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Abstract—Rb, Sr, Sm, Nd, U, and Pb contents and Sr, Nd, and Pb isotopic composition were determined in
tholeiite and subalkaline basalts (in both whole-rock samples and individual minerals) from the Franz Josef
Land Archipelago. Isotopic data obtained for the Arctic basin are similar to those for islands from the Pacific,
Atlantic, and Indian oceans. The assimilation of crustal (sedimentary) rocks by primary depleted material
makes isochron determination of basalt age difficult or impossible. The subalkaline basalts (basaltic andesites)
were presumably formed by the metasomatic introduction of incompatible elements in tholeiitic basalts and,
only partially, through crustal contamination and fractional crystallization.
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INTRODUCTION

A great number of isotope—geochemical data are
available on islands of the Pacific, Atlantic, and Indian
oceans [1-13 and references therein] (mainly in the
southern hemisphere), whereas data on island basalts of
Arctic basins are practically absent, with the exception
only of those recently published in [14, 15]. The pio-
neering paper [15] reports numerous Sm-Nd and
Rb—Sr isotope data on rocks from the Franz Josef
Archipelago. Our research of basalts from the Franz
Josef Land (FJL) was aimed at deciphering the origin of
oceanic basalts from around the world and the signifi-
cance of FJL in the formation of the continent—ocean
transition zone.

Our research was focused on the following prob-
lems:

(1) Isotope—geochronological (K—Ar, Rb—Sr, Sm—Nd)
investigations of basalts from islands of archipelago
(whole-rock and mineral samples);

(2) Position of the FJL rocks in the global Sr—-Nd—Pb
isotopic systematics;

(3) Influence of crustal component in basalts on
equilibrium of the isotopic systems.

GEOLOGICAL SETTING

The Franz Josef Land Archipelago is the separate
marginal domal uplift located in the north of the Bar-
ents—Kara shelf plate, which borders with the deep-
water Nansen depression of the Arctic Ocean. The

uplift is bounded by the graben-like superimposed
Franz Victoria deep in the west and by the St. Anna
trough in the east. Its northern side was uplifted in the
Mesozoic—Cenozoic and destructed in the Late Juras-
sic—Early Cretaceous, with development of trap mag-
matism in the marginal—shelf uplift of FJL.

The trap complex of the FJL archipelago includes
dikes, sills, flows, and vents of volcanic edifices
(necks), as well as small subvolcanic stocks. Two vol-
canoplutonic associations are distinguished among the
FIL rocks: low-K tholeiites and subalkaline basaltic
andesites [16]. A petrographic study showed their com-
paratively uniform composition, with the predomi-
nance of porphyritic and glomeroporhyritic olivine-free
basalts. The amount of olivine in the olivine-bearing
tholeiites is insufficient to distinguish them as an inde-
pendent group. Olivine is commonly replaced by
iddingsite—bowlingite, chloropheite, and chlorite. Pla-
gioclase and clinopyroxene occur in several (typically,
two—three) generations. The plagioclase composition
corresponds to bytownite—labradorite, with a more cal-
cic (up to 75% anorthite) composition of phenocrysts
relative to groundmass microliths. The clinopyroxene is
typically augite. Orthopyroxene occurs sporadically.
All of the rocks of the trap complex contain dissemi-
nated opaque minerals, mainly, Ti-magnetite. The
basaltic andesites have a glassy groundmass often con-
taining taxitic domains of moderately-acid brown glass.
The textures are tholeiitic, poikilophitic, intersertal,
and doleritic. The structures range from massive to
amygdaloidal. The most fully crystallized rocks in the
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Fig. 1. Map of the Franz Josef Land Archipelago. Triangles denote sampling sites; (2354-1) Albatros (Gokhshteter islands); 2134-1
Windword; (2359-1a) Royal Society; (5542-2 and 5547-2) Guker; (5505-1 and 5505-1a) Georg Land; (2035-1) Nezametnyi; 2819-2 and
2827-3 Gallja; (3069b) Brjus; (3033) Rudolf; (3652-2a, 3654-5, 3672b, 3672e, 3674-1) Wiener Neustadt; (3072) Matilda; (2322)
Brosh; (B-98-6 and 3035) Jackson; (3054) Grili; (G-93-1 and 3034) Gegenloe; (2840-2) Aleksandra Land; (2335-1) Kverini; (2361-3)

Bredi; (MK-1) Mak Klintok; (3068c) Aldscher.

central part of the flow grade into finer grained varieties
toward its top and bottom, while the near-contact rocks
contain 90% weakly devitrified glassy mesostasis.

The low-K tholeiites belong to the low-K,O
(<0.4%) sodium series with low contents of SiO,, TiO,,
total alkalis, P,Os, and relatively high contents of
Al,O3, Ca0, and MgO. The subalkali basalts (basaltic
andesites) are K—Na rocks and show the opposite pro-
portions of major oxides. Based on ICP-MS data, the
subalkali basalts (basaltic andesites) are high in Zn, Ba,
Rb, Sr, Zr, Y, REE, and in volatile B and CO,. By con-
trast, the tholeiitic basalts are enriched in Cu, Cr, and
Ni. Co and V show unsystematic variations [16, 17].

The age of the rocks determined by K—Ar, Ar-Ar,
and Sm-Nd methods ranges within 95-161 Ma [18].
Paleontological data suggest that volcanic and, espe-
cially, subvolcanic varieties of the subalkali basalts—
basaltic andesites were emplaced earlier (Late Titho-
nian) than the low-K tholeiites (Albian). The simulta-
neous occurrence of the basalts of both associations in
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the same exposures can be inferred from the coronary
model of a highly advanced front of magma formation.

SELECTION OF SAMPLES
AND ANALYTICAL TECHNIQUES

Figure 1 demonstrates a map of FJL and the sam-
pling sites of low-K tholeiite and subalkali basaltic
andesites.

Rb-Sr and Sm—Nd isotope analyses were performed
by isotope dilution to determine the Rb, Sr, Sm, and Nd
contents. The preliminarily grouped samples were
spiked with Rb-34Sr and 'Sm-'’Nd mixed spikes.
Then the samples were decomposed in a mixture of
HNO; and HF. Sr was extracted with cationic chroma-
tography on a AG50W-X8 cation exchanger. Sm and
Nd were extracted in two stages. The first stage
involved cation-exchange chromatography on a
AG50W-X8 cation exchanger with the aim of separat-
ing REEs from the rocks and minerals. The second
stage involved extraction chromatography with liquid
cation-exchange HDEHP supported by Teflon powders.
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Table 1. U-Pb isotopic data on rocks and minerals
No. Sample Pb (ppm) U (ppm) | 238U/2%pb | 206pb/204ph 207pp/204ph | 208ph/204Ph
1 2035-1 3.77 0.950 16.28 19.26 (18.95) | 15.61 (15.60) 38.97
2 2035-1%* 4.06 0.890 14.17 19.22 15.61 38.92
3 2134-1 2.06 0.345 10.77 18.98 (18.78) | 15.59 (15.58) 38.72
4 2134-1%* 1.78 0.120 4.28 18.74 15.49 38.29
5 2322-1 1.16 0.232 12.90 18.97 (18.73) | 15.59 (15.58) 38.74
6 2322-1%* 0.59 0.111 12.04 18.74 15.45 38.38
7 2335-1* 1.18 0.186 10.02 18.91 15.54 38.51
8 2354-1%* 2.30 0.497 13.89 19.07 15.58 38.80
9 2359-1a* 3.85 0.833 13.93 19.03 15.58 28.82
10 2361-3* 3.94 0.986 16.13 19.07 15.59 28.87
11 3672 3.60 0.404 7.21 18.84 (18.70) | 15.60 (15.59) 28.81
12 554772 1.45 0.267 11.78 18.88 (18.66) | 15.59 (15.58) 28.76
13 G-93-1 1.06 0.281 17.10 19.03 (18.71) | 15.61 (15.59) 28.84
14 B-98-6 3.74 0.885 15.17 18.95 (18.66) | 15.55 (15.54) 28.68
15 554272 7.98 1.46 11.81 19.02 (18.76) | 15.64 (15.63) 39.13
16 MK-1 1.77 0.446 16.23 19.03 (18.72) | 15.59 (15.58) 38.74
17 5505-1 - - - 18.93 15.63 38.91
18 3033 whole-rock 0.893 0.228 16.34 18.86 (18.55) | 15.57 (15.55) 38.62
19 3033 plagioclas 1.111 0.054 3.17 17.73 15.51 41.32
20 3034 whole-rock 1.04 0.227 13.94 18.95 (18.69) | 15.57 (15.56) 38.68
21 3034 plagioclas 0.846 0.051 3.83 18.69 15.57 38.48
22 3035 whole-rock 0.972 0.213 14.02 18.95 (18.69) | 15.56 (15.55) 38.66
23 3035 plagioclas 0.569 0.024 2.69 18.58 15.58 38.43

* Samples were preliminarily leached. Numbers in parentheses are isotopic ratios calculated for 120 Ma.

The isotope analysis of Rb, Sr, Sm, and Nd was per-
formed on an eight-collector MAT 261 mass spectrom-
eter in static mode. To correct for isotope fractionation,
the Sr isotope ratios were normalized to 38Sr/36Sr =
8.37521. The normalized values were brought to
87Sr/2%Sr = 0.71025 of the NBS-987 internationally cer-
tified isotopic standard. The Nd isotope ratios were nor-
malized to 8Nd/'*Nd = 0.241578 to correct for Nd
isotope fractionation. The normalized ratios were
brought to the '*Nd/'*Nd = 0.511860 in the La Jolla
international standard. The Rb, Sr, Sm, and Nd contents
were measured accurately to 0.5%. The laboratory
blanks were 30 pg for Rb, 30 pg for Sr, 30 pg for Sm,
and 70 pg for Nd.

Replicate analyses of the BCR-1 international stan-
dard gave the following values: Rb = 45.9 ug/g, Sr =
329 ug/g, ¥Rb/ASr =0.4027 + 9, 87Sr/%Sr = 0.705013 + 6
(average of six determinations); Sm = 6.45 ug/g, Nd =
28.4 ug/g, Sm/'"Nd = 0.1383 * 3, Nd/"Nd =
0.512654 £ 8 (average of ten determinations). The con-
struction of the isochrons and the calculation of age,
initial (3’Sr/®0Sr), and €y, values, were conducted with
an ISOPLOT program, using the following decay con-
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stants: 7\,37Rb =142 x% 10_“ yr_l, }L147Sm =6.54 X 10_12 yl‘_l,

(MNA/** Ndeygur)e = 0.512636, (M'Sm/"“Ndeyur)o =
0.1967. The following values of analytical errors were
input during the Rb—Sr and Sm—Nd calculations: 0.5%
for ®Rb/Sr, 0.5% for 4’Sm/"**Nd, 0.03% for
87Sr/8Sr, and 0.005% for '*Nd/'**Nd. The &y, was
determined accurate to 0.5, which corresponds to the
precision of Rb—Sr and Sm—Nd analyses at the Institute
of Precambrian Geology and Geochronology, Russian
Academy of Sciences.

The samples of basalts selected for U-Pb isotopic
analysis were preliminarily washed in a very weak HCI
solution to remove surface pollutants. Some samples
were subsequently leached in concentrated HNO;
and HCI at 90°C. The leached and unleached sam-
ples were decomposed in a mixture of concentrated
HNO; and HF.

The Pb isotopic composition and Pb and U contents
were determined in aliquots using a mixed 23U-?%Pb
spike. U and Pb were extracted using the Mane method.
The isotopic composition of U and Pb was measured on
a Finnigan MAT-261 multicollector mass spectrometer
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Table 2. Sm—Nd data on rocks and minerals

LEVSKII et al.

No. Sample Sm (ppm) | Nd (ppm) | 4’Sm/!"Nd| "Nd/'Nd | K,0 (Wt %) | P,Os (Wt %) | eng(120)
1 2134-1 whole rock 3.622 12.71 0.1707 | 0.512806 =20 0.45 0.15 3.7
2 2134-1 plagioclase 0.2088 0.990 0.1269 | 0.512766 = 36 - - -
3 2134-1 pyroxene 1.896 4.790 0.2371 ] 0.512900 = 16 - - -
4 2335-1 whole rock 3.423 12.10 0.1694 | 0.512905* 16 0.28 0.13 5.6
5 2335-1 plagioclase 0.1117 0.550 0.1222 | 0.512823+ 116 - - -
6 2335-1 pyroxene 1.540 3.750 0.2462 | 0.512944 + 11 - - -
7 2354-1 whole rock 6.787 26.23 0.1550 | 0.512904+9 0.60 0.35 5.8
8 2354-1 plagioclase 0.3773 1.760 0.1283 | 0.512786 =31 - - -
9 2354-1 pyroxene 6.619 25.79 0.1537 |0.512899+ 13 - - -

10 2359-1a whole rock 8.367 35.68 0.1405 |0.512864 = 10 0.73 0.35 53

11 2359-1a plagioclase 0.5190 2.690 0.1154 | 0.512798 41 - - -

12 2359-1a pyroxene 3914 10.99 0.2133 | 0.512925+9 - - -

13 3068-r whole rock 2.902 10.14 0.1730 | 0.512927 £ 18 0.27 0.19 6.0

14 3068-r plagioclase 0.113 0.519 0.1318 | 0.512855+20 - - -

15 3068-r pyroxene 2.993 9.408 0.1923 | 0.512942 + 14 - - -

16 3674-1 whole rock 7.641 31.47 0.1467 | 0.512669 =7 1.10 0.32 1.4

17 3674-1 plagioclase 0.700 3.456 0.1223 | 0.512581 =35 - - -

18 3674-1 pyroxene 3.645 10.74 0.2050 | 0.512698 = 12 - - -

19 3054 whole rock 7.671 31.55 0.1469 | 0.512662+5 1.40 0.35 1.2

20 3054 plagioclase 0.848 4.022 0.1274 ] 0.512567 £ 18 - - -

21 3054 pyroxene 3.988 13.66 0.1765 | 0.512657 £ 16 - - -

22 3654-5 whole rock 7.524 29.01 0.1569 |0.512839+ 11 0.49 0.31 4.6

23 3654-5 plagioclase 0.255 1.273 0.1209 | 0.512749 = 16 - - -

24 3654-5 pyroxene 2.868 7.588 0.2284 | 0.512909 = 15 - - -

25 3672-f whole rock 7.880 30.34 0.1570 | 0.512864 = 15 0.91 0.30 5.0

26 3672-f plagioclase 0.176 0.982 0.1081 0.512473 £21 - - -

27 3672-f pyroxene 2.664 6.748 0.2385 [0.512879* 14 - - -

28%* | 3069-b whole rock 3.81 13.37 0.1722 1 0.512864+9 0.22 0.18 4.8

29* | 3069-b plagioclase 0.103 0.488 0.1282 | 0.512854 =55 - - -

30*% | 3069-b pyroxene 1.81 4.37 0.2499 | 0.512927 £50 - - -

31* | 3072 whole rock 11.33 48.63 0.1409 | 0.512828 =10 1.52 0.50 4.6

32*% | 3072 plagioclase 0.376 2.11 0.1076 | 0.512827+ 19 - - -

33* | 3072 pyroxene 4.46 12.51 0.2155 |0.512916 % 14 - - -

34 5505/1a whole rock 4.270 14.62 0.1765 | 0.512966 % 15 0.19 0.18 6.7

35 5505/1a plagioclase 0.197 0.856 0.1393 | 0.512927 £ 24 - - -

36 5505/1a pyroxene 3.944 12.20 0.1953 | 0.512954 + 11 - - -

37 5542-2 whole rock 8.140 33.40 0.1460 | 0.512608 =8 1.27 0.30 0.2

38* | 3652-2a whole rock 7.79 30.34 0.1552 | 0.512770 £ 10 1.02 0.30 3.2

Note: Measurements were performed in Kanzas University (analyst N.R. van Schmus).
GEOCHEMISTRY INTERNATIONAL  Vol. 44 No.4 2006
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Table 3. Rb-Sr data on rocks and minerals
No. Sample Rb (ppm) Sr (ppm) 87Rb/30Sr 87Sr/36Sr (®7S1/%68r),
1 5505/1a rock 2.201 189.0 0.0337 0.704312 £ 45 0.704255 £ 45
2 5505/1a plagioclase 0.519 338.3 0.0044 0.704183 £ 26 -
3 2134-1 rock 12.00 197.8 0.1755 0.705420 £ 26 0.705121 £26
4 2134-1 plagioclase 7.941 292.1 0.0785 0.705107 £5 -
5 2335-1 rock 10.58 191.8 0.1596 0.705055 £ 14 0.704783 £ 14
6 2335-1 plagioclase 1.955 312.0 0.0181 0.704886 £ 15 -
7 2359/1a rock 21.83 514.3 0.1228 0.705422 £ 11 0.705213 £ 11
8 2354-1 rock 18.11 327.6 0.1599 0.704596 + 12 0.704323 £ 12
9 2354-1 plagioclase 1.724 625.3 0.0080 0.704513 £ 46 -
10 2361-3 rock 16.94 427.0 0.1148 0.704494 + 14 0.704298 + 14
11 2819-2 rock 2.053 197.7 0.0300 0.704742 £ 72 0.704691 £ 72
12 2819-2 plagioclase 0.765 293.1 0.0075 0.704281 £ 18 -
13 2840-2 rock 5.984 199.8 0.0866 0.704975 £ 32 0.704823 £ 32
14 2840-2 plagioclase 0.563 325.0 0.0050 0.705069 £ 13 -
15 2827-3 rock 14.46 396.1 0.1056 0.704899 £ 85 0.704719 £ 85
16 2827-3 plagioclase 1.776 699.6 0.0073 0.704179 £ 27 -

Note: (¥7S1/30Sr), is calculated for 120 Ma.

in a mode of the simultaneous record of the ion currents

of all isotopes. The measured Pb ratios were corrected
for a fractionation coefficient of 0.13% per mass unit,

which was determined by the replicate measurements
of the Pb isotope composition in the NBS SRM-982
standard. The laboratory blank was 0.4 ng for Pb and
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Fig. 2. Correlation of 143Nd/"*Nd with 7Sm/!'**Nd. Box is the whole-rock; diamond is pyroxene; triangle is plagioclase. Num-
bers correspond to those in Table 2.
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Fig. 3. Correlation of 143Nd/'"*Nd with 37Sr/80sr. Triangles denote FJL basalts. Mantle domains, islands, and archipelagos:
(1) St. Helena, (2) Azores, (3) MORB, (4) Hawaii, (5) Kerguelen, (6) Samoa, (7) Madeira, (8) Iceland, (9) Trinidad (hereinafter data

from [1-13]).

0.05 ng for U. The measured data was processed with
the PBDAT program.

RESULTS

The results obtained by measuring the Sr, Nd, and
Pb isotopic composition and the contents of Rb, Sr, Sm,
Nd, U, Pb in whole rocks and minerals are presented in
Tables 1-3 and Figs. 2-6. As can be seen from these
data, the Sm and Nd contents in the rock are not bal-
anced by those in minerals (P/, Px) for most samples
(samples 3068C, 5505/1a, and others). The unbalance
is insignificant only in some samples (3674-1, 3054,
and others). A similar disagreement is observed for the
Rb-Sr system. The Sr contents in whole-rock samples
are presumably completely accounted for by plagio-
clase, but the Rb content is in excess.

The subalkali basalts have almost zero values of &g,
moderately positive €yq, and relatively high ratios of
206Pb/2%4Pb, 207Pb/2MPb, and 2%8Pb/2%Pb. The tholeiites
exhibit positive values of €, and €y4 and a less radio-

genic Pb isotopic composition. The most radiogenic Pb
was found in the subalkali basalt 5542/2, while the
tholeiite basalts 5505a bears less radiogenic Pb.

GEOCHEMISTRY INTERNATIONAL  Vol. 44

DISCUSSION

Isotopic—geochronologic investigations of rocks
and minerals. The isotopic ages of both continental and
island basalts is difficult to determine, primarily
because of the absence of minerals suitable for dating.
The K-Ar dates range widely, from 52, 74, 92, 125,
133 Ma for whole-rock samples to 316, 327, and
555 Ma for plagioclases, at the aforementioned strati-
graphic age of 120-140 Ma [18]. The whole-rock ages
were disturbed mainly owing to the partial loss of
radiogenic Ar during weathering of matrix glasses, the
main concentrators of K and radiogenic Ar. Plagioclase
typically contains excess Ar (entrapped or inherited),
which causes overestimated ages.

The presence of minerals or, presumably, individual
phases in minerals with relatively high Rb/Sr ratios are
required to obtain reliable age estimates [19]. Reliable
dates can be obtained even at a relatively low 3’Rb/%6Sr
ratio, such as that in the FJL basalts (£0.17), if one of
the measured components with an extremely low Rb/Sr
ratio (plagioclase in our rocks) provides a reliable ini-
tial (3’Sr/%®Sr), ratio. However, as can be seen from
Table 3, this ratio exhibits wide variations, yielding a
wide scatter in dates from 80 Ma for sample 2840-2 to
1429 Ma for sample 2819-2. Samples 2134-1, 2335-1,
and 2354-1, which have similar (¥Sr/2°Sr), ratios of
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Fig. 4. Correlation of 207Pb/2%*Pb with 2°Pb/29*Pb. Triangles are basalts of FIL. (1) St. Helena, (2) Iceland, (3) MORB, (4) Hawaii,
(5) Kerguelen, (6) Samoa, (7) Madeira, (8) Azores.
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Fig. 5. Correlation of 143Nd/1*Nd with 29pb/294pb. Triangles are basalts of FJL. (/) Amsterdam, St. Paul, (2) Kerguelen,
(3) MORB, (4) St. Helena, (5) kimberlites (gr. II).
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0.70485 £ 27, 0.70486 + 16, and 0.70451 + 15, define an
age close to the stratigraphic one, although with a large
errTor.

TiO,

MnO x 10 P,O5x 10

Fig. 7. Discriminant diagram Mn-TiO,—P,05 for flood-
basalt complex of FJL; diamonds are tholeiitic basalts, cir-
cles are subalkaline basalts; fields: (CAB) calc-alkaline
basalts; (IAT) island arc tholeiites; (MORB) mid-ocean
ridge basalts; (OIT) oceanic island tholeiites; (OIA) ocean
island andesites.
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Unexpected results were obtained for the Sm—Nd
systems (Table 2, Fig. 2). In spite of the relatively
large error, some samples yield nearly stratigraphic
isochron ages (on plagioclase, whole-rock, and
pyroxene) but display distinct evidence for isotopic
disequilibrium. Thus, the age scatter has geochemi-
cal reasons (which will be discussed below) and is
not caused by analytical errors. However, in any
event, the use of isotopic geochronology at this stage
does not define the age relations between the tholei-
itic and subalkali basalts.

Position of FJL
in the Global Sr—Nd—Pb Systematics

It is seen in Figs. 3—6 that the basaltic rocks of the
FIL are plotted within the fields of other islands,
including archipelagos [1-15], which is consistent with
the concepts of the common origin of island basalts.
The Sm, Nd, and Pb isotopic composition moderately
varies for different samples, which is also more or less
typical of other islands. However, as is seen from the
correlation isotopic curves, the data points are dis-
placed from the depleted to the enriched reservoir EM
IT [20]. This reservoir is referred to as a local long-term
reservoir enriched in incompatible elements, or, more
probably, as that derived from crust and/or sediments
(mainly, terrigenous). It should be noted that some data
[21-26], including those of FIL, point to a significant,
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if not predominant, role of mixing between the depleted
and enriched reservoirs. This casts some doubts, which
are beyond the scope of our paper, on the recognition of
the OIB source of island basalts as a uniform and long-
term mantle enclave. Similarly, continental basalts can
also be produced by the mixing of depleted and
enriched components [27-34].

The absence of crustal (sedimentary) contamination
is hardly possible. The extent of magma interaction
with the relatively cold walls of the channel during its
ascent depends on many parameters, such as the
magma temperature, the rate of its movement (the max-
imum assimilation is attained at optimum value ~2000
Reynold’s numbers [35]), the specific area of the intru-
sion, and the presence of a fluid phase. The measured
effect of interaction between the chamber walls and
magma is finally defined by differences in the isotopic
and chemical composition, including major elements,
which allow discrimination between the tholeiite and
subalkali basalts of FJL (Fig. 7).

Most previous isotopic investigations, which were
performed mainly with whole-rock samples, reveal a
mixing effect. However, the use of individual minerals
in addition to whole rock samples is required for more
detailed analysis.

Estimate of Contamination Effect
on the Isotopic Equilibrium

As was mentioned above, an at least two-component
mixture of depleted and enriched material is required to
explain the data obtained on island and continental
basalts. However, physicochemical processes defining
mixing remain unclear. In particular, it should be deter-
mined in what form the contamination occurred. The
mixing of magmas of similar major-element composi-
tions is shown in Fig. 8a. Sample A is higher in
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enriched component P2. If the isotopic system was not
disturbed after crystallization, two mineral isochrons
(in the general case, n isochrons) with different initial
13Nd/"Nd ratios define the time of termination of
crystallization and the closure of the isotopic systems.
The line connecting points P1, WR(A), WR(B), and P2
is the mixing line and has no age sense. However, Fig. 8a
is not consistent with the experimental data shown in
Fig. 2. It can be hypothesized that the contamination of
the depleted (~mantle) component did not affect the
mineral, i.e., influenced only on the matrix (~glass)
(Fig. 8b), but this is, again, inconsistent with most data
in Fig. 2. Evidently, the matrix and minerals were con-
taminated differently, i.e., P1/P2(WR) # P1/P2(Px) #
P1/P2(P1). One of the possible variants is the chaotic
mixing of the whole rock and minerals of samples A
and B in the laboratory (Fig. 8c). This situation seems
to be hardly probable, and the following scenario can be
more realistic. During the crystallization of the initial
(depleted) material, material from reservoir P2
enriched in incompatible elements was accommodated
in both the whole rocks and the minerals (Fig. 8d). The
mixing must have occurred when crystallization began
and individual minerals formed but before the end of
this process. Otherwise, enriched material should have
been completely accumulated in the matrix glass, i.e., a
situation analogous to that in Fig. 8b. It should be noted
that none of the scenarios considered above can be
described by the model of assimilation and fractional
crystallization in its pure form [36-39].

Assimilation and enrichment caused by the CO,—
phosphate fluid, the most abundant metasomatic agent,
can trigger the chemical differentiation of the initial sil-
icate phase and metasomatic carbonates and phos-
phates, and this should eventually lead to the straight-
ening of the polygonal line (Fig. 2) and the obtaining of
isochron dependences having an age sense. The data in

(a) (b) (©) (d
P1 P1 P1 -
143 ]
144
P2 P2 P2
147Sm/144sm

Fig. 8. Scheme of mixing of two reservoirs, P1 (depleted) and P2 (enriched). Filled symbols are the mixing result (see text for expla-

nation).
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CONCLUSIONS
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