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Abstract

Tugtupite, NagAl,Be,Sig0.4(CLS),, is colourless to red, tetragonal, pseudo-
cubic and forms triplet twins on {101}. c:a = 1.0269 +0.0003, d = 2.33 g/cm?.
n, = 1.499 +0.001, ng, = 1.495 +0.001. a, — 8.637 — 8.643, c, — 8.867 —8.870, V, =
662 A3. The description of the crystal structure is taken from Dang (1966). The
mineral occurs in hydrothermal veins in the Ilimaussaq alkaline intrusion, South
Greenland, and in the Lovozero alkaline intrusion, Kola Peninsula (beryllosodalite).
A number of occurrences of tugtupite in Ilimaussaq are described.

Tugtupite is most commonly associated with albite, analcime and Li-mica
and is generally secondary after chkalovite. The paragenesis and origin of the mineral
and a number of asssociated beryllium silicates are discussed.

ISBN 87 421 0041 0
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INTRODUCTION

new mineral discovered in 1957 by one of the authors (H.S.) in

the coastal cliffs of Tugtup agtakérfia on the north coast of the
Tunugdliarfik fjord was described under the provisional name of “be-
ryllium sodalite” in the reports of the International Geological Congress,
Norden (SorenNseEN, 1960). Additional data were published in the dis-
cussion volume of the congress (SGRENSEN, 1963) and it was suggested
that the new mineral should be named tugtupite. This is derived from
the locality in which the mineral was found first.

Coinciding with the presentation of the new mineral from South
Greenland a description of apparently the same mineral was published
by SEmENov & Bykova (1960) on material from the Lovozero intrusion
in the Kola Peninsula. It was demonstrated that the mineral from Lovo-
zero is related to sodalite but that the crystal symmetry is not cubic.

In 1965 The I.M.A. Commission on New Minerals and Mineral Names
approved the name tugtupite for the new mineral since the chemical
and physical properties of the mineral are distinctly different from those
of sodalite.

In 1966 M. Dang described the crystal structure of tugtupite and
demonstrated that the crystals are tetragonal with the space group 14
(Dang, 1966).




Mineralogy

General description

Tugtupite is vitreous, white, pink or carmine red in hand specimen,
but the colour is strongly variable. The varieties displaying strong colour
preserve this colour under all conditions. The weakly coloured varieties
may change colour so that they are pale or white after being kept in
darkness, pink when exposed to sunshine. Strong colouration may be
produced by, for instance, X-ray radiation, and this colour does not
disappear when the sample is placed in darkness.

Usually the mineral forms fine-grained crystalline aggregates which
may attain sizes of several centimetres. Locally tugtupite forms small
crystals on the walls of cavities in massive tugtupite. The well developed
crystals are short prismatic, transparent, colourless to pale pinkish, and
range in size from 1x1x1 mm to 3x2x2 mm.

Several crystals found lining two small cavities in a sample from
Tugtup agtakdrfia were measured on the two circle goniometer. Some
of the matt faces could not reflect the light, and their positions were
therefore determined on the universal stage. The stereogram fig. 1 gives
all the faces found.

The forms developed are: {100} matt, {001} shiny, {110} shiny,
{101} shiny }{211} shiny, ({211} matt and {111} matt). {211} and {111} are
represented only by faces measured on the universal stage (table 1).

According to the stereogram (fig. 1) tugtupite belongs morpholog-
ically to the crystal class 42m. The crystals display positive piezoelectric
effect and lack a positive pyroelectric effect (Dang, 1966, p. 813).

The axial ratio, calculated by means of the measured angles (101):
(101) and (011):(011), is c:a 1.0269 + 0.0003. (Errors correspond to mean
deviation from the mean value of the measured angles (001):(101) and
(001):(011)). The ratio determined from X-ray diffraction studies is
Co:8y = 1.0271 +0.0002 and 1.0260 +0.0002 for red tugtupite (Kvane-
fjeld plateau) and white tugtupite (Taseq) respectively.

The largest crystals, which show the simplest combinations of faces,
are prismatic, bounded by {110} and {001}. The smaller crystals, which
are short prismatic, show combinations of tetragonal prisms, pyramid,
sphenoid and bisphenoids. Fig.2 shows a drawing of an idealized crystal
({111} not shown).
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Fig. 1. Stereographic projection show- °
ing all the faces measured. Open circles
shiny faces, black circles matt faces and O]
concentric circles matt faces measured
only on the universal stage. ®
® /
(-] ® O]
@\ /
®

Table 1. Interfacial angles measured and calculated. The calculations are
based on the axial ratio determined by direct measurement of the angles
(101):(101) and (011):(011)

Measured angles Calculated angles
(100):(010) ...... 90°00700"” + 60"
(100):(001) ...... 90°00700”" £ 60"
(001):(011) ...... o e .,
(001): (101) ...... 54l a8 260
(001):(211) ...... 66°28700"" £ 60" 66°28702"" + 23""*
(110):(211) ...... 29°36’00" = 60" 29°34712" 4+ 18"
(101):(211) ...... 30°00740"” + 60" 29°59'34" + 27

* Margin of error corresponding to the mean deviation from the mean value of the
measured angles (001):(101) and (001):(011), assuming that the crystals are tetragonal.

001

Fig. 2. Drawing of an idealized crystal of
tugtupite, see the text.
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Fig. 3. Drawing of an idealized pseudocubic triplet, twin planes {101}.

The density has been determined to be 2.33 +£0.01 g/cm3 for both
red and white tugtupite. The density calculated from the chemical ana-
lysis and the unit cell volume presented in table 4 is 2.35 and 2.34 g/cm3
for red and white tugtupite respectively.

Optical properties

Under the microscope the mineral is transparent and colourless.
There is a distinct cleavage parallel to {101} and a fair cleavage parallel
to {110}, corresponding to the {110} cleavage in sodalite.

The mineral displays an intricate penetration twinning (figs 3 and 4),
which in some samples is rather coarse, with the individuals attaining
sizes of 1 mm. The twin plane has been measured to be (101). In other
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Fig. 4. Penetration triplet in tugtupite (no.64750,1; Kvanefjeld) 17.8 x, + nic. Twin
planes are {101}. The microphotograph has been taken with crossed nicols, 4 = 491 nm
and with addition of a phase difference of app. 440 nm to make the (001) section
nearly black but the (100) and the (010) sections different. (H. MicHEELSEN phot.).

samples the twinning is of a rather gritty type, the individuals being
visible only at high magnification (plate 8, fig. 1). In the coarsely twin-
ned grains the single individuals display an irregular extinction which
may be a result of a submicroscopic twinning. This problem is under-
going a special study.

The mineral is optically positive and is uniaxial or has a small axial
angle (up to about 10°).

The refractive indices of red and white tugtupite were measured by
means of the A-T variation method (MicHEELSEN, 1957) by Mr. R. Waac-
sTEIN. No measurable difference in the refractive indices n, and ng has
been observed in the biaxial varieties.

Table 2 gives the refractive indices of a number of samples of tug-
tupite and of the beryllosodalite described by SEMENoV & Bykova (1960).
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Table 2. Refractive indices of tugtupite from three different localities in
Ilimaussaq and of beryllosodalite from Lovozero

. White tugtupi- | Beryllosodalite,
Refi tugtgplte, White tugtupi- | te, Tugtup ag- Lovozero
R anan et te, Taseq slope | takorfia (So- (SEMENOV &
plateau RENSEN, 1960) | Byxova, 1960)
My, =Dg........ 1.499 + 0.001 1.499 + 0.001 1.502 + 0.002 ~1.495
ny =ng=ng .. | 1.495+0.001 1.495 + 0.001 1.496 + 0.001
Ng—Ngyoonnnn.. 0.005 + 0.002 0.005 + 0.002 0.006 + 0.002

The birefringence of the red tugtupite from the Kvanefjeld plateau seems to be slightly
higher than that of the white tugtupite from the Taseq slope.

X-ray diffraction

X-ray powder diagrams of red tugtupite from the Kvanefjeld pla-
teau and white tugtupite from the Taseq slope were taken in a Guinier-
Hégg camera. Quartz was used as internal standard.

In the final calculations the reciprocal lattice constants were adapted
by the least-squares method to the observed sin20 values. These calcul-
ations were carried out on the GIER computer, made available to the
Copenhagen Observatory by the Carlsberg Foundation. A programme
(REFBASE-2) made by Mr. E.S. LEonarpseN, head of the X-ray
laboratory of the Mineralogical Institute of the University of Copen-
hagen, was used.

The calculated sin26 values are compared with the observed values
in table 3. Table 3 also presents sin20,;, and hkl given by Dane (1966).
The lattice constants determined from these sets of sin2f values are
presented in table 4. It can be seen from table 3 and table 4 that there
are small but in no way significant differences between the red and the
white tugtupite. In fact three other powder diagrams show that the
variation inside the red and the white tugtupites is of at least the same
order of magnitude.

According to Dano (1966) tugtupite is tetragonal, space group I4.
The crystal structure of tugtupite is very closely related to that of soda-
lite. Cl is placed in the corners and the centre of the unit cell, tetrahe-
drally surrounded by Na. Al, Si and Be are surrounded by slightly dis-
torted oxygen tetrahedra which share corners. The arrangement can most
easily be visualized in the following way: On (or very close to) each
face of the unit cell are 4 Al, Si or Be atoms, connected with oxygen to
make 8-rings. Two of the oxygen atoms are above the plane, two below.
The “‘free” O-atoms belonging to such a ring are shared with metal




Table 3. The table shows sin20ops, and cal., hklops. and hkl of two slightly different tugtupites (see also table 4), red and
white tugtupite from the Koanefjeld plateau and the Taseq slope respectively, and sin*Oqps. and cale. and hkl of white-pink
tugtupite from Tugtup agtakérfia given by Dano (1966)

Red tugtupite from the Kvanefjeld plateau White tugtupite from the Taseq slope \VhltefPIHkAtllgt\lplte from Tugtup
agtakorfia (DaNg, 1966)

b, | sinfhops, | Sincatc. | WhKlops, | WKL | Int. | sinOops | sin'Oeue, | Whlons, | Wkl | Tnt. | sinfops, | sincae. | il
7 0.01656 | 0.01552 6.179 101 9 0.01553 | 0.01651 6.187 101 s 0.0158 0.0157 101
4 0.01593 | 0.01593 6.107 110 b 0.01596 | 0.01591 6.103 110 VW 0.0162 0.0161 110
4 0.03023 | 0.03021 4.434 002 5 0.03028 | 0.03023 4.430 002 w 0.0306 0.0306 002
3 0.03190 | 0.03187 4.316 200 4 0.03183 | 0.03183 4.321 200 VYW 0.0323 0.0323 200
7 0.04615 | 0.04615 3.589 112 10 0.04615 | 0.04614 3.589 112 m 0.0467 0.0467 112

10 0.04740 | 0.04739 3.541 211 10 0.04740 | 0.04734 3.541 211 Vs 0.0480 0.0480 211
vvw? | 0.0630 0.0628 202
2 0.06387 | 0.07374 3.050 220 2 0.06377 | 0.06365 3.063 120 vvw 0.0647 0.0645 220
4 0.07598 | 0.07594 2.797 103 4 0.07600 | 0.07598 2.796 103 VW 0.07% 0.0769 103
4 0.07923 | 0.07926 2.739 301 5 0.07938* | 0.07916 2.736 301 VW 0.0803 0.0802 301
3 0.07965 | 0.07967 2.732 310 VW 0.0808 0.0807 310
b 0.09390 | 0.09395 2.516 222 7 0.09391 | 0.09388 2.516 222 m 0.0952 0.0951 222
+ 0.10789 0.10781 2.347 213 ) 0.10782 0.10780 2.348 213 w 0.1093 0.1091 213
4 0.10986 | . 0.10988 2.326 312 + 0.10981 0.10979 2.326 312 w 0.1113 0.1112 312
4 0.11105 | 0.11112 2.313 321 b 0.11097 | 0.11099 2.314 321 w 0.1126 0.1125 321
2 0.12700* | 0.12730 2.164 400?

+ 0.13684 | 0.13678 2.084 114 b 0.13682 | 0.13684 2.084 114 w 0.1384 0.1384 114
b 0.13959 | 0.13968 2.063 303 1 0.13957 | 0.13963 2.063 303 w 0.1413 0.1414 303
0.14299 411 0.14281 411 0.1448 411

5 0.14300% 2.039 1 0.14300* 2.039 m 0.1451
0.14341 330 0.14321 330 0.1452 330
3 0.15758 | 0.15768 1.942 402 4 0.15754 | 0.15753 1.942 402 vw 0.1595 0.1596 402
VW 0.1612 0.1613 420

(continued)
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Table 3 (cont.)

Red tugtupite from the Kvanefjeld plateau

White tugtupite from the Taseq slope

White-pink tugtupite from Tugtup

agtakorfia (Dana, 1966)

Int. sin0ops. | Sin%0care. | hklgps, hkl Int. Sin20,ps. | sin®0care. | hklgps. hkl Int. sin®0yps. | sin%Qcale. hkl
3 0.17136 0.171565 1.862 323 4 0.17134 0.17145 1.862 323 VW 0.1738 0.1737 323
2 0.1845H1 0.18458 1.795 224 3 0.18454 0.18458 1.795 224 VVW 0.1868 0.1869 224
3 0.18922 0.18955 1.772 422 4 0.18941 0.18935 1.771 422 VW 0.1918 0.1919 422

2 0.20066 0.20049 1.721 314 vvw? 0.2026 0.2030 314
P 0.20332 0.20327 1.710 413 VW 0.2062 0.2059 413
0.20673 501 0.20646 501
4 0.20656* 1.696 5) 0.20659* 1.696
0.20673 431 0.20646 431 w 0.2093 0.2093 431
2 0.22875 0.22873 1.612 215 VVW 0.2314 0.2315 215
0.2403 512
vvw? [ 0.2410
3 0.23811 0.23828 1.580 521 0.2416 521
4 0.24823 0.24832 1.547 404 b 0.24822 0.24822 1.547 404
2 0.25510 0.25495 1.526 440 4 0.2545H8 0.25459 1.528 440
3 0.26050 0.26065 1.510 305
0.26715 503 0.26692 503
3 0.26715* 1.491 4 0.26693* 1.492
0.2671H 433 0.26692 433
1 0.27207 0.27209 1.478 006
3 0.28018 0.28019 1.456 424 4 0.28003 0.28005 1.457 424
3 0.28526 0.28516 1.443 442 4 0.28479 0.28482 1.445 442
1 0.28678 0.28681 1.439 600
3 0.29255 0.29239 1.42H 32H 4 0.29236 0.29238 1.426 325
3 0.29919 0.29902 1.409 523 4 0.29880 0.29875H 1.410 H3H
3 0.30100 0.30109 1.405 532 0.30081 0.30074 1.406 532

* Values which enter into the final calculations with the weight 0.0.
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Table 4. Unit cell parameters of red tugtupite from the Kvanefjeld plateau,
white tugtupite from the Taseq slope, and white-pink tugtupite from Tugtup
agtakérfia (DaNg, 1966)

. . . White-pink tugtupite,
Red t'ugtuplte, White tugtupite, Tugtup agtakorfia
Kvanefjeld plateau Taseq slope (Dans, 1966)
B - o e 8.637+0.001 A 8.643+0.001 A 8.583+0.004 A
Gyl ks e e el e 8.870+0.002 A 8.867+0.001 A 8.817+0.004 A
(R R, 1.0271 4+ 0.0002 A 1.0260 + 0.0002 A 1.0273 + 0.0006 A
vol.......... 662 A3 662 A3 658 A3

atoms of an 8-ring on another face. In holes between the rings there are
Cl atoms with 4 Na around them. In tugtupite the rings on (001) are
pure Si-O rings while the rings on (100) and (010) have 1 Be, 1 Al and
2 Si alternating in agreement with the tetragonal symmetry. There is
thus an ordering of Si, Al and Be, as was suggested by SEmeENov & By-
KovA (1960).

The following bond lengths were determined by Dang (1966).

Be -0 = 1.608 +0.012 A
Al =0 = 1.762 +0.014 A
Si —0 =1.601+0.008 A

Chemistry

The chemical analyses of tugtupite from Ilimaussaq and Lovozero are
reproduced in table 5. Apart from the high content of water in the
sample from Lovozero the two analyses are practically identical, although
the Lovozero sample is richer in Al,0O; and poorer in SiO,, Na,O and Cl
than the sample analysed from Ilimaussaq.

The formula of the mineral is calculated as

NagAl,Be,Sig0,,(CLS),
which when compared with the formula of sodalite
NagAlSi0,,Cl,

indicates that there is a substitution of BeSi for AlAl in the sodalite
structure. This accounts for the lower symmetry of the tugtupite.
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Table 5. Chemical analysis of tugtupite from Ilimaussaq, metal atoms in
100 g as presented by Daxo (1966), and chemical analysis of beryllo-
sodalite as presented by SEMENOV & Bykova (1960).

. . Beryllosodalite
Tugtupite from Ilimaussaq from Lovozero
. Metal atoms .
Weight percent in 100 ¢ Weight percent
D10 51.58 0.861 50.45
AT Qe R 11.15 0.219 12.56
Fe,Of ovvoveiiiint. tr
GagOy oo vvcemanonnnes (0.035)* 0.043
BeO ...t 5.40 0.216 5.30
MgO ..ot 0.20 0.005 -
CaO ...l - 0.50
NagO . ..cccionconss.. 25.52 0.822 23.26
O R 0.12 0.002 0.40
H,OF . ol 1.50
HyO o 0.03 1.51
S 0.33 0.010
Cl ..o 7.28 0.205 6.04
—0=0CL,8........... 1.80 1.40
Total ................ 99.81 100.16
Analyst .............. MEe MOURITZEN A. V. Byrova

* Determined in the laboratories of IMGRE, Moscow.

Differential thermal analysis and thermogravimetric analysis

The differential thermal analysis of red tugtupite from the Kvane-
fjeld plateau shows a weak exothermal reaction at about 190°C (peak
temperature about 240°) and a distinct endothermal reaction at about
990°C (peak temperature about 1040°C), the latter corresponding to
the melting of the mineral.

According to Dano (1966, p. 813) X-ray powder diagrams showed
no change in symmetry when the mineral was heated to the melting point.

The thermogravimetrical analysis of red tugtupite indicates a loss
of Cl and S, starting at about 890°C and continuing up to at least about
1020°C.

Luminescence and colour

PovARENNYKH, Pratov, TArasucHAN & BELICHENKO (in press)
have examined the visible region of the spectral absorption curves and
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Fig. 5. Geological map of the Ilimaussaq intrusion after FErcuson (1964). The
coordinates of the localities are: Tugtup agtakorfia 8,12; Head of Kangerdluarssuk
12,7; Kvanefjeld 3,16; Taseq region 5,15.

the luminescence spectrum of tugtupite from Ilimaussaq. It is suggested
that the luminescence is caused by S, molecular ions occupying the
position of the Cl ions in the crystal structure. These ions are also re-
sponsible for the colour of the mineral, but other, thermally less stable,
radiation centres may also play a role.

Mode of occurrence

Tugtupite has been found in many places all over the Ilimaussaq
intrusion (fig. 5). The mineral is confined to hydrothermal veins inter-
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Fig. 6. Tugtup agtakoérfia. Inclusions of naujaite (white) in laminated and schistose
lujavrite.

secting poikilitic sodalite syenite (naujaite) and syenite. The mode of
occurrence has been studied in a number of localities, namely Tugtup
agtakorfia, the head of Kangerdluarssuk, Qeqertaussaq, Kvanefjeld and
the Taseq plateau.

1. Tugtup agtakorfia

Tugtup agtakoérfia, a small point on the north coast of the Tunug-
dliarfik fjord, is the type locality of tugtupite.

The point is made up of black lujavrite with big inclusions of nau-
jaite (fig. 6). Tugtupite occurs as a granular mass in a vein of albitite,
30-50 cm thick and practically vertical, intersecting one of the bodies
of naujaite (SereNseN, 1960 and 1962). The vein does not intersect the
lujavrite overlying (and enclosing) this body of naujaite (figs 7 and 8).

Albite is the predominant mineral of the major part of the vein.
It is either sugary or cleavelanditic. In the latter case the laths are set
at right angles to the vertical contacts. In cavities there are small tabular
crystals of albite.
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Fig. 7. Two vertical veins of albitite (centre and centre right) in naujaite enclosed
in lujavrite. Tugtup agtakorfia. The tugtupite locality is found in the uppermost
part of the left vein (see also fig. 8). The dark rims are of acmite + steenstrupine.

Scattered through the granular albitite are grey patches of micro-
cline which are partially replaced by albite. Accessories are epistolite,
yellow sodalite, Li-mica, schizolite, steenstrupine, sphalerite, acmite and
arfvedsonite, all of which may occur in large concentrations around
patches of analcime. The borders of the vein are enriched in acmite
and steenstrupine. Ussingite and tetragonal natrolite have been found
in one sample of the border zone (ANDERSEN, DaNo & PETERSEN,
1969).

The uppermost part of the vein is made up of brown masses up to
20 em across of analcime which display a distinct cubic cleavage. There
are also aggregates of white, brown or transparent icositetrahedra of
analcime up to 1 cm across, often in vugs. In the analcime there are small
“screens’’ of white albite. Yellow sodalite, sphalerite and prismatic cry-
stals of schizolite are found in the cavities partially filled with crystals
of analcime. These crystals have white films of tetragonal natrolite.
Tugtupite is confined to the lowermost part of this analcime rock, and
is found about 70 ¢cm below the upper contact of the vein (figs 8, 9 and 10).

181 9
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Lujavrite

Albite

Fig. 8. Tugtupite-bearing part of albitite vein at Tugtup agtakorfia. Hammer
handle about 40 cm long. The lujavrite in the left foreground is not in place but
consists of boulders.

This almost pure analcime rock is underlain by albitite with scattered
analcime and is separated from the overlying lujavrite by a black zone
of arfvedsonite, 1 cm thick.

The uppermost part of the analcime rock is clearly formed at the
expense of naujaite since it contains corroded and altered remnants of
naujaitic sodalite, microcline and eudialyte. The poikilitic structure is
well preserved.

This analcime-rich part of the vein has inclusions of acmite and
steenstrupine near the contact with the naujaite, indicating that the
acmite-steenstrupine marginal zone of the albitite has been partially
replaced by the analcime.

Tugtupite forms an irregular, fine-grained mass up to 40 cm across,
which appears to send a network of thin veinlets into the adjacent
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Tugtupite Analcime

Albite
IZ\ Sphalerite [j Navujaite

Fig. 9. Close-up of the tugtupite-chkalovite intergrowth at Tugtup agtakorfia.

analcime-albite rock. The tugtupite contains large masses of chkalovite
up to 10 cm across, and there are also scattered areas of analcime, often
in the form of discrete crystals. The chkalovite is intersected by veinlets
of fine-grained tugtupite. These veinlets, which may be only a millimetre
thick, swell to thicknesses of several centimetres, in which cases there
often are cavities containing small crystals of tugtupite.

Under the microscope (sample nos. 21059 A and B) it can be seen
that the grains of chkalovite enclosed in tugtupite are deformed (un-
dulatory extinction) and are intersected by zones of crushing in which
the chkalovite forms small rounded grains. These zones are partially
replaced by tugtupite (plate 1, fig. 2).

The chkalovite is generally enclosed in the tugtupite, but scattered
grains of chkalovite have been found in analcime-rich areas in albitite
(sample nos. B1 and B 3). The age relation between chkalovite and al-
bite is difficult to determine. Inclusions of albite of corroded appearance
and of microcline and analcime in the chkalovite may be due to a “thin
section effect’” since the grains of chkalovite enclosed in albite are of
amoeboid outline. The chkalovite is in places in direct contact with albite

2*
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Fig. 10. Same as fig. 9. The pencil (16 cm long) is placed on the tugtupite-chkalovite.
The white mineral is albite, the grey is analcime (note crystals to the left), the black
(top and bottom) is acmite-steenstrupine margin of vein.

while in other places it is separated from that mineral by granular masses
of tugtupite. Chkalovite appears to be corroded by analcime, which may
contain inclusions of albite.

The areas of analcime in the albitite adjacent to the tugtupite-rich
area contain corroded grains of albite and appear to be formed later
than the albitite. The analcime areas are surrounded by a branching
network of thin veinlets of analcime and natrolite which penetrate into
the albitite. There may be patches of tugtupite along the margins of
the “geodes” of analcime.

Tugtupite occurs as granular masses in which the grain size varies
from 0.5 mm in the thin veinlets to about 1 mm in the thicker masses
with gradual transitions. The tugtupite grains are generally of irregular
outline and thus display an interlocking type of intergrowth (plate 2,
fig. 1).

The tugtupite contains aggregates of small flakes of Li-mica, and
there are inclusions of chkalovite, albite, microcline (plate 2, fig. 2),
sodalite, analcime, epistolite, schizolite, arfvedsonite, sphalerite, aegirine-
acmite and steenstrupine.
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The veinlets of tugtupite intersect not only the chkalovite but
penetrate into the albite and microcline of the enclosing albitite. The
twin lamellae of the albite are intersected by these veins.

The relations between tugtupite and analcime are less clear. The two
minerals have straight or faintly lobate mutual boundaries. There are
inclusions of analcime in the tugtupite, and tugtupite crystals are found
in interstices between analcime crystals, favouring the view that tugtu-
pite is later than analcime.

When considering the age relations of the minerals it should be
mentioned that the chkalovite enclosed in tugtupite often shows signs
of deformation, while that enclosed in albite is undeformed. The laths
of albite are also undeformed.

2. The head of Kangerdluarssuk

Dano & SorenseEN (1959, fig. 3) and SorRENSEN (1962, p. 28 and
p. 111) have described a one metre thick vertical vein intersecting
crumbling naujaite near Lilleelv at the head of the fjord. The vein is
composed of fine-grained aegirine and albite with minor amounts of
analcime, sodalite and natrolite.

Patches of the vein are composed of crystals of aegirine and steen-
strupine up to 1 cm or more across in a fine-grained groundmass of albite,
microcline, ussingite, aegirine needles, sodalite, analcime and natrolite.
Accessories are lovozerite, sphalerite, galena, chkalovite, tugtupite, Li-
mica, igdloite, britholite, schizolite and, along the margins of the vein,
eucolite.

The coarse-grained patches have been studied in sample nos. 18468
and 21149. The ussingite clearly replaces microcline. Fractures in the
eucolite and the interstices between the aegirine crystals are mainly
occupied by ussingite and, to a lesser extent, by Li-mica, albite and
microcline. As albite is predominant around the eucolite and aegirine
grains, this may indicate that the ussingite was formed earlier than the
albite. This is difficult to establish in the matrix because albite and
ussingite have interlocking boundaries.

Large grains of sodalite are set in a fine-grained groundmass of
albite, aegirine, steenstrupine and lovozerite, and they are penetrated
by ussingite and albite.

Chkalovite occurs as large and small grains with rounded or irregular
outlines. They are generally surrounded by thin zones of fine-grained
tugtupite, although chkalovite has been observed in direct contact with
albite, ussingite and microcline. There is most often a rim of fine-grained
albite between the tugtupite-chkalovite and the ussingite. The zone of
tugtupite is thicker at these places than where the albite rim is lacking.




22 H. SorenseEN, M. Dano and O. V. PETERSEN XIII

Chkalovite borders on eucolite and aegirine and is penetrated by
prismatic crystals of schizolite. The tugtupite rims contain inclusions of
eucolite, aegirine, microcline, albite, sphalerite (partly altered into
hemimorphite), lovozerite, steenstrupine, Li-mica and britholite. Small
needles of aegirine are orientated as in the adjacent green rock.

A few metres to the west of the above-mentioned vein, in the gravel
covering the crumbling naujaite, there is a train of boulders of albitite.
Even if polygonal structures (patterned ground) with cross sections up
to two metres are well developed in this gravel, the train of albitite
boulders has been traced with very few interruptions and practically
without displacement for more than 100 m.

The vein appears to be about 20 cm thick and is mainly made up
of albite, sugary as well as cleavelanditic.

In the marginal part of the vein and in the adjacent naujaite there
are large masses of yellow sodalite which contain corroded remnants of
naujaitic minerals and thus partly replace that rock. This sodalite is
intersected by veins of felt-like aegirine branching out from a dense
green rock which occurs between the sodalite and the albitite of the
central part of the vein. The sodalite is also cut by thin veins of albite
with varying, sometimes high, contents of microcline in the cores. These
veins occupy cleavage fractures in the sodalite (plate 3, fig. 1).

The marginal dense green rock is composed of interlocking fibres of
aegirine with interstitial arfvedsonite, albite and igdloite. This rock is
partly replaced by albite and is cut by veinlets of albite from the central
part of the vein.

The partly replaced dense green rock was studied in thin section
nos. 66131, 66132, 66134 and 66135. In addition to aggregates of ir-
regularly shaped grains of albite and numerous needles of aegirine,
which are sometimes bent, there are scattered laths of microcline and
amoeboid areas of analcime up to 0.5 cm across. The latter may have
cores of sodalite (plate 3, fig. 2). The analcime in places forms a very
irregular interstitial network in the albitite. This albite-analcime rock
contains scattered grains of chkalovite which have rounded, strongly
corroded outlines. They are enclosed in albite-analcime; there are spots
of very fine-grained tugtupite (?) along their margins.

This marginal part of the vein furthermore contains steenstrupine,
lovozerite, epistolite, Li-mica, schizolite, britholite and pseudomorphs
after eudialyte. It is cut by veinlets of natrolite and tugtupite (?).

The contact relations between the marginal fine-grained albite-
analcime rock and the cleavelanditic albite of the central part of the
vein are difficult to establish. There may either be an interfingering of
the two rocks across the contact, or the cleavelanditic albitite may pass
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into the fine-grained albite-analcime rock. There is no analcime in the
cleavelandite. The analcime of the adjacent fine-grained albite-analcime
rock forms elongated areas which are arranged parallel to the contact
(plate 4, fig. 1).

The albite laths of the cleavelanditic albitite are ‘“‘foliaceous’ (ef.
Viasov, Kuzmenko & Eskova, 1959, p. 189) and are generally oriented
at right angles to the contact, except in the marginal, fine-grained parts.
There are inclusions of aegirine felt, scattered Li-mica and cavities with
flat crystals of albite. The albite is intersected by white veins of natrolite
and by veins of light pink tugtupite. The latter generally have a wavy
course.

The veinlets of tugtupite (no. 66133) are generally bounded by flakes
of Li-mica, often bent, small and large flakes occurring together (plate 4,
fig. 2). In the Li-mica there are small flakes of epistolite, a little nep-
tunite and small grains of a monazite-like mineral. There are patches
of tugtupite in the Li-mica. The tugtupite of the veinlets forms fine-
grained masses of equigranular grains which are less than 0.1 mm across.
There are rare interstitial grains of albite.

The veinlets branch out from larger aggregates of granular tugtu-
pite with a grain size of 0.1 to 3 mm. In these masses there are curved
flakes of Li-mica and small interstitial grains of albite. Many of the
tugtupite grains have wavy extinction, and the gritty type of twinning
is widespread.

In the border between naujaite and albite there is in places a rather
coarse-grained albitite composed of laths of albite a few mm long which
are intergrown in such a way that there are numerous interstitial pore
holes. The albitite appears to pass into the more massive cleavelanditic
albitite in which the albite laths are in parallel orientation. The porous
albitite partly replaces a rock rich in eudialyte and aegirine prisms and
partly the marginal aegirine-rich border zone of the veins. It contains
patches of tugtupite.

This type of albitite was examined in thin sections of sample nos. B.2
and 66135. The albite laths have few twin lamellae and foliaceous out-
lines. The albitite is intersected by numerous veinlets of very fine-grained
natrolite which cut across the albite grains or are situated along their
cleavages and along grain boundaries. The veinlets are up to 0.2 mm
wide (plate b, fig. 1).

The areas of tugtupite, which are made up of small grains of tugtu-
pite of fairly polygonal outlines, are not intersected by the natrolite
veinlets and thus appear to have formed later than these. Short apo-
physes of tugtupite occupy interstitial areas in the albite adjacent to
the masses of tugtupite. They may occupy the central parts of natrolite
veinlets. There are scattered inclusions of albite in the marginal parts
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of the tugtupite aggregates. There are no large flakes of Li-mica in
association with this type of tugtupite.

The largest masses of tugtupite, up to several centimetres across,
are associated with light yellow sodalite. These masses often display
hexagonal outlines and may be up to 20 cm across. Sodalite generally
forms the margins of these areas while tugtupite occurs in the central
parts. The tugtupite aggregates are scattered in an irregular way over the
sodalite and often have thin marginal rims of fine-grained Li-mica.
There are also irregular patches of albitite and ussingite in the sodalite,
and there are small cavities lined by crystals of tugtupite.

The sodalite appears to be enclosed in albite and also borders on
the aegirine rock of the vein margin. The albite is partly cleavelanditic,
partly sugary. It has intergranular fine-grained natrolite and is inter-
sected by veinlets of Li-mica.

Ussingite forms large aggregates which are penetrated by a fine
network of natrolite veinlets up to 0.2 mm wide. The natrolite veinlets
do not intersect the albite laths, indicating that the albite was formed
later than the ussingite and natrolite (plate 5, fig. 2). The ussingite
contains inclusion of aegirine, sodalite, schizolite, igdloite, epistolite and
sphalerite.

The tugtupite of this association was examined in thin sections of
specimen nos. 64901 and 77227. The aggregates of tugtupite consist of
equidimensional grains with straight or irregular mutual boundaries. The
grains often show wavy extinction. The individual grains may be up to
5mm across. There are scattered inclusions of aegirine, Li-mica, albite,
granulated sodalite and ussingite. The enclosed ussingite is intersected
by veinlets of fine-grained natrolite. The inclusions in the tugtupite areas
generally occupy interstitial positions. Along the margins of the tugtu-
pite aggregates there are often thin zones composed of sodalite (plate 5,
fig. 2) or of numerous small flakes of Li-mica (plate 6, fig. 1) with cloudy
plates of epistolite. The latter mineral is partially replaced by a fine-
grained aggregate possibly consisting of gerassimovskite.

3. Qeqgertaussaq

On the small island of Qeqertaussaq there is a number of late veins
(SorENSEN, 1962, p. 22 and p. 100). Thin veins of felt-like aegirine and
black lujavrite are partly replaced by albite.

In the albititic parts of these veins there are grains up to 0.3 cm
large of chkalovite surrounded by amoeboid zones of tugtupite with a
very intricate penetration twinning of the gritty type.

Accessories in the veins are microcline, arfvedsonite, astrophylite,
sphalerite, schizolite, britholite, monazite, steenstrupine and epistolite.
Analcime and natrolite are present in small amounts.
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Fig.11. Excavation in tugtupite-bearing vein at Kvanefjeld. Photo taken in July,1969.

4. The Kvanefjeld area

In the northernmost part of the llimaussaq intrusion tugtupite has
been observed in a number of places, especially on the Kvanefjeld
plateau, but also on the north wall of the Gletscherelv valley below the
plateau. This slope in its lower part is made up of naujaite enclosed in
and penetrated by lujavrite. In its upper part augite syenite and anor-
thosite are intersected by lujavrite veins containing small xenoliths of
naujaite (cf. SorRENSEN, HaNsEN & BonDESEN, 1969).

Tugtupite has been found in scattered veins in naujaite and augite
syenite, often in spatial association with arfvedsonite lujavrite. These
veins are up to 50 cm wide and have been traced for up to 50 m. The
width of the generally vertical veins varies along their strike. They often
stop abruptly, even where empty joints are continuous with the veins
(figs 11, 12, 13 and 14).

These veins are mainly composed of fine-grained albite or coarse-
grained analcime. They may be zoned, having tugtupite in the central
part, and often have inclusions of felt-like aegirine and of augite syenite.

The augite syenite is strongly deformed in the zones occupied by
these albititic veins and may have disseminated tugtupite.

The tugtupite from these veins is the most strongly coloured variety
of the mineral found in Ilimaussaq so far. The colour is an intense car-
mine-red. The tugtupite occurs in angular patches up to 10 em across,
often with cores of chkalovite and clearly replacing crystals of that
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