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Granitoids are an important element of the continen-
tal crust. In geological bodies, these rocks often associ-
ate with diorites and gabbro, the role of which in the
genesis of granitoids remains debatable. Basic and
intermediate rocks in granite massifs are considered
derivatives of mantle melts, end products of assimila-
tion and mixing, or relicts of the lower crust substrate
captured by ascending granite magmas.

In the northern Baltic Shield, diorites, monzodior-
ites, and quartz diorites are constituents of postorogenic
granite massifs, the localization of which was con-
trolled by NE- and NW-trending fault zones (Fig. 1).
The NE-trending transform faults controlled the
emplacement of the Litsa–Aragub and Yuovvoaiv com-
plexes (1.77–1.76 and 1.79–1.77 Ga old, respectively
[1, 2]); the Vainospäa Massif; and, probably, the “Nat-
tanen-type” massifs (Nattanen, Tepasto, Pomovaara,
Riestovaara) (1.8 to 1.77 Ga old [3]) located at the
southern framing of the Lapland granulite belt. Local-
ization of small postorogenic massifs and dikes of the
Chalmozero Complex [4] was governed by the NW-
trending Chalmozero–Kandalaksha tectonic zone.

The Litsa–Aragub Complex with massifs occupy-
ing an area of approximately 900 km

 

2

 

 is best studied
among the granitoids. All intrusions are multiphase
bodies that consist of two discrete (diorite and granite)
associations without transitional varieties. The diorite
association is represented by rocks of phases 1 and 5
(monzodiorites, diorites, quartz diorites, and granosy-
enites). The granite association includes porphyric and
equigranular granodiorites, quartz monzonites, gran-
ites, leucogranites, and alaskites of phases 2 (main)
through 4 (Table 1). All rocks of the complex are char-
acterized by high alkali contents; the prevalence of

potassium over sodium in rocks of the granite associa-
tion; and a concentration of Zr, Nb, Mo, Ba, Sr, REE,
U, and Th. According to [1], rocks of the diorite associ-
ation are products of the differentiation of the mantle
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Fig. 1. 

 

Schematic location of postorogenic granite massifs
in the northern Baltic Shield. (
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) Vendian–Riphean sedi-
mentary rocks; (
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) massifs and complexes of postorogenic
granitoids: (LAC) Litsa–Aragub Complex, (Va) Vainospäa
Massif, (Chalm) Chalmozero Complex, (YU) Yuovvoaiv
Massif, (N) “Nattanen-type” massifs; (

 

3

 

) mafic–ultramafic
rocks; (

 

4

 

) Paleoproterozoic volcanosedimentary and intru-
sive complexes; (

 

5

 

) Late Archean supracrustal complexes;
(

 

6

 

) fault projections; (

 

7

 

) Chalmozero–Kandalaksha fault
zone. Inset shows geographic position of postorogenic
granitoid massifs in the northern Baltic Shield.
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asthenolith that provoked the formation of the second-
ary intracrustal chamber. This process was preceded by
metasomatic transformation of the crust by juvenile
solutions enriched in K, Zr, Nb, and REE.

Figure 2 demonstrates data on the Sm and Nd isoto-
pic compositions of rocks of the Litsa–Aragub Com-
plex. Isotopic analyses were carried out with a Finni-
gan-Mat mass spectrometer at the Geological Institute,
Apatity (A.A. Delenitsyn, analyst). The 

 

143

 

Nd/

 

144

 

Nd
values were corrected using standards La Jolla
(0.511833, 

 

n 

 

= 11) and JiNd (0.512078, 

 

n

 

 = 10). Model
ages and 

 

ε

 

Nd

 

 values were calculated in line with the
model [5] with modern 

 

143

 

Nd/

 

144

 

Nd and 

 

147

 

Nd/

 

144

 

Nd
values for the depleted mantle (DM) equal to 0.512359
and 0.2136, respectively.

The 

 

ε

 

Nd(1765)

 

 values are rather similar (–6.6 to –8.5)
for rocks of phases 1–3 and range from –7.1 to –11.8
for leucogranites of phase 4. The model age of these
rocks is 2.37–2.62 and 2.58–3.23 Ga, respectively. The
obtained isotopic characteristics introduce some con-
straints into the formation model of the complex. High
negative 

 

ε

 

Nd

 

 values rule out the origin of primary melts
for rocks of phase 1 from the upper mantle source
depleted or enriched in subducted crustal material. This
statement is consistent with the anatectic genesis of
parental magmas. As is evident from experimental data
[7], intermediate melts with elevated K, Al

 

2

 

O

 

3

 

, and Ca
contents can most probably be generated by the dehy-
dration melting of potassic metabasalts at high temper-
atures and moderate and high pressures. Garnet
amphibolites, granulites, or eclogites may be in equilib-
rium with melts. The substantially clinopyroxene–gar-
net–rutile composition of restites during the formation
of parental melts for monzodiorites and quartz diorites

of phase 1 is confirmed by low Y and Ti concentrations;
high Sr contents; and, correspondingly, high Sr/Y val-
ues in the rocks under consideration (Table 1). The dif-
ference between volumes of rocks of the diorite associ-
ation (

 

~

 

180 km

 

3

 

) and granite plutons (

 

~

 

3200 km

 

2

 

) of
the Litsa–Aragub Complex indicate that granitoids
could hardly result from differentiation of the parental
melt for monzodiorites and quartz diorites of phase 1.
A similar inference also follows from different compo-
sitions of rocks of the diorite and granite associations
that occupy separate fields in most of the petrochemical

 

Fig. 2. 

 

Time (Ma)–
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Nd

 

 diagram. (

 

1–4

 

) Granitoids of phases
1–4 from the Litsa–Aragub Complex; (

 

5, 6

 

) xenoliths of
garnet granulites of the lower crust [10] and tonalite–
trondhjemite rocks of the upper crust [6], respectively;
(

 

7, 8

 

) boundary lines of areas of Nd isotopic composition in
rocks of the lower and upper crust, respectively.
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Average contents of major (wt %) and trace (ppm) elements in rocks of the Litsa–Aragub Complex

 

Component

Monzodiorites, 
quartz diorites,

diorites
of phase 1 (4)

Porphyric granites 
and subalkalic gran-

ites of the main 
phase 2 (41)

Porphyric granites 
and quartz
monzonites

of phase 3 (14)

Leucogranites
and alaskites

of phase 4 (20)

Granosyenites
and monzonites
of phase 5 (3)

SiO

 

2

 

55.35 68.67 72.31 73.88 64.78

TiO

 

2

 

0.90 0.57 0.29 0.21 0.87

Al

 

2

 

O

 

3

 

16.62 14.48 14.02 13.38 15.22

FeO 3.98 1.80 0.99 0.96 2.31

Fe

 

2

 

O

 

3

 

2.62 1.94 1.15 0.76 3.66

MgO 4.32 0.97 0.43 0.32 1.23

CaO 6.21 2.01 1.19 1.00 2.11

Na

 

2

 

O 3.50 3.80 3.58 3.67 3.49

K

 

2

 

O 2.43 4.57 5.01 5.01 5.19

Sr 1120 450 310 260 380

Y 18 31 18 9 30

Sr/Y 62 15 17 29 13

 

Note: Number of analyses is shown in parentheses.
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diagrams. These facts suggest that anatectic melting of
the crust enriched in some elements (K, Zr, Nb, and
REE) due to the preceding transformation of rocks by
juvenile solutions is the most probable mechanism of the
origin of parental melts for granitoids of phases 2–4 [1].
The substantially crustal genesis of melts of the granite
association is also assumed for postorogenic granites of
the Vainospäa and Nattanen massifs based on the study
of Nd and Hf isotopes in these rocks [3, 8].

The model age of rocks of phases 1–3 from the
Litsa–Aragub Complex (2.37–2.62 Ga) indicates that
rocks of the lower crust could serve as a protolith for
them. According to data on deep xenoliths [9], the
lower crust of the region is largely composed of
Neoarchean–Paleoproterozoic garnet granulites (Grt +
Cpx + Pl 

 

±

 

 Opx 

 

±

 

 Qtz 

 

±

 

 Rut) and subordinate pyroxen-
ites (Cpx + Pl 

 

±

 

 Grt 

 

±

 

 Opx 

 

±

 

 Hbl 

 

±

 

 Qtz). Analogues of
these rocks in the upper crust are Paleoproterozoic lay-
ered intrusions and comagmatic volcanics, drusites and
gabbro–anorthosite intrusions, and volcanics of
Neoarchean greenstone belts. The 

 

ε

 

Nd (1765)

 

 values in
granitoids of phases 1–4 (from –6.6 to –11.8) and lower
crustal xenoliths (from –2.5 to –8.8) significantly over-
lap (Fig. 2). This fact and the similarity of model dat-
ings suggest that garnet granulites of the lower crust
served as the parental substrate for melts of the Litsa–
Aragub Complex. Thin dikes of leucogranites and alas-
kites of phase 4 among Archean tonalite gneisses
recovered by the Kola superdeep borehole are charac-
terized by low negative 

 

ε

 

Nd (1765)

 

 values and elevated
model ages as compared with rocks of phases 1–3. This
may indicate either their Neoarchean sialic source or
contamination of Paleoproterozoic melts by material
from the Late Archean upper crust. This is also evident
from the confinement of data points of granitoids to the
Nd isotopic field of Neoarchean tonalite gneisses and
supracrustal rocks of the upper crust (Fig. 2).

The duration of metasomatism and anatexis of the
lower crust was determined based on the age of zircons
from granitized garnet granulites. In these rocks, min-
erals of the pyroxene–garnet–plagioclase matrix are
replaced by newly formed plagioclase, orthoclase,
quartz, and scapolite. This process was accompanied by
destruction of garnet grains and formation of rounded,
complicatedly faceted zircon crystals up to 0.2–0.4 mm
in size [9]. In cathode rays, the crystals are character-
ized by uniform (or zoned) structures and the presence
of distinct rounded (or ellipsoid) cores that occupy up
to half to 2/3 of the grain volume (Fig. 3). Sometimes,
the core of isometric crystals contains inclusions of
small brown prismatic zircon crystallites. The U–Pb
age of zircons was determined with a SHRIMP-2 sec-
ondary ion microprobe in the Center of Isotopic Studies
of the Karpinskii All-Russia Research Institute of Geol-
ogy (St. Petersburg) in line with the technique
described in [11]. The data were processed using the
SQUID software [12]. As follows from Fig. 4, all the
examined zircons are concordant. The oldest age
(2003 

 

±

 

 13 Ma) is recorded for the brown prismatic
crystal (point 

 

1

 

) enclosed in the core of the ellipsoid
crystal. This zircon is characterized by the relatively
high U content (405 ppm) and low Th/U value (0.07),
suggesting its generation prior to granitization of garnet
granulites. In other crystals, the U and Th concentra-
tions are 56–82 and 44–354 ppm, respectively (Th/U =
0.79–6.14). The youngest age (1440 

 

±

 

 200 Ma) is
established for the crystal marked by a significant error
in the 

 

206

 

Pb/

 

238

 

U value measurement due to the high
share of common lead (

 

Pb

 

c

 

). The isotopic age of other
zircon grains ranges from 1.83 to 1.66 Ga. It should be
emphasized that the age of their cores is 20–40 Ma
older relative to marginal parts. Figure 4 shows the
average concordant ages calculated for crystals 

 

3, 7

 

(1760 

 

±

 

 20 Ma) and 

 

4, 5

 

 (1703 

 

±

 

 8 Ma). These esti-
mates indicate that the duration of the most intense
stage of deep metasomatism is 50–60 Ma. The obtained
values are close to the ages of zircons (1.82–1.71 Ga
[13] and 1.77–1.61 Ga [14]), which presumably formed
in the course of granitization and anatexis of garnet
granulites of the lower crust.

Thus, granitization of the lower crust preceded the
formation of postorogenic melts and continued after
this event for approximately 100 Ma. The period of
1.8–1.6 Ga in the Baltic Shield history is marked by the
emplacement of postorogenic potassic granites, car-
bonatites, lamprophyres, lamproites, and pegmatites.
Some of these derivatives are characterized by mantle
genesis and confinement to regional fault zones, which
served as conduits for fluids ascending from deep
magma chambers. Further cratonization of the Baltic
Shield was accompanied by the formation of large ano-
rogenic rapakivi granite massifs, including the oldest
bodies with an age of 1.67–1.62 Ga.
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Fig. 3. 

 

Photomicrographs of zircons in cathode rays. The
white ellipsis shows the crystal surface area subjected to
isotopic analysis. Analysis point numbers are shown near
the respective grains.
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Fig. 4. 

 

Diagram with concordia for zircons from granitized garnet granulites. Error ellipses for individual analyses and concordant
values are quoted at 1

 

σ

 

 and 2
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 levels, respectively. Analysis point numbers are shown near the respective grains.
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