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The Hortavaer Complex in north-central Norway is a well documented example of the formation of an alkaline magmatic suite due to the assimi-
lation of carbonate and calc-silicate rocks (Vogt 1916; Gustavson & Prestvik, 1979; Barnes et al. 2003, 2005). In addition to calcic pyroxene, aegi-
rine occurs in veins near skarn-like assemblages in a zone where dioritic sheets were emplaced into syenite. Other vein minerals are biotite, albite,
K-feldspar, calcite, and ilmenite. The aegirine is almost pure NaFeSi,O,. Laser-ablation ICP-MS analysis shows that the aegirine crystals are typically
lower in trace element concentrations than the calcic clinopyroxene of the complex. Chondrite-normalized rare earth element (REE) patterns show
a prominent cup shape, and light REE abundances range from ~ 0.1x to > 10x chondrites.
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Introduction

Aegirine and acmite* have been reported from many
locations in Norway (Neumann 1985), usually related to
alkaline igneous rocks. However, the only descriptions
that give data on the chemical composition are those
from the type localities in Permian rocks of the Oslo
Region (Brogger 1890; Murad 2006) and from syenite
pegmatites in the southern part of the Oslo Region
(Larsen & Raade, 1997). Thus, Brogger (1890) presented
chemical analyses of acmite and aegirine from the type
areas in Nedre Eiker and Langesundsfjorden, respec-
tively. Aegirine from the type locality has 77% of the
NaFeSi O, (Ae) component, whereas the acmite has 89%
Ae. Larsen & Raade (1997) presented c. 30 XRF and /or
EMP analyses of pyroxenes from syenite pegmatites of
the southern part of the Oslo Region. These show a wide
range in composition, and some have up to 95% of the
Ae component. Whereas many of these pyroxenes have
Q (the “quadrilateral” pyroxene component) contents in
the 10-20% range, most of the Na-rich pyroxenes (Ae
> 90) are generally low in the NaAlSi,O,, or jadeite (Jd)
component (1.6-4.7%), and Q varies in the 4-6% range.
In a recent account, Murad (2006) reported analyses of
aegirine from Laven Island in Langesundsfjorden (type
locality) as Ae = 78, Jd = 4 and Q = 19, which is almost
identical to Brogger’s data from 1890 (op.cit., p. 298).

During the field season of 2005, a green, glassy pyrox-
ene was found in veins associated with skarn on a small
island in the western part of the Hortaveer Igneous Com-
plex, which is located in the northwesternmost part of
Nord-Trendelag county (Fig.1). The outcrop is within
the “sheeted zone” where dioritic sheets intrude syenitic
magmas near the aggrading base of the pluton (Barnes

et al. 2005; McCulloch et al. 2005). XRD analysis showed
this pyroxene to be aegirine. Other minerals associated
with the aegirine are K-feldspar, plagioclase, biotite,
calcite, augite, ilmenite, and pyrite. In the following, we
present more detailed information on the geology of the
area and of the composition of this mineral.

* A brownish-coloured pyroxene, which was first reported from
Rundemyr in Nedre Eiker, Norway by Strom (1821) and Berze-
lius (1821), was named acmite (from the Greek word for “point’,
referring to the pointed shape of the crystals), whereas a green
pyroxene from Léaven in Langesundsfjorden, Norway was named
aegirine, after the “God” of sea in Norse mythology, £gir (Berzelius
1835). Acmite is now considered a synonym of aegirine and is for-
mally discarded as a separate species (Morimoto 1988). The acmite
locality at Rundemyr is now considered to be the type locality for
aegirine in modern mineral encyclopedias.

Geology of the Hortavaer complex

The Hortaveer Igneous Complex (c. 465 Ma; Barnes et al.
2006) is part of the Bindal Batholith (482-425 Ma). The
batholith intrudes the Helgeland Nappe Complex (HNC)
of the Uppermost Allochthon in the Norwegian Cale-
donides. HNC nappes consist predominantly of meta-
morphosed sedimentary rocks, with abundant quartz-
ofeldspathic and semi-pelitic gneiss, calc-silicate gneiss,
and marble. These units are thought to represent conti-
nental fragments and associated basins formed near the
East Greenland margin of Laurentia (Barnes et al. 2006)
and tectonically assembled during the Taconian orogeny
(Yoshinobu et al. 2002).

The complex was first described by Vogt (1916), who
realised that calcite-bearing hybrid rocks he called “hor-
tite” originated from the assimilation of limestone by



452 T. Presivik & C.G. Barmes

NORWEGIAN JOURNAL OF GEOLOGY

central Horta
intrusive units

syenitic unit

-

hybrid melasyenite, etc.

Selbuflesa o st. Rundholmen

o

‘migmatitic gneiss
©  Kviksholmen
quartzite
<,

I. Rundholmen ® < marble
e .
0 ; st. Masoya P syenlte
/ Flatskj
aegirine &~ 4 Lai%skj
locality 7

\

Kvingra group

gneissic granite

quartz monzonite

Y Tennholmen
‘monzonite-syenite unit /
dioritic unit |:| islands not visited /  Bindalsflesena 0
olivine gabbro / Bindalsflesa
/
0 6 sheeted and mingled diorite + syenite / o
Langflesa o o Legeren 12 15 V2
o @ o + /
» host rocks +
’ o ° 4
Vegflesa . . o " . e
N Fuholmen A anatectic granite e
o g 7 @0 1 ms
[ 2 * - Masoya mixed migmatite and granite
a @ o

—A— foliation in xeno; wall rx

—a_ magmatic foliation

+

st. Klungholmen

I. Klungholmen

Oddskj
0 g

+7234

/ Kvingra o /
o m ° v 66,
K"’;”é”"e" & ¢ o Andersafag © Fallbordya ; /4
B s syenite, /
/Sandmya /5{ (O‘P o i
” Maoya o 9°& , Buroy. quartz monzpnlte, vy /
/ o b S p) and granite /
/ 7 . o ° /
| ; .o ‘ Graningen Dropian & Purkskj °© I Sma /
Rorsholmen ‘ Fornoyta ‘D .’ # O © Abrahamskj éSé\\»‘Tannanan fomoyta - /
\ e | I v ) vl -
0 ) 0, o L. | - -
N 2 " P Keopen Leisii - diorite © -
NN o ~
NN asen‘mo.\ ’ 9‘ Skarvﬂla ) -7
Skarvflesa N ° ’ a T
\ & e sheeted zone | “1 ] ]
\ b 7
4 N | s 2 km

+ 7731 UTM zone 32

Fig 1. Map of the Hortaveer Igneous Complex

diorite and gabbro. Gustavson & Prestvik (1979) revealed
the alkaline nature of syenite and that the complex was
zoned. Newer studies (Barnes et al. 2005) show that the
Hortavaer Complex is layered or sheeted and consists of
multiples (100s or 1000s) of sheets. In the western zone,
the sheets are predominantly syenitic (Fig. 1). Dioritic
sheets become abundant in the “sheeted zone” and dio-
rite is the predominant rock type in the central zone. East
of the central zone, monzonite and syenite become more
abundant and are cut by numerous granitic dikes. The
easternmost part of the complex (Kvingra) is underlain
by foliated, riebeckite-bearing granite and monzonite.
Despite the presence of riebeckite, the Kvingra granites
and granitic dikes are not peralkaline; they are classified
as alkaline to alkali-calcic according to the classification
of Frost et al. (2001) and straddle the metaluminous-
peraluminous boundary. Only three of 39 samples have
normative acmite (all with < 0.95 Ac). Host rocks, which
are exposed to the west of the complex and as screens
and xenoliths within the complex, consist of migmatitic
gneiss, calc-silicate gneiss, quartzite, and marble.

Pyroxene is a common mineral in both the basic (gab-
bro and diorite) and intermediate rocks (monzonite and
syenite) of Hortaver. Based on optical methods, Vogt
(1916) described several types of pyroxene, i.e. “violette
augit’, “griine augit”, and “egirinaugit”. The latter mineral
was described only from one locality, the islet of Kiklakken
in the central zone, which is underlain by diorite, syenite
and granite. Vogt (1916) did not refer to what rock type
the “agirinaugit” occurred in, but Gustavson & Prestvik
(1979) inferred that the “eegirinaugit” was identical to
the very iron-rich pyroxene they found in both melasy-
enite and syenite. This pyroxene is low in Na,O (< 1%),
and was found to be hedenbergite. Our new data (Barnes
et al. 2005) show that the “quadrilateral pyroxenes”
vary over an almost continuous range from diopside to
hedenbergite (Fig. 2A). The Ca-rich nature of these mag-
matic pyroxenes is consistent with crystallization from a
magma contaminated by carbonate rocks (Barnes et al.
2005).




NORWEGIAN JOURNAL OF GEOLOGY

Ca

0 diorite
[0 monzonite
F:y syenite

W melasyenite
{endoskam)}

Fe

aegirine-augite .

B

=
aegirine D\
@ Hortavaer E'E%Fl 110
O syenite pegmatite, 5
Olso Region
. ]

50 70 2 90 Ae
2 Jd 26

Fig 2. Pyroxene compositions. A. Ca-Mg-Fe clinopyroxenes from plu-
tonic rocks of the Hortaveer igneous complex. Note the wide range in
compositions from Mg- to Fe-rich. B. Na-Al-Fe’* clinopyroxenes from
the Hortaveer complex compared to those from the Oslo Region, plot-
ted according to their aegirine (Ae), jadeite (Jd), and quadrilateral
(Q) components. The Hortaveer pyroxenes lack appreciable quadri-
lateral components but span a wider range of the Jd component than
do those from the Oslo Region.
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The analyzed aegirine crystals are apple-green elongate
prisms as much as 4mm long that vary from gemmy to
turbid. In thin section, centers of individual crystals are
commonly spongy in appearance and contain inclusions
of calcite, whereas crystal tips are dense and generally
free of inclusions.

Results

XRD analysis of the green crystals shows a very “clean”
aegirine pattern (Fig. 3). The chemical composition was
determined by electron microprobe (EMP) analysis of
several grains, all from one thin section (Table 1). The
20 spot analyses are primarily from crystal tips, but some
are from cores. In all cases, spongy parts of the crystals
were avoided. All analyses are very high in Na,O (average
13.94 wt.%; s.d. = 0.22), and except for five points, the
Ca0 < 0.12 wt% and MgO < 0.13 wt%. In fact, only two
analyses contain more that 1.5% of the Q component; all
other data plot on the Jd—Ae side line (Fig. 2B). The data
show considerable variation in AL O, which results in a
range of the Ae component from 83-99, (Fig. 2B).

Laser-ablation ICP-MS analysis shows that the aegirine
crystals - with the exception of Sn — are poor in trace ele-
ments. For example, compared to calcic pyroxenes of the
Hortaver Igneous Complex, Sr is < 2 ppm in the aegirine
but > 20 ppm in clinopyroxene from evolved syenites
and > 85 ppm in clinopyroxene from dioritic samples.
Chondrite-normalized patterns of REE in aegirine and
magmatic clinopyroxenes from the rest of the complex
are shown in Figure 4. With increasing differentiation
(syenite and melasyenite), calcic pyroxene patterns show
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Fig 3. XRD pattern of aegirine from Hortaveer. Except for six peaks (C, X & U), the pattern is identical to standard reference files for aegirine
(ASTM 18-1222 and ASTM 34-0185). Peak C represents calcite impurities, X is an instrument artefact and U are unidentified peaks (the sam-

ple was not purified before analysis).
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Table 1. Chemical compositions of aegirine.

Analysis # | 3-1 | 3-2 | 3-3 | 3-4 | 3-5 | 3-6 | 3-7 | 3-8 | 3-9 | 3-10 | 2-11 | 2-12 | 2-13 | 2-14 | 2-15 | 1-16 | 1-17 | 1-18 | 1-19 | 1-20

weight percent oxides

Sio, 53.02(52.25|52.10(52.38 | 51.83 | 51.86|52.09 [ 52.1352.03 [ 51.94 | 52.54 | 52.86 [ 52.49 | 52.58 | 53.07 | 53.05|52.24 [ 51.99 | 52.85 | 52.20
TiO, 0.14 | 0.07 | 0.38 | 0.22 | 0.14 | 0.19 | 0.18 | 0.13 | 0.07 | 0.07 | 0.15 | 0.17 | 0.12 | 0.17 | 0.10 | 0.20 | 0.43 | 0.23 | 0.16 | 0.09
ALO, 3.14 [ 0.51 | 0.18 | 2.18 | 0.24 | 0.19 | 0.19 | 0.25 | 0.52 | 0.45 | 4.70 | 3.22 | 2.12 | 2.51 | 4.17 | 2.92 | 0.16 | 0.18 | 3.77 | 0.61
Fe,0, 29.10(32.31|32.67(28.98|32.53|32.86|32.54 |32.88|32.75(32.11 | 26.87|29.17 [ 29.07 | 30.27 | 28.04 | 29.43 | 32.55 | 32.78 | 28.04 | 32.14
MnO 0.00 | 0.04 | 0.00 | 0.03 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00 | 0.01 | 0.00 | 0.00 | 0.02 | 0.00
MgO 0.09 | 0.02 | 0.27 | 0.69 | 0.10 | 0.13 | 0.13 | 0.13 | 0.01 | 0.01 | 0.03 | 0.06 | 0.66 | 0.05 | 0.07 | 0.09 | 0.39 | 0.19 | 0.10 | 0.03
CaO 0.04 | 0.01 | 0.12 | 1.11 | 0.02 | 0.05 | 0.02 | 0.04 | 0.00 | 0.00 | 0.01 | 0.09 | 1.01 | 0.00 | 0.07 | 0.09 | 0.19 | 0.07 | 0.12 | 0.00
Na,O 14.27(13.89|13.95|13.46 | 14.07 | 13.86 | 14.26 [ 13.94 | 13.62 [ 14.02 | 13.90 | 14.15 [ 13.68 | 14.18 | 14.23 | 14.01 | 13.89{13.70|13.93|13.83
Total 99.81(99.10199.66(99.05[98.9299.15{99.42 [ 99.5099.00 [ 98.60 [ 98.19(99.73 {99.15|99.76 | 99.75 [ 99.80 | 99.85 [ 99.13 | 98.99 | 98.89
cations per 6 oxygens

Si 1.990{2.005|1.989(1.991[1.991|1.993|1.988 [1.995|2.006 |2.000 | 1.994|1.988 [1.989|1.984|1.985|1.998|1.991[2.000|1.998 |2.007
Ti 0.004 {0.002|0.011{0.006 [ 0.004 | 0.005 | 0.005 [ 0.004 | 0.002 | 0.002 | 0.004 | 0.005 [ 0.003 | 0.005 | 0.003 [ 0.006 | 0.012 [ 0.007 | 0.005 | 0.003
Al (T) 0.010]0.000{0.008|0.009 {0.009|0.007 [0.009 [ 0.005|0.000 [0.000 | 0.006 | 0.012 {0.011|0.016 [0.015 [ 0.002 | 0.007 | 0.000 | 0.002 | 0.000
Al (M1) 0.129(0.023]0.000(0.088 {0.002 | 0.002 | 0.000 [ 0.006 | 0.024 [ 0.020 [ 0.204 | 0.131 {0.084 | 0.095 | 0.169 [ 0.128 | 0.000 [ 0.008 | 0.166 | 0.028
Fe’* (T) 0.000 {0.000/0.003|0.000 | 0.000 | 0.000 | 0.003 {0.000 | 0.000 | 0.000 [ 0.000 | 0.000 {0.000 | 0.000 | 0.000 [ 0.000 | 0.002 { 0.000 | 0.000 | 0.000
Fe’* (M1) 0.890(0.996]1.02210.896 [ 1.030 | 1.027 | 1.022 [ 1.0260.979[1.017 | 0.817|0.893 {0.898 | 0.933 | 0.851 | 0.886| 1.011 | 1.000 | 0.848 | 0.984
Fe?* 0.000 {0.000/0.000|0.000 | 0.000 | 0.000 | 0.000 {0.000 | 0.000 | 0.000 [ 0.000 | 0.000 {0.000 | 0.000 | 0.000 [ 0.000 | 0.000 { 0.000 | 0.000 | 0.000
Mn 0.000{0.001]0.0000.001 {0.000 |0.000 | 0.000 {0.000|0.000 | 0.000 | 0.000 | 0.000 {0.000 | 0.000 | 0.000 [ 0.000 | 0.000 [ 0.000 | 0.001 | 0.000
Mg 0.005{0.001]0.015[0.039{0.006 |0.007 | 0.007 {0.007 | 0.001 [ 0.001 [ 0.002|0.003 {0.037 | 0.003 | 0.004 [ 0.005|0.022 {0.011 | 0.006 | 0.002
Ca 0.002 {0.000/0.005|0.045|0.001 |0.002|0.001 {0.002|0.000 [ 0.000 [ 0.000 | 0.004 {0.041 | 0.000 | 0.003 [ 0.004 | 0.008 [ 0.003 | 0.005 | 0.000
Na 1.038{1.034|1.033]0.992{1.048 [1.033|1.055(1.034|1.018|1.047 |1.023|1.032 {1.005|1.037|1.032|1.023|1.026 [ 1.022| 1.021 | 1.031
Total 4.068 [4.063|4.086(4.067 [ 4.090 | 4.076 | 4.091 [4.079 | 4.029 | 4.087 | 4.049 | 4.067 [ 4.069 | 4.074 | 4.062 | 4.051 | 4.079 [ 4.051 | 4.051 | 4.054
pyroxene components

Jadeite (Jd) [12.61| 2.26 | 0.00 | 8.60 | 0.15 | 0.17 | 0.00 | 0.60 | 2.36 | 1.97 |19.94|12.75| 8.23 | 9.27 |16.52|12.57| 0.00 | 0.80 |16.26| 2.73
Aegirine (Ae) | 87.07|97.66(99.03 | 87.33(99.54 [99.37 [99.61 | 98.96 | 97.62 | 98.01 | 79.95| 86.91 | 88.02 | 90.59 | 83.16 [ 87.01 [ 98.56 | 98.53 | 83.23 | 97.19
Quad (Q) 0.32 | 0.08 | 0.97 | 4.08 | 0.31 | 0.46 | 0.39 | 0.44 | 0.03 | 0.03 | 0.10 | 0.34 | 3.75 | 0.14 | 0.32 | 0.42 | 1.44 | 0.67 | 0.51 | 0.08
Notes:

Analysis by JEOL JXA-7300 electron microprobe, Dept. of Geology and Geophysics, Univ. of Wyoming; analysts S. Swapp and N. Swoboda-Colberg.
Analytical conditions were: nominal accelerating voltage of 15 kV, beam current of 20 nanoamps, focused beam, natural and synthetic standards, ZAF correction.
Fe oxidation state calculated using the Fe** model of Droop (1987). Structural formulae and pyroxene end members calculated using PX-NOM (Sturm 2002).

a significant decrease in middle REE forming a cup-
shaped pattern. A similar shape is seen in the aegirine
patterns, but aegirine has much lower REE abundances
(c. 0.1x to < 2x chondrites; in some cases below detection
limits). In contrast, Sn varies in the 60—110 ppm range
with an average of 85 ppm (n = 12).

Discussion and conclusions

Compared to pyroxenes similarly high in Ae (> 80-90%)
from the Oslo Region, the Horta aegirine has consider-
ably less of the “quadrilateral” component and more of
the Jd component (Fig. 2B). The Ae and Jd endmember
variation is thus mainly a reflection of the AlLLO, versus
total iron variation. The high Sn content of the aegirine
is enigmatic. However, Oftedal (1962) reported a Sn
content of 100 ppm in aegirine from Langesundsfjor-

den, Norway, and suggested that “most of the Sn in the
pegmatites may be contained in the common mineral
aegirine”. Although the Sn-rich mineral nordenskicldine
(CaSnB,0,) is known from the Langesundsfjorden area,
most other minerals from that area analysed by Oftedal
(1962) had no detectable Sn. Larsen & Raade (1997)
stated that similar and even higher Sn contents in Na-
rich pyroxenes of syenite pegmatites in the Oslo Region
were more typically found in aegirine of hydrothermally
formed pegmatites. Furthermore, these authors suggested
that aegirine might be so efficient in binding Sn that Sn-
rich phases (e.g. nordenskitldine) would be found only
in pegmatites with no or only small amounts of aegirine.
A primary distinction between aegirine from Hortaver
and aegirine from the Oslo region is that the former
occurs in veins and the latter in pegmatites associated
with rift-related alkaline magmatism. Alkalinity in the
Hortaveer complex developed due to in situ assimilation
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Fig. 4. Chondrite-normalized REE patterns of Ca-Mg-Fe clinopyroxenes from the Hortaver igneous complex (left) and of aegirine (right).

of carbonate rocks by a sub-alkaline parent (Barnes et al.
2005). This magmatic process resulted in increased sta-
bility and fractionation of Ca-pyroxene (Fig. 2A) at the
expense of olivine, consequent enrichment of Na and K
in the magma compared to Si, enhanced the stability of
titanite, and suppression of magnetite stability. Recent
experimental studies have shown that carbonate assimi-
lation is accompanied by the evolution of a mixed H,O-
CO, fluid (Iacono Marziano and Gaillard, written com-
munication, 2007).

We conclude that the occurrence of aegirine in veins
associated with skarn, the high proportion of the Ae
component, and low REE abundances are consistent with
precipitation from a high-T fluid late in the history of
the complex, after assimilation of calc-silicate rocks and
related evolution of mixed H,0-CO, fluids. Because Ca
and Ti accumulated in igneous silicates, it appears that

the alkalis and Fe** were carried by the evolved fluid, per-
mitting the precipitation of nearly pure aegirine.
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