phase. Magnification 3 Ox. 

The products recognized are (concentrat »ns from the unpublis 
microprobe analyses by J . Rønsbo and M.M.; sarriple 37-36 .0) : 
c r y s t a l l i n e monazite ( f iss ion track d e n s i t i e s show 1000, ra re 
up 3000 ppm U~Ofl), metamict u rano thor i t c (U contents ~ 22 wt 

http://deT.se
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two d i s t i n c t U-bear ing Na-2r s i l i c a t e s (with 5.9 and 2 .3 wt %U 

r e s p e c t i v e l y and no Th p r e s e n t ) , n e p t u n i t e . These a g g r e g a t e s 

p r e s e r v e t h e shape of t h e o r i g i n a l s t e e n s t r u p i n e g r a i n and mix 

t o g e t h e r wi th a l l t he o r i g i n a l c r y s t a l s which were e n c l o s e d in 

t h e p o i k i l i t i c 3 s t e e n s t r u p i n e . P a r t s of o r i g i n a l s t e e n s t r u p i n e , 

however, a r e d i s s o l v e d and s u b s t i t u e d by common r o c k - f o r m i n g 

m i n e r a l s of the MCG-lu javr i t e ( F i g . 3 3 ) . Dark s k e l e t a l c r y s t a l s 

of a decomposed, h i g h l y inhomogeneous, S i -Zr -T i -Nb-Na-Ca con

t a i n i n g minera l in s t e e n s t r u p i n e B from the sample 37-36 .0 

c o n t a i n 3-7 wt %U and no Th (M.M. & J . R . ) . 

When t h e Ad type i s p r e s e n t , t he l i g h t e r p o r t i o n s of t h e f i n e 

g r a i n e d produc t show 4000-5000 ppm U_.Og whereas t h e d a r k e r brown 

p a r t s have d e n s i t i e s between 6000-8000 ppm U ,0„ . Often t h e 

f i s s i o n t r a c k image shows spo t s wi th >> 1% U in t h e s e g r a i n s , 

which p robab ly r e p r e s e n t u r a n o t h o r i t e (or t h o r i a n i t e ) . 

In t h i s group (MCG l u j a v r i t e s wi th Bb+Bcf+Ad)) e u d i a l y t e in 

r a d i a t i n g c l u s t e r s r e p r e s e n t s a t y p i c a l a d d i t i o n a l U - b e a r i n g 

m i n e r a l . I t s f i s s i o n t r a c k d e n s i t i e s s u g q e s t 1000-2000 , r a r e l y 

_> 3000 ppm U3Og. 

I n d i v i d u a l s e c t i o n s ( a l l d a t a i n ppm U,Gg) : 

Sample No. Bb 

26-20.00 5000-6000 

18 -8 .55 4000-5000 

18-32 .60 5000-6000 

Be a g g r . 

R e c r y s t . U-

t h o r i t e 

>> 1%; r e s t 

7000-8000 

monaz i t e 

1000-3000 

Network 10 00-

200 0 wi th 

h igh U-spo ts 

+ n e p t u n i t e 

No U - t h o r i t e 

o r monazi te 

Ad a g g r . 

4000-5000 

( l i g h t p a r t s ) } 

6000- >8000 

(dark p a r t s ) ; 

l e a c h e d - o u t 

p a r t s ; h igh 

U-spots 

Note 

7000 

Abundant small 

Be or Ad 

aggregates 

1000-2000 

Bb > Be 

"eudialyte" 

4000-5000 



- 56 -

8-45.30 5000-9000 

16-73.9 5000-6000 Only incipient 

alteration, 

> 700 0 

~ 10000; 

high U-spots 

Monazite, 

U-thorite, 

the Si-Zr-Na-U 

phases, etc. 

14-100.30 _> 7000 

37-36.00 + homo

geneous 

8000, 

> 10000 

"eudialyte" 

4000-5000 

Many small 

grains 5000-

6000 

Large grains 

B-2 Rocks_with_gredominantly__altered_steenstrupinex_Bc 

This group of MCG-lujavrite samples contains only, or pre

dominantly, altered to very altered steenstrupine B. Typically, 

steenstrupine crystals are altered and replaced, sometimes 

obliterated or partly dissolved. Monazite may be concentrated 

in the pseudomorphs or in the surrounding rocks. Furthermore, 

the pseudomorphs contain neptunite, (? natrolite), metamict 

uranothorite, or are represented by a brownish-grey fine-grained 

network. The density of fission tracks is lowered, between 2000 

and 4000-5000 ppm U3Og- Commonly the high-U spots occur 

(uranothorite) with >> 10000 ppm U3Gg (Fig. 34, 35). 

Individual sections (all data in ppm U^Og): 

Sample No. Be 

20-20.10 Recryst . to dissolved? 

t r acks heterogeneous 

2000-5000, monazite 500 

1-91.4 5 In ar fvedsoni te f e l t 

2000-4000 

27-62.00 Replaced 2000-3000; 

in l e s s a l t e r e d 

4000-5000 

23-37.40 Obl i t e ra t ed to U- thor i t e 

^ 1% U monazite, 

nep tun i te 

Note 
Few Bb grains 5000-7000 

"Eudialyte" (fresh) 1000 

Kigh-U spots up to 10000 

Eudialyte 1000-2000 
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FKJ. 34. ."Ucrophotoqraph of the thin section and fission 

track inaqe of predominant 1/ altered steenstrupine, Be, 

in 'ICC! lujavrite. Maqni f ica tion 30x. 
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I' i g. 35. Detailed view of s tpons t rup inc Be fror. :'i ;. 34. 
Magnification 120":. 

B-3 Metamict_and_altered_steenstru£)ine_B_associated_with_an 

Upbear incj_zircono-alumi nos i l i c a t e 

This i s a subtype of the above Bb+Bc type, which contains 
appreciable amounts of f resh , twinned and s l i g h t l y p o i k i l i t i c 
L'-bearing mineral with low b i rc f ingence . Microprobc data 



- 59 -

indicated substantial amounts of Si, Al, Zr, Ma and Ca, minor 

amounts of Y and ?Sn. The mineral shows in fission trad; 

3500 ppm U3CQ. Drill hole No. 31. 

C-l Alte^e^_laya_with_imgr^g^a^ion^_of_^e_f^n^_to_æa^se 

2£åiSi^_SS^É2)i£^_to_altered_steenstrugine_of_uncert 

The type is represented by section 61-22.30 which is an in-

homogeneous rock, altered from lava, with vein-like, pre

dominantly felsic impregnations between darker, arfvedsonite-

rich portions. 

In the darker portions large steenstrupine (?Bc) crystals are 

abundant, with fission track image indicating 10000 ppm U,Og or 

greater. Another U-bearing component in these darker, arfved-

sonite-rich parts is represented by small grains. They are 

highly altered so that they acquired irregular outlines. Although 

difficult to estimate because of their size, their U content 

seems to be low, only ~ 100 0 ppm U,Ofi. 

In the light, narrow, impregnation vein, fine grained, dis

seminated to agglomerated, light brown, slightly anisotropic 

steenstrupine is associated with natrolite crystals. Locally 

steenstrupine is heavily altered into fine grained, anisotropic, 

dull brown, shapeless pigment. Fission tracks show, for the 

majority of grains, contents above 1000 0 ppm U.,Og. Light 

minerals enclose disseminated minute grains of brownish altered 

steenstrupine. The U content is estimated for them as 5000 ppm 

u3o8. 
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5. CHEMICAL AND MINERALOGICAL STUDIES OF STEENSTRUPINE 

5.1. Microprobe analyses 

Microprobe analyses were carried out using the Hitachi XMB-5S 

microprobe at the Institute of Mineralogy, University of 

Copenhagen. A data reduction programme by Springer (1967), 

modified by J. Rønsbo after Sweatman & Long (1969) was used. 

The analytical lines and the standards used are listed in Table 

9. The peak positions used, except for those of U and Nd, were 

not influenced by interferences with other spectral lines. 

Background problems were encountered for Pr and Al. 

5.1.1. The measurement problems for U and Nd 

Quantitative work on uranium was effectively made impossible 

by the interferences of other lines (Th and K) with the rather 

insensitive lines of uranium. The problem was aggravated by 

the unusual background yielded by steenstrupine in the wave

length regions of interest and by the low U contents to be 

determined. 

The La, line of neodymium at 2.365Å, and the cerium LB, line 

at 2.351Å lie very close to each other. At higher Ce or Nd 

contents the lines of the two elements would appreciably overlap 

but at the concentrations encountered the overlap is minimal. 

5.1.2. Analytical procedures 

Sodium, and especially H20 easily evaporate from the analysed 

spot in the steenstrupine sample under the impact of the electron 

beam. Therefore the lowest possible acceleration voltage, 10 kV, 

was used for the sodium analyses. 15 kV was used for the other 

elements, 30 kV for Th. 

The analyses for each element are based on 6 to 10 counts, each 

over a period of 10 seconds. During each determination the 
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sample was slowly moved to prevent excessive heat accumulation 

and sample decomposition at the analysed area. 

The analytical results, in wt %, are given in Table 10. Because 

of the variable valency of Fe and Mn in steenstrupine, the 

values for oxygen are tentative. 

5.1.3. The analysed materials 

The analysed samples from Kvanefjeld 

6-72.88 Zoned steenstrupine, Ac, in hydrated arfvedsonite 

iujavrite. It displays a rather thick metamict 

outer zone and a variably altered core with small 

crystals of arfvedsonite. Analyses Mos. 51, 55, 

56, 59, 65 represent the outer zone; No. 53 the 

less common metamict deeper zone. Nos. 52, 58, 

59 and 62 represent the slightly altered. Nos. 

50, 63 and 66 the altered, and Nos. 54 and 57 

the strongly altered cores of various grains. 

9-6 6.65 Crystals of unzoned metamict steenstrupine B 

which contains numerous arfvedsonite needles. 

Steenstrupine occurs among arfvedsonite and light 

minerals. The latter have fractured on meta-

mictization. 

11-134.90 Zoned steenstrupine, Ac, in naujakasite lujavrite. 

Analyses Nos. 17, 25, 32 and 35 represent the 

slightly altered metamict (and No. 23 the 

altered) outer zone whereas those with Nos. 18, 

24 and 34 the highly altered cores of the same 

grains. A small independent metamict grain 

yielded the analysis No. 22. 

18-79.65 Subhedral, mostly metamict steenstrupine C in the 

analcime - steenstrupine vein. 
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48-163.0 0 Slightly hydrated naujakasite lujavrite which 

contains small crystals of steenstrupine A. Both 

the metamict, unaltered and, close to them, the 

unzoned altered to highly altered grains commonly 

occur in the rock and were analyzed. 

29-15.00 Subhedral crystals and accunulations of extremely 

altered steenstrupine B. The resulting products 

are separated on microscopic scale thus yielding 

highly heterogeneous microprobe results. The 

studied sample represents a strongly hydrated 

MCG lujavrite. 

39-140.00 Weakly hydrated arfvedsonite lujavrite with small 

crystals of steenstrupine A. Altered, unzoned 

crystals occur in the rock next to the accumu

lations of unaltered, metamict ones. 

54-39.85 Altered, sheared weakly hydrated lava. The crys

tals of steenstrupine are altered into weakly 

translucent aggregates of secondary products. 

Their outlines remain preserved. 

61-127.85 Zoned steenstrupine, Ac, in weakly hydrated 

arfvedsonite lujavrite. Analyses Nos. 7, 12 and 

13A represent the highly altered outer zone, 

Nos. 8, 11, 13 a broad crystalline zone, and 

Nos. 9, 10, 14 and 15 the highly altered core. 

Analysis No. 16 represents patches of altered 

steenstrupine in indistinctly zoned highly 

altered grains. 

65-S1.10 Weakly hydrated arfvedsonite lujavrite. Altered 

steenstrupine A displays inclusions of arfveds

onite and indistinct zonation. The locally 

developed metamict rim is represented by the 

analyses r.'os. 37 and 43. The remaining analyses 

represent the main portions of the grains, i.e. 

the altered core parts. 
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Samples from the pegmatites and veins outside Kvanefjeld 

1) Sample No. 199104 (Fig. 36) 

A large naujaite inclusion in black lujavrite is cut by numerous 

hydrothermal sodalite-natrolite veins with sporadic steenstrupine. 

One of the veins, 10-15 cm thick, is composed of 10-100 vol% 

of steenstrupine. Lujavrite adjacent to the vein contains 

several vol% of disseminated steenstrupine. 

Steenstrupine in the massive areas is coarse crystalline, fresh 

and distinctly anisotropic. When isolated among silicate 

minerals, the crystals are euhedral each crystal having a 

narrow, well defined rim of anisotropic steenstrupine. Parts of 

the crystal interior may be replaced by a secondary, strongly 

anisotropic steenstrupine which does not affect the rim material. 

2) Sample No. 199115 (Fig. 36) 

Sodalite veins in naujaite are up to 10 cm thick and contain 

microcline, aegirine, natrolite, eudialyte and several vol% 

of stee "strupine. The crystals of steenstrupine are zoned 

metamict, optically isotropic. At the margins and along the 

cross-cutting fractures they are replaced by a light to dark 

brown semitransparent isotropic steenstrupine variety. 

3) Sample No. 19914 6 (Fig. 36) 

Irregular sodalite-aegirine veins with abundant steenstrupine, 

situated in naujaite. Steenstrupine is isotropic, metamict and 

is partly altered into an extremely fine-grained secondary 

material. Some crystals have transparent margins and "dusty" 

altered central areas. 

Another isotropic steenstrupine variety is the light to dark 

red brown "steenstrupine" developed along the margins and 

fractures in the earlier steenstrupine varieties. 
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199146 

GEOLOGICAL MAP OF 61"-

THE I L I M A U S S A Q I N T R U S I O N 
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i 1 

n 

Lujovrite 

Noujaite 

Sodalite foyaite 

Kakortokite 

Foyaite and pulaskite 

Augite syenite 

Alkali granite 

Gardar supracrustals 

Basement granite 

Rocks of the Narssaq 
intrusion 

Superficial deposits 

Fault 

Fig. 36. Sample locations for steenstrupine samples from 

the pegmatites and veins outside Kvanefjeld area. 
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4) Sample No. 230653 (F ig . 36) 

Up t o 5 cm t h i c k mass ive s t e e n s t r u p i n e ve in in n a u j a i t e . 

S t e e n s t r u p i n e c r y s t a l s a r e composed of an i n t e r g r o w t h of 

i s o t r o p i c , metamict s t e e n s t r u p i n e witii a d i s t i n c t l y a n i s o t r o p i c 

v a r i e t y . The l a t t e r has t h e c h a r a c t e r ana logous t o t h e r e p l a c e 

ment s t e e n s t r u p i n e phase in sample 199104. M e t a m i c t i z a t i o n of 

the pr imary s t e e n s t r u p i n e a p p a r e n t l y took p l a c e a f t e r t h e 

p a r t i a l r ep lacement of i t by the d i s t i n c t l y a n i s o t r o p i c v a r i e t y . 

Metamict s t e e n s t r u p i n e c o n t a i n s d i s s e m i n a t e d ex t remely f i n e 

g r a i n e d a n i s o t r o p i c a l t e r a t i o n p r o d u c t s . 

K a t a p l e i t e and a red-brown micaceous mine ra l occu r s among the 

s t e e n s t r u p i n e g r a i n s . 

5) Sample 230749 (F ig . 36) 

The sample r e p r e s e n t s the a l b i t e r i c h zone of a complex n a u j a i t e 

p e g m a t i t e . " S t e e n s t r u p i n e " i s c h a r a c t e r i z e d by an a n i s o t r o p i c 

r im (as in 199104) wi th c e n t r a l a r e a s comple te ly a l t e r e d t o 

dark brown, i s o t r o p i c m a t e r i a l . K a t a p l e i t e , a red-brown 

micaceous mine ra l and n a t r o l i t e occu r among t h e s t e e n s t r u p i n e 

g r a i n s . 

5 . 2 . Scanning e l e c t r o n microscopy 

Because of the f i n e g r a i n s i z e of t h e common a l t e r a t i o n p r o d u c t s 

of s t e e n s t r u p i n e , a scann ing e l e c t r o n microscope was used t o 

i n v e s t i g a t e s e l e c t e d samples . The a p p a r a t u s used i s the Cambridge 

S t e r e o s c a n 180 microscope a t the I n s t , of H i s t o r i c a l Geology 

and P a l a e o n t o l o g y equipped wi th a Link e n e r g y - d i s p e r s i v e X-ray 

a n a l y s e r . The r a d i a t i o n range r ecorded was 0 t o 10 keV, in some 

c a s e s 0 t o 20 keV. Samples were coa t ed wi th aluminium. 

The method gave a d d i t i o n a l i n s i g h t i n t o t h e f i n e - s c a l e mine ra logy 

of the ana lyzed m a t e r i a l . However, i t has some l i m i t a t i o n s and 

p r o c e d u r a l d i f f i c u l t i e s which p r even t ed i t s l a r g e - s c a l e use for 

the s tudy of t h e s t e e n s t r u p i n e a l t e r a t i o n : 
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1) Some important elements (primarily P ys_. Zr) cannot be 

distinguished from each other in the spectrum. Problems are 

also caused by partial overlap of U and Th, those among 

various rare earths, and of Fe and Mn by subsidiary peaks. 

In the present experimental arrangement Na could not be 

recorded. 

2) Ion etching of thin sections over extended periods did not 

thin the steenstrupine alteration phases sufficiently to 

become transparent for the electron beam although the 

surrounding rock-forming minerals were virtually etched 

away and the sections disintegrated. Thus, the transmission 

microscopy could not be performed. 

3) In the reflection arrangement many mineral grains had to be 

distinguished only by analyzing them or by a scan of the 

examined rock fragments at a particular X-ray wavelength, 

making the work tedious. With increasing magnification, 

contamination of the spectrum by stray radiation progress

ively increases. 

The following results were arrived at by critical examination 

of the studied samples: 

17-62.00 Hydrated lava, steenstrupine A with very altered brown 

core and unaltered, crystalline rims. 

In the scanning electron microphotograph, the grains of steen

strupine show compact, grey to black rims with simple to 

conchoidal fractures, and an altered core of earthy or fine

grained appearance (Fig.37). 

In grain 1 (Fig. 37) the grey to black rim represents siliceous 

steenstrupine with Si >> P and with only minor amounts of Th 

and U. Immediately adjacent to the altered core is a black 

massive layer, apparently a metamict steenstrupine layer. It is 

somewhat richer in Th and U. It '.as a fairly sharp contact with 

the altered core composed of a fine-grained, uniformly looking 

mass of an alteration product. 
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The bulk a n a l y s i s of an uniform area in the core g i v e s a 

s t e e n s t r u p i n e spectrins« with s l i g h t l y hiqher contents of Ca and 

Fe and the h ighes t contents of Th, U (and K). 

A l t e r a t i o n processes are l i m i t e d to the high ?h and •' a r e a s . 

The low-Fe spo t s in the c o r e , picked up using the c h a r a c t e r i s t i c 

Fe l i n e , g i v e P ^ Si and a very high Ca content »Fig. 3 7 ) . 

Rare-earth contents remain high whi l e Mr. i s sor-ewhat lower u r 

cannot be discerned from P ) . 

The hi gh-Fe spots show nearly pure Si and e l e v a t e d K, i n d i c a t i ; . ~ 

that they represent enc losed naf i c minerals ( a r f v e d s o n i t e ) . 

A grain of galena has been located between the metamct and 

a l t e r e d parts (Fig . 3 8 ) . 

The other grains i n d i c a t e a s i m i l a r p a t t e r n , with somewhat 

lower P contents in the c o r e , l e s s Mn, and I' A Th large in the 

core and almost absent in the r i n . For a l l examined grains the 

La/Ce r a t i o i s s i g n i f i c a n t l y sr .a l l er in the cores and larger 

(peak h e i g h t s about equal) in the r ims . 

Remnants of a cubic or t e tragona l mineral with pyramidal shape 

in the mass of the s t e e n s t r u p i n e core gave: 

P •'-• S i , very high Ca, REj higher Fe, low Mn, and very small 
amounts of U and Th (Fig . 3 9 ) . 

55-155.35 Arfvedsonite l u j a v r i t e with very a l t e r e d s t e e n s t r u p i n e . 

Again, s t eens trup ine gra ins with ?metamict nas s ive rims and 

a l t e r e d cores were located and examined (Fig. 4 0 ) . The rims 

d i sp lay s l i g h t l y smaller P contents and very low conten t s of 

Th and U. The core , both immediately below the rim and in the 

c r y s t a l center i s more s i l i c e o u s , with Th * L' content so high 

that the Th peak i s coirnensurable with the Ca peak. Again, as 

in 17 -62 .0 , in the rim the La/Ce r a t i o i s d i s t i n c t l y higher than 

in the c e r e . 
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Zoned steenstrupine A: the altered core (bulk) 
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Zoned steenstrupine A: the P-rich spot in the core 1 
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Fig. 37. Scanning electron microscope photograph of zoned 

steenstrupine 17-62.00 and the energy dispersive X-ray 

spectra of four analysed spots in the steenstrupine grain 

(numbered 1 to 4 in the order of the above recordings). 

The spectral lines present are decoded in the first plot; 

"+" in the remaining plots means contributions from other, 

not enumerated lines of the elements present. Aluminium 

coating. 
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Ficj. 38. Grains of galena crystallized inside steen-

strupine. Top: sample 17-62 (zoned steenstrupine A ) ; 

bottom: sample 37-36 (metanict steenstrupine B) . 
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P- rich pyramidal inclusion 

Fig. 39. The 5EM photograph and EDA recording of a minute 

pyramidal inclusion in the core parts of the grain of 

steenstrupine 17-f>2.00 shown in Fig. 37. 

The core is fiiled with small crystals of arfvedsonite and it 

contains white "specks" which are Ca- and P-rich, with less 

Th(U) and Mn (Fig. 40). 

Steenstrupine was also found as imperfectly developed crystals 

(combinations of basal pinacoid and rhonbohedra), exposed on 

the fracture surface of the rock. Typical spectra of steen-
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strupine, sometimes contaminated by arfvedsonite (Si, Fe, K) 

were obtained. 

Loose crystals in the vugs are always aluninosilicates or in 

one case a Nb silicate. An undefinable spot in a complex ag

gregate yielded a very high P content with lower Si amounts. 
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a very high Ca content, traces of Fe and no REE, U or Th. This 

Ca (?Na) rich (silico)phosphate indicated a possible explanation 

for the high P-high Ca spots in the altered steenstrupine cores. 

However, the presence of other, Ca~ and REE-rich silicophosphates 

cannot be excluded. 

37-36.00 Medium to coarse-grained lujavrite with metamict and 

recrystallized steenstrupine B. 

The metamict steenstrupine B again shows strong predominance 

of 3i over P. It shows Ce peaks distinctly higher than those 
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of La, higher relative contents of Mn and distinctly higher 

contents of Th and U (no K). The metamict mass is compact, 

uniform dark grey with conchoidal fracture (Fig. 41). 

Fig. 41. Top: uranothorito (1) replacing metanict stnen-

strupinc (bulk) along fine fissures. 3otton: negative 

of an iirfvedsoni tt crystal in MCO lujavrite. Sample 

37-36.00; the SKM images. 
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Irregular minute grains of uranothorite were found in the 

metamict mass, with shapes indicating their formation by re

placement of steenstrupine along fine fissures (Fig. 41). Their 

analyses show Th > U, Si and appreciable amounts of Pb from 

radioactive decay. Spectral patterns contain low peaks of all 

major elements from the surrounding steenstrupine. 

Bundles of subparallel crystals of monazite occur next to 

steenstrupine, together with light silicates and uranothorite 

(Figs. 42, 43). Uranothorite in this case gives a pure spectrum. 

Monazite is siliceous, with P >> Si, with practically no Ca, 

Mn and Fe in the pattern, with the Ce > La peak ratio as in 

steenstrupine B. There is a definite content of Th and U. An 

indistinctly layered oval grain in monazite (Fig. 44) displays 

high-REE contents, small amounts of Th, and low concentration 

of P > Si (ratio as in the surrounding monazite). The data are 

not sufficient to specify the mineral unambiguously. 

Fine-grained subparallel intergrowths of monazite (after 

steenstrupine), associated with ?neptunite (main K, Ti, Fe, Si, 

no Zr, Nb) are more siliceous than the previous monazite 

bundles, with higher Th (and U) contents (Fig. 45). 

9-23.7 Medium to coarse grained lujavrite. Patches and nests of 

metamict to extremely altered steenstrupine B. 

Steenstrupine again is siliceous, Si >> P, with somewhat higher 

Fe/Mn ratio than the previous ones. Typically the La peaks are 

much lower than the Ce peaks, and the Th (& U) peak is high, 

often almost equal to that of Ca (Fig. 46). 

The strings of newly formed particles along the fissures show 

the spectrum identical (in intensity ratios!) to that of 

surrounding massive steenstrupine. An irregular grain of monazite 

developed in steenstrupine shows a low Th(U) content and low Si 

content (Pcontamination). 

The layered, grey and black steenstrupine with still compact 

appearance mav, besides the typical steenstrupine spectra, 
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I-'ig. 44. The SKM image arxl the KUA recording of a phase 

rich in rare-earths from the sample 37-36.00. The grain 

of the phase (center) is enveloped by crystalline, siliceous 

U-Th containing nonazite similar to that in ligs. 42 and 

43. 
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F i ej. 4 5. Hifjhlv s i l i c e o u s c r y s t a l l i n e inonazitc (center ) 
with (?) neptuni tc ( r i ; h t -hand r ior t ions! rep lac ing 
metanict s teon.strupine 13 ( lef t -hand [ u r t s ) in the sample 
37-36.00. SK" inaqe of a f rac ture surface and KDA record ing . 
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fig. <6- FDA recordings fron the stecnstrupinc a sample 

9-23.70. The upper spectrur. cones fron a nassive uniforn 

aggregate of netar.ict steenstrupme; the lower one fron a 

layered portion with frequent conpositional changes and an 

overall ZnS content (see paragraph 5.2). 

loca l ly y ie ld the low-Si ft P, high REE or high-P ft Ca (?REE) 
compositions similar to those above. I t a lso may constantly give 
d i s t i n c t Zn and S contents , indicating i t s internal contamination 
in (predominantly) metamict s ta te (Fig. 46) . 
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i"i • - 47. Lr-erjy disr.^rsive £-ray j;«ctr'Æ af s ; » r t i o n 
o ' flaky cavity f i i l m - f s ir. a l t ere t steer.strujsirs* 3 froa 
the sar.;. Xe %-21.7Q. 

Cavities in steenstrupine are generally coated by subparallel 

aggregates of flaky minerals with irregular to polygonal grain 

outlines. They did not yield a unique type of spectrum. In 

general, away from the cavity walls the spectra of these flaky 

minerals reveal Si (no P) with Ca, K, Fe, elsewhere only with 

K or Si (*?Na). Occasionally, high REE-contents also occur, 

without P. Visible amounts of Zn and S can occur throughout the 

cavity, indicating presence of disperrad ZnS. Locally, the 

single grains of the flaky cavity fillings may yield very exotic 

spectra (e.g. Fig. 47}, without the possibility of distinguishing 

single phases in them (Pb coincides with S and Ag with Th). 

5.3. Mineralogicai studies on the crystalline steenstrupine 

No. 199104 from Tur.ugdliarfik, the Illmaussaq Complex. 

Practically all the steenstrupine in the Kvanefjeld ore occurs 

as small to microscopic grains which cannot be effectively 

obtained as a clean fraction for more detailed mineralogicai 

investigations. Moreover, the portions which are crystalline 

always occur as parts of composite grains and cannot be 

separated. Although steenstrupine from veins occurs in larger 
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masses, as a rule it again is predominantly metamict or altered 

into secondary products. 

Thus a find of masses of only weakly metamictized (or altered), 

still crystalline steenstrupine at Tunugdliarfik (Fig. 36) 

enabled us to undertake detailed mineralogical investigations 

of the "original steenstrupine". The results of such investi

gations are then critically applied to the study of the main 

mass of steenstrupine which occurs in the rocks of Kvanefjeld. 

Detailed report on steenstrupine from Tunugdliarfik will be 

published elsewhere (Makovicky & Karup-Møller, 1981). A summary 

of all important data is given below. 

The locality is described in part 5.1. The examined crystals 

contain small to medium large homogeneous cores, darker in 

transmitted light, and thick, finely zoned outer parts. The 

microprobe composition of these, as well as those of the thin 

outer rims and of the anisotropic replacement steenstrupine 

mentioned in 5.1 are given in Table 11. 

The fluorine content of the bulk steenstrupine 199104 was 

estimated by J. Kystol (Geological Survey of Greenland; using 

a fluoride-specific ion electrode to be 0.27 wt% F. 

The uranium content of this sample was determined by L. Løvborg 

(Risø) using delayed-neutron counting following neutron 

irradiation in the research reactor at Risø. The mean value 

obtained is 0.46 wt% U. The fission-track densities (see 4.1) 

suggest ~ JSOO ppm U-,Og in the cores and ~ 7000 ppm U.,0„ in the 

thick, zoned areas of the crystal. They are fairly uniform 

within the limits of either area. 

The emission spectral analysis of the bulk steenstrupine 199104 

was performed by H. Bollingberg (Inst, of Petrology, Univ. of 

Copenhagen) on a Hilger quartz spectrograph. The following 

minor and trace elements were found (in ppm): Zr 4400, Y 4700, 

Mg 3400, Al 2700, Ti 780, Ba 550, Ni 300, Sn 220, Cr 190, 

Sc > 100, Be 86, B 63, Co 60, Nb 85, Ga 40, Cu 12, V traces. 

They were estimated using prepared mineral standards,. 
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Mossbauer spectrocopy of the bulk steenstrupine 199104 (Albert-

son et al., personal comm.) revealed that practically all iron 

in the mineral is trivalent. This, however, should not be con

sidered a general phenomenon because another steenstrupine 

sample from veins in the Illmaussaq complex was found to contain 
2+ 3+ 

substantial amounts of Fe (besides Fe ) by the same method. 

In cooperation with J. Bailey (Inst, of Petrology, Univ. of 

Copenhagen) the approximate valency of manganese in stesnstrupine 

199104 was determined from the to.-.KB, ,-Kg' X-ray emission peak 

profile (Urch & Wood, 1978) as approximately Mn /Mn = 2:1. 

Infrared spectra of steenstrupine 199104 were taken on a Beckittan 

IR9 double-beam spectrometer at the Mineralogical Inst., 

Technical University of Denmark (DTH). KBr pellets with 0.2% of 

steenstrupine, and of steenstrupine partly dehydrated at 350 C, 

were used. 

The spectrum is dominated by three strong absorption bands: 

one below 700 cm" and two between 750-1400 and 2500-3700 cm" . 

It is complicated by numerous small to medium peaks. The complex 

band centered on ^s0-1100 cm reflects stretching frequences 

of the [PO.l and [SiO.J tetrahedra. It lies in the region of 

condensed tetrahedra and its great simplification plus shift to 

higher frequences on dehydration at 350 C show the pronounced 

influence of hydrogen bonds on these tetrahedra. 

_•> _ i 

The composite bands at 16 55 cm x and at 2500-3700 cm represent 

the bending and stretching frequences of structurally bound 

water. The material heated at 350 C still shows H_0 frequences. 

They suggest tighter structural bondinc, than that observed for 

the water released at lower temperatures. No bands indicative 

of strong OH-Me interactions were observed. 

The nTA and DTG/TG analysis was performed on the Mettler 

Recording Vacuum Thermoanalyser at DTH, Lyngby. Pure steen

strupine, dried at 50 C, was run against the Al-O, standard 

with temperature increase of 10 C/minute in dehumidified air. 
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Dehydration starts above room temperature and can be divided 

into three stages characterized by the brood maxima at 95-100 C, 

(the principal peak) at 150°C, and at 190 C. Another small 

endothermic peak occurs at 330 C. After a slightly wavy portion 

of the DTA curve, a pronounced exothermic reaction follows at 

720 C. The DTA curve remains essentially horizontal afterwards, 

except for a small exothermic maximum at 1020 C. 

The total weight loss between 25°C and 720°C is 10.5 wt%. Until 

230°C 7.3 wt% are lost, between 230 and 34 0°C the loss is 1.6 

wt%, and subsequently additional 1.6 wt% are lost until 720 C. 

The weight loss up to 720 C primarily represents the loss of 

variously bound H_0. 

The X-ray studies confirmed that che symmetry of steenstrupine 

is rhombohedral, with a = 10.46(1)A and c = 44.99 (3)Å. The 

X-ray and morphological data (Moberg 1898) indicate the space 

group 3 2/m. Powder data of steenstrupine are given in Table 12. 

On annealing between 25°C and 900°C (the X-ray photograph taken 

by G. Roed, DTH, on a Nonius high-temperature Guinier camera) 

steenstrupine persists unchanged, except for continuous shrinking 

of the lattice, until ~ 102 C. The first changes in the powder 

pattern are soon followed by a pronounced "collapse" of the 

structure at ~ 180""C which produces an altered pattern of X-ray 

lines with typical "dublets". At 250 C all these lines vanish 

and only the 003 reflection of the original steenstrupine 

persists, with the steadily decreasing d value. It fades out at 

~ 535 C with the d value of only ~ 13.7Å. After very diffuse 

lines have appeared at ~ 250 C, as premonitions of the phase 

change, at ~ 850°C (or already below 750°C on protracted 

annealing) new phases with very diffuse X-ray lines crystallize. 

They represent a mixture of monazite, a cubic Ce02-like phase 

U = 5.50Å) and an unidentified phase with the principal d 

spacing of 4.26A. These results conform well with those of 

Gambcrg-Hansen (1977) and earlier investigations. 

The measured density of crystalline steenstrupine 199104 varies 
3 3 

widely from between 3.16 g/cm to above 3.31 g/cm as estab-
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lished in heavy liquids during the mineral separation by 

J. Frederiksen, Inst, of Petrology, Univ. of Copenhagen. These 

variations are caused by numerous gas-liquid and solid inclusions 

contained even in the best steenstrupine fraction. 

The REE content of steenstrupine 199104 was analysed by 

J. Bailey using X-ray fluorescence. A Philips PW 1410/20 

spectrometer, with a tungsten anode operated at 80 kV and 30 mA, 

and allanite as a REE standard was used. The following 

lanthanides were measured: La 8.58 wt%, Ce 13.90%, Pr 0.82%, 

Nd 3.40%, Sro 0.11%, Gd 0.08% and Er 0.057%. Y content is 0.55 

wt%. Taking into account the different hydration of the bulk 

sample and of the thin sections analysed by the microprobe, 

the agreement is very good except for Pr. The REE fractionation 

plot (see below) suggests that the microprobe values for Pr are 

too high whereas those from X-ray fluorescence are lower than 

a smooth distribution curve predicts. The other samples analysed 

by microprobe yield values more in line with the fractionation 

curve. 

5.4. Discussion 

In order to obtain a better understanding of the chemistry of 

steenstrupine, and of its variations, the weight per cents of 

elements (Table 10) were recalculated into atomic proportions 

(Table 13). In agreement with the trigonal symmetry of the 

mineral, and with its density (Makovicky and Karup-Møller, 1981) 

the atomic proportions were normalized so that the sum of 

tetrahedrally coordinated cations Si and P is equal to 18. No 

evidence could be obtained concerning the structural role of the 

minor amounts of Al in steenstrupine, or on the possible substi-

tution [SiO.] «- 4[0H] in the metamict material. Consequently, 

both were excluded from further consideration. Finally, the 

individual analyses were lumped together according to the 

alteration types within each sample (Table 14). 
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5.4.1. Statistical studies 

Table 15a and Figure 48 show the mean value, standard deviation 

and the extreme values for each element in the entire studied 

material. It includes both steenstrupine as well as its meta-

mictization and alteration products with the exception of the 

coarse-grained products, which contain microscopically recog

nizable phases. The tabulated values reveal that 

1) The alteration process, from the crystalline through meta-

mict to the altered material, is nearly isochemical for all 

stages with the exception of the most intense alteration. 

This statement is corroborated by the more detailed analyses 

which follow. 

2) The Si/P ratio concentrates about the value of 13.8/4.2 

atoms in a cell in what is practically an unimodal distri

bution. 

3) Ca and REE+Y are concentrated in a rather narrow range around 

their respective averages of 1 and 6 atoms in the original 

unit cell. The variety of distributions of the individual 

measured rare earths, La, Ce, Pr and Nd, is much larger, 

but only the skew of the individual La and Ce distributions 

projects into the REE curve. 

4) Th, Y, Mn and Fe have broader, symmetrical and close to 

unimodal distributions whereas the small amounts of Ti, Zr 

and Al are biased towards low concentration values. 

5) Na has a very complicated, at least bimodal distribution 

curve over an extremely broad range of values from 0 to 13 

atoms in an original unit cell. The average of ~ 6 Na atons 

represents the least populated value. 

The potential differences in the composition of steenstrupines 

of different petrological or genetic types were studied by the 

same means as the total composition. The plots of the frequency 

distributions were again used but will not be illustrated here. 

The comparisons of the genetic types of steenstrupine, named 

A, B and C in part 3.3, are partly influenced by the lower 

number of analyses on the metamict B variety (Table 15b) . Thus, 

the deviations of the B type in Table 15b from the values charac-



- 87 -

teristic for the A and C type may not always be statistically 

significant. 

The average Si/P ratio, the REE value and the bulk of Ca con

centration values are practically identical for the A and C 

types. The values for the C (vein) type in Table 15b are partly 

influenced by the presence of a special high-Ca, low-Na variety 

in the vein material. The distribution curve confirms that the 

bulk of the Ca values are concentrated around 1.0 also in this 

case. 

Among the rare earths, the bimodal La distribution, and unimodal 

Ce and Nd distributions do not show significant differences 

among the steenstrupine types. 

Among the elements which increase slightly from the A type 

towards the C type are Th (0.33 - 0.51 at./cell), Pr. Mn (in 

the C type) and Zr; all of them usually display unimodal dis

tribution. Aluminum decreases towards the C type as does yttrium. 

Fe shows a small increase in the B-type of steenstrupine where 

it might arrest the expected increase in Mn. 

Steenstrupine from three principal petrological categories is 

available for chemical comparisons: arfvedsonite lujavrits, 

naujakasite lujavrite and from veins/pegmatites (Table 15d) . 

The average Si/P ratio is identical for all three petrological 

types. The same holds for the mean value and distribution of 

REE+Y. The distribution of La is bimodal, that of Ce unimodal, 

whereas Pr and Nd are more scattered over their concentration 

ranges. The averages are nearly identical, and the standard 

errors similar for La, Ce and Nd in all the above types. 

If we disregard the high-Ca outliers in the veins and pegmatites 

(see above) the Ca values are identical (approx. 1 Ca atom in 

the original cell) for all the categories. However, those for 

steenstrupine from lujavrites are broadly distributed about 

the average whereas in the vein material they are sharply con

centrated about 1.0. 
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Fig. 48. Frequency historjrans for the normalized (Si + P = 

18.00) atomic proportions of individual chemical elements 

in the analysed steer.strunine material. The values of the 

end points of abscissae are indicated for each element. 
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The distribution of Na is strongly bimodal, or for the vein 

material even trimodal. Whereas in the rocks the higher Na 

contents prevail and result in higher averages (7.5 and 9.75 Na 

atoms/cell) , a new and large frequency maximum a^^ears at very 

low Na contents in the vein naterial. 

The Mn, Th, Pr and Zr contents are markedly higher in the vein 

material whereas Y and Al are higher in the steenstrupine from 

lujavrites. The iron content remains stable. 

The compositional data for the steenstrupine from different 

rock - hydration - types (Table 15c) are best documented for the 

weakly hydrated rocks on one hand and for the intensely hydrated 

rocks on the other hand. Thus, the deviations observed for the 

medium hydrated rocks cannot be considered statistically 

significant. 

Across the entire scale of hydration intensities the Si/P, REE+Y 

and Ca values remain unchanged. The sarr.e is true foi Pr, Y, Mn, 

Fe, 2r and Ti. The small decrease in the La contents, connected 

with the small increase in the Ce and Nd contents with in

creasing hydration cannot be considered significant. 

The elements displaying slightly decreasing values with 

hydration are: Th (from 0.36 to 0.27 atoms/cell) and Na (from 

the average of 8.5 to that of 7.1 atoms/cell). Al shows very low 

contents in highly hydrated rocks, reminiscent of the similar 

trend observed lor the steenstrupine material from veins. 

The potential chemical changes on steenstrupir»° alteration were 

studied using the statistics in Table 15e. Steenstrupine from 

both the rocks and veins was divided into six categories related 

to the descriptions in parts 3.3 and 4.3. These are: 1) crystal

line, 2) mptamiot, 3) slightly altered, 4) altered, 5) extremely 

altered (fine grained) and 6) completely altered into a hetero

geneous mixture of individual minerals. The individual zones of 

zoned steenstrupine were distributed among the relevant cat

egories of this classification. 
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•K3 more categories were defined for the steenstrupine from 

veins: 7) Anisotropic steenstrupine which replaces the cry

stalline (or now metamict to altered) steenstrupine from veins. 

It forms lobes reaching from the periphery deep into the 

crystals; 8) Isotropic brcwn-red "steenstrupine" which replaces 

the vein types along fractures. These types were first optically 

described by Buchwald & Sørensen (1961). 

The basic question is the interpretation of the differences 

found in this particular statistical study. The observed 

characteristics might be primary, formed during the crystal

lization of steenstrupine, or secondary, representing element 

transport during alteration. 

Almost all of the categories defined here span various genetic 

and petrological types. This is the reason why the metamict and 

slightly altered steenstrupine display broadly distributed 

values when compared with crystalline steenstrupine which pri

marily comes from veins. As mentioned above, the statistical 

estimates for this type are influenced by the presence of the 

variety with 8 REE atoms per 18 tetrahedrally coordinated atoms. 

The other factor causing spread of concentration values around 

their statistical mean is the differentiation process which 

take? place with advancing alteration {cf. part 4.3). It is well 

illustrated in Table 15 for the sequence from the altered via 

the er.trenely altered to the microscopically heterogeneous 

assemblage. 

The presumably primary trends in the contents of Si, Th and REE 

between the different zones of the simply-zoned grains of 

steenstrupine A from some samples (part 5.2 and Table 14) are 

in the total statistics obscured by the differences between the 

rock/genetic types. Thus, no significant overall correlations 

with the degree of alteration could be established for the 

Si/P ratio, for the concentrations of Na, Ca, Th, Mn, Fe, Zr, 

Ti, REE as well as for the amounts of individual rare earths, 

with a possible exception of Co. 
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The only potentially significant trends are: 1) the marked 

decrease in the Mn content in the stage of extreme alteration. 

The same is true for Na which still occurs in high concentrations 

in altered steenstrupine. 2) an increase in the Al content in 

the analysed fine grained mixture representing the altered and 

extremely altered steenstrupine. The same is possibly true for 

the content of cerium but it could also be a primary compo

sitional feature of these steenstrupines. 

The results of this -tudy show that, unlike the individual 

cases (part 5.2 and Table 14), no overall values of Th con

centration exist which would be typical for each degree of 

alteration of steenstrupine. 

The alteration types 7) and 8) ought to be compared with crystal

line steenstrupine vhich primarily represents a vein material. 

The replacement phase is generally richer in P, poorer in Th 

(also to some extent in Ca, Al and Y) and largely isochemical 

with the parent crystalline steenstrupine in the rest of the 

elements. 

The brown-red phase, however, is not chemically homogeneous. 

The less intensely coloured portions, closer to the parent 

steenstrupine (No. 199115) still represent a variety with 5-6 

REE atoms per 18 tetrahedral atoms. The portions in the central 

parts of the cross-cutting veinlets are darker and represent 

an isotropic product with 3 REE atoms per 18 tetrahedrally 

coordinated atoms. The latter phase also displays significantly 

higher contents of Ca, Fe, Al, Ti and Th. It contains practi

cally no sodium. The crystalline phase and its alteration 

products from the vein specimen 230749 display very similar 

characteristics. These "steenstrupine varieties'' somewhat alter 

the average characteristics of the crystalline and/or vein 

steenstrupine types. These exceptional "steenstrupine varieties" 

will be the object of further mineralogical studies. 
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5»4.2. The interelemental correlations in steenstrupine 

The compositional varieties of, and the coupled substitutions 

in steenstrupine were studied by means of statistical methods 

and compositional plots. After excluding the measurements on 

highly altered and/or coarsely recrystallized steenstrupine 

as well as those on steenstrupine with 8 FZE atoms in the 

steenstrupine unit cell. 133 measured points were left for 

processing. For the normalized atomic proportions covariance 

and correlation matrices were obtained as well as the principal 

component factor analysis performed. Furthermore, analysis of 

variance was performed by calculating the portions of the 

variance of each element covariant or contravariant with the 

variance of each of the remaining elements, i.e. 

variance (A) x [correlation coefficient (AB)] , 

A and B running over all combinations of chtnical elements, a 

sort of a mass balance sheet of all substitutions and compo

sitional variations in the mineral. This scheme was modified 

into a charge balance sheet with the entries: 

2 2 
var (A) x [correl. coeff. (AB)] x [valency (A)] . 

The latter sheet is only approximate due to the uncertainties 

in the valences of Fe and Mn in the bulk of steenstrupine. 

Finally, an assessment of the, sometimes appreciable, residual 

variances was attempted - either as specific variances perhaps 

connected with the inestimable variations in the H contents or 

in the vale icies of Mn and Fe or as error variances due to the 

measurement problems and calculation approximations. Both kinds 

of residual variances have pronounced influence on the usability 

of the balance sheets. 

The multiple linear regression equations were calculated for the 

chemical elements involved. Some caution has to be exercised 

in their interpretation because of the probable interactions of 

the not-entirely-independent x. variables. 
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Throughout section 5.4. miiswrs in parentheses will denote one 

standard deviation of the preceedina value in terns of the last 

diait. Both the entire data set and selected groups of data 

points were treated bv the above procedures. i)m- to the action 

of the above mentioned unmeasurable factors, and especiallv of 

the differentlv weighted multiple substitutions in different 

samples which also have somewhat different bulk compositions, 

the correlation coefficients derived from all data are usually 

low to medium-hiqh. The sane is true for the unrotatel an i 

rotated factor loadings in the principal - component factor 

analvses (Tables 16 and 17). 

The problem has been partlv alleviated bv analvsin«; the sets 

of data (Tables 18-21) selected after aenetic and alteration 

criteria. Amonq themselves thev clearlv indicate that in iif-

ferent samples or under different conditions different sub

stitution and variation patterns will prevail. 

In the unaltered or little altered steenstrurine fron all 

aenetic categories the normalized Si content varies between 

approximately 12.8 and approximately 14.9 atoms in the unit 

cell, leavinq 5.2 to 3.1 positions for P. Kxcept for the 

variations of the "ia content this represents the larne^t chanie 

in the chame e-.tual to 2.1 e~. 

("a displays variably pronounced positive, and (HF.K + Y) zero-fn-

pronounced neqative correlation with Si. The positive correlation 

between Th and Si is most expressed in steenstupine A (Table 

18 and 19). The same holds for the positive Fe /S i correlation 

whereas the negative Mn/S i correlation erjuallv occurs in all 

the samples. Ti and 7,r show no distinct correlation with Si in 

th«? bulk sample. \o reliable trends can he traced for the much 

dispersed Al and Na vs. Si plots. For all these elements indi

vidual assemblaaes show hiqhlv iifferinq correlation patterns 

(Tables 18-22). In qeneral, both the Si-rich and the P-rich 

steenstrupine can he alternativelv Na-rich of Na-poor. 
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The multiple linear regression equation reads: 

Si = 14.53 + 1.20(32)Th - 0.59 (11)(REE+Y) + 0.05(l)Na + 

0.79(ll)Fe + 3.74(72)Ti 

with 0.46(25)Ca, 0.50A1, as well as Mn and other x variables 

not accepted in the F test because of large spread. 

In the vein material 199104 there are no significant correlations 

of Si with other elements except for Ti (Table 22). 

Si = 12.68 + 6.83(1.03)Ti 

with 0.55 Ti, 0.36 Ca and other variables net accepted in the 

F test. 

The other major component, rare earths with rather arbitrarily 

added yttrium, range in steenstrupine from about 5 to 6.2 

(REE+Y) in the unit cell. Already Table 14 reveals some dif

ferences in the relative amounts of different REE, which are 

well expressed in the Tables 16-22 in the form of correlation 

coefficients La/REE and Ce/REE of the distinct sample groups. 

These trends will be discussed below in terms of the REE dif

ferentiation patterns. 

The indistinct negative correlation between Ca or Th, and 

(REE+Y) can be up to reversed in some sample groups. The Na 

/(REE+Y) correlation is insignificant for the total of the 

samples as also are the correlations Ca/Na and Ca/Mn. 

For all the material 

(REE+Y) = 8.88 - 0.28(4)Si - 0.63(20)Th + 0.87(29)Zr 

+ 1.05(46)Ti + 1.20(18)A1 + 1.71(40)Y 

with the standard deviations approximately inversely pro

portional to the F values of the individual coefficients of ti:e 

above variables; 0.24Ca and 0.15J*in as well as the other 
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elements were omitted because of the low F values. For the vein 

specimen No. 199104 the equation simplifies to 

(REE+Y) = 5.37 + 0.09 (2)Na + 2.29 (44)Y 

with 0.32Ca, 0.32Mn, e t c . again omi t t ed . 

The c o r r e l a t i o n t a b l e s r e v e a l , and an extended r e g r e s s i o n 

equat ion for Si in the e n t i r e m a t e r i a l d e s c r i b e s the d i f f e r e n t 

behaviour of La a g a i n s t Si on one hand and of Ce a g a i n s t Si 

on the o the r hand. The equat ion r e a d s : 

Si = 13.00 + 1.39(34)Th - O.OOLa - 0.90(18)Ce - 2 .31(61)Pr 

+ 1.12(45)Nd + 0.04 (l)Na + 0 . 8 8 ( l l ) F e + 3.92(70)Ti 

+ 1.02(32)A1 

where La is uncorrelated whereas Ce distinctly negatively 

correlated with Si. The analytical problems with Pr and Nd have 

been mentioned. Below acceptability levels, - 1.03Y ought to 

be noted. The Ce/Si dependence is clearly marked in the zones 

of zoned steenstrupine A, discussed below. 

From the fairly tight and distinctly unimodal concentration of 

the sum [REE+Y+Th+(Ca - 1.0)] about 6 atoms in the "REE" 

position as opposite to the scattered and spread distribution 

of ZREE we conclude that the partial substitution of (REE+Y) 

by Th and Ca (and maybe even vice versa) takes place in all 

steenstrupine types. Tables 1̂ -22 show that this substitution 

ought to be most important for the sample 6-72.88 whereas least 

important for the vein sample 199104. 

The other trend conspicuous in the correlation tables is the 

correlation of the Si and Th contents. With the increasing 
5+ 4+ 4+ •*+ 

substitution of P by Si , Th might replace REE^ or also 

structural positions occupied by other cations. For the entire 

material: 

Th = -0.65 + 0.07(2)Si - 0.02(0)Na + 0.25(6)Ca 

with -0.05(REE+Y), -0.05Fe, etc. below the acceptance level. 
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For the sample No. 199104: 

Th = C.92 - 0.32(iO)Mn + 0.80(15)Y 

with 0.05Si, -O.OlNa, etc. below acceptance level. 

The composition plot of Th vs_. Si shows that the Si/Th cor

relation in the entire material has genetic connotations; it is 

the (on average) more siliceous vein steenstrupine (the C type) 

that displays higher Th contents. 

Microprobe sums of cations are not sufficiently reliable to 

indicate distribution of Th between the REE and the (Mn, Fe, Zr, 

Ti, etc.) positions. For the sample 199104 they suggest that a 

sizable portion of Th might reside in the latter position, in 

agreement with the altered equation above. Involvement of Mn 

with Th can also be observed in the metamict steenstrupine A 

and in the sample 6-72.88 (Tables 18-20). 

In the latter two cases Mn is contravariant and Fe covariant 

with Si. However, the most important is the inverse relationship 

of Mn with Fe: 

Mn = 2.29 - 0.29(5)Fe - 0.03 (l)Na 

Fe = -0.91 + 0.27 (4)Si - 0.44(9)Mn - 2.31(47)Ti - 0.61 (30)Y 

for the entire sample, with all the other elements below 

acceptance level; and 

Mn = 2.41 - 0.40(18)Th - 0.25(10)Fe 

with -0.06Si, 0.10(REE+Y) and -0.68Ti, etc. below acceptance 

level; 

Fe = 3.08 - 0,77(23)Mn 

and 0.48Zr, etc. below acceptance levels, for the sample No. 

199104. In the latter, the Mn/Th dependence seems to be only 

caused by incorporation of the Th rich core in the plot and is 

not valid over the entire grain. 
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In agreement with poor communality (large scatter) of Mn all 

equations, except for the first one for Fe, explain only small 

portion of variance. The Fe for Mn substitution deviates sub

stantially from the 1:1 ratio. 

Interesting Y/Zr correlations exist in steenstrupine samples 

from different genetic types. The correlation is positive in the 

zoned sample 6-72.88, close to zero in the metamict steen

strupine A and negative in the bulk sample due to the presence 

of vein material with a distinctly negative Y/Zr correlation. 

The Th/Y correlation is negative in the first samples whereas 

it changes to positive in the vein material. The Zr/Th cor

relation is negative in most cases although the magnitude varies 

widely. 

For the entire sample: 

Y - 0.18 + 0.05(2)(REE+Y) - 0.49 (4)Zr - o.21(4)Al 

wi th 0.07Th, 0.003Na and -O .OITi , e t c . below a c c e p t a n c e l e v e l , 

whereas in the ve in sample No. 199104 

Y = - 0 . 9 5 + 0 .32(10)Th + 0.17 (3) (REE+Y) - 0.22 ( l)Na 

w i th - 0 . 1 3 Z r , e t c . no t t aken up i n t o t h e e q u a t i o n because of 

the low F v a l u e s . 

For the e n t i r e m a t e r i a l : 

Zr = 0.26 + 0 .19(6)Th + 0.07 (2) (REE+Y) - 0.005 (3)Na 

- 0 .13(5)Ca - 0 .23(5)A1 - 0 .89(9)Y 

with the statistical importance of individual contributions 

decreasing in the order Y, Al, REE, Th, etc. 

With a much poorer explanation of variance of Zr, in the sample 

199104: 
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Zr = -0.03 + 0.03(l)Na + 0.19(8)Fe 

whereas -0.35Y, -C.16Ca, etc, were omiLted. 

The changes in the Zr/Y correlation and the ThA correlation 

might indicate changes in the structural role of Th and Y in 

steenstrupine with changing conditions, from steenstrupine A 

to steenstrupine C. In this direction also the Th content 

increases and the Y content decreases, as indicated in 5.4.1. 

These two correlations perhaps suggest that in the vein 

material, C, a part of Th and Y might occupy the Zr-containing 

position to a greater extent than it does in the steenstrupine 

A. Although the Y content does not significantly exceed the 

values expected from the REE differentiation pattern (see 

5.4.4) its rather independent behaviour in a number of 

regression equations confirms its structurally ambiguous role. 

The charge balance charts show that the mutually correlated 

portions of charge variances for the major substitutions in 

steenstrupine do not balance out. For the case of (REE+Y) 

covariant with the relative increase in P they even add up. This 

confirms the role of the Na /H charge balancing and of the 

potential changes in the valency of Mn and Fe, mentioned above. 

For the very loose correlation of sodium with the other elements 

in the entire material: 

Na = -9.37 + 1.44(35)Si - 9.98(1.68)Th - 2.36(85)Mn 

+ 14.34(2.54)Y 

Below s i g n i f i c a n c e l e v e l a r e - 3 . 4 5 Z r and - 4 . 4 5 T i whereas Fe and 

(REE+Y) a r e u n c o r r e l a t e d . 

In t h e sample No. 199104: 

Na = - 1 2 . 2 6 + 3.63(98)(REE+Y) - 11.70 (4.19)A1 - 1 5 . 6 9 ( 2 . 8 7 ) Y 

with 2.99Zr, 5.99Ti, etc. below significance level, and Ca, Mn, 

Fe uncorrelated. 
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Inspection of compositional p l o t s sho*s that many of the Na-
involving corre lat ions have genet ic and/or sampling causes: e . g . 
the bulk Na/Si re la t ionsh ip i s again caused by abundant sampling 
of more s i l i c e o u s C steenstrupines from ve ins . The (variously 
pronounced) Na/Th, Na/Mn, Na/Y, Na/Zr and Na/Al corre la t ions 
in the sample 199104 come from the accumulation of respect ive 
elements e i ther in the core or in the rims of the grains whereas 
in the bulk of the sample no corre lat ions can be traced. 

Ca i s poorly correlated with the majority of elements. For the 
ent i re material: 

Ca = 0.89 + 0.54(9)Th - 0 . 3 1 ( l l ) Z r 

whereas no correlation exists with (REE+Y) and Ne. 0.03 Si is 

the most important of the variables below acceptance level. 

In No. 199104: 

Ca = 1.03 (11) 

with the most important not accepted contribution being 0.17 

(REE+Y), and Th, Na, Mn, Fe, Y practically not correlated. 

Calcium belongs among the elements with high residual variance 

in all studied sets (Tables 16-19). It only gets lower in the 

steenstrupine A where the correlations of Ca with x'h and Si 

become more significant. The same is true for another persistent

ly poorly correlated variable, Mn, which generally also can 

assume different valency states. Other elements with high 

residual variances are Si, Na, the individual rare earths, Al, 

Ti and to a lesser degree Zr. 

Experience shows that the error variances of Nd, perhaps Ca and 

of the "small elements" (Pr, Al, Ti and Zr) might represent 

contributors to their residual variances. For Na, Ca, ZREE, Mn 

and Si(vs. P) the presence of variable amounts of H in the 

structure allows variations which are uncorrelated with the 

variations of the other elements detectable by the microprobe 



and surely account for a part of their residual variances. In 

this connection i t should be stressed that the generally non-

integral sum of "metal atoms" (Mn, Fe, Zr, Ti, Al, . . . ) and the 

rather large, not fully acounted for, variation in ZREE(below 

6.0) suggest presence of cation vacancies in the original and 

the raetamictized steenstrupine. 

5.4.3. The chemical formula of steenstrupine 

The empirical formula of steenstrupine 199104 was proposed by 

Makovicky & Karup-Møller (1981) as follows: 

Na3.41 Ca1.04 'La1.98 Ce2.88 Pr0.23 Nd0.71 ^0 .02 Sm0.02 

Er0.01 Y0.19}16.04 (Th0.48 UC.05}10.54 

(Mn1.80 Fe1.69 Zr0.41 T i0.10 Al0.O7}E4.O7 

{Si13.39 P4.61>-18.00 °56.82 F0.44 (H2°> !!"?* ^ " f l ' 
17.48 5.47 

leading to the tentative crystal chemical formula (based on the 

facts briefly presented in 5.3) in which the "metals" other 

than REE+Y assume at least two distinct crystal chemical 

positions: 

Na, A H.. . Ca RE, Me- , 3.4 7.0 6 4.6 

tSi12°36]t(P4.6Si1.4)024] (F' 0 H ) * - 14*5 H2° 

with Na and H variable and contravariant, Y and Th(U) arbitrarily 

ascribed respectively to the REE and "Me" positions although 

possibly both are present in either position, at least one 

(OH, F) position present and vacancies present in at least the 

"Me" positions. 

The material in this study is mostly metamict or altered and 

does not allow better precision of the formula. Relying upon 

the above established formula, the average steenstrupine from 

the 133 accepted and used analyses has the composition: 
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N a 6 . 7 3 ( 3 . 6 1 ) H x C a 1 . 0 3 ( 1 7 ) ( L a 1 . 7 5 ( 2 0 ) C e 2 . 7 3 ( 2 6 ) P r ~ 0.27(10) 

N d 0 . 7 4 ( l l ) Y 0 . 3 0 ( 9 ) ) I 5 . 7 9 ( 4 1 ) £ T h 0.43 (15) U_< 0.05}I<^ 0.48 

""1.58 (30) F e 1.80 (42) Z r 0 . 2 7 (12) T l 0 .09 (6) A 1 ~ 0.20 (16)] Z3.93 

( S l 13 .72 (73) P 4 .28 (73) * I18 .00°60 F y ( H 2 0 ) z 

with the va lues of x»X»5. and the va l enc i e s of Mn and Fe not 

es t imable by the p resen t methods. Except for the a l t e r e d Na/H 

r a t i o a l l the sums in t h e formula remain remarkably s i m i l a r to 

those in No. 199104. Formulae of i n d i v i d u a l samples and of the 

a l t e r a t i o n types in them a re given in Table 14. Na con ten t s are 

shown in F ig . 49. 

In terms of extreme va lues from the 133 i nd iv idua l data po in t s 

the formula r e a d s : 

N a 0 .60 -12 .92 C a 0 .46 -1 .49 ( L a l . 1 5 - 2 . 2 7 C e 2 . 0 5 - 3 . 6 6 P r ~ (0.0-0.46) 

N d 0 .41-1 .15 Y 0 .03-0 .50*1 ~ (4 .60-6 .81) T h 0 .02-0 .77 M n 0 .65-2 .40 

F e 0 . 4 6 - 2 . 8 5 Z r 0 . O i - 0 . 5 8 T l 0 . O - 0 . 3 4 A l O . O - 0 . 5 1 ( S a 9 . 1 5 - 1 5 . 2 1 

P1.79-8.85 }5: const = 18 ecc' 

As already shown above, part of the variation is due to the 

experimental problems with multiple measurements performed 

on small grains which are often zoned and easily decomposed by 

the electron beam. 

In trying to summarize the observed interelemental correlations 

in the formula, several reasons for compositional variations 

ought to be tested: 

1) coupled substitutions to maintain the overall charge balance 

in the structure. 

2) covariant or contravariant changes of element concentrations 

in order to balance out changes in ionic radii of two or 

more elements in adjacent portions of the structure. 
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Fig. 49. Frequency histograms of the Na con ten t s in s t e e n -
s t r u p i n e . A, B and C represen t the t h r ee g e n e t i c c a t e g o r i e s 
of s t eens t rup ine defined in paragraph 3 . 3 . 

3) concurrent changes in concentrations of different elements 

in the mineral-forming magma or solutions during the crystal 

growth which do not play structural roles sub 1) and 2 ) . 

4) selective leaching from the formed crystals. 

5) changes in structural role (preferred site type) of an 

element due to changing p-T conditions. 
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In the first category, the following substitutions can be 

selected from the statistical studies (schematically, without 

an attempt to assess their changing weights): 

Si4+ + Fe3+ t P5+ + Mn2+ 

Ca2+ + (Th, U ) 4 + + 2REE3+ 

Si4+ + Th4+ - P5+ + (REE, Me) 3 + 

4+ 4+ -* 5+ 3+ 
Si* + Ti* «- P + Me 

They assume very different importance in different samples and 

environments. 

The substitutions involving Na are undoubtedly present (as 

seen JLLOITI the coefficients in Table 18), but they are camouflaged 

by the variations in Na due to the relatively free substitution 

of H for Na . Similarly, the residual variances also suggest 

the substitutions which involve H , e.g. 

4+ + -+ 5+ Si + H +• P + vacancy 

which are also active for Ca, REE and Th. 

With the valency of Ce set to 3+ (as suggested by the ordinary 

behaviour of Ce in the REE - differentiation plot, 5.4.4) the 

contravariance of Ce and Si might be ascribed to the second of 

the above categories. It exists in the bulk of the material and 

would represent a preference for the larger REE cation out of 

the two principal ones (cerium rather than lanthanum) when the 

size of tht. presumably adjacent tetrahedra [(Si, P)0.] increases 

due to the incorporation of more phosphorus. 

A number of "correlations" between two elements appear to be 

associated purely with the existence of a distinct growth zone 

enriched in one element and with a certain concentration of the 

other element. The two elements are found to be uncorrelated 

throughout the entire mass of the crystal. As examples, the 
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Na - involving "correlations" and the Mn/Th relations in No. 

199104 may be quoted. 

Leaching of Na from the crystals, under its simultaneous re

placement by H (and H-O) has to be assumed for the steenstrupine 

C from the specimen 199104 because of its extraordinarily low 

Na contents. The crystallinity of this sample on one hand and 

the high Na contents of many metamict samples on the other 

hand suggest that metamictization and the loss of Na do not 

represent strictly coupled processes. 

The possibility of the ambiguous, and changing roles of Th and 

Y - distributed in the REE positions on one hand and in the 

"Me" (Zr) positions on the other hand - has already b>>en 

discussed. 

In conclusion, we ought to stress that the problem of mutual 

substitutions and variations of elements in steenstrupine is 

known only very broadly and imperfectly because of 1) the 

experimental errors in multiple measurements on the, in the 

majority of cases, inhomogeneous material, 2) the missing in

formation on the H content and Mn, Fe valencies in the analysed 

spots. 

The factor analysis of the 133 analyses of steenstrupines 

suggests that all this material represents a chemically homo

geneous body, i.e. one broadly isomorphous species. The only 

separate grouping of points in the factor score plots represents 

the sample 199104 which differs from the other material by the 

distinctly larger amount of the (-Na) including complex variable 

(factor 1) in the data points (Fig. 50). This variety can be 

denoted as protonated steenstrupine. 

5.4.4. The distribution pattern of rare earths in steenstrupine 

The REE fractionation plot for steenFtrupine was chondrite-

normalized, using the REE concentrations given for chondrites 

by Matsuda et al. (1973) and Taylor & Gorton (1977). All analysed 

steenstrupine appears to be highly selective for the lightest 
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Fig. 50. Factor score plots of the three principal factors 

for the 133 steenstrupine analyses. Results are rounded to 

1/6 and 1/10 on the v and x axis, respectively. Those out

side the plotted area are placed on the margins. Overlap 

of data points is indicated by squares. 

rare ear tht , in par t icu lar La i t s e l f . For the majority of 
samples the re la t ive abundancy curve progressively r i s e s from 
Nd to La. The X-ray fluorescence analysis of steenstrupine 
199104 shows that already the contents of Sm are negligibly small 
and Y does not exceed the r e l a t i v e , chondrite-normalized 
abundancy of i t s heavy REE neighbours, i . e . i t i s not se lec t ively 
incorporated in steenstrupine 199104. The high-lanthanum pat tern 
i s shown by a l l genetic types of s teenstrupine, from A to C. 

Two analyses of steenstrupine su i t e s , in the samples 6-72.88 
and 11-134.9, show a less pronounced preference for La, with Ce 
and Nd assuming a more important role in the to ta l REE spectrum, 
i . e . the light-REE maximum is lower and broader. Except for 
hydration of the parent rocks, and d i s t i nc t zonation of steen
strupine, no special chemical and/or paragenetical features 
were observed which would separate these two specimens from the 
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rest of the material. In both cases (in a trend opposite to that 

found in the samples of zoned steenstrupine Nos. 17-62.00 and 

55-155.35 analysed in the scanning electron microscope, 5.2) 

the La/Ce ratio generally decreases towards the metamict rim 

of the crystals. The La values vary little whereas the other 

REE (primarily Ce) increase with the increasing total of REE. 

The above La/Ce zonation of steenstrupine is attributable to the 

changing physical - chemical conditions and/or to the concen

tration (depletion) processes in some rocks of the mining area. 

In the sample 17-62.0 the outer zones are slightly more 

siliceous, with the core richer in P, whereas the general trend 

in Nos. 6-72.88 and 11-134.9 is opposite. (In all cases the 

fine grained, not quite homogeneous mass of the highly altered 

parts makes it difficult to determine the overall concentrations). 

As mentioned above, from all the REE examined, only Ce is 

distinctly negatively correlated with the Si/(Si + P) ratio, what 

accounts for the above observed La/Ce zonations. Similarly, Ce 

is strongly correlated with the REE totals, tying up REE and 

Si in a negative correlation (Tables 16-21). In the zoned 

crystals, Ce, Pr and Nd are negatively correlated with Th, 

whereas La remains uncorrelated or oven positively correlated 

(Table 18) . 

The data of Bailey et al. (1978) show that in lujavrites 

selective enrichment in the lightest rare earths takes place 

against the older rocks of the Illmaussaq intrusion. This process 

increases the relative (normalized) abundancy of La against the 

heavy REE by almost an order of magnitude. Our data appear to 

cc ifirm that this process is mainly due to the appearance of 

steenstrupine in the rock. In this mineral the difference in 

the relative abundances of La and heavy REE spans ^proximately 

two orders of magnitude. Interestingly enough, the narrow, 

La-richer, and the broader, La-poorer, REE distribution patterns 

observed in the steenstrupine studied by us resemble closely 

the REE patterns of the lujavrite samples 154397 and 154 360 

respectively (Bailey et al. 1978), representing perhaps different 

stages of magma and REE differentiation. 
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6. RECOVERY OF URANIUM 

6.1. General 

The uranium deposit at Kvanefjeld consists of a number of dif

ferent rock types of which distinct types of lujavrites are 

predominant. 

The lujavrite consists of 1) alkali-rich alumino-silicates which 

are readily dissolved in acid, 2) feldspar, and 3) mafic 

minerals. In addition to these there are a number of rare 

minerals, among them steenstrupine which is the main uranium-

bearing mineral. Other rare minerals also contain uranium but 

Irheir contribution to the uranium content of the deposit in 

most cases is unimportant. 

The average uranium content of the lujavrite is in the order of 

340 ppm with a cut-off level of 250 ppm. The estimated size of 

the resource on various cut-off levels is shown in the following 

table. (For details see Nyegaard et al. 1977). 

Cut-off level Uranium tonnage Average grade 

(ppm U) (1000 tons) (ppm U) 

50 44 210 

250 27 346 

300 21 375 

350 13 414 

For comparison, on a world-wide scale a grade below 800 ppm U 

is usually considered uneconomic, but with the rapid increase 

in the demand and price of uranium, grades below that figure 

are now being re-evalued. 

The principal U-bearing mineral, steenstrupine, its alteration 

products and the other uranium bearing minerals are described 

in detail in the sections 3.3 and 4.3. Some types of steen

strupine are readily soluble in 2M H-SO. but most types are 

insoluble. 
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6.2. Carbonate pressure leaching 

The most widely utilized method of uranium recovery from ores 

is acid leaching. However, this is unacceptable for steen-

strupine because of the low recovery values, viz. 30-40%, the 

large consumption of acid, and the release of silicic acid in 

the leach liquor which inhibits further processing towards the 

uranium concentrate. As an alternative to the acid leachinq 

process the so-called sulphating roasting process w-.s tried ir 

a pilot study in 1976-77. However, two results of this study 

qave rise to pessimism. For the first, the uraniur.i recovery 

from representative drill core samples was lower than from the 

larqe, bulk sample of MGG lujavrite from the old mine adit. 

This poor result is accentuated with the addition of the bore 

core material from the 1977 drillinq proqramme which extended 

the area investigated. Secondly, the investigation of the waste 

from the pilot study foresaw a continuous, unccceptably hiqh, 

environmental contamination. 

Carbonate leachinq is the obvious extraction process with an 

alkaline rock such as lujavrite. The method had been considered 

earlier but was of little effect at the moderate temperatures 

applied. However, recent technoloqical developments have im

proved the outlook for industrial application in the temperature 

ranqe 250-300°C, temperatures which laboratory studies indicate 

could be optimal and economically interesting. 

The uranium-containinq minerals are decomposed under the influ

ence of carbonate and oxyqen at elevated temperatures. The uranium 

is retained in solution as the stable uranvl-carbonate complex. 

The process was first tested in an autoclave of 3 liters ca

pacity in which only two tests could be made per riav. By runninq 

a number of experiments simultaneously it is possible to obtain 

the optimum conditions for the important parameters. Therefore, 

a set of mini-autoclaves were constructed of steel in the shape 

of a test tube. Up to 34 of these could be rotated in an oven at 

the same time in a special rack which kept the contents in steady 

motion during heating. 
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It was established that the leaching solution should contain 

12% of sodium bicarbonate i.e. a saturated solution, and only 

2% of sodium carbonate. Oxidizirg conditions are imperative. 

In the mini-autoclaves oxygen was supplied in the form of 

hydrogen peroxide, H_0„, which is decomposed into oxygen and 

water. The amount of H_0„ added corresponded to 10 bars of 02. 

However, considerable trouble was encountered with samples from 

the northern region of the deposit. Often the recoveries were 

very low and non-reproducible. An improvement could be obtained 

by increasing the amount of H
2°2'

 a n d a^-so by addition of cupric 

carbonate, which may act as an oxygenation catalyst. This 

trouble did not appear in the experiments with the larger 

autoclaves. Here atmospheric air was used at a pressure of 8 

bars, which proved sufficient. 

In a pilot plant under construction air will be supplied 

continuously by a compressor against the working pressure of 

about 80 bars in the pipe autoclave. 

High recoveries require temperatures well above 200 C. The 

different ore types are not equally sensitive but 26 0°C is 

sufficient for all types. 

The actual time of reaction could not be determined because of 

the rather slow transmission of heat into the oven-heated 

autoclaves. 

For this purpose another oven-type was used, which consists 

mainly of a pipe-loop immersed in a melted-salt bath. The slurry 

of ore in carbonate solution is forced through the pipe-loop 

at a speed of more than 2 m per sec, which ensures violent tur

bulence. 

The fineness of grinding appears to be of prime importance, 

especially at short reaction times. A grinding level of 90% 

minus 100M has been shown to be appropriate. It allows the 

leaching to be accomplished in a few minutes and gives no 

excessive filtration problems at a later stage. 
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Maximum recoveries have been obtained with slurry densities of 

up to 700 grammes of solids per litre, but viscosity strongly 

depends on temperature in the 260°C-region so it may be safer 

to work at, for example, 500 grammes per litre. On the other 

hand the capacity of the equipment is fully utilized only at the 

highest possible slurry load. 

In order to process all the 102 drill core samples of interest, 

a standard testing programme was established, using the mini-

autoclaves and designed in accordance with the above findings: 

The samples were ground to 99% minus 71p. 14 grammes of each 

were mixed in the mini-autoclave with 14 ml of the solution 

containing 12% (120 grammes per litre) of NaHCO, and 2% of 

Nå-CO,, 1 ml of 30% H-O- was added after which the tube was 

immediately closed, placed in the rotating rack In the oven and 

heated at 260°C for 30 minutes. 

After cooling, the content was filtered and both leach liquor 

and solid residue analyzed for uranium. The results of the 

standard testing programme are given in Table 26 and discussed 

in sections 6.3 and 6.4. 

The possibility of running the carbonate pressure leaching 

continuously on a large scale has been tested in the pipe 

autoclave, developed and operated by Lurgi, the Federal Republic 

of Germany. This equipment consists essentially of a long pipe 

(1 km) through which the slurry is pumped at a speed of 2 m 

per second. The pipe consists of a heating zone, a reaction 

zone, and a cooling zone. After the cooling zone the bore is 

reduced in order to reach atmospheric pressure at the outlet. 

The material passes the reaction zone in 4 minutes at a flow of 

3 m3/h. 

A sample of 30 tons of the mine area type (MCG lujavrite) but 

with a low uranium content (240 ppm) was collected from the 

loose rock material on the lower slopes of Kvanefjeld in 

September 1978 and treated in Lurgi's pipe-autoclave pilot plant 

in Liinen in February 1979. 
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Three separate runs were made. In each case the ore was ground 

to 96% minus 71u, and the pulp mixing ratio was 1 kg of solid 

for 1 litre of solution what corresponds to 700 grammes of 

solid per litre of slurry. The results of the runs are: 

1) 8% NaHC03 27 5°C recovery 59% 

2) 10-12% NaHC03 275°C recovery 61% 

3) 10-12% NaHC03 250°C recovery 61% 

These results are not considered unsatisfactory, since this 

sample also gave a low recovery in the laboratory tests. 

From the autoclave the slurry goes to filtration where the leach 

liquor is separated out and the residue washed in preparation 

for disposal. At this stage the mineral villiaumite presents a 

complication. Villiaumite is a sodium fluoride which is water 

soluble. It occurs in the lujavrite in quantities up to 1% and 

hence goes into solution during the extraction and washing 

processes presenting an environmental hazard from the tailings. 

Another problem at this stage is the presence of partly dis

solved thorium in solution whereas the REE are very little dis

solved. 

Concentration of the uranium at this stage from the leach 

liquor presents problems as the ion-exchange method does not 

work under so high bicarbonate concentrations. As an alternative 

the precipitation of UO- by reduction with hydrogen has been 

tried. The reduction takes place at 150 C and 15 bar H_ in the 

presence of a catalyst. Nickel is a very efficient catalyst, 

but the UO- formed also catalyzes fairly well and has the 

advantage of not introducing any foreign material. 

6.3. Relationship between the U yield and the petrological and 

mineralogicai characteristics. 

In order to find the possible factors influencing the yield of 

uranium from the lujavrites by the standard method described in 

6.2, the yield of uranium was compared with the rock types, the 
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s t eens t rup ine types as well as with the t o t a l U conten ts of the 

l u j a v r i t e samples. 

As shown in F igs . 51 to 53, the average U recovery i s a function 
of rock hydrat ion and of the degree of s t eens t rup ine a l t e r a t i o n . 

The rock hydra t ion : I f only the main body of data are con
sidered in F ig . 51 leaving oat the o u t l i e r s , which mostly 
represen t the rock with only monazite +_ e u d i a l y t e , the range 
of recovery values inc reases from weakly to s t rong ly hydrated 
rocks . The upper l i m i t of the y ie ld drops only very l i t t l e 
whereas the average and the lower l i m i t drop appreciably with 
increas ing hydrat ion (Table 23) . 
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Fi<j. SI. Recovery of uraniur. by the standard test procedure 

(paragraph C.l) vs. the overall rock hydration for the 

studied drill core samples. 

The type of steenstrupine alteration; For each intensity class 

of rock hydration, the average yield is controlled by the 

steenstrupine alteration (Table 24). In Fig. 52 the low and 

medium hydration groups are given by different symbols whereas 

the values for the strongly hydrated rocks are featured separ-
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Fig. 32. Recovery of uraniun by the standard test procedure 

vs. the type and alteration of steenstrupine in the weakly 

hydrated rocks (circles), nediun Lydrated rocks (squares) 

and ussinqite-containing rocks (dianondsi . 

tely in Fig. 53. To obtain the impression about the trends 

described, the values tor the rocks with zoned steenstrupine 

are to be ignored on first inspection. They lie betv/een those 

for the altered and the metamict £teenstrupine, in agreement 

with the principal components of the zoned grains. Again, con

sidering only the robust estimates, i.e. with the outliers left 

out (Table 24), the highest yields show a weak decrease with 

increasing alteration of steenstrupine. However, the lower limit 

of the commonly occurring yield values drops appreciably with 

alteration. 

This trend is well expressed for the weakly and medium hydrated 

rock types. In the strongly hydrated rocks both the average 

and the extreme yield values are substantially lower than in 

the less hydrated types. Although the average yield values most 

often decrease with increasing alteration for both A and B 

steenstrupine, the extreme values show less definite trends 

(however, often only a small number of samples were available) . 
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Fig. 53. Recovery of uranium by the standard test procedure 

vs. the type and alteration of steenstrupine in the strongly 

hydrated rocks. 

Table 24 and the related Figures 52 and 53 can be used in the 

future extraction operations to estimate the expectancy values 

for the average yield and for its probable upper and lower 

limits using the principal petrological and mineralogical 

characteristics of the processed rock. 

In contrast to the above defined relationships no clear con

nection exists between the yield estimates and the petrological 

rock types or the total U contents in the rock. 

The petrological rock types; With the exception of the low yield 

estimates for the eudialyte + monazite rocks, the values for all 

rock types are uniformly spread within approximately the same 

range (Fig. 54, Table 25). The high standard deviations show 

that the differences between the mean recovery values for the 

individual rock types are not statistically significant. Only 

the values for naujakasite lujavrite are concentrated at the 

upper limit of the range, representing the typical values for 
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Fig. 54. Recovery of uraniun by the standard test procedure 

(paragraph 6.1) vs. the petrological categories f- .- the 

studied drill core samples. The low-recovery samples of 

arfvedsonite lujavrites represent the monazite- and/or 

eudialyte-bearing rocks. 

the zoned steenstrupine, i.e. for a definite steenstrupine 

type (cf. Figs. 52 and 54). 

The total U contents in the rock; The recovery values show no 

dependence on the total U content in the rock. Except for a few 

very low recovery values (monazite + eudialyte) and several 

samples with high u contents, the U contents in the rock are 

broadely concentrated around 350 ppm, yielding uniformly all 

values between the 50 per cent and 100 per cent recovery (Fig. 

55) . 

6.4. Regional variations of U yield 

The correlations described above between the recovery values 

and the petrological/mineralogical factors are the cause of the 

regional variations of the uranium recovery over the Kvanefjeld 
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area. Figures 56 and 57 show Loth the total uranium content of 

the studied samples (from wet chemical analyses, Table 26) and 

its portion recoverable by carbonate leaching under standard 

conditions (6.2 and Table 26) . The samples from veins and 

contacts with atypical high U contents were excluded as not 

being representative for the bulk of the ore. For graphical 

reasons, the densely drilled "mine area" is illustrated sep

arately on a different scale. 

On the general background of good to moderate U contents and 

recoveries, two distinct areas of low recovery values can be 

outlined: 

1) The elongated area along the western margin of the Kvanefjeld 

ore field. It ic distinguished both by low total U content 

in the rock and by the low yield values. At the margin (the 

drill holes 64, 66, 67, 68, also 62) the recoveries and 

total contents are poor for the entire lengths of the drill 

co;:es. In the (predominantly) inwards situated drill holes 



I 

Kig. 56. The contents of uraniun in the studied .-sampler 

from Kvanefjeld (excl. the "mine area" <jiven in r'iy, f7). 

The entire bar lengths express tot«il U contents whereas 

the shaded portions denote U recoverable in the standard 

leachin<j tests described in [>ara<jiup)i 6,1. 100 ppmU = 

12.5 ran. 
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ĉ 
*» 
E 

— 
£ 
3 
i « 

c 
*• k. 
r 

w 
0 

« arf 
c 
-w 
• -

3 

"_* 
: -r-

» r-

** 

-•• '•*• 

w 

* - i 

s 
w 
— «, c 
s 
e 

Æ 
*-
-• 5 

»* & t ^» 

w 

& 
j ^ 

? > X 

w 
0 

z 

* a 
w 

i 
c 
^ £ 

> 
s 

X 

** 
C 
3 
w 

h l 

C 
5 

-_• •* 
&• C 

^3 

* • s 
<t 

.= X 

& £ 

#• 
=* T 

& W 

<* -* 
* 
«# C 
a 
«* c 
3 
•J 

'-i 

~* T 
•» 
3 

* *: 9 
w 

— X 
Si 

X 

v X 
i 

** 
— s 

• > • 

.c 
•J 
t 
s 
.~» 
— w 
1 
s 
c 
« a » 

3C 

i 

— *•: 
C 

.* 
S 

- • 

1 

S 

> 3 
3 
S 
w 

L> 

& *> 3 
C 
S 

"3 



- 121 -

(Nos. 69, 65, 59, 50, 55) it is mainly the deeper layers 

(120-190 m below surface) that yield poor U contents and 

recoveries. Such an uranium-poor layer continues in depth 

towards the northern end of the field (drill holes 55, 70 

and 46). The autoradiographic and mineralogical studies 

show that all of these samples either contain only monazite 

and eudialyte (many of them are "barren" in the autoradio

grams) or they also contain i censely altered steenstrupine, 

i.e. the Ad type. The marginal blocks of the ore field 

along the eastern side (Nos. 64, 66, 67, 68 resp. 62) should 

be entirely omitted from tonnage estimates. 

2) The other region of poor recoveries is in the center of the 

"mine area". It is elongated in an E-W direction and 

comprises the drill holes 29, 43, 30, 20, 15, 18, 26, 31. 

Although the U contents are similar to, or only slightly 

lower than those in the surrounding portions of the ore 

field, the extraction yield concentrates around 50-60% in 

the majority of samples. The common denominator is the high 

degree of hydration of the majority of the rock samples. 

Most of the samples represent MCG lujavrite. The remaining 

ones are distributed between hydrated arfvedsonite lujavrite 

and hydrated lavas. They contain various type of steen

strupine A, especially Ac and Ad (resp. very similar 

products), or the Bb/Bc steenstrupine. A small area com

prising the drill holes Nos. 16 and 9 (resp. also 17), close 

to the previous one, displays similar features. 

The most stable, relatively high U-contents with good to very 

good recoveries occur in the central to northern area which 

stretches out among the drill holes Ncs. 10, 5, 60, 49, 56, 54. 

Unfortunately in the central parts it is interrupted or not 

documented by drilling. 
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7 . SUMMARY AND CONCLUSIONS 

7 . 1 . Geology, p e t r o l o g y 

The d e t a i l e d g e o l o g i c a l s t udy of t h e Kvanef je ld a r e a was 

i n i t i a t e d by H. Sørensen and was su rged up in a r e p o r t i s s u e d 

i n .1969 (Sørensen e t a l . 1 9 6 9 ) . The v a r i o u s d r i l l i n g o p e r a t i o n s 

ove r t h e l a s t decade have g r e a t l y c o n t r i b u t e d t o t h e u n d e r 

s t a n d i n g of t h e geology and a r e p r e s e n t e d in Sørensen e t a l . 

(1974) and Nyegaard e t a l . ( 1 9 7 7 ) . 

The a r ea i s a megabrecc ia in which v a r i o u s t y p e s of v o l c a n i c 

and s e d i m e n t a r y r o c k s from t h e roof of t h e i n t r u s i o n and of t h e 

p l u t o n i c rocks from t h e e a r l y phases of t h e i n t r u s i o n form 

b l o c k s and s h e e t s w i t h i n the l ? t e r i n t r u s i v e n e p h e l i n e s y e n i t e 

t ype known as l u j a v r i t e . 

According t o t h e r e s u l t s of gamma-spec t rome t r i c measurements 

( i b i d . ) , t h e b l o c k s of n a u j a i t e , s y e n i t e and u n a l t e r e d v o l c a n i c 

rock.5 may be c o n s i d e r e d of no i n t e r e s t in r e s p e c t to the r a d i o 

a c t i v e raw m a t e r i a l s . The bulk of t h e o r e i s r e p r e s e n t e d by 

v a r i o u s t y p e s ( g e n e r a t i o n s ) of l u j a v r i t e . C o n t r i b u t i o n t o t h e 

o r e mass can a l s o be ga ined from t h e a l t e r e d v o l c a n i c r o c k s 

i n t e r l e a v e d w i t h , o r o v e r l y i n g l u j a v r i t e s . During t h e p r o c e s s e s 

of a l k a l i n e metasomatism thc.se rocks were e n r i c h e d wi th r a d i o 

a c t i v e components (Sørensen e t a l . 1 9 7 4 ) . La t e v e i n s and 

p e g m a t i t e s which c o n t r i b u t e d so much to t h e m i n e r a l o g i c a i 

knowledge of I l l m a u s s a q a r e no t of economica l i m p o r t a n c e b e c a u s e 

of t h e i r smal l vo lume. 

I n t h e m u l t i p l e , complex l u j a v r i t e i n t r u s i o n t h r e e t y p e s of 

l u j a v r i t e a r e of p r i c i p a l i m p o r t a n c e : on one hand t h e s e a r e t h e 

a r f v e d s o n i t e l u j a v r i t e s and t h e n a u j a k a s i t e l u j a v r i t e s , which 

a r e a p p a r e n t l y the o l d e r , magmatic p h a s e s ; on t h e o t h e r hand 

i t i s t h e m e d i u m - t o - c o a r s e g r a i n e d l u j a v r i t e which r e p r e s e n t s 

a l o c a l l y i m p o r t a n t , l a t e r formed rock w i t h a presumably 

p e g m a t i t e - m e t a s o m a t i t e - l i k e c h a r a c t e r . A e g i r i n e l u j a v r i t e s a r e 

on ly of secondary impor t ance i n t h e Kvane f j e ld o r e p r o f i l e s . 
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During the research aimed at developing a suitable uranium 

extraction technique for the lov/-grade ore from Kvanefjeld (e.g. 

Asmund et_al. 1971, Gamborg-Hansen 1977) it became apparent 

that a detailed mineralogicai description of the ore and es

pecially of the U-bearing components became essential because 

of the highly variable extraction yields. In the presei t 

research, autoradiography, fission-track investigation of 

uranium distribution, microscopy, microprobe analyses and other 

chemical techniques were applied to 102 samples chosen from 

9000 m of drill core from the total of 70 drill holes made in 

the years 1958-1977. The samples generally represent the most 

abundant rock types in each drill core and were selected from 

the portions vtiich displayed a reasonably constant, i.e. typical 

U content over considerable core lengths. Only rarely were the 

mineralized rock contacts and veins chosen. 

The stress was on the statistically (i.e. also economically) 

important U-bearing associations. This was in contrast to the 

bulk of the previous work in which mineralogically interesting, 

selected samples or application of distinct methods were 

described in detail. Thus, the present research shows the 

relative (economic) importance of different ore types, of dif

ferent previously observed or unobserved phenomena and different 

U-bearing associations throughout the ore body. The statistical 

approach also allowed the reconsideration of connections between 

various phenomena which were previously assumed on the basis of 

(a few) individual observations. Furthermore, the extraction of 

uranium was studied en the same rock portions as used for the 

mineralogical research so that direct ties between the respective 

results could be established. 

The overall distribution patterns of radioactive minerals in the 

studied rocks v;ere recorded by means of autoradiography of rock 

slabs cut lengthwise from the ore. Five distinct types of these 

radioactive fabrics were discerned: 1) a homogeneous, fine to 

medium grained distribution of radioactive grains? 2) veins and 

layers with radioactive minerals; 3) patches and nests of medium 

to coarse grained radioactive minerals; 4) individual scattered 

large radioactive grains, and 5) the autoradiographically 
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"barren" rocks with no distinct radioactive minerals. In 

agreement with the above genetic considerations, the type 1 

(besides type 2) represents the principal ore fabric type of 

arfvedsonite and naujakasite lujavrites, the type 4 is typical 

for the medium-to-coarse grained (=MCG) lujavrites and type 2 

the altered, metasomatized volcanic rocks. 

The general microscopic description of lujavrites and altered 

lavas was performed to the degree allowed by the time alloted 

for the project. Both the principal mafic and felsic components 

of the rocks were determined together with the mcst abundant or 

conspicuous accessory minerals. 

During this research it was found that the degree of alteration 

of primary felsic minerals (nepheline, sodalite, albite, 

naujakasite, microcline) into hydrated phases (analcime, natro-

lite, ussingite) transcends the boundaries between various rock 

types and varies on a regional basis. Thus, all the rocks were 

classified in the following groups: 1) weakly hydrated, 2) 

medium hydrated, 3) intensely to completely hydrated, and 4) 

hydrated rocks with ussingite. These categories are developed 

throughout the large sections of drill cores. The mafic minerals 

remain generally unattacked. Thus, this alteration should not 

be equated with the hydrothermal veins and their alteration 

zones which are scattered throughout the area. 

The weakly to medium hydrated rocks are distributed rather 

evenly throughout the Kvanefjeld area. However, the intensely 

hydrated rocks are primarily confined to the "mine area" with 

the large bodies of MCG lujavrite, being apparently connected 

with the later stage of their emplacement process. Thus, the 

entire set of MCG lujavrite samples as well as the arfvedsonite 

lujavrite and altered lava specimens lying NE of the MCG 

luja /rite intrusion, below the sheets of roof rocks, are 

intensely hydrated. 

In the other areas, intensely hydrated rocks occur only spor

adically. A distinct accumulation of ussingite-bearing rocks 

occurs in(arfvedsonite) lujavrites overlain by a thick volcanic 

sheet in the N part of Kvanefjeld. 
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7.2. Mineralogy and fission-track data 

Our studies confirm that steenstrupine and its alteration 

products represent the principal U-bearing components of the 

ore. In the Kvanefjeld rocks steenstrupine occurs in two distinct 

forms, A and B, that differ in grain size, shape and origin. 

Type A represents small to medium-large euhedral grains usually 

with small amounts of inclusions, situated among arfvedsonite 

needles and felsic components. It appears to be of primary, 

magmatic origin in both arfvedsonite and naujakasite lujavrites. 

It is usually distributed homogeneously throughout the rock 

mass, independent of the hydration. 

The type B is less abundant, practically limited to MCG lujavrite. 

Its generally subhedral crystals are medium to large, often 

poikilitic, containing all kinds of rock-forming minerals. In 

many cases they are intimately connected with arfvedsonite felt. 

Its formation is obviously closely connected with the formation 

of MCG lujavrite. 

Steenstrupine from veins/pegmatites has been denoted as steen

strupine C. Although of no economic importance, its accumulations 

as pure crystals represent an important source of research 

material. 

In some samples of altered, metasomatized lava the affinities 

of steenstrupine remain uncertain. The above classification is 

in good general agreement with that of Sørensen et al. (1974). 

Occurrences of still crystalline steenstrupine are rare. In the 

majority of instances it has either undergone metamictization 

because of its contents of radioactive elements or, at higher 

contents of radioactive elements, it was altered (with differing 

intensity) into a very fine grained aggregate of secondary 

products. Alternatively, reactions with later solutions caused 

replacement of steenstrupine A or B by a mixture of crystalline 

products in which monazite plays the main role. 
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The metamict steenstrupine, Aa, has a high refractivity index 

and light creamy colour. Slight alteration on margins or cracks 

is often observed. Samples with this steenstrupine are spread 

evenly throughout the area. In many instances it is combined 

with the unzoned altered steenstrupine, Ab. The latter represents 

a gamut of occurrences, from the grains with some portions 

altered to the entire grains altered into fine-grained aniso

tropic products which are brown in transmitted light. 

The uranium content of metamict steenstrupine lies at and above 

2000-3000 pnm LUOg but does not exceed 5000 ppm U,Og. The as

sociated altered steenstrupine displays fission track densities 

of 5000-7500 ppm U^Og, rarely also accumulations with higher 

contents. Th contents typically lie between 0.30 and 0.60 wt% 

in these two steenstrupine types, depending strongly on the 

sample location. 

Some rocks with the mixture of Aa and ""b steenstrupine contain 

disseminated numerous minute metamict and altered grains of 

steenstrupine. Dispersed in these rocks are metamict, dark brown 

grains of an Y-Zr silicate with substantial concentrations of 

uranium, Th:U »1:1, which may contain an important portion 

of total U in the rock. This type occurs in the drill holes 

49, 25, 15 and 17. 

Zoned steenstrupine, Ac, occurs primarily in the arfvedsonite 

and naujakasite lujavrite of the "mine area". Types of zonation 

differ from place to place: cases with altered cores and 

metamict to crystalline rims are more abundant than those with 

altered rims. In many instances several altered and metamict 

zones alternate in one grain. Each locality displays one type 

of zonation. 

This type occurs either alone or it is associated with abundant, 

very fine-grained disseminated Ab or Ad (see below) steenstru

pine. The altered cores display fission track records corre

sponding to 8000-10000 ppm LUOg, the altered zones at other 

localities 5000-7000 ppm U,Og whereas the metamict zones 2500-

4000 ppm u3°3' The latter two contain respectively 0.25-0.50 wt% 

and 0.12-0.18 wt% Th. 
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In some naujakasite luvjarites, naujakasite is replaced by an 

isotropic, light brown product with the same qualitative chemical 

composition as the parent mineral except for introduction of 

uranium. It contains _< 1000 ppm U_.0„. Associated pseudomorphs 

after eudialyte, a possible main source of U in the replacement 

product, display up to, rarely above, 2000 ppm U0C0. 

In the case of extreme alteration the shape of the steenstrupine, 

Ad, grains is gradually obliterated. In most cases steenstrupine 

is replaced by a very fine-grained, dark brown material, some

times associated with light hydrated rock-forming minerals. In 

other cases only a loose, light gray network remains after 

steenstrupine with occasional darker patches. In still other 

cases, crystals of monazite, sometimes neptunite and natrolite 

may be discerned in the pseudomorphs. 

The fission track records are, as a rule, very inhomogeneous 

and the U contents indicated are low, mostly 2000-3000 ppm U^C-. 

In some rocks spot-like accumulations of uranium occur scattered 

in the generally low (1000-2000 to 4000-5000 ppm U30g) uranium 

level of the decomposed grains. The accumulations are far above 

1% U and the semiquantitative microprobe scan suggests ura-

nothorite (Th:U « 5:1, with a substantial Si content) as the 

most likely product. 

In the cases when the altered and extremely altered steenstrupine 

A are present in the same rock, the latter may have up to 

7000-8000 ppm U^O« whereas the Ad type displays only 500-2000 

ppm tUOg with rich accumulations, by far exceeding the 1% U 

level, still recognizable in the fission tracks. 

Fresh, anisotropic steenstrupine, Ba, is rare. It forms parts 

or rims of generally metamict to lightly altered crystals of B 

steenstrupine. The metamict steenstrupine, Bb, is isotropic and 

light brown of various shades. Crystals are usually large and 

incipient alteration in some zones and in fissures can be 

observed. 
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Alteration of Steenstrupine B proceeds in two ways: 

1) leaching and replacement by an aggregate of well crystallized 

phases: primarily crystalline nonazite, metamict uranothorite, 

an Zr-Na uranium-bearing silicate, neptunite as well as light 

rock-forming silicates; 

2) formation of a very fine-grained brown, anisotropic product 

similar to that formed from steenstrupine A. 

The rocks containing steenstrupine B are mostly MCG lujavrites 

or rocks permeated by veinlets of it. The Bb variety usually 

gives homogeneous fission track records indicating 4000-6000 

(7000) ppm U^O-. Incipient alteration is connected with 7000-

10000 ppm U30g. The coarse-grained monazite in the pseudcmorphs 

only gives 1000 (-3000) ppm U^Og whereas uranium is concentrated 

in the above mentioned products with several % U. Occasional 

admixtures of Ad steenstrupine in the hybrid rocks of this 

category yield 4000-8000 ppm U3O again with high U spots. 

Eudialyte gives 1000-2000 ppm VJ0„. A Zr-containing alumino-

silicate sometimes contributes tc the U content of the rock. 

The altered steenstrupine, Cc, yields 2000 to 4000-5000 ppm L' O 

usually with high U spots >> 11 U and often disseminated 

monazite with low uranium content. 

The studied altered, "migmatitized" lava shows steenstrupine 

crystals both in the darker layers and in the richer, lighter 

"veinlets". Although of uncertain type, it resembles the B 

steenstrupine. It contains ~ 1% U and is associated with abundant 

fine-grained steenstrupine disseminated mainly in light parts 

(~ 5000 ppm U30g). 

The above fission track studies were performed r.sing lexan 

polycarbonate plastic as a solid-state fission track detector, 

irradiation by thermal neutrons with U-doped Ca-Al-Si oxide 

glasses as standards. 
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7.3. Chemistry of steenstrupine 

Steenstrupine represents a complex silicophosphate of sodium, 

rare earths, calcium, manganese, iron and minor amounts of other 

metals, including thorium and uranium. 

Detailed microprobe. X-ray, infrared and thermal data were 

obtained on the large occurrence of crystalline steenstrupine 

from the veins at Tunugdliarfik (Illmaussaq). For this mineral, 

with a rhombohedral lattice (a = 10.46A, c = 44.99Å, space group 
- 3 

R 3 2/m) and observed density varying between ~ 3.15-3.35 g/cm 
an average formula 

Na3.4H7.0Ca ^ e ^ l . S ^ l J ^ O . ^ O . l ^ O . l ' 

( T h 0 . 5 U 0 . 0 5 ) t S i 1 2 ° 3 6 ] [ ( P 4 . 6 S i 1 . 4 ) 0 2 4 ] 

(F,OH). ~ 14.5 H20 was der ived , 

based on I (P+Si) = 18.0 , with l a rge v a r i a t i o n s in the Na/H and 
P/Si r a t i o s (aver, t o t a l 4.6 P/13.4 S i ) . 

The p resen t , mainly metamict or weakly a l t e r e d ma te r i a l en la rges 
the spectrum of known compositions and mutual rep lacements . 
However, the s t a t i s t i c a l s tud ie s show t h a t i t r e p r e s e n t s one, 
broadly isoirorphous mineral s p e c i e s . Only the above, highly 
protonated s t eens t rup ine can be considered a s p e c i a l v a r i e t y . 

The average ca t ion composition of a l l analyzed s t e e n s t r u p i n e s 

(types A, B, C) i s 

N a 6 . 7 C a i . o < l æ E + Y > 5 . 8 ( T h ' U ) 0 . 5 

(Mn1.6Fe1.8Zr0.3Ti0.1A10.2) ^ U . l * ^ 

where the composition limits observed are: 
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Na0.6-12.9Ca0.5-1.5REE4.6-4.8(Th'U)0.0-0.8 

(Mn0.7-2.4FeO.5-2.9Zr0.1-0.6Tl0.O-0.3A10.0-0.5) 

(Sl9.2-16.2P1.8-8.9)Z18.0 

No information on water, OH or H or F contents can be obtained 

for the A, B and the majority of C steenstrupines. Part of the 

variation is due to experimental problems connected with 

multiple measurements taken on the same, often inhomogeneous 

(zoned) grains which can be fairly easily decomposed by the 

electron beam. This places some limitations on the derivation 

of crystal chemical substitutions in steenstrupine. The fol

lowing coupled substitutions can be considered active, with 

very variable intensity, in steenstrupines from various lo

calities: 

Si4+
 + Fe

3+ t P5+ + Mn2+ 

Ca2+ + (Th,U)4+ 2 2 REE3+ 

Si 4 + + Th4+ 2 P 5 + + (REE, Me) 3 + 

Si 4 + + Ti 4 + t P5+
 + Me3+ 

Further substitutions involving Na are undoubtedly present but 

they are camouflaged by the large variations in Na due to the 

extensive mutual Na <- H substitution, kinetically obviously 

easy in both directions. Similarly, large residual variances 

of Si, Ca, REE and Th suggest substitutions involving the non-

analysable H component, of the type 

4+ + -»• 5+ Si + H -<- F + vacancy. 

The bulk of the material displays negative correlation between 

Si and Ce which presumably is caused by changing sizes of 

coordination polyhedra during substitutions. Th and Y might 

play an ambiguous and changing structural role, on one hand 
2+ occupying (partly with Ca ) th< 

hand occupying the Zr position. 

2+ occupying (partly with Ca ) the REE positions, on the other 
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Variations in chemical composition of steenstrupine of different 

genetic types, petrological and hydration categories as well as 

of distinct mineral alteration types are small. 

From the A to the C types, the concentrations of Th, Mn and 

Zr increase somewhat whereas those of Al and Y decrease. Among 

the rock types, steenstrupine from arfvedsonite lujavrites 

chemically does net differ from that from naujakasite lujavrites. 

Higher Na contents prevail (averages 7.5-9.8 Na/cell) in the 

rocks. Only in the veins was found the low-Na, highly protonated 

steenstrupine. Variations in Ca and some other elements in 

the vein material are more restricted than in the rocks, although 

averages differ little. Rock hydration does not appear to in

fluence substantially the cation chemistry of steenstrupines 

except for some decrease in the Th, Na and Al values. The first 

stages of steenstrupine alteration are nearly isochemical; only 

in intensely altered steenstrupine does the content of Mn, Na 

and Al decrease. Concentration ranges show increasing dif-

ferentation of material on alteration. 

In the zoned steenstrupines both the occurrences with the in

creasing and the decreasing Si/P ratio from the crystal center 

to the rim were observed. As a rule, the Th and U content 

decreases towards the rim, continuously or as sharply delineated 

zones. In numerous cases several high Th, U (= altered) zones 

alternating with low Th, U (= metamict) zones were found. 

The red steenstrupine-like mineral (cf. Buchwald and Sørensen 

1961) partly represents metamict steenstrupine and partly a 

separate, anisotropic to metamict phase rich in REE, Ca, Fe, 

Al, Ti and Th with only minimal Na contents. 

The REE fractionation plot of steenstrupine shows its strong 

preference for La and the light rare earths. The majority of 

analysed steenstrupine is highly La-selective. Two samples, 

however, were found with broader concentration maxima of light 

REE. These occurrences may represent less REE-differentiated 

recks (cf. whole-rock spectra by Bailey et al. 1978). Steen

strupine appears to play an important role in the final (i.e. 
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lujavrite-stage) differentation of REE in the Tllmaussaq in

trusion. No preferred accumulation of Y in steenstrupine was 

observed. 

7.4. Uranium Recovery 

After some unsuccesful experimenting with acid leaching and 

sulphatizing roasting (Gamborg-Hansen 1977), carbonate leaching 

of the ore under oxidizing conditions at 260°C was found to 

give the highest uranium yield. Both oven-heated autoclaves and 

continuous, pipe-like arrangements were tried. For the pre

cipitation of U0? from the uranyl-containing liquor, hydrogen 

was used in the presence of a catalyst. The major problem of 

environmental pollution is presented by the fluorides released 

by the dissolution of villaumite, NaF. 

After the basic technology of leaching had been established, 

a standard testing programme was set up in mini-autoclaves in 

order to process all the studied drill core samples. 14 grammes 

of samples ground to 99% minus 71 p were mixed with 14 ml of the 

12% solution of NaHCO, plus 2% Na-CO.,. 1 ml of 30% H_02 was 

added and the bomb was heated at 260 C in a rotating rack for 

30 minutes. 

The average yield lies between 91 and 63%. It decreases ap

preciably from the metamict towards highly altered steenstrupine 

types. In the strongly hydrated rocks the latter trend is less 

clear because the yields are substantially lowered by hydration. 

The rocks with monazite and eudialyte (mostly arfvedsonite 

lujavrites) represent a special group with very low recoveries 

(average 42%). Otherwise the recovery values for irdividual 

rock types do not significantly differ from each other, each 

type displaying a fairly large spread of values. Similarly, the 

recovery values do not depend on the total U content in the 

rock. The bulk of the data is broadly concentrated around 350 

ppm U in the rock, yielding uniformly all recovery values 

between 50 and 100%. 
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The above relationships result in certain regional variations of 

U yield throughout the Kvanefjeld area. On the general back

ground of good to moderate contents and recoveries, two distinct 

areas of low recovery exist: 

1) the north-western margin of the Kvanefjeld ore field 

(comprising 5 blocks) with distinctly low U contents and 

yield percentages. A layer of lujavrite with these pro

perties extends inwards and also northwards of this stripe. 

These rocks contain only monazite and eudialyte or also 

intensely altered steenstrupine. 

2) in the center of the "mine area" an E-W strip extending 

over 8-10 blocks. Although the U contents are not distinctly 

lower than in the surrounding blocks, the yield values con

centrate around the values of 50-60%. These rocks are 

strongly hydrated and most of them are MCG lujavrites. They 

contain altered or zoned steenstrupines of the A or B types. 

7.5. General conclusions and proposals 

Several general conclusions and proposals for further research 

can be drawn from our work: 

1) Due to the new, extended data the emphasis has been shifted 

from the MCG lujavrites and associated altered rocks as the 

principal U ore (with B steenstrupine) to the other 

lujavrite types with the magmatic steenstrupine A. Similarly, 

the new drill holes show that the alkaline alteration of 

lavas is of regional importance and it is not bound to the 

presence of nearby MCG lujavrite bodies. 

2) Although in many areas a rather homogeneous steenstrupine 

of reasonably uniform size represents the principal 

component of the ore, the potential ore dressing will be 

complicated in the areas (primarily) with zoned steen

strupine which also have large amounts of fine-grained 

disseminated steenstrupine in the rock. This association 

suggests special events taking place in the crystallization 

processes producing steenstrupine and the associated as-
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semblage of rock-forming minerals. SOM coepl icat ions in 
ore dressing wi l l be encountered with the assoc iat ions con
taining the B and Ad steenstrupine v a r i e t i e s as well as 
with those which contain other, special U-bearing r.inerals. 

3) The degree of a l terat ion of steenstrupine i s not a function 
of the rock type for the three principal rock types bearing 
steenstrupine A. 

4) Intensity of a l terat ion of steenstrupine i s net a function 
of the intensi ty of the pervading hydration of the studied 
rocks. Thus, completely altered steenstrupine or v ice versa, 
metamict steenstrupine, occurs equally frequently in a l l 
hydration categor ies . 

5) The degree of metaraictization and a l terat ion of s t een
strupine i s connected with the concentration of radioactive 
elements in i t . However, there are not cotreson concentration 
threshholds which would automatically cause certain degrees 
of a l t era t ion . In general, the a l terat ion processes in the 
B (and C) steenstrupine appear to take place at higher L" 
and Th values than in steenstrup*ne A. 

6) Among the factors causing crys ta l l i za t ion of steenstrupine 
a marked rele must be played by the very high concentrations 
of Na in the parent f l u i d s . Although i t has been found to 
survive, in a crys ta l l ine form, an almost complete re 
placement of Ma by H , the case should be considered 
rather exceptional. Experiments by M. Makovicky, Konnerup-
Madsen and Rose-Hansen (unpublished) demonstrate that a 
variety of hydrothermal solutions wil l decompose s teen
strupine and cause formation of monazite. Such processes 
probably had a dec i s ive role along the NW nargin of the 
intrusion, giving a low-uranium zone with monazite pseudc-
morphs after (presumably) steenstrupine. Monazite i s 
refractory to leaching, giving very low yie lds of uranium. 
The ent ire zone (blocks 62,64,66,67,68) should be omitted 
from resource ca lcu la t ion . 

7) The s t a t i s t i c a l estimates of the dependence of the averages 
and ranges of U y ie ld on rock hydration and on stcenstrupine 
a l terat ion can be used to predict the expected y ie ld values 
from the petrology and mineralogy of the ore . 
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Because of the limited time, no detailed mineralogical (i.e. 

electron microscope and diffraction) studies of the fine

grained (microcrystalline) alteration products of steen-

strupine was undertaken. However, one must assume that the 

alteration products were formed at temperatures which were 

much closer to those of industrial leaching than the 

formation temperatures of parent steenstrupine. Thus, they 

will be more stable and more resistant to leaching than the 

metamict steenstrupine and will give lower yields. 

At this state of knowledge it is not possible to explain 

unambiguously the strong dependence of the uranium recovery 

on the rock hydration. As a working hypothesis it is 

assumed that the U-bearing phases in the hydrated rocks, 

including the metamict steenstrupine, have already partly 

adjusted to the pervading hydrothermal fluids and they 

became mere stable to the industrial leaching applied. This 

hypothesis, however, leaves aside the possible reactions of 

the hydrated, Na-containing rock-forming minerals during 

the industrial leaching of crushed rocks. 

The low-recovery area in the "mine area1' is apparently 

caused by the intense rock hydration in the "mine" region. 

Its position does not allow it to be excluded from mining 

operations. 

8) The following practical problems appear to be relevant to 

potential future research in which the principal author 

would eminently like to continue: 

a) the fine-scale mineralogical study of the fine-grained 

alteration products of steenstrupine, which represent a 

very important portion of the ore; 

b) the study of the processes taking place when the hydrated 

steenstrupine-containing rocks are being leached, and 

possible modifications of the method to counteract the 

unfavourable phenomena; 

c) more detailed investigations of the fate of the other 

important components of the ore (Th, P, REE, Zr) during 

the uranium leaching processes; 
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d) possible modifications of the leaching processes, or 

experimenting with other leaching agents in order to 

ameliorate the results of b) and of c), respectively as 

well as those from monazite-rich rocks; 

e) detailed investigation of concurrent or secondary U-Th 

minerals in the ore which sometimes carry a substantial 

part of U in the rock; 

f) ore beneficiation studies based on the knowledge comoiled 

in this report. 
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Bh Rock type Depth (•) U (ppm) Th (ppm) 

23 ftCn lujavrite 

24 naujakasite lujavrite 

25 MCG lujavrite 
naujakasite lujavrite 

26 S CG lujavrite 

27 arf veisor-i te lujavrite 
KCG lujavrite 

28 naujakasite lujavrite 

29 VCr. lujavrite 
arfvedsonite lujavrite 

30 !"CG lujavrite 
arf vedsor.i te lujavrite 

JT MC" lujavrite 

arfvedsonite lujavrite 

3? arfvedsonite lujavrite 

33 deformed lava 
naujakasite lujavrite 

37 arfvedsonite lujavrite 
FC" lujavrite 

39 arf vedsor.i te lujavrite 
naujakasite lujavrite 

42 deformed lava 
naujakasite lujavrite 

43 arfvedsonite lujavrite 
naujakasite lujavrite 

Extraordinary 3am;les: 

2 arfvedsonite lujavrite 

18 analcime s teenstrupine 
in MCC lujavrite 

33 nsu jai'.e-nau jakasi te-
lujavrite contact 

37. 

74, 

10, 

78, 

.40 

. * 5 

.05 

.35 

20.00 

29.00 
67.20 

90.70 

15.00 
29.35 

47.05 
2.50 

62.00 
90.00 

12.20 

43. 
60, 

370 
36, 

140, 
q 1 ( 

30, 
fia, 

179 
'05, 

.00 

.25 

.00 

.'5 

.00 

.00 

.95 

.50 

.20 

69.15 

79.65 

66.60 

195 

334 

253 
359 

367 

666 
284 

243 

440 

20 8 
414 

515 

289 
343 

227 
432 

303 
455 

8b9 

1.661 

1.358 

519 

603 

742 
484 

471 

1 987 
1 079 

369 

253 
790 

336 
499 

241 
298 

544 
2 639 

937 
893 

457 
749 

1 4 20 

880 
1 365 

3 065 

739 
857 

675 
733 

594 
677 

3 389 

6 242 

4 530 

northern area 

70 '.egirine lujavrite 3.85 
najjakasite lujavrite 26,80 
arfvedsonite lujavrite 161.00 

69 arfvedsonite lujavrite 11.05 
arfvedsonite lujavrite 117.00 

68 arfvedsonite lujavrite 74.00 

67 arfvedsonite lujavrite 83.00 
arfvedsonite lujavrite 189.70 

6 6 arfvedsonite lujavrite 87.55 
arfvedsonite lujavrite 175.40 

399 
332 
341 

382 
'89 

158 
136 

126 
1 28 

1 920 
1 120 
384 

742 
91 

95 

94 
78 

185 
1'5 
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Bh Rock type Depth (m) U (ppm) Th (ppm) 

65 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

50 

49 

48 

46 

arfvedsonite lujavrite 51.i° 
arfvedsonite lujavrite 187.50 

comb, arfved. + aegirine 
luiavrite 29.85 
arfvedsonite lujavrite 105.65 

naujakasite lujavrite 135.30 

arfvedsonite lujavrite 67.85 
arfvedsonite lujavrite 165.90 

deformed lava 22.30 
naujakasile lujavrite 77.00 
arfvedsonite lujavrite 127.85 

naujakasite lujavrite 109.00 
arfvedsonite lujavrite 147.70 

arfvedsonite lujavrite 3.20 
arfvedsonite luiavrite 61.85 
arfvedsonite lujavrite 143.00 

arfvedsonite lujavrite 93.10 

arfvedsonite lujavrite 
arfvedsonite lujavrite 

naujakasite lujavrite 
naujakasite luj vrite 

arfvedsonite lujavrite 
arfvedsonite lujavrite 

lava 
deformed lava 
aegirine lujavrite 

arfvedsonite lujavrite 
arfvedsonite lujavrite 

naujakasite lujavrite 
arfvedsonite lujavrite 

naujakasite lujavrite 163.00 

arfvedsonite lujavrite 59.00 
naujakasite lujavrite 73.85 
arfvedsonite lujavrite 157.75 

109, 
'79, 

13. 
157. 

19. 
155. 

5. 
39. 
57 

31 
63 

71 
139 

.90 

.90 

,00 
,00 

.40 

.35 

.75 

.85 

.00 

.85 

.00 

.30 

.35 

361 
180 

H 5 
230 

294 

427 

450 

263 
153 
167 

592 
92 

161 
209 

710 

339 
183 

333 
413 
344 

474 
373 

403 
202 
148 

165 
166 

973 
1 320 
1 490 

1 470 
1 040 

1 U O 
178 
88 

963 

360 
210 

268 
297 

103 
151 

369 
278 
232 

311 
318 

228 
284 

577 
97 

764 
504 

633 
82 

631 
618 

1 080 

711 
478 

712 
355 

1 140 

666 
642 
259 
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Table ? 

Rock saaples wi»h (relatively) heturcsteus distribution of fin« 

to irdiui grained radioactive Binerals 

No. concentrat ion type -if rock 

27/29-00 

•»8/79.65 

4 /107 .00 

5/128.45 

7 / H 2 . 2 0 

48 /163 .00 

1/170.00 

56/157.00 

39 /81 .00 

16/52.00 

56/13.00 

59 /3 .20 

50/31 .85 

22 /120.00 

4 6 / 1 5 7 . 7 5 

5/121.30 

6 0 / 1 0 9 . 1 5 

5 4 / 3 9 . 8 5 

3 / 6 8 . 6 5 

4 9 / , 3 9 . 3 5 

14/100.05 

6 0 / ^ 4 7 . ^ 5 

58 /93 .10 

55 /19 .40 

6 3 / 1 3 5 . 0 0 

3/69.15 

70 /161 .00 

49 /71 .30 

2 0 / 6 3 . 3 5 

2 5 / 7 8 . 3 5 

• e d i u a 

hi«rh 

a e d i u a t o hijrh 

low 

B e d i u a 

low 

low 

iow to a e d i u a 

low 

low t o ned i-a« 

•ediurn 

• e d i u a 

low 

a e d i u a 

low 

a e d i u a 

medium t i h i * h 

»ed 11m 

i f t i t i n 

low 

xedium 

low 

low 

low 

medium 

a e d i u a 

low 

medium 

medium 

cedium 

*r f »edsoff i t e I a , ; « » n t * 

S?» I - j ; * » r i t e 

' a a a l e i a e 9 t « * n s t r i r i n » » e i r . ' 

»r f »eds- in i t e l u j * » r i t e 

n n u ^ a k a s i t e l u j s » r i t e 

na- j jakas i t e l - j j a v r i t e 

n a s j a k a s i t e l u j * » r i t e 

a r f T i d s c n i t e l a . i n e r i t e 

nau. '^kasi t e I - j / a e r i t» 

na-i j e k ^ s i t e I ' l . - m r i t * 

» r f v e d s o r i t e I u j * » r - . t e 

n * - i j « k ^ 9 i t e i i j % » r ; t e 

a r f v e d s o n i t e I u . ' » » r i t e 

a r f » e d s o n i t e I - j . -nvr i te 

*rf»eds-»ni t e l - j . -arri 1» 

a r f v e d s o n i t e l-j^nTri t e 

i r fTeds -T i i t e l ' j ^ n w r i t e 

na-j.'akasi t e l a ; i » r i t e 

d e f o r a e d !•»»•> 

p.-i-i.i«iti»i t« I - i . - avr i t e 

*r fved . inn i t» 1- i jnfr: ' .« 

*r fveds^r i i t e l u . ' i w r i t e 

x r f v e d m n i t e lu . ! ivr i tr> 

arf ved. ioni t e l u / n v r i l e 

a r f T e d s i n i t e lu .*«.vri te 

n» i j a k a s i t e l u j a v r i t e 

n v j j a k a a i t e h i j w r i t e 

a r f » e d » o n i t e l u . i n w r i t e 

m^i jukas i t e ' . u j n » r i t e 

a r f » e d n o n i t e l u j u v r i t « 

nn'i.iakasi t e l u . i a v r i t e 



• o. concentration 

6 5 / 5 1 - -"O 

5 4 / 5 - 7 5 

69 /* ' ! . 05 

4 2 / 3 0 . 0 0 

3 3 / 6 0 . 3 5 

' 7 / 6 2 . 0 0 

6 / 7 2 . » 5 

4 3 / , 0 5 . 2 0 

4 3 / ' 7 9 - 5 0 

5 0 / 6 3 . 0 0 

6 1 / - 2 7 . 0 0 

6 * / 7 7 . 0 0 

7 0 / 3 . ^ 5 

7 0 / 2 6 . 8 0 

32/ " 2 . 2 0 

low 

low 

low 

aediuB 

hi«rh 

aediuB - low 

aediuB 

a e d i u a 

low 

a e d i u a 

low to Bediua 

a e d i u a 

a e d i u o 

low to a e d i u a 

low 
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tyre of rock 

arfvedsonite lujavrite 

"lava" 

arfvedsonite lujavrite 

deforaed lava 

naujakasite lujavrite 

deforaed lava 

deforaed lava 

naujakasite lujavrite 

arfvedsonite lujavrite 

arfvedsonite lujavrite 

arfvedsonite lujavrite 

naujakasite lujavrite 

ae^irine lujavrite 

naujakasite lujavrite 

arfvedsonite lujavrite 



- 144 -

Hock samples containing veins or layers of medium to fine grained 

radioactive minerals 

No. concentration type of rock 

18/8.55 

6i/2?.00 

13/80.10 

30/12.50 

6/44.90 

21/59.55 

10/71.75 

46/73.85 

15/22.05 

46/59.00 

28/90.70 

62/67.85 

57/179.00 

59/61.85 

66/87.55 

12/134.00 

med: Lum 

medium 

med i 

lo« 

low 

low 

Lum 

medium 

low 

low 

low 

to medium 

medium 

low 

low 

low 

low 

low 

deformed lava 

deformed lava 

deformed lava 

arfvedsonite lujavrite 

deformed lava 

MCC lujavrite 

arfvedsonite lujavrite 

naujakasite lujavrite 

deformed lava 

arfvedsonite lujavrite 

naujakasite lujavrite 

arfvedsonite lujavrite 

arfvedsonite lujavrite 

arfvedsonite lujavrite 

arfvedsonite lujavrite 

arfvedsonite lujavrite 
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Table 4 

Reck samples containing patches or nests of medium to coarse 

grained radioactive minerals 

No. concentration type of rock 

9/26.00 medium MCC lujavrite 

9/66.65 low arfvedsonite lujavrite 

54/57.00 medium aegirin lujavrite 

17/111.10 medium to high arfvedsonite lujavrite 

24/74.15 medium naujakasite lujavrite 

23/37.55 low MCC lujavrite 

31/90.60 mediua arfvedsonite lujavrite 

42/89.95 medium naujakaaite lujavrite 

11/134.90 medium naujakasite lujavrite 

16/73.90 high MCC lujavrite 

33/66.60 high naujakasite lujavrite-contact 
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Tamt •) 

Sock samples with large scattered grains of radioactive minerals 

No. concentration type of rock 

3 3 / 4 8 . 0 0 

2 6 / 2 0 . 0 0 

1 8 / 3 2 . 6 5 

2 7 / 6 7 . 2 0 

2 9 / 1 5 . 0 0 

1 / 9 1 . 4 0 

2 5 / 1 0 . 0 5 

1 5 / 4 2 . 0 0 

2 9 / 2 9 . 3 5 

5 7 / 1 0 9 . 0 0 

3 7 / 3 6 . 0 0 

2 2 / 1 0 . 2 0 

3 0 / 4 7 . 0 5 

9 / 4 5 . 3 0 

3 7 / 3 7 0 . 0 0 

2 / 6 9 . 1 5 

2 0 / 2 0 . 1 0 

v e r y low 

medium 

medium t o 

low 

h i g h 

low 

h i g h 

medium 

medium 

low 

h i g h 

h i g h 

medium 

mei ium 

1 ow 

h i p h 

medium 

h i g h 

def. 

HCG 

no 

MCC 

HCC 

HCG 

no 

ncr. 

arf< 

a r f ' 

no 

HCS 

no, 

MCG 

arf-

arf< 

no 

i r o e d l a v a 

l u j a v r i t e 

l u j a v r i t e 

l u j a v r i t e 

l u j a v r i t e 

l u j a " r i t e 

l u j a v r i t e 

l u j a v r i t e 

i r e d s o n i t e l u j a v r i t e 

i r e d s o n i t e l u j a v r i t e 

l u j a v r i t e 

l u j a v r i t e 

l u j a v r i t e 

l u j a v r i t e 

i r e d s o n i t e l u j a v r i t e 

i r e d n o n i t e l u j a v r i t e 

l u j a v r i t e 
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Table 6 

Ric\c sairl*.? which » t r u r "barrer." c» ».-. t-?rii i \ - r i rhs 

So. concentrat ion t y r ' ' f ncic 

64 / 29 .85 

2 /49 .80 

55/*'55.25 

5 9 / , 4 3 . 0 0 

67/83.00 

62/165.«5 

•51/62.O0 

64 / -05 .65 

69/"<7.05 

i 9 / ' 0 0 . 3 0 

68/74.00 

65 / 'S7 .50 

i r f v t i r i r . i t e l u j a v r i t e 

•Jeforaert lava 

s r f T e i s m i t e l u j a v r i t e 

nrfyetscr . i te 1-jjavrite 

arf we»isor.i t e I a ; a » r i t e 

arf»"!iroBite lu . ;*vrite 

*C1 i u ; » v r i t * 

nrfve-'.noni t e l u j a v r i t e 

a r f v t i s - m i t » l u j a v r i t e 

naijalcasi te lu j*»vri te 

» r f r e l s '»ni t e i u - a v r i t e 

arf ve^.ioni t e l u j a v r i t e 
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Sampl* 
nuaber 

Rock name Main felsic minerals Main lafie 
original hydra t.prod. minerals 

Ty pp of s teens t ru pin« 
crystal site alteration 
4 type 

Access. ain. 

70-26.85 Nuajakasite Naujak.site (Analcime) Arfvedsonite Ad 
lujavrite Nepheline (Kat ro lite) 

Albite 
Microcline 

extremely 
altered 

Aegiri ne 
lujavri te 

Mi erocline 
Albite 
(Nepheline) 

An«leime Aegi ri ne •itrei«ly 
altered 

Ni t r o H te 
Ne ntu ni te 

54-57.00 Aegirine 
lujavrite 

Albite 
Mi crocli ne 
Nepheline 

Aegiri ne eitremely 
altered 

Vitusite 
Na tro 1 i te 
Neptuni te 

54-39.85 Deformed Microcline CAnalcime) Aegirine Ad 
lava Albite 

»itremely 

altered 

M i ca 

19- 100.30 Naujakaait« Naujakaaite fAnaleime) An*vedaonite Be 
lujavrite Albite (Uasingite) 

3 9 - M . O O Arfvedsonite Nepheline 
lujavrite albite 

aodali te 

Analcime Arfvedaonite Aa, b 
(Aegirine) 

Eudialyte 
Neptuni te 

• etavlet Neptuni te 
few altered Lovoiserite 

Vitusite 

9-66.65 Arfvedsonite Nephelin* Analcime 
lujavrite Microcline 

Arfvedsonite Ba 
(Aegirine) Ad 

•etmålet 
•ztremely 
»ltered 

Nepturi te 
Natrolite 

33-4^.00 Deformed 
lava 

Microcline Natrolite 
albite (Analcime) 

Arfvedsonite Ab Neptuni te 
Aegiri ne 
S o d a 1 i t e 

6 9 - ^ . 0 5 ArfTedsonlte Nepheline 
lujavrite Albite 

Eudialyte 

Analcime Arfvedaoni te 
Aegirine-
acmi te 

Natrolite 
Monas i te 
Neptuni te 

6 7 - 1 8 9 . 7 0 A r f v e d s o n i t e N e p h e l i n e A n a l c i m e A r f v e d s o n i t e 
l u j a v r i t e M i c r o c . A l b i t e ( A e g i r i n e ) 

E u d i a l y t e 

S o d a l i t e . Vi t u a i t e 
E r i k s i t r . N e p t u n i t e 



Staple 
nuabtr 

Rock aaae Main felaic ainerale 
original hydrat.prod. 

H«in aafic 
ainerala 

Type of ateenetrupine 
crjittl sit* alteratic 

Acceaa, ain. 

* tJP» 

21-59.55 NCS lujarrite Nepheline Anslciee Arfvedsonlte Be 
Wicroeline (natrolite) Aepirino 

??-'?O.?0 Arfvedaonite Nepheline 
lujavrite Albite 

Hi c r o e l i n « 

Arfvedaoni te Aa, b, d 
Aefri ri ne 

a l t e r e d S o d a l l t e , E u d i a l y t e 
N a t r o l i t e 

a e t a a i c t S o d a l i t e , ftonaaite 
p a r t l y a l t e r . N a t r o l i t e , E r l k a i t * 
to u t r , a l t . 

69-117.05 Arfvedsonlte lepheline Analelae 
lujevrite Albite 

Arfvedaonite Ad 
Aegirlne 

highly Xonaaite 
altered 

Arfvedaonite 'Jet-rieUne 
lujavrite Albite 

Sodalite 

Anelciae Arfvedaonite Ac altered Nonailte 
toned 

-170.00 Arfvedeonits Sephchn« 
lujevrite Sodalite 

Albite 

Analeiae Arfvedaonite Aa.b eeteaict 
altered 

Mica 

O 

70-161.0 Arfvedaonite Albite 

lujevrite -<e?heline 
Hicrocline 

Natrolite Arfvtdeonite Oaa infita 
Vituaita 
Eudielyte 

49-71.70 Naujakaalte Raujakaaite Analciae 
lujavrite NepheUne (Natrolite) 

Albite 
Sodali te 

Ac,d aoned 
aitreaely 
altered 

Uaainfc i te 
Li-Mica 
.' 'i r. <: r i r, \ '. 

45- Ci.O Naujakaaite Naujakaaite Analciae 
lujevrite Nicroeline 

eztreaely 
altered 

58-97.10 Arfvedaonite N»:heline A 
lujaerite Naujakaalte 

Albite 

Arfvedeonite Aa.b •etaaiet 
.ltered 

Uaainfi te 
Mica 



Table 7b 

MEDIUM HYDRATED ROCKS 

Saaple Rock n a i e 
n u a b - r 

Main fe lsic sinerals 
original hydra t,prod. 

Wain » a f i c Type of S t e e n s t r u p i n e 
m i n e r a l s c ry s t a l s i ise a l t e r a t i o n 

* type 

Acces«, sin. 

29-29.35 Arfvedsonite Albite Analein 
lujavrite Mie ro cl in •» 

Arfvedsonite Ab, c 
(Aejfirine) 

altered,loned Nefeline 
• altered Mica. Neptunite 

66-^75.45 Arfvedsonite Microcline Analciae 
lujavrite Albite 

Kepheline 

Arfvedsonite Ad 
fAe^irine) 

eitreaely 
altered 

Fudialyt« 
Monas i te 

62-165.90 Arfvedsonite Albite Analciae Arfvedaonlte none 
lujavrite Nepheline (Natroltte) (Aegirine) 

(Eudialyte) 

Neptun i te 
Mona«ite 
Vitusite 

62-67.95 Arfvedsonite Microcline Analclae Aegirine 

lujavrite (Nepheline) (Natrolitc) 
Eudialyte 

So^alite 
Arfvedsoni te 
Nep tuni te 

65-187.65 Arfvedsonite Albite 
lujavrite Eudialyte 

Sodali te 

Analciae Arfvedsonite none Vi tusite 

46-73.S5 Arfvedsonite Mepheline 
lujavrite Albite 

Analcime 
Aegirine 

Arfvedsoni te 
Aejirine 

altered toned Erikite 
Natrolit« 

^5-155-35 Arfvedsonite Albite 
lujavrite Mepheline 

Eudialyte 

Analclae Arfvedsonite none 
(Hatrollte) 

Sodalite 
Aegi rine 
Mona cite 

'34.90 Naujakasite Nepheline Analciae 
lujavrite Naujakasi te 

(Albite) 

Arfvedsonite Aa( b 
Aeffirine-
acalte 

aetaaict EuHialyte 
•trfini 
altered core 

43-179.50 Arfvedsonite Nepheline Analciae Arfvedsonite Ab 
lujavrite Sodalite (Natrolite) Aegirine 

Albite, Monnzite 
Neptuni te 
Eudialyte 



Sample Hock nai« Main felaic ainerals Main •afic Type of ateenatrupine Access »in, 
nuiber original hydrat. prod. ainerala crystal sise alteration 

4 type 

13-80.10 Deforaed Microcline Analciae Arfvedaonlte Ad 
lava Naphelin« 

• x treaelv Mica, Eudialyt« 
altered Neptunite 

Aegirine 

*2-i}4,0 Arfvadsonite Mepheline Analciae Arfvadaonite Ab 
lujavrite Albite Aegirlne-

Eudialyte aciit« 

rod« lit« 
Mica 

46-157.75 Arfvedaonite Nepheline Analciae Arfvedaonite Ad 
lujavrite Albite 

eitrtaelv V itusite 
altered Natrolite 

59-cl* .00 Nau;akasite Naujakssite Analciae Ae*irine- none 
l'j;5vrit« Nepheline acnite 

Albite 

Ve r tus i * *> 
N H * n 1 i •. « 

K u1 i ft lyt* 

,?fl-90. "?0 N a u ^ a k a a i t e Ns'ijakaaite A n a l c i m e A r f v e d a n n i t e A a , c 

l u j s v r i t f N e p h e l i n e 

A I M te 

toned 
attaiict + 
altered parts 

16-5."*. 00 A r f v e d s o n i te A l M t e A n a l c i m e ( Arf ved snni te ) Aa 
l u j a v r i t e ' X a t r o l i t e ) A e ? i r i n e -

acmi te 

a e t a a i c t f \ en 

7 7 - £ 0 . 3 5 Naijakaaite Nauiflkasi te Analcioe ArfveHaonite Ac 
lujavrite Wicrocline 

Albite 

altered ?.'«tn!i t» 
toned 

Arf*/*-is Arfv.^3-M'.p A i 

Neoheline 

6 0 - 1 4 7 . 7 0 Arfvedaoni te A l b i t e Ana lc iae Arfvedaoni te Ad 
l u j a v r i t e M»>ph*>Un#> 

H i c r o c l i n e 

e i t r e a e l y Mica 
a l t e r e d 

' - •^ .AS *• ''. l u j a v r i t a Mlcroe l ina N e t r o l i t e Arfvedaoni te 
N» : h p 1 i TIP 

3odali t« 

Kudialyte 
Erikite 
Neptun 1te 



Saaala Rock neae 
nuakar 

Main f e l a l e a t a e r a l a Main a a f l e 
orlej inal h y d r a t . p r o d , a t n a r a l a 

Type cf a t e e n a t r u a l n e A c e t a t , a i n , 
e r y a t a l e t e e a l t e r a t i o n 
* tyee 

S9-141 ArfTedeoa l te A l k l t a Aaa le laa ArfTedeoai te Ad 
l u j a v r l t a R i c r o e l l a e I t t r o l l l i A e i i r i n e 

e i t r e a e l y R e n a m e 
a l t e r e d 

5 7 - 1 9 . 4 0 Arfvedaoni te R i e r o c l l n e t m U l i i A r f v e d a e a l t e Ad 
A e f l r l t e 

e i t r e a e l y E r l k i t e 
a l t a r a d 

47-81 A r f a e d a e n i t e D i e r o c l U i Aaa le laa Arfvedaen i t e Ad 
I t O a v r i t e A l k l t a R e t r o l i t e A a f l r l a a 

Saph*\inm 

eitreaely Renaeite 
altarad 

16-71.»o *.": lujaarite N.pk« !in. Analelaa Arr*edeonl te Ao 
Ratrallta 

altarad 
(•eaed) 

41-77.0 Raujakaaite ««?h'h«i Ratrallta ArfTadaealta Ak,e,d 
lujaarite Alktta 

Raujakaalte 

leetreyie Riee 
al tered-ioned 
altarad 

7-49.B* Odvaleet Rieroallae Aaalelaa Arfeedeealte 
laaa eodeltte Ratrallta 

44-S9.00 NeiOakaatte Raujakaalte Analelaa 
lujavrlte Nterocllni 

Arftedoenlte Ae 

Rriktte 
l i n 
Reytuni ta 

»3-1M.00 »aujakaaita 
lujearite 

?7-?9.00 ArfaedeoaUe 
Iwjavri ta 

Alklta 
N« phe i i ni 

Alklta 
RlaroelIna 

Aaalelaa 

Aaalelaa 
Ratrallta 

Arfaedaealta 

Arfvedaealte 

Ad 

Aa,e 

eitreaely 
altarad 

aataaiet 
* altarad 

Ranailta 

Neitunlte 

• anad- K n l r i n 
e e a e l e t o l y 
altarad 

U1 

?0-*1.JS Arfaodeontte Alktta Analelaa 
lujavrlte "i»pKi-!ir.» Ratrallta 

Rlcroeliae 

ArrTadasnlta Ae,d altreaely 
altarad 

£0-109.00 Raujakaalte Reujakaatta Analelaa 
l u j a t n t e Alklta Ratrallta 

Rieraellaa 

Arfaedaoulte Aa,e aataat et V itua 11» 
altered-xuned 



Tabla 7c 

VERY I N T E N S E TO C O M P L E T E H Y D R A T I O N 

: ' n a p l e Rock na a e 
n u a b e r 

Main f e l s i c a i n e r a l a Main a a f i c 
o r i g i n a l h y d r a t . p r o d . a i n e r a l a 

Type of steenatrupine 
crystal size alteration 
* type 

Acceaa, »in. 

V - 9 0 . 0 0 Arfvedaonite Albite Analciae 
lujavrite (Eudialyte) Natrolit« 

Arfvedaonite Aa, b a e t a a i c t 

• altered 
Nep t u n i ta 
N e p h e l i ne 

1 5-2 2.05 Deformed Microcline Analciae 
liv* Nfttrolite 

A r f v e d a o n i t e Aa , b 
A e * i r i n e -
acai i t e 

• e t a i t c t 

* altered ftephelin* 
Se ptu n i t e 

13-79.60 Anfllcime-
steenatruoine 
vein 

Analcime 
N'a tro 1 i te 

Arfvedsonite Ba, b 

*5-4?.00 MCG lujavrite Microcline Natrolite 
' AP.« 1 c i a e ) 

A r f v e d a o n i t e B a , b 

Aeriarine-

a c a i t e ( i n 

felt) 

5 9 - 3 . 2 0 A r f v e d a o n i t e M i e r o c l i n e A n i l c i a e 

l u j a v r i t e N a t r o l i t e 

A rf ve i sor.i te Aa , b 

lu javri te 

Ae^i ri ne 

f r e a h a n i a o t N e p h e l i n e 
• l e t a n c t M i c r o c l i n e 

N e p t u n i t e , •'• e * i r i n e 

f r e s h a n i a o t ro^od a 1 i t e 
a e t a a i c t N e p h e l i n e , N e p t u n i t e 

F r i k i t i , Pi cm 

•etaaict 
• al tered 

Eudialyte 
V i tu s i te 
Nephe]i ne 

I 

M 

.C 

I 

6-7?.95 Arfvedaonite Albite Analcime 
lujavrite (Kepheline) Natrolite 

Naujakasite 

A "fved non i te Ae 
Ae^iri ne 

al tered 
soned 

Mica 
Vi t. u s i te 

7 - 6 8 . 6 5 N a u j a k a a i t e M i c r o c l i n e A n a l c i m e 

l u j a v r i t e N a u j a k a a i t e N a t r o l i t e 

A r f v e d s o n i t e A b , a 

(Aeffiri n e ) 

a a j o r i t y a l t . M i c a 

+ aetaaict Erikite 

1 7 - M * .10 Arfvedaonite (Kepheline) Analcime 
lujavrite Natrolit» 

Arfvedaonite Ab 

M - 1 0 Q . 0 5 Arfvedsonite Microcline Analcime Arfvedaonite Ab 
lujavrite Natrolite Aegirine 

Neptunite 
Vituslte,Nepheline 



Sanpie Pock name Main fel sic nineraIs Main mafic ™y pe of steenatrupine Accmaa. njn, 
number original hydrat.prod, minerals crystal siié alteration 

* type 

32-12.20 Arfvedsonite Albite Analcime Aegirlne Ad extremely Mica, Nep^unite 
lujavrite Microcline Natrolite {Arfvedsonite) altered yonazite.Hepheline 

4-107,00 Arfvedsonite Microcline Analcime Arfvedsonite Ac altered toned Mica 
lujavrite Natrolite Aegirine Bi, b metamict Rudialyte 

4 fresh aniaotffepheline 

'P-8.55 D#foraed Kicrocline Analeiia« Arfverlsonite Ac altered Kui i A ly • e . V i t-j n i te 
lava Natrolite toned '.'ertur. i*e,N*phelin*» 

24-74.15 Meujakaeite Maujakaalt* Batrolite Arfvedeonite Ad extremely 
lujavrite Microcline Analcime altered 

ålbite 

42-30.00 

64-29.85 

57-179.80 

64-105.65 

Deformed lava 

Aegirine 
lujavrite 

Arfvedaonite 
lujavrite 

Arfvedaonite 
lujavrite 

Albite 

Nierocline 

Albite 

Albite 

Analcime 
Natrolite 

Analcime 

Analcime 

Analcime 
Erikite 

Aegirine 
Arfvedaonite 

Aegirine 

Arfvedaonite 
Aegirine 

Arfvadaonite 
Aegirine 

Ad 

Ae,c 

extremely 
altered 

aetamiet 
• altered 

Neptunite 

Monti i te 

soned 

Monaii te 

6-44.90 Deformed lava Albite Analcime Arfvedaonite Ac,d ioned-altered Mica 
Microcline Watrolite completely Neptunite 

altered 

2-69.15 Arfvedaonite Albite Analcime Arfvedaonite Aa.c me tam ict Mica 
lujnvrite Hephelint coned-altered 



T a b l e 7d 

STHOBOLT HTDSATE3 HCC1C WITH ABUNDANT MIC30CLINE 

Saaple Rock naae Main felsic air.erala Main eafie Type nf ateenatru;ine Aectns, mir 
nuaber nririna] hydrat.f.rol, minerals crystal sine alteration 

* tyj. 

' H - - V . C 5 »en l u j a v r i t e B i : n : U r . o N a t - n U t f A - I 've ! n sr. i t • l a 
j r . M c M s e ) 

37-3-".1^ «CJ lu;»vrite Kis r-.iel ine Analcime Arfve 1 sir.i te »b, c 
Nat ro l i t e 

• e t a a i e t * i e a 

• e t a a i e t l e r ' u n i t e 
>• : te re • f o n i a l te 

3" -4" ' . 05 ">CS l u j a v r i ' . e K t s r o e l i n e A n a l e t a e A r f v e l . i f p.i te l i , • 
'Nat n i i t e 1 Ak 

" 3 - 7 •,"»«, » r f v e i . i a n t te f K l e r o e 1 i ne) A n a l s t a e A r f v e l a - i B i te A 
lu t a v r t te 

?t-?r>.?0 KC! l u ' a v r l t e W i c r o e l i n e A n a l c l a e A r T v e ^ e i a l te I b , • 
S a t r e l i t e 

• • t a s t e t • "•*: t ' in i te 
f r t e h a n l e e t , 

JllWrtJ 
i ene« f r e e d Net tur.t • 
• m e e t , « '.' i M K i •.< 
alteret 

• e t a a i e t 'iet t ' j tt i te 
• e l l e r e f » s r a t t t e 

?"-*•»,?"> » C . l ' j . ' a v r i t e M t e n c l t n e A n a l c l a e \r fve 4 > - a l t e aeae Ver, h l H t / I f | ' i r ! ' 
•: i * r i i 1 !» 

??.??,"> HCi l ' j . a r r l t e N i e n c l t n e N a t r M l t e A r f v e l a n a t t e I b , • 
' A n a l c l a e ) 

'}-':>.», Arfve-ta'ni te Me« riaaible Analclae Arfve t aont te Ak, 4 
lujavrtte t» r*c^«mae 

.»<>."•. 00 »" : lu.'avrlte Klcricltr.e Analclae 

• ••••tf I ''- - t.rl te 
• alleree •' « n ' < , A'.Mte 

altered te ' r u m 
• • t r e a e l y V r i n r i n 
• H e r e « » r a m t e 
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Tmble 7» 

RTDRATED ROCKS WITH USSISGITE 

Sample Rock name 
number 

Kain felsic minerals Hain mafic Type of ateenstrupine 
original hydrat.prod, minerals crystal si se alteration 

* type 

Access.ain. 

49-^39.35 Arfvedsonite Microcline Usainglte Arfvedsonite Ab 
lujavrite Hepheline (Analcime) 

altered Kica 
Natrolite 

?5-79.35 Naujakaaite Nepheline Analcime 
lujavrite Hicrocline Ussingite 

Naujakasite 

Arfvedsonite Ae altered Keptunite 

toned 

50-5?.95 Arfvedsonite Nepheline Analcime Arfveda o n ite Ab.c 
lujavrite Albite Uasingite 

Microcline 

altered Li »iea 
Katroltte 

57-* 09,95 Arfvedsonite Soda li te Uaaingi te Arfvedsonite Ae, b 
lujavrite Mepheline 

Albite 
Kicroc1ine 

•etmålet Vitusite 
+ altered Ol 

OD 

56-,57„0 Naujakaaite Nepheline Analcime Arfvedsonite Aa,b 
lujavrite Albite Ussinsite 

Sodali te 

netamict Vitusite 
al tered 

5 0-65,0 Arfvedsonite Albite Ussin^ite 
lujavrite Nepheline Natrolite 

Microcline 
Socialite 

Arfvedsoni te Kudimlyte 
Vitusite 

33-66.60 Steenstrupine Sodaiite 
v;in in Eudialyt« 
naujai te 

Natrolite Arfvedsonite Aa,o 
Aegirine 

metamic t 
al tered-
soned 

Kica 

''&-79.S5 Analcime- Analcime 
steenstrupine Mierocline 
vein 

fresh-
anisotropic, 
m e t a m i c t 

N e p t u n i t e 
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Table 6 a-c Correlation between the rock types, degree of hydration and type of 3teenstrupine 

in the examined drill core specinens. 

Type of a teenstrupine: 

Type of 

rock 3s. b 

Arfvedsoni te 

lujavri te 13 13 13 

Naujakasite 

lujavrite 

MCC 

lujavrite 

Deformed 

lava 

Aegirine 

lujavrite 

Decree of 
hydration Ad Ba Be 

Weakly 

hydrated 

Med iua 

hydrated 

Strongly 

hydrated 

tTssingi te 

Type of rock: 

Degree of 

hydration 

Arfvedaonite 

lujavritt 

Saujakasite 

lujavrite 

KCO 

lujavrite 

Deformed 

lava 

Aegirine 

lujavrite 

Weakly 13 

Strongly 13 14 

Usslcgite 
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Table 9 The analytical linea and aicroprobe standard« used 

for the ateenatrupine anal"^ea 

Eleaent Analytical Analytical Background Standard 
line wavelength position Mo. type 

Th 

S i 

P 

La 

Ce 

Pr 

Id 

Ha 

Ca 

Nn 

Pe 

Zr 

Ti 

Al 

T 

lib 

Ma 

Ka 

Ka 

La 

La 

LB 

La 

Ka 

Ka 

Ka 

Ka 

La, 

Ka 

Ka 

La 

La 

4.138Å 

7 . 1 1 1 

6 . 1 4 2 

2 . 6 6 0 

2 . 5 5 6 

2 . 2 5 4 

2 . 3 6 5 

1 1 . 8 8 5 

3 . 3 5 2 

2 . 0 9 8 

1 .932 

6 . 0 5 7 

2 . 7 4 3 

8 . 3 2 0 

6 . 4 3 6 

5 . 7 1 2 

4.05Å 

7 . 5 0 

6 . 0 0 

2 . 8 5 

2 . 7 0 , 2 . 4 8 

2 . 2 7 5 

2 . 3 3 5 , 2 . 3 9 5 

1 2 . 2 0 

3 . 2 4 

2 . 0 0 

2 . 0 0 

6 . 0 6 

2 . 7 1 

7 . 8 0 

6 . 5 5 

5.8C) 

-
104 

205 

-
C r i f f . 

317 

3 1 8 

131 

129 

506 

331 

500 

330 

329 

313 

504 

S y n t h . c o m p o s i t e 

N a t u r a l q u a r t z 

N a t u r a l a p a t i t e 

S y n t h . c o a p o s i t e 

1 - " -
_ n _ 

_ it _ 

N a t u r a l a l b i t e 

Natura l CaSiO, 

Pure a e t a l 

N a t u r a l F e 2 0 

Pure a e t a l 

T i 0 2 

Natura l * 1 2 0 , 

S y n t h , c o a p o s i t e 

Pure a e t a l 
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T«sl» 'O. hcruprobt » n*lys« of i t ttai irupii* *ntt 

NO CGU KO TH SI P LA CE PR MD NA 

50 b - 7 2 . 8 8 
51 6 - 7 2 . 8 8 
52 6 - 7 2 . 8 8 
53 6 - 7 2 . 8 e 
51 6 - 7 2 . 8 8 
55 6 - 7 2 . 8 8 
56 6 - 7 2 . 8 8 
57 6 - 7 2 . 8 8 
58 6 - 7 2 . 8 8 
59 6 - 7 2 . 8 8 
62 6 - 7 2 . 8 8 
63 6 - 7 2 . 8 8 
61 6 - 7 2 . 8 8 
65 6 - 7 2 . 8 8 
66 6 - 7 2 . 8 8 

3-5« 
1.14 
2 .»6 
2 . 0 2 
3 .11 
l . « 3 
1.18 
3 .74 
3 .0« 
2 .05 
1.73 
2 . 6 « 

.98 
1.03 
2 .85 

17.18 
13.15 
13.00 
13.86 
15.»3 
12.96 
13.27 
16.26 
13.26 
12.98 
12.83 
11.53 
13.25 
12.95 
14.23 

2 . 0 9 
4 . 9 8 
1.78 
4 . 5 0 
2 . 9 1 
5 . 1 6 
5 . 1 1 
2 .03 
1 .99 
5 . 2 0 
5 . 7 0 
6 .57 
5 . 1 ' 
5 . 4 2 
4 . 5 9 

7 . 3 2 
7 . 5 7 
7 . 1 7 
7 . 4 9 
7 . 4 2 
7 . 0 2 
7 . 3 6 
7 . 3 5 
9 -12 
6 . 7 2 
5 . 7 1 
8 . 0 1 
7 .58 
7 . 5 1 
7 . 6 3 

tO.63 
14 .89 
13 .45 
15 .44 
15 .16 
15 .92 
16 .09 
14 .82 
t : . 9 8 
12 .75 
16 .08 
16 .67 
16 .63 
1 4 . 2 1 
14 .03 

1.07 
t . 3 3 

.95 

.92 

.76 
1.3» 
1.16 

.98 

.76 
1.16 
1.03 
1.14 
1.05 
1.26 
l . t t 

3 . 9 8 
5 . 4 3 
3 . 4 4 
4 . 2 8 
3 . 4 1 
5 . 3 5 
5 . 3 4 
3 . 8 4 
3 . 4 8 
5 . 0 « 
5 . 2 9 
3 . 2 4 
5 . 5 6 
5 . 1 6 
4 . 1 7 

6 . 3 1 
6 . 1 7 
6 . 0 0 
5 . 9 2 
6 . 3 4 
5 . 3 5 
3 . ' 0 
4 . 2 2 
6 . 2 8 
5 . 8 5 
5 . 9 2 
7 . 4 6 
4 . 7 5 
5 . 7 4 
6 . 8 9 

198 
199 
200 
201 
202 
203 

9 - 6 6 . 6 5 
9 - 6 6 . 6 5 
9 - 6 6 . 6 5 
9 - 6 6 . 6 5 
9 - 6 6 . 6 5 
9 - 6 6 . 6 5 

2 .88 
3.72 
3.35 
3 .48 
4 .52 
3.63 

13.55 
14.21 
' 3 . 5 3 
14.19 
15.12 
' 3 . 9 0 

4 . 6 5 
3.87 
4 . 3 1 
4 . 1 1 
3 .34 
3.97 

8 . 9 7 
8 .T2 
9 . 1 6 
8 . 4 3 
8 . 1 0 
7 . 7 5 

13 .35 ' 
13 .83 ' 
13 .45 ' 
13 .22 
13 .10 ' 
13 .42 ' 

I . t 9 
1.16 
' . 3 0 
1.4« 
t . 2 9 
t . 3 2 

3 . 2 8 
3 . 5 6 
2 . 9 8 
3 . 8 0 
3 -65 
3 .76 

6 . 9 6 
8 . 4 9 
7 . 1 2 
7 . 6 9 
8 . 6 5 
7 . 8 2 

t7 
18 
22 
23 
24 
25 
32 
34 
35 

1 1 - 1 3 4 . 9 
1 1 - 1 3 4 . 9 
1 1 - 1 3 * . 9 
l t - t 3 » . 9 
1 1 - 1 3 4 . 9 
I I - 1 3 4 . 9 
t ' - ' 3 » . 9 
1 1 - 1 3 4 . 9 
1 1 - 1 3 4 . 9 

.9b 
4 .02 
2 .34 
2 .03 
2 .83 
4 . 2 4 
4 .00 
1.62 
3.15 

14. 13 
11.50 
12.82 
t 3 . 1 6 
11.99 
14.25 
13.50 
14.22 
8 .79 

4 .93 
5 .57 
4 .96 
4 . 8 5 
5 .68 
4 . t 8 
4 . 2 2 
4 . 8 7 
9 .37 

6 . 9 7 
8 . 0 6 
7 .35 
6 . 7 1 
7 . 5 7 
6 . 5 2 
7 . 8 5 
6 . 4 3 
7 . 1 3 

15 .57 ' 
12 .27 
1 7 . 5 9 
14 .08 ' 
14 .14 
11 .37 
11 .87 
14 .94 
1 4 . 2 1 

1.06 
.68 
.90 

t . 1 2 
.88 
.93 
.89 

1.00 
1 .0 ! 

5 . 0 3 
3 - 2 8 
4 . 8 1 
5 . 7 7 
3 . 5 8 
4 . 1 7 
3 . 7 2 
4 . 5 0 
4 . 5 8 

5 . 3 8 
6 . 3 3 
6 . 7 7 
5 . 6 9 
6 . 9 7 
5 . 5 2 
5 . 12 
3 .93 
6 . 3 7 

117 1 8 - 7 9 . 6 5 
118 1 8 - 7 9 . 6 5 
119 1 8 - 7 9 . 6 5 
120 1 8 - 7 9 . 6 5 
121 1 8 - 7 9 . 6 5 
122 1 8 - 7 9 . 6 5 
1 2 2 * 1 8 - 7 9 . 6 5 
123 1 8 - 7 9 . 6 5 
123 1 8 - 7 9 . 6 5 
124 1 8 - 7 9 . 6 5 
125 1 8 - 7 9 . 6 5 
126 1 8 - 7 9 . 6 5 
127 1 8 - 7 9 . 6 5 
128 1 8 - 7 9 . 6 5 

4 . 6 9 
3 .39 
4 . 6 1 
4 . 5 4 
4 .65 
3.77 
4 .82 
4 .32 
4 . 3 2 
4 . 3 1 
4 .65 
2 .93 
4 . 7 3 
4 . 2 6 

13.52 
12.76 
13.52 
14.31 
12.89 
13.14 
14.35 
13.82 
13.82 
13.98 
13.88 
' 3 . 4 2 
13.58 
13.29 

4 . 2 0 
4 . 9 7 
4 .13 
3 .87 
4 . 1 1 
4 . 0 3 
3 .36 
4 . 0 1 
4 . 0 ! 
3 .90 
3.95 
4 . 3 7 
4 . 1 6 
4 . 2 9 

7 .48 
8 . 1 2 
7 . 5 1 
8 . 1 5 
8 . 0 1 
7 . 9 3 
6 . 9 0 
7 . 6 3 
7 . 6 3 
7 -92 
7 . 9 8 
9 -76 
7 . 7 2 
8 . 4 2 

12 .26 ' 
1 1 . 5 9 ' 
1 2 . 2 1 
11 .20 ' 
12 .89 ' 
11 .89 
11 .49 
H . 8 3 ' 
11 .83 ' 
11 .66 ' 
11 .32 
11 .88 
12 .22 ' 
11 .43 ' 

1.12 
1.13 
1.19 
1.46 
' . » 2 

.99 

.87 
1.20 
1.20 
1.13 

.88 

.95 
1.08 
1.03 

3 . 5 4 
3 . 6 0 
3 - 3 9 
3 .90 
3 .66 
3 . 9 3 
3 . 6 2 
3 . 2 3 
3 .23 
3 . 6 2 
3 . 5 6 
3 . 8 9 
3 . 5 7 
3 .50 

7 . 8 6 
7 . 9 0 
6 . 9 6 
6 . 9 2 
7 . 0 3 
7 . 1 2 
6 . 7 6 
8 . 0 1 
8 . 0 1 
7 . 6 9 
6 . 6 2 
7 . 5 6 
6 . 9 6 
7 . 4 9 

214 4 8 - 1 6 3 . 0 
2 t 5 4 8 - 1 6 3 . 0 
216 4 8 - 1 6 3 . 0 
217 4 8 - 1 6 3 . 0 
218 4 8 - 1 6 3 . 0 
219 4 8 - 1 6 3 . 0 
220 4 8 - 1 6 3 . 0 
221 4 8 - 1 6 3 . 0 
222 4 8 - 1 6 3 . 0 
223 4 8 - 1 6 3 . 0 
224 4 8 - 1 6 3 . 0 
225 4 8 - 1 6 3 . 0 

3.00 
3 .0« 
2 .88 
3.35 
3 . ' 2 
3.26 
3.23 
3.43 
3 .10 
2 .80 
3.26 
3.10 

' 3 . 1 4 
14.21 
' 3 . 7 3 
' 2 . 8 8 
' 3 . 5 5 
' 4 . 1 ' 
' 3 . 7 2 
' 3 . 8 6 
13.12 
12.47 
' 2 . 7 6 
13.02 

4 . 2 9 
4 .05 
3.90 
« . ' 3 
3 .80 
3.67 
3.73 
3 .70 
4 . 0 0 
4 . 5 9 
4 . 3 5 
3.96 

9 . 0 ' 
8 . 3 5 
8 . 3 4 
8 . 3 7 
8 . 9 1 
8 . 2 3 
8 . 8 6 
8 . 3 3 
8 . 7 5 
8 . 5 2 
8 . 2 « 
8 . 8 3 

13 .78 ' 
13 .79 ' 
13 .86 
12 .99 ' 
13 .67 ' 
1 3 . 8 ' ' 
1 4 . 2 1 ' 
13 .37 ' 
' 3 . 1 « ' 
1 4 . 2 1 
' 3 . 5 9 
' 3 . 3 2 

1.30 
' . 0 8 

.96 
' - 3 2 
l . « 3 
M :S 
t . r a 
I . J3 
' . ' 5 
1.35 
' 21 
' . 1 1 

3 . 5 2 
3 . 6 3 
3 . 5 2 
3 . 2 9 
3 . 3 « 
3 . 2 1 
3 . 7 0 
3 .75 
3 - 3 6 
3 . 7 6 
3 . 8 6 
1.92 

9 . 0 7 
8 . 4 3 
9 . 1 2 
9 . 0 2 
9 . 0 « 
8 . 8 7 
9 3 2 
9 . 0 6 
9 . 0 0 
9 . 2 2 
8 . 8 9 
8 . 7 8 

205 2 9 - 1 5 . 0 0 
206 2 ) - ' 5 . 0 0 
207 2 9 - 1 5 . 0 0 
208 2 9 - 1 5 . 0 0 
209 2 9 - 1 5 . 0 0 
2 " 2 9 - 1 5 . 0 0 
212 2 9 - 1 5 . 0 0 
2 ' 3 2 9 - 1 5 . 0 0 

3.27 
2 .67 
3.33 
1.52 
4 .58 
3.45 
2.2* 
2.95 

9.82 
14. 10 
9.36 
9 .»7 
6.90 
7 .»4 

' 4 . 6 3 
' 5 . 4 9 

5 .»2 
4 .23 
5 .30 
6 . » 7 
7 .33 
8 . 2 8 
4 . 4 1 
3 .88 

6 . 9 5 
2 . 9 2 
8 . 1 6 
7 . 6 8 
7 . 0 8 
8 . 4 7 
9 . 0 « 

10 .27 

16 .07 
16 .26 
10 .06 ' 
8 . 2 5 

11 .78 
10 .30 
12 .13 

9 . 9 0 

1.27 
.51 

1.09 
1.08 
1.06 
1.35 
' . 3 0 
1.44 

3 . 0 7 
2 . 2 4 
2 . 3 9 
4 . 2 6 
2 . « 8 
» . 2 7 
4 . 1 0 
3 .67 

1.50 
3 .65 
1.62 
3 . 4 3 
' . 9 3 
2 . 9 8 
» .00 
» . 4 1 

18 ' 3 9 - 1 4 0 . 0 
' 8 2 3 9 - 1 4 0 . 0 
183 3 9 - 1 4 0 . 0 
' 8 4 3 9 - 1 4 0 . 0 
185 3 9 - 1 4 0 . 0 
186 3 9 - 1 4 0 . 0 
187 3 9 - ' 4 0 . 0 
188 3 9 - ' 4 0 . 0 
190 3 9 - ' 4 0 . 0 
191 3 9 - ' 4 0 . 0 
' 9 2 3 9 - ' 4 0 . 0 
' 9 3 3 9 - ' 4 0 . 0 
' 9 » 3 9 - 1 4 0 . 0 
195 39-14D.O 
196 3 9 - 1 4 0 . 0 
197 3 9 - 1 4 0 . 0 

2 .85 
2 .97 
2 .91 
2 .85 
3.00 
2 .70 
2 .73 
3.23 
2 .80 
2 .93 
3 . ' 3 
2 .69 
2 .8« 
2 .97 
3.04 
3.4« 

' 3 . 4 8 
12.86 
13.88 
13.20 
' 2 . 9 ' 
' 3 . 8 6 
' » . » 3 
' 3 . 9 5 
17.19 
' 6 . 6 8 
16.55 
16.43 
15.69 
15.03 
15.17 
14.62 

4 . 2 3 
4 .04 
4 . 1« 
4 . 1 8 
4 . 6 2 
4 . 0 4 
3-67 
4 .»3 
5 .37 
5 . 0 1 
5 . 1 1 
4 .93 
».86 
5 .15 
» .52 
».38 

9 . 0 2 
8 . 5 8 
8 . 7 6 
8 . 3 6 
8 . 5 7 
8 . »6 
8 . 7 8 
8 . 7 6 
8 . 9 6 
3 . 6 7 
9 -35 
8 . 9 6 
8 . » 2 
9 - 3 « 
9 . 0 9 
9 .06 

12 .9« 
12 .09 ' 
13 .»2 ' 
13 .85 ' 
' 3 . 3 5 ' 
13 .»8 ' 
' 3 . 0 6 
' 3 . ' 7 1 
' 3 . 7 3 ' 
' 3 - 6 9 
' 3 . 3 8 
14 .03 
' 3 . 9 ' 
14.23 
' 3 . 5 3 
' 3 . 5 8 

' . 1 2 
1.36 
' .14 
' . 2 3 
1.09 
1.09 

.98 
1.22 
' . 3 8 
' . ' 3 
' • 3 5 
' . » 5 
1.22 
' . « B 
! . » 1 
' . ' 3 

3 . « 6 
3 . ' 5 
3 . 3 3 
3 - T I 
3 . 2 0 
3 . 1 0 
3 . 6 5 
3 . ' 5 
3 . 6 ' 
3 . 4T 
3 . * 7 
3 .6 
3 . 6 5 
1.22 
3 .90 
3 . 7 7 

7 . 6 5 
7 . 7 9 
7 . 9 3 
7 . 2 7 
7 . » I 
7 . 1 « 
7 . 1 7 
7 . 6 2 
7 . 2 0 
7 . 7 8 
7 . 0 « 
7 . 5 7 
7 . 2 6 
7 . 6 9 
7 . 3 1 
7 . 1 « 

129 5 » - 3 9 . 8 ' . 
130 5 » - 3 9 . 8 , 
' 3 3 5 4 - 3 9 . 8 5 
' 3 4 5 » - 3 9 . 8 5 
H 5 5 4 - 3 9 . 8 5 
136 5 » - 3 9 . 8 5 
' 3 7 5 4 - 3 9 . 8 5 

.7« 
' . 3 3 

. 69 
1.9« 
2 . 1 2 

.85 
2 .99 

' 7 . 0 7 
' » . 3 ' 
' 6 . 9 ' 
' 3 . 2 ' 
' 5 . ' 3 
' 5 . 1 8 
' » . 3 5 

3.32 
» .»1 
» .0« 
6 . 1 8 
3. »8 
» . ' 6 
3 .6« 

4 . 8 9 
3-57 
».77 
7 . 9 5 
' . 9 5 
3.50 
3-9« 

7 . 2 3 
9 . 7 9 
1 .20 

'».»! » .56 
» .55 
8 . 4 0 

.ft» 

.»4 

.7» 
' . 3 8 

.10 
• 37 
.75 

3 . 1 3 
3-93 
6 . 1 6 
4 . 7 * 
2 . » 6 
' . 9 8 
4 . 2 0 

3 . 7 1 
• • 3 6 
3 .65 
1.5« 
« . 0 » 
3 . 7 9 
2 . 9 3 
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1.86 
' . 3 8 
1 .15 

. 9 3 
1.56 
1-32 
' . 3 1 
1.72 
1 .76 
1 . 1 2 
1.18 
1.56 
1-39 
1 .17 
1.90 

2 . 8 4 
2 . 9 8 
' . 2 3 
3 . 7 6 
1.79 
2 . 6 2 
3 - 7 4 
1.56 
2 . 3 2 
3 . 4 6 
3 -35 
1.85 
3 . 1 2 
2 . 9 « 
2 . 3 7 

» .76 
3 .62 
2 . 8 7 
2 . 6 9 
« . 9 2 
3 .»6 
2 . 6 2 
6 . 6 6 
2 . 6 6 
2 . 4 9 
2 . 8 0 
2 . 3 3 
3 - ' 3 
2 . 6 0 
3 .23 

.47 

.73 

.76 

.75 

.48 

.70 

.48 

. 2« 

.59 

. 7 1 

.64 

.24 

.77 

.52 

.58 

.27 

.24 

.19 

.25 

.30 

.18 

.27 

. 1 0 

• 30 
.25 
.23 
.24 
.23 
.25 
.30 

.09 

.11 

.08 

.01 ' 

.05 

.03 ' 

.05 ' 

.09 

.09 ' 

.07 • 

.06 ' 

.04 

.02 ' 

.00 ' 

.02 

.75 
' . 2 3 

.76 
' . 3 3 
' . 0 9 
' . 3 9 
1.20 

. 6 9 
! . • • ) 

5.43 
' . 5 7 

.95 
' . 3 6 
1 . 2 ' 

. 9 1 

1 3 . r o 
32 .53 
' 0 . 4 * 
3 2 . 7 9 
32 .55 
3 2 . ' • 
3 ' . 5 3 
32-33 
3 " . 9 ' 
3 - . 5 9 
3 2 . 5 8 
12 .25 
3 2 . 3 1 
3 ' . 6 ' 
3 3 . 0 « 

9 6 . 5 2 
» ' . 4 8 
3 8 . 7 0 
9 6 . 3 0 
9 - . 1 • 
9 6 . 3 * 
9 1 . 8 " 
96 '.iz 
9 5 . 0 " 
9 2 . 8 -
9 6 . 7 : 
96 .7 2 
» a . - 2 
9 3 . 7 * 
9 7 . 6 5 

1 .39 
* . 4 9 
1 .24 
t . 6 9 
1 .21 
1.54 

2 . 5 0 
2 . 4 3 
2 . 9 8 
2 . 5 0 
2 . 6 6 
2 . 7 9 

4 . 0 3 
4 . 4 3 
4 . 2 4 
4 . 3 5 
4 . 4 5 
4 . 5 3 

.52 

.62 

.90 

.64 
7.35 
t . 2 2 

.00 

.20 

.08 

.12 

.10 

.08 

• ?3 
.29 
• 30 
.25 
.28 
.35 

' . 1 2 12 .64 
.77 3 3 . 2 1 
.95 12 .60 
. 9 1 3 3 . 2 8 
55 33 .75 

.64 3 3 . 0 1 

9 " . 
•OG . 
9 8 . 

• 0 0 . 
• 0 2 . 

99. 

.. '6 

.4 1 

.49 

. • 3 

. ' 2 
7 J 

2 . 1 6 
7 .02 
1.46 
1.05 

. 9 4 
1.93 
2 . 0 3 
1.18 

. 9 5 

4 . 5 2 
1.38 
2 . 3 9 
4 . 5 0 
1 .29 
2 . 8 8 
2 . 7 0 
1-33 
4 . 5 0 

4 . 8 1 
3 .02 
2 . 8 8 
1.9« 
2 . 8 0 
3 .5« 
3 .22 
1.00 

.87 

. * 1 

.37 

. 4 1 

.52 

.34 
-38 
.15 
.42 
. 5 1 

.00 

.01 

.00 

.C" 

.00 

. : 2 

.00 

.02 

.00 

.46 ' 

. 11 

.08 ' 

. 4 ' 

.17 ' 

.06 

.04 

.00 

.00 

' . 1 4 1 4 . 5 * 
. 9 ' 2 9 . 8 7 

' . 3 3 3 2 . 0 2 
' . 2 4 3 7 . 6 9 
f . 1 0 30 .87 
' . 2 9 3 ' . 7 4 

. 9 ' 30 .65 
' . 0 9 3 0 . 4 1 
' . 4 6 32 .00 

1 0 2 . " 
38 36 
93 -7 
9 4 . 7 -
9 7 . 0 9 
9 3 . 0 2 
9 0 . 9 3 
3 6 . 9 6 
9 1 . 9 0 

7 .50 
7 .67 
1.60 
! . « 4 
1 . 4 4 
' . 3 8 
1.35 
1.22 
1.22 
1 .51 
1 .40 
' . 5 9 
1 .51 
1 .41 

2 . 5 8 
2 . 6 7 
2 . 9 1 
3 .03 
2 . 8 4 
2 . 6 4 
2 . 6 5 
2 . 8 3 
2 . 8 3 
2 . 8 7 
2 . 7 7 
2 - 5 3 
2 . 7 6 
2 . 5 2 

3 .45 
3 .55 
3 .38 
3 .49 
3 .57 
3-46 
4 . 3 5 
3 .30 
3.30 
3 .76 
3 .42 
3 .48 
3 .40 
3 .55 

.97 

.68 

.92 

.97 
7.0tt 

.95 
1.22 
1.22 
1.22 
1.02 
1.19 

.93 

.91 

.79 

.09 

.72 

.24 

.29 

. 1 5 

.26 

.25 

.15 

.15 

.30 

.23 

. 2 1 

. 1 4 

. 11 

.03 ' 

. 01 

.02 

.03 

. 0 1 

.10 

.13 

.01 

.01 

.00 

.01 

.08 

.00 

.00 

' . 7 0 
7.0T 
' . 0 2 

.93 

. 8 9 

.93 

.76 

. 8 2 

. 8 2 

.95 

. 8 7 
7 . 7 7 

. 96 

.99 

37 .92 
3 7 . 9 4 
3 L 6 7 
3 2 . 3 3 
31 .13 
3 1.06 
3" -7T 
31 .88 
3 ' . 8 8 
32 .26 
3 7 . 4 4 
3 2 . 2 0 
1 7 . 6 6 
3 7 . 4 9 

9 6 . 2 5 
9 5 . ' 7 
9 5 . 2 8 
9 6 . 8 6 
9 5 . 57 
9 3 . 5 « 
9 4 . 5 9 
9 5 . 4 9 
9 5 . 4 8 
9 6 . 8 8 
9 4 . 0 7 
9 6 . 8 9 
9 5 . 3 6 
9 4 . 5 7 

1 . 4 9 
' . 7 2 
1.30 
1.60 
1.66 
' . 3 1 
1.25 
1.58 
1 .63 
l . » 8 
1.46 
1 .51 

2 . 5 0 
2 . 7 8 
2 . 4 6 
2 . 5 5 
2 . 4 8 
2 . 1 5 
2 . 2 9 
2 . 8 2 
2 . 6 7 
2 . 5 9 
2 . 5 1 
2 . 9 ' 

4 . 0 9 
4 . 3 2 
3 .77 
4 . 2 2 
4 . 0 6 
4 . 2 0 
4 . 1 3 
3 .72 
3 . 9 9 
2 . 8 5 
4 . 1 7 
4 . 4 0 

.45 

.36 

.46 
• 30 
• 37 
.60 

32 
.33 
.»5 
.73 
.36 
. 74 

. ' 0 

.15 

. 14 

.08 

.09 

.14 

.27 

. 0 ! 

.02 

." .08 

.00 

. 33 ' 

. 32 

.32 

. 2 9 ' 

.33 ' 

.33 ' 
• 37 ' 
. 34 ' 
. 32 ' 
. 3 ' 
. 3 ' 
. 3 ' 

' . 14 
1.08 
' . 1 0 
' . 2 0 
' . 0 4 
' . 2 3 
' . 0 4 
' . 2 2 
' . 3 2 

.99 
' . 3 ' 

. 56 

3 2 . 7 ' 
33 -52 
3 2 . 5 ' 
3 1 . 9 9 
32 .50 
32 .74 
32 .76 
3 2 . 5 8 
3 2 . 1 5 
3 ' . 9 3 
3 2 . 2 ' 
3 ' . 5 6 

9 9 . 9 2 
100 .93 
9 8 . 3 7 
9 7 . 5 8 
9 9 . 1 9 
9 8 . 9 2 

' 0 0 . 3 8 
9 9 . 4 3 
9 8 . 7 7 
9 7 . 9 1 
9 8 . 5 7 
9 5 . »3 

2 . 0 1 
1 .98 
1 .64 

.77 
' . » 2 
' . 6 6 
2 . ' 9 
' . « 3 

2 . 7 0 
2 . 6 3 
2 . 3 5 
2 . 0 3 
2 . 7 1 
' . ' 3 
3 . 9 6 
2 . 5 8 

2 . 5 0 
5 . 5 8 
2 . 5 7 
2 . » 5 
' . 3 ' 
2.2! 
1.57 
9 . 6 « 

.77 
2 .10 
I . « 5 

. ' 8 

.60 

.00 

. 5 1 

.39 

. ' 7 2.2f • 

.08 2.22 

.01 .49 ' 

.12 .58 • 

.07 .73 

.35 .80 ' 

.13 2 . 2 9 ' 

.35 .39 ' 

' . 3 6 2 9 . ' 2 
. 2 8 3 3 . 7 ' 

' . 0 2 2 5 . 9 2 
1.25 2 7 . 7 3 

. 3 9 2 5 . 4 0 
' . 5 7 2 8 . 1 5 
r . 4 i 3 3 . 9 9 
' . 42 3 5 . 0 6 

8 8 . 3 ' 
9 5 . ' 6 
7 6 . 7 6 
7 6 . 6 7 
7 5 . 7 7 
9 2 . 3 6 
9 7 . 9 0 

' 0 2 . 2 7 

' . 6 0 
l . » 2 
' . » 9 
1-32 
' . » 5 
1.18 
' . 0 6 
' . 6 9 
' . » 8 
' . » 9 
' . 3 9 
' . » 9 
1.18 
' • 3 7 
1.27 
1 . 7 ' 

2 . 9 1 
2 . 6 1 
2 . 5 9 
2 . 5 8 
2 . 7 3 
2 . 5 3 
3 . 0 8 
3 . 7 2 
2 . 8 2 
2 . 7 6 
1.58 
2 . 4 6 
2.02 
2 . 5 7 
2 . » 9 
2 . 5 6 

« .«3 
4 . 6 7 
3 .88 
» . 5 2 
3 .27 
5 . 5 1 
5 . 5 2 
5 . 0 9 
6 . 5 0 
5 . 8 6 
5 . 2 3 
4 . 8 1 
» .62 
4 . 5 6 
» .67 
4 . 6 0 

.34 

.»2 

.6» 

. 5 ' 

.53 

.26 

.79 

. 3 ' 

.»» .53 

.57 

.87 

.52 

.»9 

.61 
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T a b l e 11 A t o m i c p r o p o r t i o n s i n 3 t e e n s t r u p i n e 1 9 9 1 0 4 b a s e d on ( S i + P ) = I S 

H o . 
a e a s . 

S i 

P 

Th 

La 

Ce 

P r 

Nd 

y 

HE-T 

Na 

C» 

Xn 

Ft 

Z r 

T i 

A l 

T o t a l a v e r a g e c o i p . 

A v e r a g e Ransre 

36 

1 3 . 3 3 ( 2 0 ; i : » -

4 6 7 ( « ) S - 1 9 " 

' ( a ) 

i . 9 4 ( ' 0 ) 

2 . 8 2 ( 9 ) 

0 . 4 0 ( 3 ) 

0 . 6 9 ( 5 ) 

o . ? 0 

2 . 2 7 -
1 . 6 ^ 

3 . 0 8 -
2 . 6 5 

0 . 4 6 -
0 . 3 r 

0 . 8 0 

M a s s i v e s t e e n s t r u p i n e 

Z o n e d C o r e R i m s 

p o r t . p o r t . 

13 4 1 

1 3 . 4 4 ( 1 6 ) 1 3 . 3 1 ( 3 5 ) 1 2 . 9 9 

4 . 5 6 ( 1 7 ) 4 . 7 0 ( 3 C ) 5 . 0 1 

0 . 4 8 ( 3 ) 0 . 5 6 ( 6 ) 0 . 2 0 

1 . 9 4 ( 7 ) 2 . 0 8 ( 1 4 ) 2 . 0 9 

? . 8 7 ( 1 0 ) ? . 8 6 \ . 5 ) ? . 9 0 

0 . 4 0 ( 3 ) 0 . 4 3 ( 3 ) 0 . 3 7 

0 . 7 2 ( 5 ) 0 . 7 0 ( 8 ) 0 . 7 ? 

D i s s e m i n a t e d s t e e n s t r u p i n e 

T o t a l 
a v e r a ije 

2 o n e d C o r e 
p o r t , p o r t . 

H e p l a c e m t . 
phase 

T o t a l 
a ve r a / r e 

- 3 . 6 0 

0 . 7 0 ( 6 ) 0 . 3 6 - 0 . 0 3 0 . 1 8 ( 4 ) 0 . 2 7 ( 6 ) 0 . 0 3 

6 . 0 5 ( 1 9 ) 6 . 7 8 - 5 . 7 4 6 . 1 1 ( 1 5 ) 6 . 3 5 ( 2 9 / 6 . 1 * 

.. ' .35 ( 1 . 5 0 ) 6 . i r . - 0 . 6 0 J . 4 4 ( i . ? 7 ) ? . 6 i ( * . 2 2 ) 6 . i 5 

' . 0 3 ( H ) 1 . 4 9 - 0 . 8 8 i . 0 r ( i 5 ) 1 . 0 3 ( 1 3 ) 1.00 

* . 7 9 ( ' 0 ) 2 . 0 4 - 1 . 6 4 ' . 7 8 ( 6 ) i . 8 3 ( ' 2 > 2 . 0 4 

1 . 7 0 ( 1 5 ) 2 . 1 7 - 1 . 3 1 1 . 7 1 ( 1 6 ) 1 . 5 9 ( 2 * ) 1 .38 

0 . 3 8 ( 8 ) 0 . 5 4 - 0 . 2 1 0 . 4 2 ( 7 ) 0 . 3 3 ( 7 ) 0 . 5 * 

0 . 0 9 ( 3 ) 0 . 1 5 - 0 . 0 4 0 . 1 l ( l ) 0 . 0 9 ( * ) 0 . 0 7 

0 . 3 5 0 . 4 5 - 0 . 2 9 0 . 3 3 ( 2 ) 0 . 3 > ( O 0 . 3 1 

3 . 3 9 ( 2 3 ) 

4 . 6 1 ( 2 3 ) 

0 . 4 8 ( 9 ) 

1 . 9 8 ( 1 0 ) 

2 . 6 8 ( 9 ) 

0 . 4 0( 3 ) 

0 . 7 i ( 5 ) 

0 . 1 9 ( 7 ) 

6 . 1 6 ( 1 6 ) 

3 . 4 0 ( 1 . 4 1 ) 

1 . 0 4 ( ' 4 ) 

1 , 8 0 ( 1 0 1 

1 . 6 9 ( 1 8 ) 

0 . 4 1 ( 8 ) 

0 . 1 0 ( 2 ) 

0 . 3 2 ( 2 ) 

13 . 2 8 ( I B ) 

4 . 7 2 ( 1 8 ) 

0 . 5 1 ( 3 ) 

' . 9 0 ( 9 ) 

2 . 7 5 ( 5 ) 

0 . 3 9 ( 2 ) 

0 . 6 8 ( 3 ) 

0 . 2 0 ( 3 ) 

c>. 9 2 ( 8 ) 

1 . 2 9 ( 4 6 ) 

1 . 0 1 ( 1 4 ^ 

' . 7 8 ( 9 ) 

1 . 7 2 ( 8 ) 

0 . 3 7 ( 6 ) 

0 . 0 8 ( 4 ) 

0 . 3 8 ( 3 ) 

1 3 . 1 C 

4 . 6 5 

0 . 7 1 

7 . 0 0 

2 . 7 6 

0 . 4 3 

0 . 6 0 

0 . 2 3 

6 . 0 2 

0 . 9 6 

1 . 0 9 

1 . 6 2 

1 .86 

0 . 3 7 

0 . 0 7 

0 . 4 1 

1 3 . 2 7 ( 5 9 ) 

4 . 7 3 ' ^ 9 ) 

0 . ' b ( 10) 

1 . 8 6 ' 6 ! 

2 . 7 9 ( 8 1 

0 . 3 8 ( 3 ) 

0 . 6 6 ( • ; 

0 . 2 7 ( 8 ) 

• . 9 6 ( 3 1 

1 . 4 4 ( 8 3 ! 

' . 0 0 ( 3 ; 

1 . B O ; 3) 

1 . 7 1 ( 1 1 ) 

0 . 2 9 ( 1 2 ) 

0 . 0 9 ( 6 ) 

0 . 3 8 ( 5 ) 

1 3 . 2 7 ( 2 6 ) 

4 . 7 3 ( 2 6 ) 

1 . ' 3 ' 7 ) 

1 . 9 0 ( 8 ) 

> . 7 6 ( t ) 

0 . 3 9 ( 2 ' 

0 . 6 7 ( 3 ) 

o .? . • - ( ' ! 

; . 9 4 ( 8 ) 

' . • 4 ( 4 9 ; 

' . 0 • ' 7 ) 

1 . 7 7 ' y ) 

' . 7 3 ( 9 ) 

0 . 3 6 ( 8 ) 

0 . 0 9 ( 3 ) 

0 . 3 8 ( 3 ) 

H 

U> 
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Tabla 12 X-ray powder diffraction data for ataanatrupina Bo 

—oba 

1 5 . 1 4 A 

7 . 5 6 

7 . 0 7 

6 . 4 0 

5 . 8 9 

4 . 9 3 

4 . 4 2 

4 . 1 4 

3 . 7 1 

3 . 2 7 

3 . 1 7 

3 . 0 4 

2 . 8 8 

2 . 7 4 

2 . 6 0 

2 . 3 2 

2 . 1 1 

2 . 0 1 

1 .83 

1 .73 

199104 

I 

6 

3 

3 

3 

3 * 

1 

1 

4 X 

2 

10 

8 

5 

5 

8 

9 

1 

4 

1 broad 

4 broad 

3 

f r o a T u n u c d l i a r f i k 

h k l . 
h e x a g o n a l 

003 

006 

014 

015 

-
009 
113 

022 

024 

0 . 1 . 1 1 

124 

0 . 2 . 1 0 

1 . 1 . 1 2 
( 0 . 2 . 1 1 

128 

0 . 2 . 1 3 

( 0 . 2 . 1 4 
220 

( 0 3 9 

137 

0 . 3 . 1 5 
e t c . 

I 235 
0 . 4 . 1 0 
0 . 2 . 2 0 

I 2 . 3 . 1 1 
1 . 4 . 9 
1 . 3 . 1 7 

• t c . 

333 
• t c . 

^ c a l c 

1 5 . 0 0 A 

7 . 5 0 

7 . 0 5 

6 . 3 8 

-
5 . 0 0 
4 . 9 4 

4 . 4 4 

4 . 2 0 

3 . 7 3 

3 . 2 7 

3 . 1 9 

3 . 0 5 
3 . 0 4 

2 . 9 2 4 

2 . 7 4 9 

2 . 6 2 0 
2 . 6 1 4 
2 . 5 8 4 

2 . 3 3 9 

2 . 1 2 7 

2 . 0 2 4 
2 . 0 2 2 
2 . 0 1 4 

1 . 8 5 2 
1 . 8 3 8 
1 .822 

1 . 7 3 1 

• • l a s 

a / s 

a / a 

. / « 

. / » 
-

a 
« 
W 

v/w 

w /a 

a 

a 

«/« 
w/vw) 

a 

9 

w) 
9 
w) 

V 

a 

w/a 
w/a 
v / a 

• 

Povdar diffraction caaera 0 180 an, CuKaradiation. Peak-to-

background ratio la low for all line«. Contributiona from tha 

iapurities are aarked by asterisk«. 
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Table »3.Atomic p r o p o r t i o n s . n o r m a l i z e d to 5 i * 1 8 . Q > m the a n a l y s e d s t e r n s t r u p i n e and i t s a l t e r a t i o n product s 

NO GGU NO 

50 6 - 7 2 . 8 8 
51 6 - 7 2 . 8 8 
52 6 - 7 2 . 8 8 
53 6 - 7 2 . 8 8 
5 1 6 - 7 2 . 8 8 
5r. 6 - 7 2 . 8 8 
56 6 - 7 2 . 8 8 
57 6 - 7 2 . 8 8 
58 6 - 7 2 . 8 8 
59 6 - 7 2 . 8 8 
62 6 - 7 ? . 8 8 
63 6 - 7 2 . 3 8 
6 1 6 - 7 2 . 8 8 
65 0 - 7 2 . 8 8 
i 6 6 - 7 2 . 8 8 

TH 

. » 0 

. 1 4 

. 3 ' 

. 2 5 

. 3 7 

. 1 8 

. in 

. 1 5 
• 37 
. 2 5 
. 2 1 
. 3 3 
. 1 2 
. 1 3 
. 3 " 

S I 

1 6 . 2 1 
1 3 . " 0 
1 3 . 5 0 
1 3 . 9 1 
1 5 . 3 5 
1 3 . 2 3 
1 3 . 3 « 
1 6 . 1 7 
1 3 . 1 2 
1 3 . 2 0 
1 2 . 8 3 
1 1 . 8 7 
1 3 - 1 0 
1 3 - 0 5 
1 3 - 9 3 

P 

1 . 7 9 
» . 6 0 
» . 5 0 
4 . 0 9 
2 . 6 5 
» . 7 7 
» . 6 6 
1 . 3 3 
» . 5 8 
» . 8 0 
5 . 1 7 
6 . 1 3 
» . 9 0 
4 . 9 5 
4 . 0 7 

L I 

1 . 4 0 
1 . 5 6 
1 . 5 1 
1 . 5 2 
1 . 4 9 
1 . 4 5 
1 . 5 0 
1 . 4 8 
1 . 8 7 
1 . 3 8 
1 . 1 5 
1 . 6 7 
1 . 5 1 
1 -53 
1 . 5 1 

CE 

2 . 0 5 
3 . 0 4 
2 . B 0 
3 . H 
3 . 0 2 
3 - 2 5 
3 . 2 4 
2 . 9 5 
2 . 8 4 
2 . 6 0 
3 . 2 2 
3 . 4 4 
3 - 2 9 
2 . 8 / 
2 . 7 5 

PH 

.JO 

. 2 7 

. 2 0 

.18 

.15 

.27 

.23 

. 1 9 

.15 

.24 

. 21 

.23 

. 21 

.25 

.22 

ND 

-73 
1 .08 

.70 

.84 

.66 
1 .06 
1 .05 

. 74 

. 6 9 
1 .00 
1 .03 

.65 
1 .07 
1 .01 

-79 

NA 

7 . 2 7 
7 . 6 8 
7 . 6 1 
7 . 2 6 
7 . 7 0 
6 . 6 6 
3 . 8 1 
5 . 1 3 
7 . 7 6 
7 . 2 7 
7 . 2 3 
9 - 3 8 
5 . 7 4 
7 . 0 7 
8 . 2 4 

C» 

1 . 2 3 
. 9 9 
. 8 4 
. 6 5 

1 .09 
. 9 4 
. 9 2 

1 . 2 0 
. 8 2 
. 8 0 
. 8 3 

1 .13 
. 9 6 
- 8 3 

1 -30 

MN 

1 .37 
1 .55 

. 6 5 
1 .93 

. 9 1 
1 .37 
1 . 9 2 

. 7 9 
T . 2 0 
1.80 
t . 7 1 

. 9 7 
1 .58 
1 .51 
1 . 1 9 

FE 

2 . 2 6 
1 .85 
1 . 5 0 
1 . 3 6 
2 . 4 6 
1 .77 
1 . 3 2 
3 . 3 3 
1 .35 
1 . 2 7 
1 . 4 1 
1 . 2 1 
1 . 5 6 
1 - 3 2 
1 - 5 9 

ZB 

. 1 4 

. 2 3 

. 2 4 

. 2 3 

. 15 

. 2 2 

. 15 

. 0 7 

. 1 8 

.22 

. 2 0 

. 0 8 

.23 

. 1 6 

. t 7 

T I 

. 15 

. 14 

. 1 2 

. 15 

. 1 7 

. 1 1 

. 1 6 

. 1 7 

. 1 8 

.15 

.13 

.14 

.13 

. 15 

. 1 7 

»L 

. 0 9 

.12 

. 0 9 

.03 

.05 

.03 

.05 

. 0 9 

. 0 9 

. 0 7 

.06 

.04 

.02 

.00 

.02 

I 

.22 

. 4 0 

. 25 

. » 2 

. 3 4 

. 4 4 

. 3 8 

. 2 2 

. 3 6 

. 4 6 

. 5 0 
- 3 1 
. 4 2 
- 3 9 
. 2 8 

198 
19Q 
200 
2 0 1 
202 
203 

9 - 6 6 . 6 5 
9 - 6 6 . 6 5 
9 - 6 6 . 6 5 
9 - 6 6 . 6 5 
9 - 6 6 . 6 5 
9 - 6 6 . 6 5 

. 3 5 

. 4 6 

. 4 2 

. 4 2 

. 5 4 

. 4 5 

1 3 . 7 3 
1 4 . 4 4 
1 3 - 9 7 
1 4 . 2 6 
1 5 . 0 0 
1 4 . 3 0 

» . 2 7 
3 . 5 6 
» . 0 3 
3 . " 4 
3 - 0 0 
3 . 7 0 

1 . 8 4 
1 . 6 7 
l . 9 t 
1 . 7 1 
1 . 5 2 
1 . 6 1 

2 . 7 1 
2 . 8 2 
2 . 7 8 
.- . 6 6 
2 . 6 0 
2 . 7 7 

.24 

.23 

.27 
- 2 9 
.26 
.27 

.65 

.70 

. 6 0 

. 7 4 

. 7 0 

.75 

8 . 6 1 
1 0 . 5 4 

8 . 9 8 
9 . 4 4 

1 0 . 4 8 
9 . 8 3 

. 9 9 
1 .06 

. 9 0 
1 . 1 9 

. 8 4 
1 . 1 1 

1 . 2 9 
1 . 2 6 
1 .57 
1 . 2 8 
1 .35 
1.47 

2 . 0 5 
2 . 2 6 
2 . 2 0 
2 . 2 0 
2 . 2 2 
2 - 3 4 

. 1 6 

. 1 9 

. 2 9 

. 2 0 

. » 1 

. 3 9 

.00 

. 1 2 

.05 

. 0 7 

.06 

. 05 

• 35 
. 31 
-32 
. 2 6 
.29 
.37 

- 3 6 
. 2 5 
-31 
- 3 0 
. 17 
. 2 1 

17 
18 
22 
23 
24 
25 
32 
3« 
35 

1 1 - 1 3 4 . 9 
1 1 - 1 3 4 . 9 
1 1 - 1 3 4 . 9 
H - 1 3 4 . 9 
1 1 - 1 3 4 . 9 
H - 1 3 4 . 9 
1 1 - 1 3 4 . 9 
1 1 - 1 3 4 . 9 
H - 1 3 4 . 9 

. 1 1 1 3 - 6 7 

. 5 3 1 2 . 5 1 
- 2 9 1 3 - 3 3 
. 2 5 1 3 - 4 9 
. 3 0 1 2 . 5 9 
. 5 1 1 4 . 2 2 
. 5 0 1 4 . 0 2 
. 1 9 1 3 . 7 3 
. 4 0 9 . 1 5 

» . 3 3 
5 . 4 9 
4 . 6 7 
4 . 5 1 
5 . 4 1 
3 - 7 8 
3 - 9 8 
4 . 2 7 
8 . P 5 

1 -36 
1 . 7 7 
1 . 5 4 
1 . 3 9 
1 . 6 1 
1 3 2 
1 .65 
1 . 2 6 
1 . 5 0 

3 - 0 2 
2 . 6 7 
3 . 6 6 
2 . 8 9 
2 . 9 8 
2 . 2 7 
2 . 4 7 
2 . 8 9 
2 . 9 7 

.20 

.15 

. 1 9 

.23 

.18 

.18 

. 1 8 

. 1 9 

. 2 1 

. 95 

. 6 9 

.97 
t . 1 5 

-73 
. 81 
. 75 
. 85 
.93 

6 . 3 6 
8 . 4 1 
8 . 6 0 
7 . 1 3 
8 14 

6 . 7 3 
6 . 5 0 
4 . 6 4 
8 . 1 0 

1 .46 
. 7 8 

1 .06 
. 75 
. 6 9 

1 -35 
1 .48 

. 8 0 

. 6 9 

2 . 2 » 
. 7 7 

1 . 2 7 
2 . 3 6 

. 6 9 
1 .47 
1 .»3 

. 6 6 
2 . 4 0 

2 . 3 4 
1 .65 
1 . 5 1 
1 . 0 0 
1 . 4 8 
1 . 7 8 
1 . 6 8 

. 4 9 

. 4 6 

. 1 6 

. 1 2 

. 1 3 

. 1 6 

. 1 1 

. 1 2 

. 05 

. 12 

.16 

. 0 0 

. 0 1 

. 0 0 

. 0 1 

. 0 0 

. 01 

. 0 0 

. 0 1 

. 0 0 

.»6 

.15 

.09 

.»4 

. 1 9 

.06 

.04 

.00 

.00 

. 3 5 
- 3 1 
. 4 4 
. 4 0 
- 36 
. 4 1 
• 32 
. 3 3 
. 4 8 

117 1 8 - 7 9 65 
118 1 8 - 7 9 . 6 5 
119 1 8 - 7 9 . 6 5 
120 1 8 - 7 9 . 6 5 
121 1 8 - 7 9 . 6 5 
122 1 8 - 7 ) . 6 5 
1 2 2 H 1 B - 7 9 . 6 5 
123 1 8 - 7 9 . 6 5 
12« 1 B - 7 9 . 6 5 
125 1 8 - 7 9 . 6 5 
126 1 8 - 7 9 . 6 5 
!2T 1 8 - 7 9 . 6 5 
128 1 8 - 7 9 . 6 5 

. 5 9 

. 4 3 

.5.T 

. 5 6 

. 6 1 

. 4 9 

. 6 0 

. 5 4 

. 5 4 

. 5 8 
• 37 
. 5 9 
. 5 4 

1 4 . 0 4 
1 3 . 3 0 
1 4 . 1 0 
1 4 . 4 6 
1 3 . 9 6 
1 4 . 0 8 
1 4 . 8 5 
1 4 . 2 5 
1 4 . 3 7 
1 4 . 3 8 
1 3 - 9 0 
1 4 . 0 9 
1 3 . 9 2 

3 . 9 6 
4 . 7 0 
3 . 9 0 
3 . 5 4 
4 . 0 4 
i . 9 2 
3 . 1 5 
3 . 7 5 
3 . 6 3 
3 . 6 2 
4 . 1 0 
3 . 9 1 
4 . 0 6 

1 . 5 7 
1 . 7 1 
1 . 5 8 
1 . 6 6 
1 . 7 5 
1 . 7 2 
1 »4 
1 . 5 9 
1 .65 
1 . 6 7 
2 . 0 4 
1 . 6 2 
1 . 7 8 

2 . 5 5 
2 . 4 2 
2 . 5 5 
2 . 2 7 
2 . 8 0 
2 . 5 6 
2 . 3 8 
2 . 4 5 
2 . 4 0 
2 . 3 5 
2 . 4 7 
2 . 5 4 
2 . 4 0 

.23 

.23 

.25 

.29 

.29 

. 21 

.18 

.25 

.23 

.18 

.20 

.22 

.22 

. 7 2 
-73 
69 

.77 

.77 

. 8 2 

.73 

. 5 

.72 

.72 

.78 

. 7 2 

. 7 1 

9 . 9 7 
1 0 . 0 6 

8 . 8 6 
8 . 5 4 
9 . 3 0 
9 . 3 2 
B .54 

1 0 . 0 9 
9 . 6 5 
8 . 3 8 
9 . 5 6 
8 . 8 2 
9 . 5 9 

1 . 0 9 
1 .22 
1 .17 
1 .02 
1 .09 
1 .04 

. 9 8 

. 8 8 
1 . 0 9 
1 .02 
1 .15 
1 .10 
1 .04 

1 .37 
1 . 4 2 
1 .55 
1 .56 
1 .57 
1 .45 
1 . 4 0 
1 . 4 9 
1 . 5 1 
1 .47 
1 .34 
1 .46 
1 .35 

1 .80 
1 . 8 6 
1 . 7 7 
1 .77 
1 . 9 1 
1 .86 
2 . 2 6 
1 . 7 1 
1 .94 
1 . 7 8 
1 . 8 1 
1 .77 
1 .87 

. 2 9 

.22 

.30 

. 3 0 
• 35 
. 3 1 
. 3 9 
. 3 9 
. 3 2 
. 3 8 
. 3 0 
. 2 9 
. 25 

.06 

. 0 7 

. 15 

. 1 7 

. 1 0 

. 1 6 

. 15 

. 0 9 

. 1 8 

. 14 

. 1 3 

. 0 9 

. 0 7 

.03 

. 01 

. 0 2 

.03 

. 01 

. 11 

. 1« 

. 01 

.00 

. 01 

.09 

.00 

.00 

. 3 6 
-35 
-34 
- 3 0 
• 30 
. 3 1 
. 2 5 
. 2 7 
• 31 
. 2 8 
-36 
- 3 1 
- 3 3 

2 1 4 
216 
2 1 6 
217 
218 
219 
220 
221 
222 
221 
22D 
225 

» 8 - 1 6 3 . 0 
4 8 - 1 6 3 . 0 
4 8 - 1 6 3 . 0 
1 8 - 1 6 3 . 0 
1 8 - 1 6 3 . 0 
1 8 - 1 6 3 . 0 
4 8 - 1 6 3 . 0 
1 8 - 1 6 3 . 0 
1 8 - 1 6 3 . 0 
1 8 - 1 6 3 , 0 
1 8 - 1 6 3 . 0 
» 8 - 1 6 3 . 0 

. 3 8 

. 3 7 

. 3 6 

.»» . » 0 

. » 1 

. » 1 

. » 3 

. 1 0 

. 3 7 

. 1 3 

. 1 1 

1 3 . 8 9 
1 4 . 3 0 
1 4 . 3 1 
1 3 . 9 5 
1 4 . 3 - ) 
1 4 . 5 6 
1 4 . » » 

1 4 . 1 9 
1 4 . 1 0 
1 3 . 5 0 
1 3 . 7 5 
1 » . 1 1 

4 . 1 1 
3 - 7 0 
3 . 6 9 
1 . 0 5 
3 . 6 5 
3 . 4 4 
3 . 5 6 
3 . 5 1 
3 . 9 0 
4 . 5 0 
1 . 2 6 
3 . 8 9 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

.93 

. 7 0 

. 7 6 

. 8 3 

. 9 1 

. 7 2 

. 8 9 

. 7 6 

. 9 0 

.86 

. 8 0 

. 9 3 

2 . 9 2 
2 . 7 8 
2 . 9 0 
2 . 8 2 
2 . 9 0 
2 . 8 6 
3 . 0 0 
2 . 8 0 

2 . 8 3 
3 . 0 8 
2 . 9 » 
2 . 8 9 

. 2 7 
22 

. 2 0 

. 2 8 

. 3 0 

. 2 2 

. 2 5 

. 2 8 

. 2 5 

. 2 9 

. 2 6 

. 2 » 

. 7 2 

. 7 1 

. 7 1 

. 6 9 

. 6 9 

. 6 5 

. 7 6 

. 7 6 

. 7 0 

.79 

. 8 1 
. 4 1 

1 1 . 7 1 
1 0 . 3 7 
1 1 . 6 2 

1 1 . 9 3 
1 1 . 7 0 
1 1 . 1 9 
1 1 . 9 8 
1 1 . 5 7 
1 1 . 8 2 
1 2 . 1 9 
1 1 . 7 0 
1 1 . 6 2 

1 . 1 0 
1 . 2 1 

. 9 5 
1 . 2 1 
1 . 2 3 

. 9 5 

. 9 2 
1 . 1 6 
1 . 2 3 
1 . 1 2 
1 . 1 0 
1 . 1 5 

1 . 3 5 
1 . 1 3 
1 . 3 1 
1 . 1 1 
1 . 3 1 
1 . 1 3 
1 . 2 3 
1 . 5 1 
1 . 1 7 
1 . 1 3 
1 . 3 8 
1 . 6 1 

2 . 1 7 
2 . 1 9 
1 . 9 8 

2 . 3 0 
2 . 1 6 
2 . 1 8 

2 . 1 9 
1 . 9 6 
2 . 1 6 
1 . 5 5 
2 . 2 6 
2 . 4 0 

. 1 5 

. 1 1 

. 1 5 

. 1 0 

. 1 2 

. 1 9 

. 1 0 

. 1 1 

. 1 5 

. 2 1 

. 1 2 

. 0 5 

. 0 6 

. 0 9 

. 0 9 

. 0 5 

. 0 6 

. 0 8 

. 1 7 

. 0 1 

. 0 1 

. 0 7 

. 0 5 
, 0 0 

. 3 6 

. 3 4 

. 3 5 

. 3 3 

. 3 6 

. 3 5 

. 4 1 
• 37 
. 3 6 
. 3 5 
. 3 5 
. 3 6 

. 3 8 

. 3 1 

. 3 6 

. 4 1 
• 35 
. 1 0 
• 35 
. 4 0 
. » 5 
. 3 1 
. 1 5 
. 1 9 

206 
206 
207 
208 
2 0 9 
211 
212 

213 

2 9 - 1 5 . 0 0 
2 9 - 1 5 . 0 0 
2 9 - 1 5 . 0 0 
2 9 - 1 5 . 0 0 
2 9 - 1 5 . 0 0 
2 9 - 1 5 . 0 0 
2 9 - 1 5 . 0 0 
2 9 - 1 5 . 0 0 

. 1 8 

. 3 2 

. 5 1 

. 2 2 

. 7 1 

. 5 0 

. 2 6 

• 3» 

12 
14. 
11 
11 

9 , 
8 , 

1» 
14. 

. 0 0 

. 1 5 

. 8 9 

. 1 1 

. 1 7 

. 9 6 

. 1 1 

. 6 7 

6 . 0 0 
3 . 8 5 
6 . 1 1 
6 . 8 9 
8 . 8 3 
9 . 0 4 
3 . 8 6 
3 . 3 3 

1 

2 
1 
1 
2 
1 
1 

. 7 2 

. 5 9 

. 1 0 

. 8 2 

. 9 0 

. 0 6 

. 7 7 

. 9 7 

3 - 9 3 
3 . 2 7 
2 . 5 6 
1 . 9 » 
3 . 1 » 
2 . » 9 
2 . 3 5 
1 . 8 8 

. 3 1 

. 1 0 

. 2 8 

. 2 5 

. 2 8 

. 3 2 ' 

. 2 5 

. 2 7 

. 7 3 

. 4 1 

. 6 9 

. 9 7 

. 6 1 
1 .00 

. 7 7 

.68 

2 . 2 4 
4 . » 8 
2 . 5 1 
4 . 9 2 

3 . 1 3 
4 . 3 8 
4 . 7 2 
5 . 1 0 

1 . 7 2 

1 . 3 9 
1 . 4 6 

. 6 3 
1 . 3 2 
1 . 1 0 
1 , 1 8 

. 9 5 

1 . 6 9 
1 . 3 5 
1 . 5 3 
1 . 2 2 
1 . 8 1 

. 7 0 
1 . 9 6 
1 . 2 5 

1 
2 
1 
1 

1 

1 

. 5 4 

.82 

. 6 1 

. » 5 

.88 

. 3 4 

. 7 6 

. 1 1 

. 2 9 

. 6 5 

. 5 7 

. 0 7 

. 2 5 

. 0 0 

. 1 5 

. 1 1 

. 1 2 

. 0 6 

. 0 1 

. 0 8 

. 0 5 

. 2 6 

. 0 7 

. 1 9 

2 . 8 1 

2 . 3 2 
. 6 5 
. 7 1 

1 . 0 1 
1 . 0 0 
2 . 3 0 

.38 

. 5 2 

. 0 9 

. 4 1 

. 4 6 

. 1 6 

. 5 7 

. 4 3 

. 4 2 

181 3 9 - 1 4 0 . 0 
182 3 9 - 1 4 0 . 0 
183 3 9 - 1 4 0 . 0 
184 3 9 - 1 4 0 . 0 
186 3 3 - 1 4 0 . 0 
186 3 * - 1 4 0 . 0 
187 3 9 - 1 4 0 . 0 
188 3 5 - 1 4 0 . 0 
190 3 9 - 1 4 0 . 0 
19I 3 9 - 1 4 0 . 0 
192 3 9 - 1 4 0 . 0 

193 3 9 - 1 4 0 . 0 
194 3 9 - 1 4 0 . 0 
196 3 9 - 1 4 0 . 0 
196 3 9 - 1 4 0 . 0 
197 3 9 - 1 4 0 . 0 

. 3 6 
• 3 9 
. 3 6 
. 3 7 
• 38 
. 3 » 
. 3 3 
. 3 9 
. 2 8 
. 3 0 

. 3 2 

. 2 8 

. 3 1 

. 3 3 

.3» 

. » 0 

1 4 . 0 1 
1 4 . 0 1 
1 4 . 1 7 
1 3 . 9 8 
1 3 . 5 9 
1 4 . 2 4 
1 4 . 6 3 
1 3 . 9 8 

1 4 . 0 3 
1 4 . 15 
1 4 . 0 6 
1 4 . 1 5 
1 4 . 0 5 
1 3 . 7 3 
1 4 . 1 7 
1 4 . 1 5 

3 . 9 9 
3 . 9 9 
3 . 8 3 
4 . 0 2 
4 . 4 1 
3 . 7 6 
3.37 
4 . 0 2 
3.97 
3.85 
3 . 9 4 
3 . 8 6 
3 . 9 5 
4 . 2 7 
3.83 
3.85 

1 . 9 0 
1 . 8 9 
1 . 8 1 
1 . 7 9 
1 . 8 2 
1 . 7 6 
1 . 8 0 
1 . 7 7 
1 . 4 8 
1 . 4 9 
; . 6 1 
1 . 6 6 
1 . 5 2 
1 . 7 3 
1 . 7 2 
1 . 7 7 

2 . 7 0 
2 . 6 » 
2 . 7 5 
2 . 9 » 
2 . 8 2 
2 . 7 8 
2 . 6 5 
2 . 6 4 

2 . 2 5 
2 . 3 3 
2 . 2 8 
2 . 4 2 
2 . 5 0 
2 . 6 1 
2 . 6 3 
2 . 6 4 

. 2 3 

. 3 0 

. 2 3 

. 2 6 

. 2 3 

. 2 2 

. 2 0 
, 2 » 
. 2 2 
. 1 9 

. 2 3 

. 2 5 

. 2 2 

. 2 7 
, 2 6 
. 2 2 

. 7 0 

. 6 7 

. 6 6 

. 6 4 

. 6 6 

. 6 2 

. 7 2 

. 6 1 

. 6 8 

. 6 7 

. 6 1 

. 6 4 

. 6 4 

. 7 5 

. 7 1 

. 7 1 

9 . 7 2 
1 0 . 3 7 

9 . 8 9 
9 . 1 1 
9 . 5 3 
8 . 9 6 
8 . 8 8 
9 . 3 3 
7 . 1 8 
8 . 0 6 

7 . 3 1 
7 . 9 6 
7.9» 
8 . 5 8 
8.3» 
8 . 1 5 

1 . 1 7 
1 . 0 6 
1 . 0 7 

. 9 8 
1 . 0 7 

. 8 6 

. 7 6 
1 . 1 9 

. 8 6 

. 8 9 

. 8 3 

. 9 0 

. 7 4 

. 8 8 

. 8 3 
1 . 1 6 

1 . 6 6 
1 . 4 5 
1 . 3 6 
1 . 4 0 
1 . 4 7 
1 . 3 3 
1 . 6 0 
1 . 9 1 
1 . 1 8 
1 . 2 0 

. 6 9 
1 . 0 8 
1 . 1 1 
1.2.1 
1 . 1 " 
1.2! 

2 . 3 2 
2 . 5 6 
1 . 9 9 
2 . 4 1 

1 . 7 3 
2 . 8 6 
2 . 8 1 
2 . 6 6 
2 . 6 7 
2 . 5 0 

2 . 2 3 
2 . 1 1 
2 . 0 8 
2 . 1 0 
2 . 1 9 
2 . 2 4 

. 1 1 

. 1 4 

. 2 0 

. 1 7 

. 1 7 

. 0 8 

. 2 6 

. 1 0 

. 1 1 

. 1 4 

. 1 6 

. 2 3 

. 1 4 

. 1 4 

. 1 8 

. 2 6 

. 0 1 

. 0 6 

. 0 4 

. 0 7 

. 0 6 

. 0 2 

. 0 8 

. 0 4 

. 0 3 

. 0 8 

. 0 3 

. 1 1 

. 0 2 

. 0 0 

. 0 3 

. 0 9 

• 37 
. 3 9 
. 3 3 
.33 
. 3 3 
. 3 0 
- 3 2 
. 2 7 
.22 
. 2 4 

. 2 0 

. 2 6 

. 6 1 

. 2 6 

. 2 8 

. 2 5 

• 30 
. 3 0 
. 3 5 

. 3 1 
• 38 
.38 
. 2 6 
. 3 7 
. 2 8 
. 3 0 

. 3 1 

. 2 7 

. 3 1 

.33 

.39 

.33 

129 6 4 - 3 9 . 8 5 
130 6 4 - 3 9 . 8 5 
133 6 4 - 3 9 . 8 5 
134 6 4 - 3 9 . 8 5 
135 5 4 - 3 9 . 8 6 
136 6 4 - 3 9 . 8 5 
137 6 4 - 3 9 . 8 6 

. 0 8 1 6 . 3 0 

. 1 6 1 4 . 0 7 

. 0 7 1 4 . 7 9 

.22 1 2 . 6 4 

. 2 6 1 4 . 8 9 

. 1 0 1 4 . 1 2 

. 3 7 ' » . 6 3 

2 . 7 0 
3 . 9 3 
3 . 2 1 
5 . 3 6 
3 . 1 1 
3 . 5 8 
3 . 3 7 

. 8 9 

. 7 1 

. 8 4 
1 . 5 4 

. 3 9 

. 6 7 

. 8 2 

1 . 3 0 
1 . 9 3 
1 . 4 4 
2 . 7 6 

. 9 0 

. 8 7 
1 . 7 2 

. 1 1 

. 0 9 

. 1 3 1 

. 2 6 

. 0 2 

. 0 7 

. 1 5 

. 6 6 

. 7 5 
1.06 

. 8 8 

. 4 7 

.37 

.83 

4 . 0 6 
5 . 2 1 
3.90 
1 . 8 0 
4 . 8 6 
1 . 1 0 
3 . 6 5 

1 . 7 8 
2 . 7 1 
3 . 6 2 
2 . 9 7 
6 . 6 0 
1 . 6 7 
6 . 1 8 

1 . 3 9 
1 . 7 0 
1 . 2 2 
2 . 0 3 
2 . 2 3 
1 . 7 2 
1 . 1 7 

3 . 0 0 
2 . 1 9 
3 . 6 1 
1 . 7 3 
3 . 2 1 
3 . 9 0 
2 . 9 2 

. 0 4 

. 1 2 

. 0 6 

. 1 0 

. 0 9 

. 1 0 

. 0 6 

. 0 5 

. 1 0 

. 1 3 

. 0 7 

. 0 6 

. 1 1 

. 1 0 

2 . 0 7 
1 . 2 3 ' 

.38 

.38 

. 2 6 

. 6 0 
• 38 

. 3 1 
1 . 0 2 

. 0 4 

. 1 0 

. 1 8 

. 0 6 

. 6 6 



- 166 

NO SGU NO 

2 61-127.8S 
3 61-127 .85 
7 61-127.8S 
8 61-127.8S 
9 61-127 .85 

10 61-127.85 
11 61-127.85 
12 61-127 .85 
13A61-127.85 
14 61-127 .85 
IS 61-127 .85 
10 61-127.8S 

37 65-S1.10 
38 65 -51 .10 
39 65 -51 .10 
42 6S-S1.10 
43 65 -51 .10 
44 65 -51 .10 
48 6S-S1.10 
49 65 -51 .10 

140 199104 
141 199104 
142 199104 
t»H 199104 
14S 199104 
146 199104 
147 199104 
148 199104 
149 199104 
ISO 199104 
151 199104 
1S2 199104 
153 199104 
1S6 199104 
158 199104 
159 199104 
160 199104 
161 199104 
162 199104 
163 199104 
164 199104 
16SA199104 
166 199104 
167 199104 
168 199104 
169 199104 
170 199104 
171 199104 

173 199104 
17« 199104 
175 199104 
176 179104 
177 19)104 
178 19^104 
179 199104 
180 199104 

102 199115 
103 199115 
104 199115 
105 199115 
106 199115 
107 199115 
108 199115 
109 199115 
110 199115 
111 199115 

178 199146 
179 199146 
180 199146 
181 199146 
182 199146 
183 199146 
184 199146 
187 19914* 
188 199146 

167 230653 
169 230653 
170 230653 
172 230653 
174 230653 
175 230653 
1-6 230653 
177 230653 

189 230749 
191 230749 
192 230749 
195 230749 
196 230749 
100 230749 
101 230749 

TH SI 

.46 13.60 

.32 12.65 

.39 12.94 

.36 11.81 
-30 13.31 
.28 12.65 
.28 13.47 
.33 12.57 
.35 12.87 
.26 13.56 
.40 14.75 
.4S 11.92 

.22 13.26 

.29 12.53 

.30 13.05 
•34 13.72 
.20 13.45 
.31 12.14 
.37 14.01 
.36 14.17 

.46 13.34 
.46 13.22 
.53 13.54 
.49 13.03 
.50 13.48 
.44 13.20 
.54 13.41 
-49 13.30 
-4S 13.48 
.62 13.67 
.60 12.97 
.114 13.41 
.47 13.45 
.20 12.99 
.52 13.82 
.50 13.46 
.49 13.S9 
.49 13.S8 
.51 13.05 
.47 13.12 
.52 13-34 
.68 13.93 
.57 13.18 
.54 13.01 
.46 12.94 
.52 1 3 - " ' 
.54 13.38 
.49 12.81 

.53 13.06 

.54 13.S3 

.49 13-28 

.49 13-36 
-49 13-36 
.71 13-15 
.51 13.45 
.54 13.40 

.78 15.43 

.56 14.09 

.58 14.32 

.54 14.41 

.53 14 : j 

.64 I t . 7 6 

.78 16.01 

.59 14.29 

.66 14.87 

.84 12.7S 

.75 14.11 

.77 14.21 

.58 14.41 

.63 14.30 

.34 13.46 

.49 14.60 
•35 13.83 
.36 14.27 
.52 14.78 

.50 13.67 

.04 12.83 

.03 12.9« 

.69 14.43 

.02 12.85 

.66 13.94 

.05 12.67 

.54 13.66 

.30 14.S6 

.78 16.55 

.36 14.68 

.88 16.01 

.11 13.74 

.90 16.12 

. 1 ! 13.87 

P 

4.40 
5.35 
5.06 
6.19 
4.69 
5.35 
4.53 
5.43 
5.13 
4.44 
3-25 
6.08 

4.74 
5.47 
4.95 
4.23 
4.55 
5.86 
3.99 
3.83 

4.66 
4.78 
4.46 
4.97 
4.52 
4.80 
4.59 
4.70 
4.S2 
4.33 
5.03 
4.S9 
4.55 
5.01 
4.18 
4.54 
».41 
4.42 
4.91 
4.88 
4.66 
4.07 
4.82 
4.99 
5.06 
4.SS 
4.62 
5.19 

4.94 
4.47 
4.72 
4.6« 
4.64 
4.85 
4.SS 
4.60 

2.57 
3.91 
3.68 
3.59 
3.77 
3.24 
1.99 
3.71 
3.13 
5.25 

3.89 
3.79 
3.59 
3.70 
4.54 
3.40 
4.17 
3.73 
3.22 

4.33 
5.17 
5.06 
3.57 
5.15 
4.06 
5.33 
4.34 

3.44 
1.45 
3.32 
1.99 
4.26 
1.88 
4.13 

LA 

1-79 
1.52 
2.8S 
1.97 
1.77 
1.40 
2 .10 
1.77 
1.88 
1.95 
1.47 
2.4S 

1-73 
2 .01 
1.86 
1.90 
1.97 
1.91 
1.79 
2 .02 

1.98 
2 .00 
2 .08 
2 .27 
1-99 
2 .07 
1.93 
1.86 
1.83 
2 .01 
1-95 
1.87 
1.90 
2 .09 
1.9S 
1.89 
1.94 
1.98 
1.83 
1.6S 
1.90 
1.83 
1.88 
1.93 
1.93 
1.88 
1.95 
1.92 

1.81 
1.95 
1.93 
1.85 
1.99 
2 .00 
1.98 
1.91 

2 .39 
1.74 
1.47 
1.54 
1.68 
1.49 
2.24 
1.72 
1.50 
2 .19 

1.52 
1.41 
1.59 
1.38 
1.72 
1.67 
1.64 
1.65 
1.57 

1.67 
1.97 
1.70 
1.58 
1.78 
1.72 
1.92 
1.71 

2 .52 
1.95 
2 .48 
2 .11 
2.20 
1.96 
2.37 

CE 

3-49 
3-»6 
3.54 
4 .19 
2 .97 
2.35 
4.03 
3-17 
2 .41 
2 .59 
2 .96 
3-24 

3.06 
3.05 
3.20 
2-39 
2.75 
2 .81 
2 .91 

. 8 0 

2.86 
2 .81 
2 .81 
2 .90 
2.75 
2 .99 
3.08 
2 .71 
2 .92 
2.86 
2.95 
2 .81 
2 .93 
2 .90 
2.82 
2 .88 
2.98 
2.82 
2.86 
2 .79 
2.72 
2 .70 
2.76 
2 .69 
2.65 
2 .72 
2.80 
2 .81 

2.85 
2.78 
2 .72 
2 .72 
2 .74 
2.76 
2 .81 
2 .77 

3.80 
2.58 
2 .71 
2.52 
2 .40 
2 .46 
3.89 
2.50 
2.23 
3.67 

2.66 
2.57 
2.34 
2.33 
2.69 
2.46 
2.52 
2.37 
2 .49 

2 . f 
2.75 
2.83 
2.38 
2.86 
J .61 
2.67 
2.49 

4.07 
3.0« 
3-89 
3.93 
3.7« 
4.20 
3.98 

ft 

. 1 5 

. 1 4 

. 2 7 
- 2 3 
. 2 8 
. 2 0 
. 2 3 
. 1 3 
. 1 6 
. 1 2 
. 2 0 
. 1 7 

. 1 5 

. 1 7 

. 2 0 

. 2 0 

.22 

. 1 6 

. 2 0 

. 1 6 

- 3 9 
. 4 0 
. 4 4 
. 4 6 
. 4 2 
- 3 6 
. 4 4 
. 3 9 
. 4 1 

. 3 9 

. 4 3 

. 4 0 

.38 
- 3 7 
. 4 4 
. 4 0 
- 3 5 
. 4 1 
. 3 8 
. 4 1 
. 4 0 
. 4 1 
. 3 8 
. 4 2 
. 3 7 
- 3 9 
. 3 8 
. 3 6 

. 3 9 
- 3 8 
. 3 8 
. 4 0 
- 3 8 
. 4 3 
. 4 4 
. 4 0 

.35 

. 2 6 

. 2 1 

. 2 1 

. 2 0 

. 2 1 

. 3 5 

.22 

. 2 1 

. 4 0 

. 2 7 

. 0 6 

. 0 0 

. 2 0 

. 2 0 

. 2 5 

. 3 1 

. 2 5 

. 2 3 

.22 

. 2 4 

. 3 1 

. 2 0 

. 2 9 

. 1 8 

. 3 1 

. 2 3 

. 4 3 

. 3 5 

. 2 9 

. 3 7 

. 2 9 

. 4 2 

.4C 

NO 

. 6 2 

. 7 9 

. 7 8 
1.12 

. 7 7 

. 6 9 
1.02 

. 6 4 

. 8 4 

. 5 6 

. 7 4 

. 8 0 

. 7 8 

. 7 4 

. 7 8 

. 7 7 

. 6 9 

. 6 8 

. 6 4 

. 7 3 

. 7 6 
. 7 6 
. 6 1 
. 8 0 
. 6 9 
. 6 4 
. 7 0 
. 7 3 
. 7 3 
. 6 7 
. 7 1 
. 7 6 

.63 

. 7 2 

. 7 5 

. 6 8 

. 7 6 

. 7 3 

. 7 2 

. 7 2 

. 6 8 

. 6 5 

. 6 8 
. 6 9 
. 6 5 
. 7 1 
. 6 4 
. 6 8 

. 6 5 

. 6 8 

. 6 8 

. 6 5 

. 6 9 

. 6 0 

. 6 4 

. 6 5 

1.09 
. 7 3 
. 7 5 
. 7 5 
.63 
. 7 8 

1.11 
. 7 6 
. 7 6 

1.29 

. 9 2 

.8B 

. 7 8 

. 8 7 

.73 

. 8 5 

. 8 4 

. 7 6 

. 8 9 

. 7 2 

.83 

. 9 7 

. 7 1 

.73 

. 7 5 

. 8 1 

. 7 0 

1.31 
. 1 0 

1.16 
1.37 
1 .22 
\.21 
1 .26 

NA 

3.17 
4 .39 
2.73 
2 .81 
4 .52 
3-67 
3 . tS 
3.80 
S.91 
4 .37 
3-15 
4.53 

9-25 
9.77 
8.47 

12.92 
9.33 

10.27 
11.28 

9.90 

4.43 
5.38 
4.22 
2.83 
2.48 
2 .43 
1.55 
3.16 
2 .71 
1.42 
1.96 
2 .19 
2.24 
6.14 
4.SS 
5.07 
4.SS 
3-96 
1.9S 
1.S2 

. 8 0 

. 6 0 
1.77 

. 6 4 

1.43 
1.16 
1.00 
2.26 

1.4S 
. 5 6 

1.22 
. 7 6 

1.89 
.96 

1.91 
1.08 

. 0 2 
8.4S 
6.38 
1.93 
7 .66 
1.42 

. 0 9 
7.52 

. 7 0 

. 1 4 

6.27 
1.27 
1.36 
9.»3 

10.74 
9.64 

10.17 
9 .70 
9 .87 

1.49 
9 .28 
9 .88 
1.64 
8 .44 
2 .64 
6.77 
2 .42 

. 6 7 

. 0 0 

. 9 5 

. 0 0 

. 7 2 

. 0 0 
. 8 9 

C» 

. 6 7 

. 6 9 
1 .04 

. 8 7 

. 2 4 
1.28 
1.02 

- 3 5 
. 2 5 
. 9 1 
. 7 6 

1.22 

. 8 8 
1.11 

. 9 5 
1.13 

. 7 7 

. 9 7 

. 4 6 

. 5 8 

. 9 8 
. 9 3 

1.00 
1.21 
1.02 
1.12 
1.14 
1.10 
1 .08 

. 9 1 

. 9 9 

. 9 4 
1.09 
1.00 
1.49 

. 9 5 

. 9 2 
- 9 3 

1.01 
1.00 
1.02 

. 9 0 

. 9 7 

. 9 8 
1.00 
1.10 
1 .T1 
1.12 

. 9 8 

. 9 8 
1.04 

. 9 6 

. 9 8 
1.09 

. 9 9 
1.03 

1.73 
1.29 
1.26 
1.11 
1.18 
1.CS 
2 .29 
1.25 
1.11 
2 .26 

1.31 
1.37 
1.24 
1.24 

. 9 5 
1.19 
.9« 

1.25 
1.21 

1.19 
. 8 9 
. 7 8 

1.21 
. 9 5 

1.21 
. 7 5 

1.24 

3.28 
1.75 
2 .43 
2.04 
3.20 
1.86 
2 .01 

* K 

. 8 S 

. 6 7 

. S 3 
2 .02 

. 7 4 

. 5 2 
2 .92 

. 4 3 

. 1 3 

. 1 2 
1.27 
2.22 

1.50 
1.47 
1.26 
1.19 
1.74 
1.43 
1.32 
1.77 

1.88 
1.84 
1.89 
1.98 
1.79 
1.79 
1.84 
1.82 
1.81 
1.72 
1.71 
1.73 
1.81 
2.04 
1.71 
1.66 
1.72 
1 .71 
1.99 
1.8S 
1.91 
1.77 
1.88 
1.72 
1.66 
1.76 
1.75 
1.80 

1.82 
1.71 
1.74 
1.71 
1.72 
1.62 
1.78 
1.69 

1.99 
t.SS 
1.49 
1.47 
1.46 
1.57 
1.62 
' . 3 9 
1.57 
1.24 

2 .31 
2 .09 
1.96 
2 .09 
1.90 
2 .08 
1.79 
1.58 
2 .22 

1.61 
1.69 
1.72 
1.SS 
1.77 
1.40 
1.4S 
1.52 

2 .09 
. 8 4 

1.80 
. 9 5 

2.25 
1.12 
2.24 

FE 

1 . % 
- 2 3 
. 6 3 
. 7 4 

1.95 
. 4 9 
. 5 7 
. 1 3 
. 6 3 
. 2 6 

3.44 
- 3 8 

1.60 
- 6 9 

2.18 
1 .04 
2.15 
1.16 
2.03 
1.80 

1 . 5 ' 
1 .70 
1-59 
1.57 
1.59 
1 .S7 
1.68 
1.59 
1.6S 
1-31 
' . 8 8 
2.17 
1.70 
1.38 
1 .8^ 
1.82 
1.66 
1 .7S 
1 .65 
1.S8 
1.06 
1.82 
I .76 
1.66 
1.65 
T.69 
1.75 
T.60 

1.70 
1.81 
1.75 
1.70 
1.78 
1.86 
1.78 
1.88 

-..93 
1.98 
1.98 
1.78 
2 .03 
1 .90 
2 .98 
2.22 
1 .92 
2.75 

. 8 2 

. 8 7 

. 8 3 

. 8 0 
1.65 
1.16 
1.56 
1.53 

. 8 9 

1.83 
1.72 
1.76 
1.84 
1.72 
1.89 
1 .74 
1.95 

1 .74 
1 .72 
1 .68 
2.65 
1.62 
3.02 
1 .55 
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e '4 A'.jBic proportions for the analysed s teenstrupine and its alteration products. 

Averages for individual aggregate and alteration types ir. each sample. 

"odes: A = Rock types: *-WC3 lujavrite; 2 = arfvedsonite luiavrite; 

4 = naujaleasite lujavrite; 5 = deforaed lava; 6 = vtins/pe^mati tes 

B = Rock hydration types: i = fresh or very weakly hydrated; 

2 - weakly to distinctly hydrated; 3 = strongly hydrated li.;ht coap^nen'.s 

C = Principal genetic categories of s teenstrupine: 1 - steenstrupine A; 

2 = Steenstrupine B; 3 = s teenstrupine in veins. C. 

D - Alteration types or genetic subtypes of s teens trupine: 1 - crys tal line(sniso tnpic 

2 = meteaict (isotropic); 3 = slightly altered (priaarily still metamict); 

4 = altered [i^re^ate aniso tropy); 5 = strongly altered (brovn, black a^re^ates); 

6 = recrystallized into sicroscopically heterogeneous Biltures (rnona2ite, L'-thonte 

etc.) 7 = anisotropic Steenstrupine replacing the C-i type; 8 = red alteration 

(veins, patches) of C-T and C-2. 

Busbars in parentheses represent the estiaated standard error in ttras of last digit. 

pla no. Ho. seas. Codes Atomic proportions normalized to Si + P = 18 

A B C D S i P Th La Ce Pr !»d 

1 6 J . 0 6 * 1 1 2 ' 4 . 2 5 ( 2 7 ) 3 . 7 5 ( 2 7 ^ . 4 0 ( 3 ) 1 . 8 4 ( e ) 2 . 9 0 ( 6 ) . 2 5 ( 4 ) . 7 0 ( 4 ) 

5 4 1 1 4 ' 3 . 9 9 ( 3 8 ) 4 . 0 1 ( 3 8 ) . 4 1 ( 3 ) 1 . 8 5 ( 7 ) 2 . 9 1 ( H ) . 2 6 ( 2 ) . 7 0 ( i 7 ) 

1 4 i i 5 14 .30 3 .70 . 37 1.70 2 . 7 8 .22 . 7 ' 

1^.00 8 1 3 2 6 1 2 . 0 1 ( 2 . 2 2 ) 5 . 9 9 ( 2 . 2 ? ) , 4 2 ( i 7 ) 1 . 7 4 ( 4 8 ) 2 . 7 0 ( 7 0 . 2 6 ( 7 ) . 7 3 ! ' 9 ) 

' 4 0 . 0 10 2 1 1 4 ' 4 . 0 8 ( 2 6 ) 3 . 9 2 ( 2 6 ) . 3 5 ( 4 ) i . 7 5 ( 1 5 ) 2 , 6 5 ( ? 0 . 2 3 ( 3 ) 

6 2 1 1 2 1 4 . 0 5 ( ' 7 ) J . 9 5 ( i 7 ) . 3 3 ( 4 ) 1 . 6 5 ( 1 0 ) 2 . 5 0 ( i j ) . 2 4 ( 2 ) 

59.85 6 r< ' i 6 12.64 5 .36 .2? 1.54 2 .76 .26 

1 5 1 1 6 ' 1 4 . 6 9 ( 4 2 ) 3 . 3 2 ( 4 2 ) . 1 7 ( 1 2 ) . 72 ! 18) 1 . 3 5 ( 4 3 ) . 1 2 ( ' - 1 

' 2 7 . 8 5 3 2 1 1 1 1 3 . 1 6 ( 1 . 2 2 ) 4 . 8 4 ( 1 . 2 2 ) . 2 9 ( 7 ) 1 .87 (29 ) 3 . 6 9 ( 7 3 ) . ? ' { . 1 ; 

2 1 1 4 11.92 6 .08 .45 2.45 }•24 .17 

9 2 1 1 5 1 3 . 2 1 ( 7 0 ) 4 . 7 9 ( 7 0 ) . 3 4 ( 6 ) ' . 8 2 ( 4 3 ) 2 . 9 9 ( 4 6 ) . 1 8 ( 6 ) 

5 ' . 10 2 2 1 1 2 1 3 . 3 6 ( 1 3 ) 4 . 6 5 ( 1 3 ) . 2 1 ( 1 ) 1 . 8 5 ( 1 7 ) 2 . 9 i ( 2 2 ) . 1 8 ( 5 ) 

* 2 1 1 4 1 3 . 2 7 ( 8 3 ) 4 . 7 3 ( 8 3 ) . 3 3 ( 3 ) 1 .91 (9 ) 2 . 4 5 ( 2 8 ) . 1 8 ( 2 ) 

. 6 4 

. 6 8 ! 

. 5 8 

. 6 7 ' 

. 0 6 

. 8 0 

. 7 2 ! 

.731 

. 7 2 ! 

( 5 ) 

:e) 

' ->e \ 

|19) 

!9) 

: ? ) 

!6) 
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N« Ca Hn Fe Z r 

i ' . 6 9 ( 2 8 ) 1 . 0 6 ( 1 4 ) 1 . 2 9 ( 1 0 ) 2 . 1 6 ( 1 0 ) . 1 3 ( 3 ) 

1 1 . 7 8 ( 2 5 ) 1 . 1 5 ( 5 ) 1 - 4 8 ( 9 ) 2 . 0 6 ( 3 3 ) . 1 3 ( 7 ) 

10 .37 1.21 1.43 2 . 1 9 .11 

. 08 (4 ) 

. 03 (3 ) 

.09 

. 3 6 ( 3 ) 

. 3 6 ( 1 ) 

.34 

. 3 7 ( 3 ) 

. 37 (11) 

.34 

6 . 0 7 ( ' 6 ) 

6 . 08 (27 ) 

5.75 

3 . 9 4 ( 1 . 1 3 ) 1 . 3 0 ( 3 4 ) 1 . 4 4 ( 4 0 ) 1 . 8 2 ( 1 . 1 2 ) . 2 6 ( 2 4 ) . 1 0 ( 8 ) 1 . 4 0 ( 9 3 ) . 3 9 ( i 7 ) 5 . 8 1 ( 8 3 ) 

9 . 1 3 ( 9 3 ) . 9 9 ( 1 5 ) 1 . 5 2 ( 2 5 ) 2 . 4 4 ( 3 5 ) . 1 5 ( 5 ) . 0 5 ( 3 ) . 3 t ( 5 ) . 3 2 ( 4 ) 5 . 6 0 ( 4 1 1 

8 . 1 0 ( 4 7 ) . 8 9 ( 1 4 ) 1 . 0 9 ( 2 1 ) 2 . 1 6 ( 7 ) . 1 8 ( 5 ) . 0 5 ( 4 ) . 2 9 ( n ) . 3 2 ( 4 ) 5 . 3 9 ( 3 0 * 

' . 8 0 2 .97 2 . 0 3 1.73 

4 . 3 5 ( 6 0 ) 4 . 5 8 ( i . 2 5 ) 1 . 5 7 ( 4 0 ) 3 . 1 4 ( 6 0 ) 

.10 

. 0 8 ( 3 ) 

.07 

. 09 (3 ) 

. 38 

. 8 0 ( 7 i ) 

.10 

. 3 8 ( 3 9 ) 

5.55 

3 . 2 2 ( i . i 6 ) 

3 . 0 6 ( 2 2 ) . 8 7 ( 1 5 ) 2 . 4 3 ( 4 6 ) , 8 i ( ? B ) . 2 5 ( 4 ) . 1 4 ( 2 ) 

4 . 5 3 1.22 2 . 2 2 . 3 8 .24 .14 

3 . 7 2 ( 6 7 ) . 6 9 ( 3 6 ) . 5 8 ( 3 6 ) 1 . 0 0 ( 1 . 0 7 ) . 3 3 ( 1 6 ) . 1 4 ( 2 ) 

. 3 1 ( 7 ) 

.06 

. 4 5 ( 1 0 ) 

.52 

. 7 7 ( 1 . 1 0 ) . 4 i ( 8 ) 

7 . 2 2 ( 1 . 2 6 ' . 

7 . 1 3 

6 . 1 2 ( 7 5 ) 

9 . 2 9 ( 6 ) . 8 3 ( 7 ) 1 . 6 2 ( 1 7 ) 1 . 9 8 ( 5 3 ) . 2 2 ( 6 ) .000 

1 0 . 4 4 ( 1 . 5 2 ) . 8 7 ( 2 8 ) 1 . 3 9 ( 5 2 ) 1 . 4 8 ( 6 0 ) . 2 2 ( 4 ) .000 

. 0 8 ( 1 1 ) . 3 1 ( 3 ) 

. 1 3 ( 1 8 ) . 4 1 ( 4 ) 

5 . 9 8 ( 3 ) 

6 . 1 0 ( 3 0 ) 
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S a a f l * aa l o » • • • - C«««« 

A • C S 

A t * * t c | > r « v « r t i « a * a « T M l i s « 4 t * J å » f • »8 

S i f Tk La C * 

i 9 9 " 5 

19914* 

2 3 0 * 5 3 

2 3 0 7 4 9 

3 2 i * . 2 S ( * 0 ) 3 . 7 7 ( 1 0 ) 

3 • 1 5 . 7 3 ( 4 ' ) 2 . 2 8 ( 4 1 ) 
l l « . 7 3 ( t . 7 4 ) 3 . 2 7 ( ' . 7 5 ) : 

3 8' ' 4 . 4 8 ( 2 4 ) 3 . 3 2 ( 2 4 ) 

3 2 1 3 . 9 9 ( 3 5 ) 4 . 0 1 ( 3 5 ) 

3 3 1 4 . 4 9 ( 1 2 ) 3 . 3 1 < 1 2 ) 

3 8 1 4 . 3 1 ( 1 4 ) 3 . 4 9 ( 1 4 ) 

5 4 ( 3 ) 

8 0 ( 3 ) 

i . 4 5 ( i 2 l 

2 . 2 « ( i i ] 

2 . 5 5 ( ' 3 i 

3 . 7 9 ( i O 

. 2 2 ( 3 ) 

- 3 7 i 3 ) 

. 7 3 ( 3 ' 

•.•*;•• 

3 2 

3 7 

3 1 

3 5 

1 3 . 9 2 ( 3 4 ) 

1 2 . 8 2 ( 1 1 ) 

1 4 . 2 1 ( 4 8 ) 

1 4 . 2 3 ( 2 9 ) 

4 . 0 8 ( 3 4 ) 

5 . 1 8 ( 1 1 ) 

3 . 7 9 ( 4 8 ) 

1 . 7 7 ( 2 9 ) 

. 4 1 ( 7 ) i . 5 i ( 3 ) 2 . 4 0 ( ' 5 ) . 2 - i ' * ) 

. 4 9 ( 1 9 ) 1 . 5 8 ( 1 4 ) 2 . 5 ? i ' 4 ) 

. 5 i < 3 ) 1 - 4 2 ( 7 ) 2 . 4 7 ( 2 ) 

- 4 7 ( 1 3 ) i . 5 0 d 3 ) 2 . 4 5 ( i * ! 

. 40 (9 ) 
- 0 4 ( r ) 

. 2 2 ( ' 2 ) 

- 8 5 ( i ) 

i . 4 7 ( 7 ) 

• - • « i * 3 ] 

2 . 4 0 ( 1 5 ) 

2 - 0 0 ( 9 ) 

2 . 5 4 ( ' 3 ) 

2 . 7 8 ( 9 ) 

3 . 9 2 : 1 4 ! 

3 . 9 2 i - l ! 

- 2 5 1 5 :• 

. 2 4 > ; 

- 0 3 . 5 ) 

. 2 ' i 2 ; 

-25K3S 

. 3 5 ( 7 ) 

- 3 8 i * > 

. 7 4 i ' ! 

. 8 ^ ( 8 ; 

. 8 7 ( 3 ' 

- • 5 v 7 ; 

- 7 i i 2 ) 

. 8 * ; o : 

. 2 3 . 4 

. 2 4 ; • * ' 

S s u p l e no. Ccj^trs 

i A B ? 3 P Tr. i.» 

£ - 7 2 . 8 " 6 2 3 ' 2 

4 2 3 1 3 

3 2 3 i i 

2 2 3 1 s 

9 - 6 6 . S f É 2 ' 2 2 

' • - ' 3 1 . 3 ' .t : ' 2 

3 4 2 * 3 

.5 2 ' 3' 

! • 2 ' • 

2 • 2 ' S 

' 8 - 7 9 . 6 r - ' ? 6 - 3 2 

6 - 3 3 

• 3 . 3 < . 3 * : ' . 6 6 ; j < ! . • * . - : 

* 3 . 2 4 ' j i i 4 . 7 4 ( 3 0 ) . . • , 8 ' 7 : 

' 4 . 1 0 : 2 . * 7 ) 4 . . T * ; 2 . • ! ' - . . 3 6 : - ; 

* 4 . 2 8 : J 3 ' 3 . 7 2 1 4 3 } . * « ' > } 

1 . 4 8 ( 3 0 ) 

* . - 2 : -4'' 

• . 4 9 ' * : 

- . 7 3 : - 2 ' 

• 3 . 3 3 

• 3 . 9 7 V 2 8 ) 

9 . - * 

' 3 . 4 9 

' 2 . 5 ! , ( 6 ) 

' 3 . 7 3 

' 4 . 0 7 ( 3 ' ) 

' 4 . 8 ^ 

/ ; .b7 

4 . 0 3 : 2 8 ) 

8 . 8 * 

&.rr 
r - 4 t ( 6 i 

.1.27 

3 - 9 3 ( 3 • ! 

3 . ' ' 

. 29 

. 3 8 ( 2 3 ' 

.40 

# ; 'C 

. 4 4 : r ) 

. "9 

. ' 3 ( 7 ) 

.67 

* . : 4 

1.4*1 ' 

' . ' 0 

' . 5 9 

* . S 9 : 

• . 2 * 

• . 7 0 : 

* .44 

'«; 

• 2 ! 

•3 * 

>.é» 

2 . ' •9 3» 

2 . 9 7 

2.87> 

2 . » J •' " • 

> . 9 9 

>. -i • •.' 

' . 3 « 
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Table IS Statistical estiaates for various partial croups 

foraed froa th« analysed atcenatrupines and their alteration 

products using the codes from Table 14. The coarse crystallised, 

aineralofically heterogeneous alteration products were omitted 

froa the averages. 

a) all aeaaureaents on steenatrupine and its fine-grained 

alteration products. 16? analyses. 

(ainus D=6) 

Elenent Mean Standard Dev. Max. Hin. 

Si 

P 

Th 

La 

Ce 

Pr 

Ud 

Wa 

Ca 

•n 

Pe 

Zr 

Ti 

Al 

r 
RE*T 

13.76 

4,24 

0.43 

1.78 

2,84 

0,27 

0,78 

6.13 

1.09 

1.52 

1.76 

0,29 

0.09 

0.29 

0,31 

5.98 

0,88 

0.88 

0.17 

0.25 

0.41 

0,09 

0,16 

3.72 

0,39 

0.43 

0.58 

0.14 

0.07 

0.46 

0.10 

0.72 

16.55 

8,85 

0,90 

2,85 

4,20 

0,46 

1.37 

12.92 

3.28 

2.92 

3.44 

0,77 

0,34 

3.77 

0.57 

8.61 

9.15 

1.45 

0,02 

1.15 

2.05 

0,0 

0,41 

0,0 

0,24 

0,12 

0,18 

0,05 

0,0 

0.0 

0,03 

4,60 

b) Cenetic types of steanatruplne. Steenstrupine A and its 

finegrained alteration products. 63 analyses 
C=1 

Eleaent Rein Standard De». Rax. Kin. 

Si 

P 

Th 

La 

Ce 

Pr 

Nd 

Ha 
Ca 

Hn 

Pe 

Zr 

Ti 

Al 

T 

RE*T 

13,63 

4,37 

0,33 

1.71 

2.89 

0,21 

0,76 

7,96 

0,95 

1,34 

1,72 

0,19 

0,08 

0,38 

0,37 

5,95 

0,98 

0,98 

0.09 

0,26 

0,38 

0,04 

0,15 

2,71 

0,25 

0,52 

0,74 

0,09 

0,06 

0,64 

0,07 

0,61 

16,21 

8,85 

0,53 

2,85 

4,19 

0.30 

1.15 

12,92 

1.48 

2,92 

3,44 

0,64 

0,18 

3,77 

0,55 

7,97 

9,15 

1.79 

0,11 

1,15 

2,05 

0,12 

0,41 

2,73 

0,24 

0,12 

0,18 

0,05 

0,0 

0,0 

0,19 

4,60 
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Steenstrupine B and its fine-grained alteration products. 

9 analyses. 

C=2 

Element 

Si 

P 

Th 

La 

Ce 

Pr 

Nd 

Na 

Ca 

Hn 

Fe 

Zr 

Ti 

A] 

T 

RE+Y 

Mean 

14,28 

3.72 

0,44 

1.73 

2.72 

0,26 

0,69 

9,65 

1,01 

1,37 

2,21 

0,27 

0,06 

0,32 

0,27 

5,67 

Standard Der. 

0.43 

0.43 

0,06 

0,12 

0,08 

0,02 

0,06 

0,79 

0,13 

0,12 

0,10 

0,11 

0.04 

0,04 

0,07 

0,18 

Max. 

15.00 

4.27 

0,54 

1.91 

2.82 

0.29 

0,75 

10,54 

1.19 

1.57 

2,34 

0,41 

0,12 

0,37 

0,36 

5,87 

Hin. 

13,73 

3.00 

0.35 

1,61 

2,60 

0,23 

0,60 

8.61 

0,84 

1,26 

2.05 

0,16 

0.0 

0,26 

0,17 

5.36 

S teenstrupine C and i t s a l t e r a t i o n products. 15 ana lyses . 

£=2_ 

Element Mean Standard Dev. Max. Hin. 

Si 

P 

Th 

La 

Ce 

Pr 

Ud 

II* 

Ca 

Hn 

Pe 

Zr 

Ti 

Al 

T 

RE+Y 

13,84 

4,16 

0.51 

1,85 

2,81 

0,32 

0,79 

4.26 

1,22 

1,69 

1,76 

0,37 

0,11 

0,21 

0,26 

6,03 

0,79 

0.79 

0,18 

0,24 

0,44 

0,10 

0,18 

3,64 

0,46 

0,27 

0,39 

0,12 

0,06 

0,20 

0,09 

0,63 

16,55 

5.33 

0,90 

2,52 

4,20 

0,46 

1,37 

10,74 

3,28 

2,31 

3,02 

0,77 

0,34 

1,21 

0,57 

8,61 

12,67 

1.45 

0,02 

1,38 

2.23 

0,0 

0,60 

0,0 

0,75 

0,84 

0,80 

0,09 

0,02 

0,0 

0,03 

4,91 



- 174 -

c) Rock hydration types . Steenstrupine and i t s f ine-grained 
a l t a r a t i o n products froa fresh to weakly hydrated rocks. 
62 analyses . 

B=1 

Element 

Si 

P 

Th 

La 

Ce 

Pr 

Rd 

Ha 

CT 

Nn 

Fe 

Zr 

Ti 

Al 

T 

RE+r 

Hean 

13,77 

4.23 

0.36 

1,81 

2,85 

0,22 

0,71 

8,51 

0,94 

1.31 

1.83 

0,21 

0,07 

0,50 

0,36 

5.95 

Standard Dev. 

0,71 

0,71 

0.07 

0,23 

0.37 

0.05 

0,11 

2.97 

0,24 

0,48 

0,77 

0.11 

0,05 

0,69 

0,08 

0,63 

Max. 

15,00 

6,19 

0.54 

2.85 

4.19 

0.30 

1,12 

12.92 

1,26 

2,92 

3.44 

0.64 

0,17 

3,77 

0,55 

7.97 

Min. 

11,81 

3,00 

0,20 

1,40 

2.25 

0.12 

0,41 

2.73 

0.24 

0,12 

0,18 

0,05 

0.0 

0,0 

0,17 

4,80 

Steenatrupine and its fine-grained alteration products froi 

aediua hydrated rocks. 9 analyses. 

B=2 

Element 

Si 

P 

Th 

La 

Ce 

Pr 

Ud 

Ha 

Ca 

Mn 

Fe 

Zr 

Ti 

Al 

T 

RE+T 

Mean 

12.97 

5,03 

0,35 

1.49 

2,87 

0,19 

0,87 

7,27 

1,01 

1.40 

1.38 

0.13 

0,00 

0,16 

0,38 

5,80 

Standard OCT. 

1,54 

1.54 

0.15 

0,17 

0,39 

0.02 

0,14 

1,38 

0,34 

0,71 

0,62 

0,04 

0,01 

0,18 

0,06 

0,52 

Max. 

14,22 

8,85 

0,53 

1,77 

3,66 

0,23 

i,'5 

8,94 

1.48 

2,40 

2.34 

0,16 

0,01 

0,46 

0,48 

6,81 

Min. 

9.15 

3,78 

0,11 

1.26 

2,27 

0,15 

0,69 

4,64 

0,69 

0,66 

0,46 

0,05 

0,0 

0,0 

0,31 

4,99 
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Steesatrupine and i t s f ina-grained a l t e r a t i o n products fro i 
s trongly hydratad rocks . 15 ana lyses . 

Elanant 

Si 

P 

Th 

La 

C« 

Pr 

•d 

•a 

Ca 

Ha 

Pe 

Zr 

Ti 

Al 

T 

RE*Y 

Heen 

15,77 

4.23 

0.27 

1.50 

2.97 

0.21 

0.87 

7.05 

0.97 

1.56 

1.70 

0.18 

0,15 

0,06 

0.16 

5.91 

Standard Dev. 

1.22 

1.22 

0.11 

0.15 

0.34 

0.04 

0.17 

1.33 

0.19 

0.40 

0.58 

O.05 

O.02 

0.03 

0,09 

0,51 

Has. 

16.21 

6.13 

0.45 

1,87 

3.44 

0.27 

1,08 

9.38 

1.30 

1.93 

3.33 

0.2« 

0,18 

0.12 

0.50 

6.51 

Hia. 

11.87 

1.79 

0.12 

1.15 

2.05 

0.15 

3.65 

3.81 

0.65 

0.55 

1.21 

0.07 

0.11 

0.0 

0.22 

4.60 

d) Patro los i ca l rocfc I T H I . Stacnetrupin« i a arrvedaonite 

l u j a v r i t e s . 58 ana lyse s . 

A . 2 

Eleses t Hess Staadard Dev. Hsi . His . 

Si 

P 

Th 

La 

Ce 

Pr 

•d 

•a 

Ca 

Hs 

Pe 

Zr 

Ti 

Al 

T 

RE*T 

13.69 

4,31 

0,33 

1.72 

2.87 

0,21 

0,75 

7,49 

0,91 

1,31 

1.74 

0,22 

0,09 

0,42 

0.36 

5.92 

0.89 

0.89 

0,09 

0.27 

0,40 

0,04 

0.14 

2.49 

0.23 

0.51 

0,78 

0,10 

0,06 

0,70 

0,08 

0,65 

16.21 

6.19 

0.54 

2.65 

4,19 

0,30 

1,12 

12.92 

1,30 

2.91 

3.44 

0,64 

0,18 

3.77 

0,55 

7,97 

11.81 

1.79 

0.12 

1.15 

2.05 

0,'2 

0,56 

2,73 

0.24 

0,12 

0,18 

0,07 

0,0 

0,0 

0,17 

4,60 
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Staaaatrva ia« i a aaa jakas i ta l a j a v r i t a s . 2 * aaalyaaa. 

åil_ 
t l a a a a t Raaa Xta.a4ar« tov. M a i . t i m . 

S i 

r 
Tm 

La 

C* 

Pr 

M 

*a 

Ca 

Hm 

r* 
Zr 

Ti 

Al 

T 

>E»T 

1 3 . 4 4 

4 . 3 4 

0 . 1 « 

i . « 

? . M 

0 . 2 5 

0 . 7 7 

9 . 7 5 

1 . 0 7 

1 . « 

1 . 0 0 

0 . 1 3 

0 . 0 4 

0 . 2 7 

0 . 3 7 

5 . 9 4 

1 . 1 7 

1 . 1 7 

0 . 1 0 

0 . 2 3 

0 .2C 

o.ot 
0.15 
2 .40 

0.24 
0.44 
0.57 

0.04 

0.04 

0.15 
0 .0* 

0 .39 

i « . 5 * 

• • • 5 
0 .53 

i . « 

3.44 

0 .30 

1.15 
12.1« 

! .«• 
2.40 

2 .40 
O.24 

0 .17 

0.4« 
0 .40 

4.81 

9.15 
3.44 

O. l l 

1.24 
2 .27 

0.15 
0.41 
4.44 

0 . « 

0.44 
0 .44 

0.05 
0 . 0 

0 . 0 

0 .19 
4 .99 

Staaaatrva iaa i a v e i n * aa« a a g M t i t a a . 85 aaa lyaa« . 

* - 4 

Eiaaaat Raaa Staa4ar4 Ba». Mai . H i * . 

S i 

p 

Ta 

La 

C« 

Pr 

M 

l a 

C* 

Ha 

f t 

Zr 
T i 

A l 

T 

»e>T 

13.»4 

4.14 

0 .51 

i .«5 

2 .01 

0.32 

0 .79 

4.24 

1.22 

1.49 

1.74 

0.37 

0 . " 

0.21 

0.24 

4.03 

0 . 7 * 

0 .7« 

0 .1« 

0.24 

0.44 

0 .10 

O . i « 

3.44 

0.44 

0 ,27 

0 .39 

0 . ' 2 

0.04 

0 .20 

0 .09 

0.83 

' 4 . 5 5 

5.33 

0 .90 

2 .52 

4 . 2 0 

0.46 

1.37 

10.74 

3 .2« 

2 .31 

3.02 

0 .77 

0.34 

1,21 

0 .57 

8 . ( 1 

' 2 . 4 7 

1.45 

0 .02 

' . 3 0 

2 .23 

0 . 0 

0 .40 

0 . 0 

0.75 

0.84 

0 .80 

0 .09 

0 .02 

0 . 0 

0 . 0 1 

4 .91 
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e) Alteration and replaceaent groups. Crystalline ateenstrupine. 

40 analyses. 

Hetaaiet steenstrupine. 53 analyses 

D = 1 

Element 

Si 

P 

Th 

La 

Ce 

Pr 

Nd 

Na 

Ca 

Mn 

Pe 

Zr 

Ti 

Al 

•-<
 

RE+Y 

Mean 

13.41 

4.59 

0.46 

1.98 

3,00 

0,38 

0.77 

2,32 

1,19 

1,86 

1,62 

0,41 

0,09 

0,32 

0.22 

6,35 

Standard Dev. 

0,46 

0,46 

0,13 

0,19 

0,43 

0,06 

0,18 

1,48 

0,56 

0,24 

0,28 

0,12 

0,03 

0,09 

0,09 

0,77 

Max. 

14.68 

6,19 

0.71 

2.52 

4,19 

0,46 

0,31 

6.14 

3.28 

2.92 

2.17 

0,77 

0,16 

0,45 

0,55 

8,61 

Hin. 

11,81 

3.32 

0,11 

1.55 

2.65 

0,16 

0,60 

0,64 

0,72 

1,62 

0,57 

0,21 

0,03 

0,01 

0,03 

5,74 

D » 2 

Elenent 

Si 

P 

Th 

U 

Ce 

Pr 

Nd 

Na 

Ca 

Mn 

Fe 

Zr 

Ti 

Al 

Y 

FE+Y 

Mean 

13.96 

4,04 

0,42 

1,68 

2,69 

0,24 

0,77 

8,46 

1,04 

1,47 

1,88 

0,25 

0,09 

0,13 

0,33 

5,70 

Standard DeT. 

0,44 

0,44 

0,16 

0,14 

0,29 

0.04 

0,12 

2,47 

0,16 

0,26 

0,34 

0,09 

0,06 

0,15 

0,06 

0,39 

Hat. 

15,00 

4,06 

0,75 

2,04 

3,66 

0,31 

1,08 

11,98 

1.31 

2,31 

2.35 

0,51 

0,22 

0,51 

0,44 

6,81 

Hin. 

12,94 

3,00 

0,03 

1,38 

2,27 

0,15 

0,60 

1.49 

0,65 

0,69 

0,80 

0,09 

0,0 

0,0 

0,09 

5,04 
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S l i g h t l y a l t e r e d i- t e e n s t r u p i n e . 1 1 a n a l y s e s . 

P _ = _ l 

Eleaent Hean Standard Der. Max. Bin. 

Si 

P 

Th 

La 

C* 

Pr 

Hd 

Na 

Ca 

Nn 

Pe 

Zr 

Ti 

Al 

Y 

RE+Y 

15.48 

4.52 

0,39 

1.49 

2.68 

0.20 

0,85 

7,78 

1,06 

1,69 

1,46 

0,19 

0,13 

0.09 

0,3" 

5.59 

1.58 

1,58 

0.15 

0.19 

0.30 

0,03 

0,12 

1,18 

0,29 

0,53 

0,55 

0,09 

0,12 

0,13 

0,09 

0,39 

14.85 

8,85 

0,60 

1.87 

3,22 

0,25 

1.03 

9.87 

1,48 

2.40 

2.34 

0,39 

0,34 

0,46 

0,50 

6,1 1 

9.15 

3.15 

0,11 

1.15 

2.27 

0,15 

0,69 

6.36 

0,69 

0,65 

0,46 

0,05 

0,0 

0,0 

0,25 

4,98 

Altered a.aenatrupine. 26 analyses. 

P - 4 

Element Mean Standard Dev. Hex. Min, 

13,76 

4.24 

0,36 

1,79 

2,79 

0,22 

0,71 

9.59 

1,02 

1,48 

1,93 

0,16 

0,05 

0,24 

0,36 

5,87 

0,90 

0,90 

0,05 

0,22 

0,31 

0,04 

0,13 

1.89 

0,21 

0,31 

0,67 

0,06 

0,05 

0,15 

0,08 

0,54 

16,21 

6,13 

0,45 

2,45 

3.44 

0,30 

1.15 

12,92 

1,30 

2.36 

2.85 

0,27 

0,17 

0,49 

0,52 

7,18 

11,87 

1,79 

0,25 

1.39 

2,05 

0,16 

0,41 

4,53 

0,46 

0,97 

0.38 

0,05 

0,0 

0,02 

0,19 

4,60 
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Extreaely altarad ataanatrupina. 18 analyses. 

P = 5 

Element Mean Standard Dav. (tax. Hin. 

Si 

P 

Th 

La 

Ce 

Pr 

Ud 

Ha 

Ca 

Hn 

Pe 

Zr 

Ti 

Al 

T 

RE+Y 

14,01 

3,99 

0,44 

1,76 

3.11 

0,21 

0,81 

4,49 

0,98 

0,75 

1.55 

0,28 

0,13 

0,91 

0,35 

6,25 

1,44 

1.44 

0,21 

0,35 

0,51 

0,09 

0,22 

2.98 

0,52 

0,3* 

1,11 

0,17 

0,07 

1,11 

0,09 

0,91 

16.55 

5,49 

0,90 

2,85 

4.20 

0,42 

1,37 

10,37 

2.04 

1,43 

3,44 

0,64 

0,26 

3,77 

0,52 

8,11 

12,51 

1.45 

0,19 

1,26 

2.35 

0,12 

0,56 

0.0 

0,24 

0.12 

0,18 

0,07 

0,0 

0,0 

0,20 

5,05 

Heterogeneous altaration produeta of ataanatrupina A and B. 

15 analysts. 

Element Mean Standard Dav. Max. Hin. 

Si 

P 

Th 

La 

Ce 

Pr 
Id 

Ra 

Ca 

Hn 

Pa 

Zr 
Ti 

Al 

T 

RE>T 

13,12 

4,88 

0,31 

1.32 

2,16 

0,19 

0,71 

3,96 

2,72 

1.53 

2,34 

0,18 

0,10 

1,09 

0,36 

4,76 

2,07 

2,07 

0,19 

0,62 

0,88 

0,10 

0,21 

1,08 

1,81 

0,40 

1,10 

0,19 

0,06 

0,86 

0,27 

1,56 

15,30 

9,04 

0,74 

2,10 

3,93 

0,32 

1,05 

5.24 

6,18 

2,23 

4,11 

0,65 

0,25 

2,81 

1,02 

7,22 

8,96 

2,70 

0,07 

0,34 

0,87 

0,02 

0,37 

1,80 

0,63 

0,70 

0,76 

0,0 

0,01 

0,26 

0,04 

1,96 
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Anisotropic steanatrupin« replacing ataanatrupina C-1. 6 analyaas. 

Eleaant Haan Standard Dav. Max. Min. 

Si 

p 

Th 

U 

Ce 

Pr 

Md 

Ha 

Ca 

Hn 

Pa 

Zr 

Ti 

Al 

T 

RE+r 

13.03 

4.97 

0,30 

1.87 

2,77 

0.33 

0.73 

4.80 

0.93 

1.72 

1,72 

0.41 

0,06 

0,19 

0,22 

5,94 

0,46 

0,46 

0,30 

0.07 

0.08 

0.06 

0.08 

3,81 

0.12 

0,14 

0.07 

0,16 

0,05 

0,21 

0,08 

0,03 

13,93 

5.33 

0,68 

1,97 

2,86 

0,41 

0,83 

9.28 

1.12 

1,82 

1.82 

0.58 

0.15 

0,43 

0,36 

5,99 

12.67 

4.07 

0.02 

1,78 

2,67 

0,24 

0,65 

0,60 

0.75 

1.45 

1.60 

0,21 

0.03 

0.0 

0,12 

5.90 

Tha rad røplaeaaant product of ataanstrupina C. 8 analyses. 

n = 8 

Elaaant 

Si 

P 

Th 

La 

Ce 

Pr 

Hd 

Ha 

Ca 

Hn 

Pe 

Zr 

Ti 

Al 

f 

1E*T 

Haan 

14,61 

3,39 

0,70 

0,80 

2.93 

0,22 

0,93 

0,86 

1.52 

1.69 

2,00 

0,38 

0,18 

0,30 

0,35 

6,23 

Standard Dav. 

0,96 

0.96 

0,11 

0,41 

0,72 

0,14 

0,21 

0,73 

0,51 

0,29 

0,86 

0,15 

0,06 

0,41 

0,14 

1,54 

Hai. 

16,01 

5,25 

0,84 

0,39 

3.89 

0,40 

1,29 

1.93 

2.29 

2.09 

2,98 

0,59 

0,27 

1,21 

0,57 

8,20 

Hin. 

12.75 

1.99 

0,54 

1.41 

2.23 

0,0 

0,75 

0,02 

1.05 

1,24 

0,83 

0,11 

0,09 

0,02 

0,21 

4,91 
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?•&!• *6 Jorreiati^R M t r i x for tftt a t o x i c pro port ions in s tvens trur in« a l l c o s p o s i : i 3 i t t l : a ta ' 

5 i ' i i r t 
a- i . - i r . 

S i 

F 

Tr. 

Ln 

Ce 

P r 

J i 

IE> 

C» 

Xr. 

?•• 

:-.r 

T i 

i l 

r 
SEE 

-• 

-
-
-
-

-

-

-

_ 

3 1 

0 1 

5-
2 6 

- i 

3 1 

• 8 

? > 

?B 

i 9 

i - -

12 

n 
.*.? 

o-
. - 7 

-

-
-

-

-

-

_ i ; 

*. 
. 2 6 

. M 

. 3 0 

. *s 
1 -1 

.?s 

. 2 9 

.«e 

_ . y 

.71 

.-"?"' 

. 0 ' 

. - 7 

-

-
-

-

-
-

. 1 0 

. 0 8 

-39 
. 2 1 

. 3 6 

. 4 -

. 4 2 

. - 7 

. 3 7 

.22 

. 3 « 

. 0 9 

. - • • 

. 2 9 

-
-
-

-

-

. 1 0 

. 2 4 

. ' 9 

. 4 ? 

. • 7 

. 3 6 

. 0 9 

. 'C 

. V 

. 2 « 

. i « 

. 4 ? 

. r 3 

' 

-
-

-
-
-

. 1 ' 1 

- 2 3 

. 7 7 

. 0 ' 

. ? 2 

-•3 
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. - 7 

.21 
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. " 9 
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-
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-

-

-

. 2 3 

. c 3 

. 1 3 

.33 
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. ' 7 
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• 

-

-
-

-

. 0 0 

. 0 8 

. 0 2 

.3? 
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. 0 7 

. ? • 

. 3 « 
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. 2 4 

t 

-
-

-
-
-

-

. 0 0 

. 0 9 

. 4 2 

. 2 ? 

. i P 

.71 

. 2 4 

.1-

•.or> 

. ' 0 * 

- . 1 4 -

- . - 2 

. 2 0 

- . • • ) = • 

. ': -
-

0 0 

< o • 

2 « -

2 ' -

0 4 

- -* -
2 4 -

. 1 0 

. 3 9 " 

. 3 2 

. 3 - -

. "̂  -

. 9 

02. 

•2 

o* -
• • i -

";r -

. 0 0 

. 3 7 

."• -

. ' 9 

. 3 

* 

Table '7 Factor loading« for principal coaponent* (all coapositional data) 

E l a t . 

S i 

P 

Th 

La 

Ce 

Pr 

Nd 

fla 

Ca 

Bn 

Fe 

Zr 

T i 

Al 

Y 

(REEi 

C o a a u -
n a i i t y 

. 9 5 

. 95 

. 7 9 

. 7 7 

. 8 4 

. 8 2 

. 8 4 

. 6 7 

. 5 7 

. 6 0 

. 7 6 

. 5 9 

. 6 4 

. 6 5 

.7 s ; 

r) .97 

Unrotated 
Factor Factor factor Factor Factor 

! 2 3 4 5, 

Rotated 
Factor Factor Factor Factor Factor 

1 i 2 1 i 
79 -

79 

14 -

60 -

67 

70 • 

07 

44 

2« 

47 

34 

4 ' 

' 9 

38 

34 

81 

- . 3 9 -

39 

• .65 

- .40 -

.45 • 

- .54 -

.64 

- .0? 

.02 

.43 

• .34 

• . 1 5 

- .07 

.50 

.51 - .36 

- .24 

- . 08 

.38 

.60 

- . 3 1 - .70 

- -53 

- . 18 

- .44 

.71 

.31 

.24 

.66 

- .47 

.02 

- .13 

.20 

- .20 

.32 

.34 

.26 

- .03 

- . 1 1 

.2C 

.54 

- .02 

.10 

- .29 

- .05 

.19 

.34 

.37 

.37 

- -37 

- .26 

- .13 

.32 

. ' 6 

. 4 1 

.02 

- .13 

. 1 0 

. 2 1 

. 08 

.36 

.23 

- .13 

.26 

1 2 

12 

J6 

38 

07 

77 

2 1 

78 

05 

46 

1 1 

76 

27 

38 

83 

06 

- -31 

.31 

- .35 

.42 

.86 

. 39 

.28 

.07 

- . 1 2 

.20 

.00 

- .02 

- . 1 * 

.43 

.07 

.92 

.90 

- .90 

.15 

- .16 

- .28 

- . 08 

- . 1 2 

. 19 

. 19 

- . 28 

.60 

- . 08 

.30 

.22 

- . 10 

- .33 

.02 

- .02 

- . 09 

- . 6 1 

.07 

- .26 

.83 

- . 09 

.04 

.44 

- .57 

.04 

.63 
_ £, "3 

. 19 

- .04 

. ' 7 

- . 1 7 

.72 

. 2 1 

- . ' 1 

. 04 

- .'-2 

- . 1 0 

.72 

. 27 

- . 2 4 

. 0 1 

.?•-

- .^6 

.13 

.04 
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T»bl»'A C o r r e l a t i o n m*tria "or th* a t o a i e p r o p o r t i o n s in a e t a a i c t s t t e n a t r u p i n « A 

E l e a a n t a 

S i 

P 

Th 

l a 

C * 

P r 

3 d 

Ka 

Zm 

» n 

F * 

Ir 

T i 

A l 

T 

BEE 

S i 

» . 0 0 

- " . 0 0 

. 9 6 

. 4 7 

- .">3 

. ' 8 

- . 7 9 

. 6 3 

. ' 6 

. / ) 
. 6 8 

- . 2 9 

- . 0 7 

. 8 ' 

- . 3 ' 

- . 5 ' 

i 

-
-

-

-
-

-

-

P 

. 0 0 

. 8 6 

. 4 7 

. 5 3 

. ' 8 

.79 

.63 

. ' 6 

.*2 

. 6 8 

- 2 9 

. 0 7 

. 8 ' 

. 3 ' 

. 5 1 

-

-

-

-
-

-
-

Th 

. 0 0 

. 6 3 

. 3 8 

. 2 3 

. 7 7 

. 7 9 

. 4 4 

. = ̂  

. 7 ' 

. 4 5 

. 3 2 

. 8 2 

- ' 9 

.33 

1 

-

-

-

-
-

-
-

La 

. 0 0 

. 2 5 

. 2 3 

. 5 9 

. 8 ' 

.39 

. 0 9 

- 6 9 

. 3 6 

. 3 5 

. 4 6 

. 2 9 

- o * 

C . 

t . 0 0 

- . 2 6 

.75 -

- . '̂  
.22 

. 5 8 -

- . 6 7 

. 0 6 -

. 2 8 

- . J8 

. 6 8 

. 9 5 -

P r 

' . 0 0 

. 0 2 

. 2 ' -

. 4 3 

. ' 8 

.4T . 

. 4 3 

. ' 3 

. 2 6 -

. '4 

. 0 2 

Md 

' . 0 0 

. 6 0 

. 0 0 

. 5 6 

. 7 8 

. 2 4 

. * t 

. 7 ' 

. 6 3 

. 7 5 

«a 

' . 0 0 

. 4 4 

- . 3 ' 

. 6 3 

- . 4 2 

- . 2 9 

.67 

- . ' 3 
- . 0 4 

C a 

' . 0 0 

- . ' 2 

. 2 8 -

- .22 

- . 0 3 

. 2 8 -

. ' 8 

. 3 5 

Ma 

• .00 

.^9 

.23 -

.39 -

.^9 

. 3 8 -

. 6 ' -

P « 

1.00 

. 2 7 

.12 

. 6 6 -

. 4 1 -

-52 -

Z r 

. 0 0 

- • 9 

. 4 4 -

- 0 9 

. 0 4 

T i 

' . 1 0 

, 2 r 

. 3 7 -

. 3 - -

A l 

' . 0 1 

. 3 8 

. 4 ^ 

Tabla '9 Factor l o . ' d i n « for pr inc ipal components - a e t a a i c t ateer.s trupinp A 

EIesen: 

Pr 

T 

a f ? . « 

oaaur.al i ty 

.96 

.96 

. 9 ' 

.79 

.89 

.S7 

.r 

. 9>i 

.60 

.«• 

.82 

. 4 * 

.74 

.m 

.70 

.90 

Factor 

' 

. 88 

- . 8 « 

. 8 9 

.63 

- . 7 ' 

. 1 ' 

- - 9 ' 

. 7 -

.23 

- . 69 

.R7 

- . 4 1 

- - 39 

.87 
- .50 

- .54 

O'nro ta ted 

Factor 
2 

."1 

- . 08 

.32 

.40 

. = 8 

.37 

.?•'• 

.^^ 

. 6 9 

. 29 

.02 

- . 4 * 

. 2 -

p * t 

. 60 

.73 
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-
-
-
-

-
-
-
-
-

. 

3 

. "-
r Tfc 

C 

.48 

. - 9 

. - 9 

.23 

.34 
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. ' 3 
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.09 
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. '4 
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_ 

-

-

-

-

-
-
-
-

4 

.40 
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. ' 3 

. ' 0 

. ' 4 
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. »0 

. 09 

. 27 

.23 

.2? 

•35 

.47 

. ' 2 

.03 

. 1 * 

Factor 

.93 

- .93 

. 8 7 

. = 8 

- .33 

.05 

- .72 

. 7 7 

.24 

- .33 

. 5 9 
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.80 
- .22 

- . 3 ' 

Rotated 

Factor 
2 

- . 28 

.28 

- .09 

. ' 7 

.87 

- . "0 

..~-3 

.42 

.62 

- .40 

- .07 

.2fl 

- .26 
.64 

.92 
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-

-

-

-
-

! 

29 

' 7 

TO 

92 

" ̂  
2-

• 6 

2 6 

36 

' 7 

"m 

IB 
50 
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?n c 10 r 

-
-
-

-
-

-

-
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^ r . 

•i 5 

• *. 

^9 
i -) 

:" 
?? 

:5 

f*' 

•; 
39 
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. 0 0 

. 6 8 

. 0 7 

. 0 0 
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. 3 0 

. 4 2 

»d 

- . 0 0 

- . 4 6 

- . 3 7 

- 7 3 

- .30 

. 4 9 

- . 4 4 

- . 2 3 

. 7 3 

• 5 9 

Ka C« 

•>.oo 
.09 ' 

- . 3 4 -

- . 2 7 

. 0 3 -

- . 0 4 

. 0 2 

- . 0 9 -

- - 2 0 -

00 

5 -

t e 
63 

36 

0 8 

67 

«0 

Hn 

' . • " • • 

- . 4 9 

. 4 0 

- -T3 

- . 2 4 

. 7 4 

• 38 

F e 

• . 0 0 

- . 4 6 

. 3 4 

. 3 7 

- . 5 5 

- . 4 2 

2 r 

•. oo 
- - e 4 

- . 0 3 

. • 6 

. 2 4 

Ti 

• . 00 

. •« 
- .34 
- .29 

Si 

• .oo 

- ."9 
- .36 . 6 7 

Tab. 2 ' Correlat ion a a t r i x for s t a t n s t r u p i n e A fro« the s a s p l c ' ' - ' 3 4 . 9 

E l e a e n t s 

Si 

? 
7(1 

La 

Ce 

Pr 

!H 

s« 
On 

»n 

p * 

; :r 

7 ; 

A i 

T 

RP.F. 

T 

-• 
-
-
-
-
-
-

-

-

-
-

Si 

. 0 0 

. 0 0 

- • 4 

. 2 7 

. 7 ? 

. ' 2 

. 0 4 

. 4 8 

. ' 9 -

. 3 0 

. ' 3 -

, F. * 

. 3 8 -

. 2 6 -

. 5 7 

. 3 4 

p 

. 0 0 

. '4 

. 2 7 

.21-

. •?-

. 0 4 -

. 4 8 

. - 8 

.30 

- c 3 

. 4 ' 

.3« 

. 7 6 

. ' .7 

.34 

Th 

' . 0 0 

. 6 0 

. c 8 

.59 

. 6 ' 

.38 

. 1 4 

- . 7 6 

. 0 6 

- . « « 
." 

- . ' 3 

- . 0 4 

- . 4 C 

-
-

-
-

-
-
-
-

La 

. 0 0 

• OJ 

.62 

.* • 

. 7 0 

. • 6 -

.30 

. 7 2 -

. 4 ' 

. r -0 -

, • t 

.73 

. ' 6 

I « 

. 0 0 

.2? 

. 4 6 

.35. -

. 7 9 -

. 0 5 

. ' 4 -

. 4 3 

. 5 0 -

. T5 

. 3 9 

. 9 ' 

Pr 

• n 0 

.S5 

.76 -

. 0 5 -

. 7 6 

. 3 4 -

. 5 ? 

. ' 3 -

. 4 3 

» ' • T 

. 3 0 

111 

. 0 « 

, T r 

. 0 9 -

.73 -

. 2 4 

. 6 8 

. 0 7 -

.<•? 

. 5 4 

. 5 6 

Ka 

. 0 0 

.37 

.03 

. ' 4 

. *0 

.53 

. 0 ? 

.38 

. ' 0 

Ca 

' . 0 0 

. 7 0 

. 7 2 

- . 4 0 

Rn 

• . 0 0 

. 0 -

. ' 4 -

- . ' 0 - .30 -
t . 

- .?.' 

- .33 

. 4 7 

. 5 4 -

. 7 4 -

Pr 

. 0 0 

. 7 4 

. 7 4 

. 4 ' 

. 39 

. « 6 

Zr 

- . 0 0 

. 0 4 

. 4 8 -

. c 3 -

. 4 6 -

Ti 

. 0 0 

. ' 9 

. 7 0 -

. ' 9 

Al 

• . 0 1 

. ' 4 

. 72 
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? « b l » 2 2 . 

E l * a * n t 9 

S i 

P 

T h 

L * 

C * 

P r 

114 

Rå 

C« 

H a 

F e 

Z r 

T i 

» i 

V 

3EE»7 

" B ^ r t 

. " i 

• . 0 0 

- - .oc 
- 2 9 

- . 0 7 

- . 0 0 

. 2 0 

- . 0 7 

. 0 7 

. 0 6 

- . 7 0 

. • 7 

. ? • 

. 7 5 

- . 0 « 

. 0 « 

- . 0 0 

l a t i a n 

p 

' . 0 0 

- . 2 9 

. 0 7 

. 0 0 

- . 2 0 

. 0 7 

- . 0 7 

- . 0 6 

- 7 u 

- . • 7 

---:• 
- . 7 5 

. 0 4 

- . 0 4 

. 0 0 

• • t r i * 

? a 

• . 0 0 

-."> 
- . } • 

. 7 4 

- . 7 « 

- . 5 7 

- . 0 7 

- . 4 « 

.7 ' 
- . 2 9 

.•« 

. } • 

. « 6 

-.C? 

f a r t h * * t 9 * i e » r a p a r t i a a * i n 

La 

- . 0 0 

. 2 7 

. ? • 

. 0 9 

- 7 5 

. 2 0 

. -e 
-.27 

- . 0 9 

- . ' 7 

- . 2 ? 

. *7 

. " 5 

~ e 

• . 0 0 

. 0 5 

. 2 4 

. 7 9 

. '9 

. 2 « 

- . ' 6 

.-•> 

.on 
- . 7 8 

- . 0 5 

. * 7 

? r 

' . 0 0 

. O S 

- . C ? 

. 7 ' 

. 0 * 

. 2 0 

- • 5 

- . o -
- . 0 4 

.2"» 

. 7 8 

S-J 

• - 0 0 

. 4 8 

-•7 
-V 

- . 0 4 

. 7 7 

- . 0 8 

- . 7 7 
_ • •» 

. 7 7 

X« 

' .OC 

.-• 

. 2 9 

- . 2 4 

. 5 7 

.•o 
- . 5 * 

- . 5 0 

. 7 4 

s t * * R 3 t r « ? i a * 

Cm 

' . 0 0 

.c? • 
- . 0 2 -

- - • 5 

- - • 7 -

- . 0 9 . 

. 0 5 -

. ? • 

• n 

. 0 0 

4 9 

- * 
7 0 

7 7 

• 2 

?? -

• 9 9 * 0 4 

F« : r 

.or 

.2C '.OC 

. • 5 

. * 2 - . 7 7 

. 0 * - . 4 8 

. •» -.^-

T i 

- . 0 

.c 
. . r 

-.: ~a • *T 

Table 23 Statistical estiaates of the uraRiua recovery 

for different types of overall ruck hydration 

Hydration Mean 
recovery x' 

.Tt.dev. x- S«r.*e 
i 

So. of 
saaoles 

Weak 

Medina 

S trong 

U s s i n g i t e N .. X X ; b e a r i n g 

8 8 . 0 

82.OS 

6 9 . 3 4 

80.-33 

6 . 2 8 

9 . 3 9 

f J . 8 " 

1 5 . 1 8 

98-7r< 

97-6S 

97-SO 

9 7 - 6 ' 

• 6 

20 

7«; 

r> 

x) the statistical estiaates represent robust estiaates, i.e. 
the thinly dispersed outlying values were oaitted 

xx) a very heterogeneous croup with different hydration ar.1 yiell 
values 
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Table 24 S t a t i s t i c a l « s t i a « t « a af th« r«co»«rr o f u r a a i a a 

f a r a i f f a r a a t t y a « s af i t M M t n n i w 

Tys« ef 
s t««ar tropin* 

Peaa reco
very " T 

Standard 
dav. (C 

Rt * "f* •a of 
saaplcs 

•eakly ead aediva, hydrat«:: rocks 

*a 9'.3 3-9 

tb 97.2 6.9 

Ae 96.7 4.' 

Ad o".6 '0.6 

•ana 42.' *7.9 

9 8 - 8 6 

9 « - 7 5 

9 7 - 8 3 

9 5 - 6 5 

6 7 - 2 0 

Stroacly hydrat«« rocks 

Aa 67.2 

Ab 63.5 

Ae »0.3 

Ad 69.0 

9a.b 73.3 

Be 6S.4 

none 49.0 

' ' . 2 

' 0 . 3 

• 2 . 8 

' 2 . 0 

' 3 - 3 

' 0 . 7 

*3 .3 

9 2 - 5 0 

7 8 - 5 0 

9 4 - 5 7 

8 2 - 5 3 

9 4 - 5 7 

8 5 - 6 0 

6 ' - 7 0 

5 

•0 

8 

5 

• 2 

5 

4 

Ai l hydra t ion types wi th a o n a x i t t and t o s t l y aa s t « « n i t r - i ? i n « 

4 2 . 4 ' 4 . 9 6 ' - 2 7 »0 

All th* statistical vain** for th* *«ekly and sediua hydrated 

rocks (Aa-Ad' r*rr*s*nt robust estixates. i.e. inly th« densely 

populated ort reg-ion of th« data array has bc«n taken into 

account Cth« outliers w«r* oTitted'. 

<**'?• 

Sock tyr« 

Arfvcdson i t« 
l u j a v r i t « *• 

Raujakas i t« 
U j a v r i t « 

? e d i u a - c o a r s « 
KT.lujavrite 

9«f»ra«4 lava 

r«nt rock 

Hean r«co 
» » r y (»'• 

7 4 . 7 ^ 

8 3 . 6 1 

70.<>4 

77.-12 

t T S * S 

' tandard 
d«». 'V 

' 5 . 4 4 

?2.B5 

' 7 . 0 7 

' 0 . 8 4 

3«n«e 

97-4 J 

9 8 - 5 7 

9 2 - 5 ' 

9 ' - 5 7 

Bo of 
s e a r i - • 

77 

*9 

' 6 

t • 

The val'ies -to not include the recovery percentages for the 

aonaii te bMrin* rocks. 
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? * t i « 26 . Tfc* «r«a i«* c*st*at »M tit* %r*nins T I * 1 I u i t i t r » t» f t t* r t 
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V 
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*c 

»c 
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- 1 

*-
» 1 
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