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INTRODUCTION

Estimating periods of activity of magmatic ore-
forming processes and role of mantle components is
very important in study of ore-magmatic systems. The
mantle components could directly contribute to the for-
mation of large and giant deposits, or multiple ascents
of mantle magmas could rise geothermal gradients in
lower crust and induce remobilization of ore compo-
nents. Significant progress in solution of these prob-
lems has been made in studies of copper-porphyry and
molybdenum-porphyry deposits (Andes, Central Asia).
It was demonstrated for these deposits that combination
of U–Pb and Ar–Ar isotopic dating can help in estimat-
ing the effect of postcrystallization metasomatic pro-

cesses on the state of isotopic systems used in geochro-
nology. This effect is particularly strong in the mag-
matic complexes located within ore fields, and some
“apparent”, supposedly geologically meaningless age
values can be obtained. The primary Nd, Pb, and Sr iso-
topic ratios that are indicative of the rock origin and
their site in the mantle–crust system can also be dis-
turbed. In this paper, we would like to consider these
problems for the case of the Kalguty Mo–W ore-mag-
matic system, Southern Altai. The Kalguty belongs to
the most complex genetic type of ore-magmatic sys-
tems combining features of typical porphyry and rare-
metal deposits. There are geological data for this
deposit on intraore emplacement of explosive pipes, as
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Abstract

 

—The Kalguty ore–magmatic system comprises two intrusive complexes: the Kalguty granite–
leucogranite complex and Eastern Kalguty complex of dikes and small intrusions. U–Pb dating of individual
zircon grains from granites of the main intrusive phase demonstrated that the crystallization age of small grains
of magmatic habits and outer rims of large grains is almost concordant and is 216 

 

±

 

 3 Ma. Ar–Ar isotope study
shows that the K–Ar system of biotites from granites of the main phase within the Kalguty ore field was dis-
turbed (radiogenic Ar was partially lost) and gave an age of 202 

 

±

 

 1 Ma. The Ar–Ar dating of muscovites from
intraore and postore dikes of the Eastern Kalguty complex devoid of signatures of postmagmatic recrystalliza-
tion and superimposed greisenization gave similar ages of 205–201 Ma. This date is considered as the emplace-
ment age of the Eastern Kalguty dikes and associated complex W–Mo–Bi–Be ore mineralization. Sm–Nd and
Pb–Pb isotopic study of granites, ongonites, and elvans of the Kalguty ore-magmatic system and host rocks
shows that these systems were closed. For example, recalculation of Nd isotopic ratios for corresponding ages
of crystallization of magmatic systems (216 and 205 Ma) shows that 

 

ε

 

Nd

 

(T) values decrease from –1.9 to

 

−

 

3.5 … –5.08 with transition from granite–leucogranite to subvolcanic granite porphyry, ongonite, and elvan
dikes with corresponding increase of model ages of protoliths from 1.0 to 1.25 Ga. Lead isotopic ratios for
leaching residues of whole-rock samples of all rock varieties (

 

206

 

Pb/

 

204

 

Pb = 18.305–18.831; 

 

207

 

Pb/

 

204

 

Pb =
15.527–15.571) are plotted well below the line of average crustal lead evolution according to the Stacey–Kram-
ers model.
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Fig. 1.

 

 Location of Early Mesozoic rare-metal granites, ongonites, elvans, spodumene granite porphyry, and related ore deposits in
the Southern Gornyi Altai Range.
(1) Structural–lithologic complexes of the Vendian–Early Cambrian accretionary prism in the Gornyi Altai Range; (2–4) Kholzun–
Chuya terrane within the Altai–Mongolian microcontinent: (2) lower structural level, Early Paleozoic turbidite sequences, (3) upper
structural level, Middle Paleozoic volcano-sedimentary sequences, (4) collisional suture, Southern Chuya metamorphic complex
(PZ

 

1–2

 

); (5) Middle Paleozoic collisional granitoids, calc-alkaline within the Kholzun–Chuya terrane and monzonitic within the
Southern Chuya collisional suture; (6–10) Early Mesozoic igneous complexes of intraplate tectonic stage: (6) granites and leucog-
ranites of the Kungurdzharin complex (T

 

2

 

kg), (7) lamprophyres and alkali basalts of the Chuya complex (T

 

2

 

), (8) granites and

leucogranites of the Kalguty complex (

 

T

 

3

 

–J

 

1

 

kl

 

), (9) granites and leucogranites of the Chindagatui complex (J

 

1

 

n), (10) granite por-
phyry, elvans, and ongonites of the Eastern Kalguty complex (

 

J

 

1

 

vk

 

); (11–14) rare-metal hydrothermal and magmatic ore occur-
rences and deposits: (11) generally Mo, (12) generally W, (13) Mo–W, (14) Li–Ta; (15) Early Mesozoic strike-slip and normal
faults; (16) dominant strike-slip fault kinematics in various geoblocks (lithons); (17) frontiers; (18) massifs (numbers in map):
(1) Chindagatui, (2) Orochagan, (3) Akalakha, (4) Tekekundei, (5) Kungurdzharin, (6) Kalguty. Inset shows location of the studied
region.

č

č

 

well as ongonite and elvan dikes. In this respect, the
Kalguty presents the ore-magmatic system with effi-
cient differentiation in deep-seated chambers and direct
participation of mantle heat and components in ore-
forming processes. Our main tasks were as follows:
(1) U–Pb and Ar–Ar isotopic dating of rare-metal gran-
ites, ongonites, and elvans of the Kalguty ore-magmatic
system, (2) interpretation of isotopic data and their cor-
relation with geologic structure of the ore-magmatic
system, and (3) analysis of Nd and Pb isotopic compo-
sitions as indicators of crustal and mantle magma-gen-
erating sources.

GEOLOGIC SETTING, STRUCTURAL 
FEATURES, AND GEOCHRONOLOGIC 

CHARACTERISTICS OF THE KALGUTY
ORE-MAGMATIC SYSTEM

The Southern Altai is regarded now as a part of the
Altai–Mongolian microcontinent with Late Proterozoic
sialic basement (Berzin 

 

et al.

 

, 1994; Kruk 

 

et al.

 

, 1999;
Buslov 

 

et al.

 

, 2003). Its geologic structure within the
Russian territory comprises two structural levels (Fig. 1),
i.e., Early Paleozoic generally terrigenous sequences of
the Gorno-Altaisk Series (

 

–é

 

, 4000–5000 m thick)
and Middle Paleozoic red rock volcano-sedimentary
sequences (

 

D

 

1–2

 

, 2000–2500 m thick) overlying Early
Caledonian strata with stratigraphic and structural
unconformity. The Middle Paleozoic rocks associate
with calc-alkaline granitoids of meso- and hypabyssal
facies (Shokal’skii 

 

et al.

 

, 2000). The Late Paleozoic to
Early Mesozoic rare-metal granites, ongonite, and
elvans are sharply discordant to the older, Early to Mid-
dle Paleozoic structural–lithologic complexes. Previ-
ously, they were correlated with Kalba-type granites in
Eastern Kazakhstan and, thus, dated at Permian
(Amshinskii, 1973). Some K–Ar data obtained since
1970s indicated Early Mesozoic age of the Kalguty ore
field (Morozov, 1986; Luzgin, 1988). In early 1990s,
V.B. Dergachev and I.Yu. Annikova initiated K–Ar iso-
topic dating of the main rock and ore varieties of the
Kalguty deposit, which verified their Late Triassic–

C3–

 

Early Jurassic age (

 

197 

 

± 

 

20

 

 Ma by 19 analyses). How-
ever, this conclusion had not been accepted by special-
ists in regional geology, magmatism, and metallogeny
of the Gornyi Altai Range. Only in five years, when new
geochronologic data were obtained and double-
checked by U–Pb, Rb–Sr, and Ar–Ar methods for spo-
dumene granite porphyry of the Alakha stock, it
became obvious that the Early Mesozoic stage is a real
benchmark in the history of the region and is most pro-
ductive for rare-metal mineralization in the Southern
Altai (Kozlov 

 

et al.

 

, 1991; Il’in 

 

et al.

 

, 1994; Vladimirov

 

et al.

 

, 1997, 1998; Kostitsyn 

 

et al.

 

, 1998). Using these
data, Vladimirov 

 

et al.

 

 (1998) and Shokal’skii 

 

et al.

 

(2000) distinguished the Chindagatui–Kalguty com-
plex of rare-metal granites and two rich rare-metal ore-
bearing complexes of dikes and small intrusions: East-
ern Kalguty (Mo–W 

 

±

 

 Sn 

 

±

 

 Cs) and Alakha (Li–Ta–Cs 

 

±

 

Sn 

 

±

 

 W). All these complexes were dated at Early Juras-
sic, and rare-metal-rich and associated economic-grade
rock varieties were considered as differentiates of
parental granitic magmas. In our paper, we consider
only the Kalguty ore-magmatic system. New isotopic
geochronologic and geochemical data (U–Th–Pb,
K

 

−

 

Ar, and Sm–Nd isotopic systems) allowed us to
imply two-stage evolution of the ore district and verify
important role of mantle components in the formation
of late ongonites, elvans, and associated complex
W

 

−

 

Mo–Be mineralization.
The Kalguty rare-metal granite massif is situated in

the middle of the Kalguty tectonic depression filled
with volcano-sedimentary sequences of the Early–Mid-
dle Devonian Aksai Formation (Fig. 2). The total area
of the massif is 70 km

 

2

 

. Two intrusive stages are distin-
guished in its structure. The rocks of the earlier stage
(the Kalguty complex) compose >90% of the massif
area. They are porphyritic biotite granites of the main
phase, two-mica and muscovite leucogranite of supple-
mentary intrusions, and aplite and pegmatite veins of
the final phase. The later stage (the Eastern Kalguty
complex) is represented by a dike swarm of apatite- and
fluorite-bearing granite porphyry, elvans, and ongo-
nites, including rich rare-metal varieties termed kalgu-
tites because of specific mineralogic composition and
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crystallization of apatite instead of topaz (Dergachev,
1988). Granite porphyry, ongonites, and elvans of the
Eastern Kalguty complex cut not only the granites and
leucogranites of the earlier stage, but also quartz veins
with economic-grade Mo–W mineralization related to
these rocks (Annikova 

 

et al.

 

, 1999). The latest genera-
tions of the elvan, ongonite, and kalgutite dikes are
intraore or postore, and their alternation with W–Mo
and W–Mo–Be ore veins is accompanied by general
increase in concentrations of ore components both in
dikes and ore veins. This is probably related to multiple
release of a deep-seated chamber (or chamber system)

accumulated significant amounts of ore-bearing fluids.
This model is consistent with geological observations
showing that the earliest granite porphyries of the East-
ern Kalguty complex are cut by an explosive breccia
pipe with rich Mo mineralization (Molybdenum stock)
(Dashkevich 

 

et al.

 

, 1991). Documentation of mine
workings revealed close spatial and temporal relation
of ongonites and elvans with the richest W–Mo and
complex W–Mo–Be mineralization (Annikova, 2003)
(Fig. 3).

Granites and leucogranites of the Kalguty complex
(hypabyssal facies) show porphyritic, hypidiomorphic
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 Geologic scheme of the Kalguty massif of rare-metal granites, ongonites, and elvans.
(1) Quaternary deposits; (2) Devonian volcano-sedimentary rocks; (3–5) Eastern Kalguty complex: (3) elvan and ongonite dikes;
(4) subvolcanic granite porphyry stocks; (5) microgranites, greisenized microgranites, and quartz–muscovite greisens of the Molyb-
denum stock; (6–8) Kalguty granite–leucogranite complex: phase of supplementary intrusions including (6) porphyritic two-mica
leucogranites, (7) porphyritic and (or) heterogranular two-mica leucogranites, and (8) coarse-grained muscovite leucogranites;
(9, 10) Kalguty granite–leucogranite complex: main intrusive phase including (9) porphyritic two-mica granites and (10) porphy-
ritic biotite granites; (11) geologic boundaries: (a) sharp intrusive and (b) facies.
Inset shows location of the Kalguty massif.
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granular, or aplitic textures. They are generally com-
posed of quartz, potassium feldspar, sodic plagioclase,
and biotite. The rocks of the Kalguty complex are dis-
tinctly peraluminous with Shand index exceeding 1.1,
have normal or some elevated alkalinity (

 

K

 

2

 

O + Na

 

2

 

O

 

 =
7.6–8.0 wt %), and show continuous trends in Harker dia-
grams (Annikova, 2003). Geochemical type of this associ-
ation is not certain. Elevated 

 

ê

 

2

 

O

 

5

 

 (0.12–0.26 wt %), Cs,
Mo, W, Sr, Ba, and low F and Sn contents in granites
prevent its classification with lithium–fluorine type
after (Kovalenko, 1977). The rock compositions in the
temporal sequence of granite–leucogranite–aplite
evolve with decreasing K/Na (1.56–0.94), increasing
Rb/Sr (2–5) and F content (0.07–0.1 wt %), decreasing
total REE contents (166–35 ppm) and slope of chon-
drite-normalized REE patterns, and increasing negative
Eu anomalies (Fig. 4). This fractionation type along the
“albite trend” is typical of rare-metal granite magmas
and is consistent with results of thermobarogeochemi-
cal studies, except for rich rare-metal ongonites (kalgu-

tites) and elvans (Titov 

 

et al.

 

, 2001). Biotites from
granites of the main phase of the Kalguty complex are
moderately ferrous (

 

f 

 

= 0.495–0.517), low aluminous
(Al mole fraction is 0.22–0.229), and have elevated
TiO

 

2

 

 (2.40–2.66 wt %) and F (1.39–1.57 wt %) and
very low Cl contents. According to these parameters
(Aque and Brimhall, 1987; Budnikov 

 

et al.

 

, 1993),
parental magma for the Kalguty complex corresponded
to strongly contaminated I-type granites.

Elvans, ongonites, and kalgutites have porphyritic
and (or) glomeroporphyritic textures typical of subvol-
canic dike rocks with banded and fluidal varieties at the
dike contacts. Quartz, potassium feldspar, sodic plagio-
clase, muscovite, and apatite phenocrysts are sur-
rounded by fine- to micro-grained quartz–muscovite
groundmass. Biotite more abundant in elvans is low fer-
rous (

 

f 

 

= 0.391–0.426) and low aluminous (Al mole
fraction is 0.209–0.212), has high TiO

 

2

 

 (3.75–4.07 wt %)
and F (1.63–1.90 wt %), and low Cl (0.04 wt %) con-
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 Geologic relationships of granites, ongonites, elvans, and ores of the Kalguty ore-magmatic system.
(1) Porphyritic biotite granites of the main intrusive phase; (2) elvans; (3) rich rare-metal ongonites (kalgutites); (4) rich rare-metal
elvans; (5) economic-grade ore-bearing quartz veins and their numbers; (6) brecciation zone, (7) talus deposits.
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tents. Biotites from kalgutites have elevated F contents
(2.65–2.86 wt %). Muscovites of all rock varieties is
free of Cl, and high F contents (up to 2.92 wt %) are
found only in muscovite from kalgutites, which indi-
cates its magmatic origin. Phosphorus contents in rocks
strongly increase with transition from granites and
leucogranites of the Kalguty complex to elvans, ongo-
nites, and kalgutites of the Eastern Kalguty complex
(Fig. 5). Almost all rock varieties are oversaturated in
alumina (Shand index = 0.96–1.53), despite high alkali
contents (up to 10 wt %). The rocks are moderately or
highly ferrous, particularly, the rich rare-metal ongo-
nites and elvans with f = 0.80–0.85. The latter also have
high Al2O3 (up to 17.4 wt %), F (up to 1.16 wt %), and
very high P2O5 (up to 0.96 wt %) contents. By these
parameters, elvans and ongonites of the Kalguty ore-
magmatic system are unique igneous rocks combining
crustal and mantle geochemical features.

SAMPLING AND ANALYTICAL METHODS

Samples of biotite granites of the main phase of the
Kalguty massif were collected for geochronologic stud-
ies from peripheral part of the Kalguty ore field: sample
1-271 (zircon and biotite fractions) and sample 1-277
(biotite fraction). The U–Pb ages of zircons were found
to be significantly older than Ar–Ar ages of biotites (see
below). Samples of intraore granite porphyry dikes
(sample 1-278) and postore kalgutites (sample 1-262/3)
were collected for age determination of the Eastern
Kalguty dike complex with associated richest Mo–W

and Mo–W–Be mineralization. Because of absence of
notable evidence of superimposed processes, musco-
vite fractions comprising primary magmatic phenoc-
rysts and groundmass laths were used for Ar–Ar isoto-
pic dating.

Zircons were dated by U–Pb method using an ion
microprobe SHRIMP-II in the Center of Isotopic Stud-
ies of the Karpinskii All-Russia Research Institute of
Geology. The separated zircon grains were implanted
into epoxy resin together with standard zircon grains
TEMORA and 91500. Then, the zircon grains were cut
by about a half of their thickness and polished. To
choose analytical spots on the grain surfaces we used
optical (in transmitted and reflected lights) and cathod-
oluminescent images showing internal structure and
zoning of zircons. The cathodoluminescent images
were recorded with a scanning electron microscope at
working distance of 25–28 mm, accelerating voltage of
20 kV, and focused beam current of 4–6 nA on Faraday
cylinder. Probe current was adjusted to get the best con-
trast of image at low corrosion of pellet surface due to
local heating. Determination of U–Pb ratios with
SHRIMP-II were performed using the procedure
described in (Williams, 1998). Intensity of primary
beam of negative molecular oxygen ions was 4 nA,
diameter of spot (crater) was 18 µm. The data obtained
were treated with SQUID code (Ludwig, 2000). The
U–Pb ratios were normalized to 206Pb/238U = 0.0668 in
TEMORA standard zircon corresponding to the age of
416.75 Ma of this zircon (Black et al., 2003). Uncer-
tainties of individual analyses (ratios and age values)
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Fig. 5. ê2é5 –  diagram for rare-metal granites, elvans, and ongonites of the Kalguty ore-magmatic system.

(1) Porphyritic biotite granites of the main intrusive phase and leucogranites of phase of supplementary intrusions of the Kalguty
complex; (2–4) Eastern Kalguty complex: (2) granite porphyry, ongonites, and elvans; (3) rich rare-metal elvans; (4) rich rare-metal
ongonites (kalgutites). Arrows show trends of compositional evolution: A—Kalguty complex (low-P series) and B—Eastern Kal-
guty complex (high-P series).
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are given at 95% confidence level (σ), uncertainties of
calculated concordant ages and concordia intercepts, at
99.5% confidence level (2σ). The concordia diagrams
were plotted using ISOPLOT/EX code (Ludwig, 1999).

Procedure of the Ar–Ar dating is described in
(Travin, 1994) and is considered here only briefly. Min-
eral fractions >0.15 mm were packed in aluminum foil
and sealed in quartz ampoules after air removal. The
samples were irradiated in Cd channel of VVR-K
research reactor of the Tomsk Polytechnical Institute.
Biotite sample MCA-11 calibrated using biotite LP-6
and hornblende MMhb-1 was placed between each two
samples for calibration of neutron flux. Gradient of the
neutron flux did not exceed 0.5% over sample area.
Argon was released in a quartz reactor with an external
heating furnace. A chromel–alumel thermocouple was
used to control and stabilize temperature. Blank for
40Ar at 1200°C during 40 min was below 5 × 10–9 ncm3.
After double purification of the separated argon using
Ti and ZrAl SAES getters, Ar isotopic composition was
measured using a Noble gas 5400 Micromass mass
spectrometer, UK. Temperature fractions for calcula-
tion of age values using plateau method were chosen
according to recommendations of Fleach et al. (1977).
Decay constants and isotope abundances recommended
by Commission on Geochronology (IUGS) (Steiger
and Jager, 1976) were used in age calculations.

The Sm–Nd isotope studies were performed for
whole-rock samples characterizing main types of sedi-
mentary and metamorphic rocks of the southern part of
the Gornyi Altai Range, as well as the main rock variet-
ies of the Kalguty ore-magmatic system. Alkaline basic

and lamprophyre dikes of the Chuya complex that are
thought to be temporally and spatially related to rare-
metal granite magmatism (Vladimirov et al., 1998)
were also analyzed. Sm and Nd were separated using
standard techniques (Richard et al., 1976). Sm isotopic
composition was measured using a MI-1320 mass
spectrometer, while Nd isotopes were analyzed with a
multicollector Finnigan MAT-262 mass spectrometer.
Neodymium isotope ratios were normalized by
146Nd/144Nd = 0.7219. Uncertainty in determination of
Sm/Nd ratio was ±0.2%. Replicate analyses of Nd iso-
topic composition of La Jolla standard gave
143Nd/144Nd = 0.511842 ± 14 by 17 determination. The
specified uncertainty was used in calculations of isoch-
rons as the most real estimate of uncertainty in analysis
of Nd isotopic composition.

Lead isotopic ratios in rocks were measured in the
Institute of Precambrian Geology and Geochronology,
Russian Academy of Sciences, St. Petersburg. Pb and U
were separated using procedure described in (Manhes
et al., 1984). U and Pb isotopic compositions were ana-
lyzed with a multicollector Finnigan MAT-261 mass
spectrometer with simultaneous registration of currents
of different isotopes. Coefficient of Pb fractionation
being equal to 0.0013 ± 0.0002 amu–1 was obtained by
multiple measurements of NBS-SRM-982 isotopic
standard. Primary data were treated using PBDAT
code. Isochron parameters were calculated with 95%
confidence level using ISOPLOT code.

Table 1.  Results of U–Pb isotopic study of zircon from granites of the main phase of the Kalguty rare-metal granite massif
(sample 1-271)

Ordinal 206Pbc, % U, ppm Th, ppm 232Th/238U 206Pb*, ppm 206Pb/238U1 207Pb/206Pb1

1 0.00 453 208 0.47 13.5 220.5 ± 2.1 297 ± 62

2 0.41 286 178 0.64 8.54 219.2 ± 3.4 63 ± 460

3 0.00 964 520 0.56 28.3 216.6 ± 1.5 252 ± 41

4 0.81 399 210 0.54 11.4 209.4 ± 2.3 47 ± 230

5 0.52 448 195 0.45 13.0 213.7 ± 2.1 13 ± 130

6 1.01 92 71 0.80 5.35 418.8 ± 7.8 318 ± 430

Ordinal 208Pb/232Th1 Measured
238U/206Pb

Measured
207Pb/206Pb

238U/206Pb*1 207Pb*/206Pb*1 207Pb*/235U1 206Pb*/238U1

1 228 ± 6 28.76 ± 0.95 0.0515 ± 2.7 28.74 ± 0.95 0.0523 ± 2.7 0.2508 ± 2.9 0.03480 ± 0.95

2 199 ± 26 28.79 ± 1.10 0.0506 ± 3.4 28.91 ± 1.60 0.0473 ± 19.0 0.225 ± 20.0 0.03459 ± 1.6

3 212 ± 3 29.26 ± 0.72 0.05112 ± 1.8 29.26 ± 0.72 0.05124 ± 1.8 0.2415 ± 1.9 0.03418 ± 0.72

4 193 ± 15 30.04 ± 0.98 0.0534 ± 2.8 30.28 ± 1.10 0.0470 ± 9.8 0.214 ± 9.8 0.03302 ± 1.10

5 196 ± 10 29.51 ± 0.94 0.0505 ± 2.6 29.67 ± 0.98 0.0463 ± 5.5 0.215 ± 5.6 0.03371 ± 0.98

6 406 ± 44 14.75 ± 1.50 0.0609 ± 3.9 14.90 ± 1.90 0.0527 ± 19.0 0.488 ± 19.0 0.0671 ± 1.90

Note: Uncertainties are given at 1σ confidence level. Pbc and Pb* are common and radiogenic lead, respectively. Error of standard calibra-
tion is 0.49%.
1 Common lead was corrected using 204Pb.
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RESULTS

U–Pb isotopic data for individual zircon grains from
granites of the main phase of the Kalguty massif are
given in Table 1. These zircons compose euhedral
transparent and semitransparent occasionally fractured
prismatic pale pink and light yellow crystals of hya-
cinth habits, Kelong = 1.5–3.0 (up to 4.0–5.0). Crystal
faces are plane and lustrous with distinct edges. Crys-
tals shows prismatic ({100}, {110}) and dipyramidal
({111}, {211}) faces. The grains have rough magmatic
zoning, particularly in the marginal parts of crystals,
and numerous gas–liquid and solid, transparent and
opaque mineral inclusions. Some large crystals have
rounded cores of old zircons. This conclusion was ver-
ified by study of cathodoluminescence of some zircon
grains (Fig. 6). It was found that most zircon grains are
magmatic and show characteristic zoning in margins,
where U–Pb isotopic ratios were analyzed on SHRIMP-II
(Fig. 6). These data indicate that small zircon grains
(≤0.16–0.25 µm) and rims of large grains (≥0.5 µm) crys-
tallized in magmatic stage and have ages at 216 ± 3 Ma
(Table 1, Fig. 7). Some zircon grains include xenogenic
domains that are distinctly discordant with respect to
magmatic rims (Fig. 7). Preliminary study of these cores

demonstrated that they have older age of about
400−440 Ma (at 95% confidence level) (Fig. 8). We can
reliably suggest that xenogenic zircon was derived from

1-271.2.1

1-271.1.1

300 mmDet: CL; Mag: 83.5; HV: 20.00 kV

300 mmDet: CL; Mag: 107.5; HV: 20.00 kV

1-271.5.2

1-271.5.11-271.4.1

1-271.3.1

Fig. 6. Cathodoluminescent images of zircons from granites of the main intrusive phase of the Kalguty massif (sample 1-271).
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Fig. 7. U–Pb concordia diagram for zircons from sample 1-271
of granites of the main intrusive phase of the Kalguty massif.
Ellipses correspond to 68.3% confidence level.
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xenoliths of the Early Devonian volcanic rocks of the
Aksai Formation, which were captured by the Kalguty
rare-metal granite magma during its ascent and crystalli-
zation. High uncertainty of age of xenogenic zircon is
because of single determination, which is regarded as
preliminary for future isotopic geochronologic studies.

The Ar–Ar isotopic study of biotites separated from
granites of the main phase of the Kalguty complex gave
ages of 202 ± 1 and 201.8 ± 0.6 Ma (Fig. 9), which dif-
fer from the U–Pb concordant age for magmatic zircon.
This deviation is probably related to behavior of K–Ar
system of biotite. Formal analysis of 39Ar/40Ar dia-
grams shows that K–Ar system of biotite was modified
by loss of radiogenic Ar at later stages in evolution of
the Kalguty ore-magmatic system. This could be true,
because all granite samples were collected within the
Kalguty ore field and muscovites from granite porphyry
and ongonites of the Eastern Kalguty complex having
intraore and postore geologic setting (thus being under-

gone much less intensive thermal and metasomatic
impact than granites of the main phase) show some
younger 39Ar/40Ar ages (see below).

The Ar–Ar isotopic study of muscovites separated
from intraore granite porphyry and postore kalgutites
of the Eastern Kalguty dike complex showed similar
ages for these rocks, i.e., 202 ± 1 and 203 ± 1.5 Ma,
respectively (Fig. 10). The K–Ar system in muscovite
is more resistant to thermal impact than the biotite sys-
tem. Thus, we can suggest that the age estimates corre-
spond to an actual geologic process.

The Sm–Nd isotopic studies demonstrated that
igneous rocks of the Kalguty ore-magmatic system typ-
ically have low primary 143Nd/144Nd ratios at always
negative εNd(T) values (Table 2). The highest εNd(T) =
−1.9 is found for porphyritic biotite granites of the main
phase of the Kalguty massif. Model age of protolith of
these rocks is 1.17 Ga. The rocks of the Eastern Kalguty
dike complex (elvans and kalgutites) have notably
lower and variable εNd(T) (from –3.7 to –5.1). Model
age of their protoliths is 1.31–1.43 Ga. The lowest
εNd(T) and largest model ages of protoliths are typical
of high-temperature elvans (sample 1-269).

Lead isotopic ratios were obtained for leaching res-
idues of whole-rock samples of all rock varieties of the
Kalguty ore-magmatic system. The Pb isotopic compo-
sition is low radiogenic, and isotopic ratios (except for
those for galenobismuthite, sample 18) fall within nar-
row intervals (206Pb/204Pb = 18.305–18.831; 207Pb/206Pb =
15.527–15.571) (Table 3). This means that Pb isotopic
compositions of residues is close to composition of pri-
mary Pb incorporated in rocks during their formation,
i.e., to isotopic composition of rock source. Using these
values we calculated model lead parameters of the
source, which are equal to µ1 = 238U/204Pb = 8.07 and κ1 =
238U/232Th = 3.27 for one-stage evolution model and
µ1 = 238U/204Pb = 9.47 and κ1 = 238U/232Th = 3.18 for the
Stacey and Kramers model. These data indicate signif-
icant contribution of mantle components into the rock
source, because Pb isotopic ratios are plotted well
below the line of average crustal lead evolution accord-
ing to the Stacey–Kramers model (Fig. 11).
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Fig. 8. U–Pb concordia diagram for xenogenic zircon from
sample 1-271 of granites of the main intrusive phase of the
Kalguty massif.
Note the U–Pb isotopic age of xenogenic zircon being
400−440 Ma.
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Fig. 9. 39Ar–40Ar age spectra for biotite from granite of the main intrusive phase of the Kalguty massif.
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DISCUSSION

Estimation of Time Interval of Formation 
of the Kalguty Ore-Magmatic System and Occurrence 

of Deep-Seated Chambers of Rare-Metal Magma

Results of isotopic dating of individual zircon grains
by U–Pb method using SHRIMP-II mass spectrometer
(T = 216 ± 3 Ma), as well as biotite from granites of the

main phase (T = 202 ± 1 Ma) and muscovite from gran-
ite porphyry and kalgutite dikes (205–201 Ma) by
Ar−Ar method with stepped heating of mineral frac-
tions, led us to the following conclusions.

A time gap of about 10–15 m.y. is reliably estab-
lished between the emplacement of rare-metal granites
of the Kalguty complex composing the main volume of

Age, Ma
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202.4 ± 0.8 Ma

Muscovite from granite porphyry of the
Eastern Kalguty dike swarm
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39Ar released, %

203.4 ± 1.5 Ma

Muscovite from rich rare-metal ongonite of the
Eastern Kalguty dike swarm

(sample 1-262/3)

Fig. 10. 39Ar–40Ar age spectra for muscovite from granite porphyry and kalgutites of the Eastern Kalguty complex.

Table 2.  Sm–Nd isotopic composition of rocks of the Southern Gornyi Altai Range

Ordinal Sample Sm, ppm Nd, ppm 147Sm/144Nd 143Nd/144Nd εNd(0) εNd(T) TNd(DM) TNd(DM-2st)

1 1-277 6.57 31.9 0.1245 0.512442 ± 10 –3.8 –1.9 1212 1165

2 1-278/1 0.727 2.99 0.14709 0.512313 ± 9 –6.3 –5.0 1915 1425

3 1-259 7.06 34.6 0.12328 0.512351 ± 6 –5.6 –3.7 1348 1310

4 5-446* 1.564 5.835 0.16207 0.51235 ± 6 –5.6 –4.7 2359 1394

5 1-269 6.78 33.2 0.1234 0.51228 ± 6 –7.0 –5.1 1469 1425

6 1-262/3 2.05 9.31 0.13303 0.512373 ± 9 –5.2 –3.5 1469 1295

7 5-447* 0.1623 0.4368 0.2246 0.51245 ± 9 –3.7 –4.4 – 1366

8 5-401 8.034 41.78 0.11624 0.512325 ± 9 –6.1 –2.0 1292 1330

9 RA-3/3 5.576 26.78 0.12585 0.512376 ± 8 –5.1 –1.5 1345 1288

10 L-3 20.5 109.0 0.11337 0.512317 ± 9 –6.3 –3.6 1267 –

11 8-568/3 12.6 81.0 0.09418 0.512295 ± 9 –6.7 –3.4 1092 –

12 5-451 7.18 47.0 0.09238 0.512287 ± 8 –6.8 –3.5 1086 –

13 95-1/3 3.59 18.2 0.1194 0.512202 ± 7 –8.5 –6.5 1533 –

14 95-11/7 5.76 27.7 0.12565 0.512286 ± 9 –6.9 –5.0 1496 –

15 95-7/2 4.29 21.4 0.12145 0.512133 ± 7 –9.9 –7.9 1680 –

Note: (1–7) Kalguty ore-magmatic system: (1) porphyritic biotite granite of the main phase; (2–5) elvans; (6, 7) kalgutites; (8, 9) granitoids
of the Rakhmanovo complex (D1–2) including (8) biotite granite and (9) biotite granodiorite; (10–12) rocks of the Chuya alkali basite
complex (P2–T1): (10) minette, (11) kersantite, (12) melanosyenite; (13–15) upper crustal metamorphic rocks of the Altai–Mongo-
lian terrane: (13) green schist, (14) disthene–staurolite gneiss, (15) cordierite–biotite gneiss.
* Samples for which the uncertainties in 147Sm/144Nd determination can be high.
εNd(T) values are calculated relative to CHUR with present-day 143Nd/144Nd = 0.512638 and 147Sm/144Nd = 0.1967 (Jacobsen and
Wasserburg, 1984). Model ages are calculated by model (Goldstein and Jacobsen, 1988) for depleted mantle reservoir with present-
day 143Nd/144Nd = 0.513151 and 147Sm/144Nd = 0.21365. Calculation of protolith ages by two-stage model (Liew and Hofmann,
1988) used average crustal 147Sm/144Nd ratio of 0.12 (Taylor and McLennan, 1985). εNd(T) and TNd(DM-2st) are calculated for
granites at 216 Ma of the main phase of the Kalguty massif, 202 Ma for elvans and ongonites of the Eastern Kalguty dike swarm,
400 Ma for rocks of the Rakhmanovo complex, and 250 Ma for rocks of the Chuya complex. Dash denotes no data.
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the Kalguty massif and the formation of subvolcanic
dikes and small intrusions of granite porphyry, ongo-
nites, and elvans. This conclusion in generally consis-
tent with geological data, but, with allowance for
geochemical similarity of all intrusive rocks and their
close spatial association, it requires some comments
related to interpretation of geochronologic data and
development of consistent petrogenetic model of for-
mation of the Kalguty ore-magmatic system. Let us
emphasize that Ar–Ar dates coincide for biotites from
granites of the main phase and muscovites from defi-
nitely later dikes. Note that samples for biotite separa-
tion were collected within ore field with widely devel-
oped greisenization. We found that the muscovite in
granites of the main phase is a secondary mineral
(Annikova, 2003), and we can suggest that biotite has
also undergone recrystallization with disturbance of
K−Ar system. On the contrary, muscovite in granite
porphyry and ongonites is primary magmatic mineral
and composes euhedral phenocrysts and groundmass
laths (Fig. 12). Ar–Ar isotopic study of muscovites
gave the age similar to the age obtained for biotite from
significantly older granites of the main phase. This is
consistent with intraore setting of dikes associating
with the most productive complex W–Mo–Bi–Be min-
eralization. If we suggest that all dikes of the Eastern
Kalguty complex are postore, biotite recrystallization
over such large area cannot be explained. Thus, the

obtained isotopic geochronologic and geologic data are
consistent and may indicate that the Kalguty ore-mag-
matic system was formed during two stages. At the first
stage (216 ± 3 Ma) corresponded to emplacement of
hypabyssal fracture intrusion (Annikova et al., 2004),
and parental magma was differentiated due to crystal
fractionation to produce granites of the main phase 
leucogranites of supplementary intrusions  aplites
of the final phase. This stage was accompanied by Mo
and Mo–W ore mineralization. Data on Re–Os dating
of molybdenite from ores within the Kalguty field gave
age value of 213 Ma (Borisenko et al., 2003), which,
according to geologic data (Vladimirov, 1997, 1998;
Shokal’skii et al., 2000), coincides with the age of the
earlier magmatic stage of the Kalguty ore-magmatic
system of 216 Ma obtained for individual zircon grains.

Considering muscovite in granite porphyry and
ongonites to be a primary magmatic mineral with K–Ar
isotopic system more resistant to thermal impact than
that of biotite, we can suggest that values of 202.4 ± 0.8
and 203.4 ± 1.5 Ma correspond to an actual geologic
process, i.e., the formation of the Eastern Kalguty dike
swarm and spatially associated complex W–Mo–Bi–Be
mineralization. The time gap of 10–15 m.y. with strong
changes in ore geochemistry from Mo–W to W–Mo–
Bi–Be can be explained by former existence of a large
slowly cooling lower crustal magma chamber, which

Table 3.  Lead isotopic composition of rocks and ores of the Kalguty ore-magmatic system

Ordinal Sample Fraction 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb µmeas Pb, ppm U, ppm

1 1-277 WR 18.803 15.612 38.677 15.18 29.4 6.97

2 L 20.579 15.66 39.755 71 6.34 6.82

3 R 18.309 15.527 38.192 5.53 24.7 2.17

4 1-259 WR 19.943 15.652 40.216 58.1 9.68 8.47

5 L 20.946 15.677 45.134 126.2 2.41 4.25

6 R 10.511 15.582 38.676 29.2 8.90 4.03

7 1-262/3 WR 19.911 15.618 38.433 116.5 17.2 30.9

8 L 28.491 16.087 40.498 103.2 2.14 20

9 L 28.473 16.111 40.516 – 2.13 –

10 R 18.831 15.562 38.116 3.25 30.3 1.55

11 1-278/1 WR 21.54 15.745 38.416 17.51 14.97 3.95

12 L 34.616 16.447 39.038 66.5 3.17 2.68

13 R 18.633 15.547 38.104 4.42 11.27 0.786

14 1-269 WR 18.457 15.571 38.48 17.91 32.4 9.14

15 L 19.337 15.6 39.74 122.4 4.52 8.12

16 L 19.305 15.63 39.858 – 4.35 –

17 R 18.305 15.555 38.27 2.67 29.9 1.26

18 18 galenobismuthite 18.142 ± 24 15.515 ± 19 38.166 ± 51 – – –

Note: WR—whole-rock sample, L—leachate in mixture of concentrated HNO3 and HCl, R—leaching residue; 1-277 is porphyritic biotite
granite of the main phase, 1-259 is elvan, 1-262/3 is rich rare-metal ongonite (kalgutite), 1-278/1 is muscovite granite porphyry, 1-269
is elvan, 18 is galenobismuthite from a quartz–molybdenite–wolframite–chalcopyrite vein. Dash denotes no data.
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released magma and fluids at least twice and produced
a multilevel ore mineralization in the upper crust.

Mantle Role

There are many petrologic and isotopic geochemical
data accumulated recently on significant contribution
of mantle plume sources in composition of rare-metal
silicic magmas (Vladimirov et al., 1998; Kovalenko
et al., 1999; Antipin et al., 2002; Dobretsov, 2003;
Vladimirov, 2003; Yarmolyuk and Kovalenko, 2003;
Letnikov, 2003). In this context, the Kalguty rare-metal
granite massif comprising an ongonite–elvan dike
swarm and associated large rare-metal–molybdenum–
tungsten deposit (Sotnikov and Nikitina, 1971; Der-
gachev and Annikova, 1988; Vladimirov et al., 1997,
1998) is very interesting. Thermobarogeochemical
studies demonstrated that the Kalguty ore-magmatic
system shows distinct evidence of interaction between
crustal and mantle melts accompanied the crystal frac-
tionation of rare-metal granite magma in a deep-seated
chamber (Annikova, 2003). This is pronounced in
abrupt increase of near-liquidus crystallization temper-
ature with transition from early plutonic to late dike
stage. Homogenization temperatures of melt inclusions
in quartz (TMI) from rocks of the series of granites of the
main phase–leucogranites of supplementary intru-
sions–aplites of the final phase gradually decrease from
730 to 690°C, then TMI rises to 800–770°C in quartz of
granite porphyry, ongonite, and elvan dikes, and drops
again to 740–690°C in quartz of the late stages (Titov
et al., 2001). The estimated P–T parameters of melt
crystallization cannot be accounted for by differentia-
tion of one granite magma chamber and previous isoto-
pic and geochemical data were insufficient to trace the
whole evolution of the Kalguty ore-magmatic system.

Results of the first Rb–Sr isotopic study of the Kal-
guty ore-magmatic system were obtained for collection
including whole-rock samples of granites of the main
phase of the Kalguty complex and minerals separated
from them (potassium feldspar, biotite, apatite), as well
as samples of elvans and ongonites of the Eastern Kal-
guty complex. It was suggested that the plotted isoch-
ron (T = 204 ± 1.6 Ma; (87Sr/86Sr)0 = 0.70688 ± 14;
MSWD = 0.22; Table 4) corresponds to the time of for-

mation of the Kalguty ore-magmatic system as an one-
stage magmatic process related to activity of one lower
crustal chamber and its deep differentiation
(Vladimirov et al., 1997). However, it is obvious now
that this age value corresponds to the latest stage in evo-
lution of the Kalguty ore-magmatic system, i.e., to the
formation of the Eastern Kalguty elvan and ongonite
dike complex. These rocks have the highest Rb/Sr
ratios of 48–108 and, together with biotite (Rb/Sr ≥
400), determine general slope of the line in the
87Rb/86Sr–87Sr/86Sr diagram. However, it is a pseudoiso-
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Fig. 11. 207Pb/204Pb–206Pb/204Pb diagram for untreated
rock samples, leachates, and leaching residues of rocks of
the Kalguty rare-metal granite massif.
(1) Sample 1-277, fraction L; (2) sample 1-277, fraction R;
(3) sample 1-277, fraction WR; (4) sample 1-259, fraction
L; (5) sample 1-259, fraction R; (6) sample 1-259, fraction
WR; (7) sample 1-262/3, fraction L; (8) sample 1-262/3,
fraction R; (9) sample 1-262/3, fraction WR; (10) sample
1-278/1, fraction L; (11) sample 1-278/1, fraction R;
(12) sample 1-278/1, fraction WR; (13) sample 1-269, frac-
tion L; (14) sample 1-269, fraction R; (15) sample 1-269,
fraction WR. Samples and fractions are described in Table 3.
S–K is Stacey and Kramers model line.

Table 4.  Rb–Sr isotopic composition of granitoids of the Kalguty massif

Ordinal Sample Rock, mineral Rb, ppm Sr, ppm 87Rb/86Sr 87Sr/86Sr

1 SK-1/1 Granite of the main phase 355 150 6.93 0.72703 ± 11

2 SK-1/2 Feldspar 324 225 4.23 0.71978 ± 12

3 SK-1/3 Biotite 1550 12.4 407 1.81567 ± 34

4 SK-1/4 Apatite – 226 – 0.70795 ± 10

5 5-446 Elvan 731 19.8 107 1.01763 ± 14

6 5-447 Kalgutite 1450 87.7 47.8 0.84573 ± 12

Note: Dash denotes no data.
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chron, because it is based on characteristics of dis-
turbed Rb–Sr system in biotite from granites of the
main phase of the Kalguty ore-magmatic system (sam-
ples were collected within the ore field). After recalcu-
lation of Sr isotope ratio in whole-rock samples of gran-
ites of the main phase of the Kalguty complex to
216 ± 3 Ma and ongonites of the Eastern Kalguty com-
plex to 202 ± 1 Ma, we obtained the following
(87Sr/86Sr)0 values: 0.706 ± 0.005 for granite of the main
phase (sample SK-1/1), 0.711 ± 0.0035 for kalgutite
(sample 5-447), and 0.710 ± 0.0035 for elvan (sample
5-446), which are close to (87Sr/86Sr)0 value in apatite
(0.708) from granites of the main phase. Estimates of
primary Sr isotopic ratios (0.706–0.711) for two-stage
model of evolution of the Kalguty ore-magmatic sys-
tem do not show regular changes with transition from
the early to late magmatic stages. We believe that this is
related to insufficient experimental data and variable
factors affecting the Rb–Sr system, which complicate
interpretation of compositions of magma sources. Data
for the Sm–Nd isotopic system are more certain.

The metamorphic rocks of the Altai–Mongolian ter-
rane corresponding to the lowest erosion levels always
have low Nd isotopic ratios and model ages of 1.5–1.7 Ga
(Kruk et al., 1999; Plotnikov et al., 2002). These rocks
present greenschist facies metasediments of the Ven-
dian–Cambrian turbidite sequences and the Early–Mid-
dle Paleozoic Southern Chuya polymetamorphic com-
plex with protolith model ages of 1.5–1.7 Ga and εNd(T) =
–5 to –8 (for the time of formation of the Kalguty ore-
magmatic system). Similar model ages are typical of
autochthonous granitoids emplaced during the peak of
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Fig. 13. εNd(í)–age diagram for igneous and metamorphic
rocks in the Southern Gornyi Altai Range.
(1) Granite of the main phase of the Kalguty massif; (2, 3)
rocks of the Eastern Kalguty dike swarm: (2) elvans and (3)
ongonites; (4) rocks of the Chuya alkali basalt complex
(P2−T1); (5) granitoids of the Rakhmanovo complex (D1–2);
(6, 7) fields of evolution of isotopic composition of substrate of
granitoids of the Rakhmanovo complex (6) and upper crustal
metamorphic rocks of the Altai–Mongolian terrane (7).
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Fig. 12. Microphotographs of elvan (a) and kalgutite (b). Ms—muscovite, Qtz—quartz, Kfs—potassium feldspar.



PETROLOGY      Vol. 14      No. 1      2006

U–Pb AND 39Ar/40Ar DATING AND Sm–Nd AND Pb–Pb ISOTOPIC STUDY 95

metamorphism and granite formation in the Southern
Chuya polymetamorphic complex (Plotnikov et al.,
2002). The Devonian calc-alkaline granitoid batoliths
within the Altai–Mongolian terrane have εNd(T) from –
1.5 to –2.0 and model ages of 1.3–1.35 Ga. Late Paleo-
zoic–Early Mesozoic alkali basalts, lamprophyres, and
their differentiates in this region have εNd(T) of about –
3.5 and TNd(DM) = 1.1–1.3 Ga.

General evolution of Nd isotopic composition in
crustal substrates and igneous rocks of the Altai–Mon-
golian terrane is shown in Fig. 13. It shows that
143Nd/144Nd ratio in granites of the main phase of the
Kalguty massif is significantly higher than that in all
studied granitoids and upper crustal rocks for that time.
This may indicate significant contribution of lower
crustal complexes in source of granitoids. These com-
plexes are not exposed now in the Altai–Mongolian ter-
rane and are probably included in the Late Vendian–
Early Paleozoic accretionary prism, which is found as
relicts in peripheral part of the terrane (Volkova, 2003;
Volkova et al., 2004).

Strong decrease of primary Nd isotopic ratios and
εNd(í) values in rocks of the Eastern Kalguty dike
swarm (Fig. 13) can be accounted for only by participa-
tion of mantle components in magma generation. These
data are probably most consistent with the suggestion
of release of residual chambers of strongly evolved
silicic magmas and, consequently, direct interaction of
ongonite melts with a mantle chamber with “plume”
isotopic characteristics.

Similarity in Nd isotopic composition of lampro-
phyres and high-temperature elvans (Table 2, Fig. 13)
(contribution of mantle melts in these rocks is demon-
strated by thermobarogeochemical methods; Titov
et al., 2001) is also consistent with this suggestion.
Lead isotopic composition also indicates notable con-
tribution of mantle components in the magma- and ore-
forming processes in the Kalguty ore-magmatic sys-
tem. We cannot exclude that isotopic composition of
dike rocks was modified by assimilation of upper
crustal rocks (see data for xenogenic zircon cores).
However, this process might be subordinate.

Finally, let us emphasize that there is no significant
correlation between Nd isotopic composition and
geochemical features of rocks (e.g., their rare-metal
contents). This fact verifies the idea that the rare-metal
composition of rocks of the Eastern Kalguty dike
swarm was generally determined by direction and
degree of differentiation of parental magmas, rather
than contribution of mantle components.

CONCLUSIONS

Two intrusive complexes can be distinguished in
structure of the Kalguty ore-magmatic system, i.e.,
Kalguty granite–leucogranite complex and Eastern
Kalguty complex of dikes and small intrusions. The
earlier stage is represented by granites (90%), leucog-

ranites (10%), and veins of aplites and pegmatites,
while the later stage, by granite porphyry with elevated
rare-metal contents, apatite-bearing elvans, and ongo-
nites. U–Pb dating of individual zircon grains from
granites of the main intrusive phase demonstrated that
the crystallization age of small grains of magmatic hab-
its and outer rims of large grains is almost concordant
and is 216 ± 3 Ma. Some zircon grains are xenogenic
and have age of about 400–440 Ma. These grains were
probably derived from xenoliths of the Early Devonian
volcanic rocks assimilated by granite magma. Ar–Ar
isotope study shows that the K–Ar system of biotites
from granites of the main phase within the Kalguty ore
field was disturbed (radiogenic Ar was partially lost)
and gave an age of 202 ± 1 Ma. The Ar–Ar dating of
muscovites from intraore and postore ongonite and
elvan dikes of the Eastern Kalguty complex devoid of
signatures of postmagmatic recrystallization and super-
imposed greisenization gave similar ages of 205–201 Ma.
This date is interpreted as the emplacement age of the
Eastern Kalguty dikes and associated complex W–Mo–
Bi–Be ore mineralization. Similarity of underestimated
Ar–Ar ages of biotites from altered granites and mus-
covites from unaltered ongonites and elvans can be
explained by heating of ore-hosting rocks above 250°ë
(closure temperature of K–Ar system in biotite).

Sm–Nd and Pb–Pb isotopic study of granites, ongo-
nites, and elvans of the Kalguty ore-magmatic system
and host rocks show that these systems, like the U–Pb
systems of zircon, were closed. For example, recalcula-
tion of Nd isotopic ratios for corresponding ages of
crystallization of magmatic systems (216 and 205 Ma)
shows that εNd(í) values decrease from –1.9 to –3.5 …
–5.08 with transition from granite–leucogranite to sub-
volcanic granite porphyry, ongonite, and elvan dikes
with corresponding increase of model ages of protoliths
from 1.0 to 1.25 Ga. Because the Kalguty ore-mag-
matic system was formed by activity of single crustal
chamber, shift of Nd isotopic compositions could be
explained only by influence of mantle source. Lead iso-
topic ratios for leaching residues of whole-rock sam-
ples of all rock varieties (206Pb/204Pb = 18.305–18.831;
207Pb/206Pb = 15.527–15.571) are plotted well below
the line of average crustal lead evolution according to
the Stacey–Kramers model. This is consistent with
anomalously high temperatures of the Eastern Kalguty
dikes determined by melt inclusions in quartz, which
could be accounted for by impact of mantle sources on
the evolved lower crustal granite chamber.
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