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INTRODUCTION

The Winter Coast kimberlite area is located in the zone
of intensive Riphean rift-forming within the Kola-Dvina
paleorift system [2,3] that has become active again in
Early Hercynian. The fact is proved by presence of
unique diversity of Late Devonian rocks composed of
basic and ultrabasic volcanites including commercial
diamondiferous kimberlites[1]. This makes it possible
to assume specific magmatic activity of rift structures in
earlier time, in Late Proterozoic.

In February 2000, JSC “Arkhangelsk Diamonds”
performed works in the western part of the Winter
Coast kimberlite area and in course of check drilling of
local magnetic anomalies numerous volcanic shows
were found in Vendian terrigenous rocks. They were of
the type that was new for the northern Russian Platform
and included Late Vendian lavas and tuffs of potassic
calc-alkali lamprophyres close to minette. They were
discovered in anomalies forming a chain of the
northeastern trend and about 70 km length located
parallel to the White Sea Entrance (Figure).

GEOLOGICAL STRUCTURE OF
VOLCANIC COMPLEXES

Volcanic bodies of the new type were discovered as
interbeds in Upper Vendian terrigenous rocks of Mezen
sequence of Kotlin Regional Stage represented by
alternating horizontal thin parallel bedded greenish-gray
and reddish-brown mudstones and siltstones with
subordinated fine-grained sandstones of the same color.
As a rule, every anomaly comprises actually all main
structural and genetic types of volcanic rocks located at
different levels of the same section: effusive rocks
(lavas, in less extent lava breccia), magmaclasts and
sedimentary/magmaclastic rocks (tuffs and tuffites),
volcanic sedimentary rocks (tuff aleurolites and tuff
mudstones). Effusive volcanic rocks form subhorisontal
sheets and streams (1-4 interbeds per well section) of 1
cm to 18 cm thickness occurring in conformity with
terrigenous Vendian rocks. Occasionally, lavas form
intersecting subvertical, branching, splitted inclusions
(veins) of irregular shape and of 1-12 mm thickness.
Tuffs and tuffites also occur as subhorizontal sheets of
0.5-5 cm thickness. Volcanic rocks alternate with
Vendian sedimentary terrigenous rocks forming
compound units of eruptive rocks; their thickness is 0.5
m to 4 m. Incomplete lateral extension of volcanic

Figure: Structure Sheme of the Kola-Dvina paleorift

system [3] and location of Late Vendian lamprophyre

volcanic rocks and Late Devonian basic and ultrabasic

volcanites.

1. Riphean paleorift system.

2. Late Vendian lamprophyre volcanic rocks.

3. Late Devonian basic and ultrabasic volcanites
(Kimberlites, picrites, melilithites and basalts).

complexes proven by drilling is over 150 m; at the same
time, volcanic rocks are of local extension — they pinch
out quite quickly and likely represent products of
subaqueous or aerial eruptions of small-size amounts of
volcanic matter through fractures.

PETROGRAPHICAL COMPOSITION OF
VOLCANIC ROCKS

Macroscopically, discovered volcanic rocks are poorly
consolidated, soft, wax-like, schistose deposits of
brownish-gray color, tinged with violet and pink (lavas)
or of greenish-gray and bluish-gray color (tuffs and
tuffites), of  heterogeneous  small-spotted and
indistinctly banded coloring. Schistosity is of
subhorizontal trend. According to x-diffractometry data,
rocks are almost completely shaly; kaolinite and
hematite (sometimes goethite) dominate; illite, chlorite,
and ordered hydromica/ montmorillonite occur in less
amounts.
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Despite of very high alteration, specific features of
volcanic rocks have preserved sufficiently enough; their
original mineral composition can be reliably
reconstructed. The rocks are characterized by stable
paragenesis of original minerals: biotite *+ changed
glass * apatite * zircon * feldspathoids * ores in
deposits of lava habit (in tuffs glass is replaced by basal
cement formed as a result of fine-ashy material
destruction).

Rocks of lava habit (effusive rocks) are characterized by
relict porphyric structure caused by development of
idiomorphic and subidiomorphic biotite phenocrysts
(packets) changed in various extent and submerged in
apovitreous matrix of plicated and fluidal texture,
sometimes with traces of amygdaloidal texture. In
general, the rock texture is massive, sometimes fluidal,
breccia-like texture of lava breccias also occurs.
Crystallization of lavas is very insignificant, rocks of
aphyric and spodarophyric structure dominate; in fact,

Biotite is represented mainly by hexagonal tabular
crystals, less amount of crystals (in tuffs) is represented
by flakes of irregular shape. Biotite grains are typically
of 0,05-0,2 mm size, occasionally up to 0.8 mm size,
often aggregates of 2-5 grains with total size of 0,5-1,00
mm (up to 1.5 mm) occur. Biotite is of dark greenish-
brown to black color, with large crystals. Biotite is
mainly fresh, often altered by thin plates of white silica
and chlorite along jointing, sometimes up to formation
of complete chlorite-quartzine pseudomorphs with
typical network structure of alteration. Mica grains are
of rather homogeneous composition and of the same
type as for lava phenocrysts and tuff crystoclasts; they
are characterized by stable high content of TiO, (4,64-
6,33%) and Al,O; (12,65-17,42%), lack of Cr,05 (0,00-
0,07%) with unstable but high content of FeO (15,35-
27,88%) and low content MgO (5,75-13,28%) that
make it possible to define them as Ti-biotite (tabl. 1).
The studied grain compositions shown on Mitchell’s

Tchle1: Compositions of bidtite phenocr ysts and o ystod osts fr am lampr ophyr es of theWinter Cocst

! Sarde# Rok SiC2 Tid2 A2A3 Q2B FEO MNO_ MO CO N0 K20 Tad
1 LT-32B3-66.5-6/1lava 3307 531 1282 000 29460 022 431 000 037 8856 9456
2 3347 522 1305 000 2931 025 45 000 037 871 9493
3 ZCG14/2-80 lova 3754 586 1397 000 1943 0,14 1227 002 055 982 99,60
4 38,16 633 1348 003 1988 0,16 1244 000 066 974 10088
5 ZCG143-51.8 lava 3669 571 1352 001 1968 020 1328 002 070 941 9922
6 (vaén) 3702 565 13,17 000 1942 0,13 1228 000 057 933 9757
7 3693 532 13,12 000 2332 025 976 000 049 956 98,75
8 Z7C14/5-864-3-2tuff 3551 548 14,13 000 2496 028 599 000 054 784 9473
9 3530 6,17 1265 000 2660 023 683 000 071 897 9746
10 3697 517 1596 007 2495 008 575 002 034 778 9709
11 3531 485 1385 000 2435 024 637 000 054 790 9341
12 ZCG14/6-95.6  tuff 3828 464 1742 002 1532 005 967 000 060 780 9350
13 3699 541 1336 000 19,76 0,12 1140 000 059 960 9723
14 3572 591 1380 000 2788 018 662 000 044 927 9982
15 ZCG46/2-59-1  tuffite 33.69 573 1289 000 26,16 011 626 000 042 869 9395
16 3294 571 1299 000 26856 0,17 59 000 028 847 9341
17 3296 588 13,78 000 2800 023 638 000 041 797 9561
18 3420 523 1358 000 2593 0,16 627 002 041 788 93,68
19 33,11 541 1323 000 2699 0,17 633 000 032 875 9431
20 3363 566 1328 000 2592 009 648 001 045 889 9441
21 3334 566 1368 000 2695 0,15 642 001 040 841 9502

X-ray spedrumandyysis (MiaoBeam Carearainstrument), IMGRE Ldoarday, theandyst |.M.K ulikova 2000.

they are volcanic glass replaced by shaly minerals and
hematite aggregates, and in less extent rocks of
oligophyric and plesiophyric structures are observed.
Biotite phenocrysts content in schistose apovitreous
matrix varies of single and occasional grains to 10-35%
of rock volume. Apatite, zircon, ore mineral
(magnetite), and feldspathoids occur in secondary or
accessory amounts; they form idiomorphic inclusions of
0,005-0,1 mm size, occasional twins and aggregates
with biotite, i.e. together with biotite they form
paragenetic association of originally magmatic
minerals.

graphs [4] partly fall within the field of biotites from
minettes, and partly they drift towards the field of
higher iron content.

Apatite forms well cut crystals of prismatic,
elongated/prismatic, less short-prismatic habit with
hexahedral prism, dipyramide, and pinacoid habit
development. Crystal size by the long axis varies from
0.15 to 0.4 mm, the short axis is less than 0.05 mm
(rarely up to 0.10 mm) length. Crystals are transparent,
colorless, with the finest non-defined dust-like
inclusions; the higher content of these inclusions make
crystals semitransparent and milk-white. Apatite is
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T dble2: Geochemiad pr operties of lompr ophyr es ond vendion sedimentary rcoss
(oxides - moss % , dements - af)

N 1 2 3 4 5 6 7/ 8 9 10 11 12
n 1 1 1 1 2 4 4 5 4 1 1 2
Sic2 - 40,73 42,35 - 44,11 4259 59,12 6180 7256 41,23 5599 66,60
TiC2 - 132 067 - 0,64 0,18 0,69 0,76 0,62 0,51 1,25 0,75
A28 - 2820 27,29 - 2003 2127 1542 1414 12,10 9,68 2,11 1423
FeB - 11,86 1185 - 2,83 1427 7,89 6,60 258 15,54 5,24 3,13
FeO - 030 027 - 3,55 014 040 032 071 041 207 235
MNO - <001 003 - 0,03 005 002 0 o0 0,07 02 0
MO - 154 125 - 2,38 2,57 1.98 2,28 1.66 1.75 1,35 2,29
CO - 057 1,16 - 087 0.81 0,70 0,93 0,60 11,06 0,84 0,68
NO - 024 007 - 0,28 0,06 0,68 0,74 1.14 0,53 0,55 1,01
K20 - 131 206 - 1.68 4,31 4,33 4,23 3.21 2,88 2,26 3.33
P2C6 - 018 020 - 0,19 0,03 005 009 008 7,12 027 0,10
a - 1369 1322 - 13,92 1327 825 7.69 4,49 8,55 8,35 5,56
Toad - 9904 10042 - 049 9955 9963 9963 9974 99,33 100,30 100,01
H2O- - 32 402 - 3.39 7.28 4,42 4,31 1.78 3.18 1.89 209
H20+ - 093 882 - 10,01 5,74 3.56 2,82 2,38 1.87 6,30 3,46
a2 - 054 039 - 028 032 026 050 038 3,32 <020 0,15
Stad - <005 008 - 0,06 <005 <005 <005 <005 0,06 <005 <005
Li 1990 4593 1883 1223 28085 2956 2836 29,76 4980 279 131,1 4547
Be 471 576 3,12 305 336 3,16 3.33 3.07 1,32 3.00 2,26 1,71
Sc 118 176 104 196 140 8.8 14,73 13,68 10,07 10,2 13.2 14,37
Ti 5275 6872 3652 21068 3641 872 3941 4298 3600 2868 7281 4342
V 627 313 84 1/05 3221 1038 6432 71,10 6236 70,5 75,2 77,06
(@] 360 6,1 27,1 1376 6,62 0,12 56,76 72,15 7107 58,02 41,68 71,39
Co 51 46 45 15,5 11,64 6,15 10,70 1047 11,06 7.37 1068 15,15
Ni 184 222 84 319 3125 470 1981 17,26 2349 13,16 2049 3225
Cu 52 76 110 209 66756 895 1502 1263 12,01 9,52 537,12 31,35
n 469 334 258 92,1 45,8 2305 6154 6468 5222 42,3 684 70,56
(€6} 146 259 162 219 18,2 2548 2406 2249 1696 18,3 203 20,25
Rb 36,7 203 246 1054 31,71 3869 13930 141,13 101,256 96 60,9 118,26
Sr 733 874 896 955 8143 11443 111,02 107,61 87,01 2404 672 83,62
Y 1040 1013 839 824 61,62 2624 4041 4046 37,16 589,7 60,8 38,15
VA 8220 660,1 5359 1122,1 44386 220,71 26354 296,13 311,34 1953 Q27,7 365,55
No 32 254 302 764 3520 3703 2336 1925 1502 12,6 350 1836
Mo 1,34 154 08 069 0,18 3,37 082 084 022 2,06 065 021
Cd 027 - 025 069 - - - - - - - -
Sb - - 1451 89 - - - - - - - -
G 218 1,63 154 422 1.56 3,35 6,68 597 3.52 3.79 1,90 4,03
Ba 173,7 1384 3384 1036,7 30724 245,79 43802 402,13 32757 4710 4970 333,17
La 493 1134 434 525 489 1340 44,70 3891 3042 1750 9.6 36,15
Ce 1520 3976 1222 1539 1612 5084 10352 8202 6859 4128 3448 7843
Pr 172 448 143 18,1 18,81 532 10,87 848 7.35 55,49 33,79 892
Nd 65,7 1678 55,1 715 7686 21,11 4136 3272 2780 254,7 1275 32,74
Sm 1265 3088 924 1482 1446 447 7.89 641 5,51 78,54 2490 641
Eu 227 531 162 244 2727 0,69 1.30 1,18 104 13,95 4,01 1,14
(€6} 13,95 24,79 903 1576 11,85 425 6,89 6,38 5,68 88,10 2061 606
Tb 276 354 146 244 201 0,70 1.08 1.02 092 11,75 2,71 0,94
Dy 1931 2007 949 1507 11,50 460 6,74 6,43 597 62,07 1347 5,76
Ho 434 379 187 294 243 1.00 1.38 1.36 1.27 11,34 2,14 1,22
Er 11,18 10,14 534 8,12 697 3,07 4,21 3.90 348 26,55 5,64 3.73
Tm 204 13 08 108 104 0.48 066 060 051 3,13 075 052
Yb 11,36 835 454 649 622 3,18 4,37 402 3.32 18,08 495 3,57
Lu 162 1,14 067 100 087 048 0,67 0,61 0,51 2,76 0,72 052
Hf 324 269 150 254 16,12 8,60 751 7.80 7.92 533 268 909
Ta 611 587 282 389 466 2,16 1.26 107 0,88 0,82 2,13 0,88
W 158 1,78 092 243 083 0,85 1.00 1.23 107 245 1,08 0,81
Tl 031 03 0,12 048 039 0,08 079 08 065 061 044 059
Po 135 215 189 28,1 503 2182 1554 1142 744 56,87 8,05 6,12
Bi - - - - - 0,04 0,05 0,11 0,10 1.20 0,06 0,06
Th 614 610 489 325 598 2703 1646 13,16 962 9,31 36,10 11,77
u 795 627 183 483 658 1,16 207 2,87 3.54 38,47 6,64 2,30

Nate 1,2 - ghyriclova(cove); 3- digadhyriclaa(eove); 4 - desighyriclaalvan); 5 - 1uUff, lithaaystad astic deurgsarmitic
6 sporadochyriclava(cove); 7 - reddshrirown silty doy withvdanicmadeid; 8 - dak kroansilty day; 9,12 Vend anssilistong
10 - phospharites nodd a, quartzeaus, silty; 11 - lithoaystod astictuffites; 12 - light geanish-gay Vend ansilistanes; (<) - nat
adldde

ICP-MS andysis ("PLASMA @D" irstrument), IGEM RAS Ldoarday, the Andyst D.Z.Z huradyov, 2000
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characterized by very simple composition with
minimum content of REE; however, with stable Sr-
admixture (0,11-0,15% SrO) and moderate admixture of
LREE (0,13-0,57% Ce,0;).

Zircon, as well as apatite, is of -0,10 mm size,
occasional grains are of 0,2-0,4 mm size along the long
axis and the short axis is up to 0.05 mm. Zircon is
represented by elongated prismatic (to needle-like),
prismatic, rare short-prismatic, well-cut crystals with
dipyramidal ends. Zircon crystals are transparent,
almost colorless, slightly tinged with yellow and pink.
Some crystals are saturated with various (including
melt) inclusions and are characterized by zonal structure
underlining their magmatic nature. Elongated prismatic
to needle-like, pointed zircon crystals occur usually in
magmatic rocks crystallized under conditions of fast
cooling that properly conforms to general geological
setting and petrographic properties of the studies
lamprophyre lavas. U-content in lamprophyric zircon of
the sample ZC-14/3-51.8 is of 100-200 g/t that is typical
of zircons of non-kimberlite magmatic rocks, in
particular, of sienites and carbonatites.

Magnetite was found as individual grains of black, flat
octahedral crystals of <0.1 mm size, quite often it is
pseudomorphically altered by hematite (martite).
Hematite is represented by very small grains of irregular
shape and <0.1 mm size. Lustre is internsive, metallic;
hematite is black, brownish-red when in powder.
Feldspathoids_occur as small (0.05-0.07 mm size), close
to idiomorphic or irregular grains of potassic feldspar of
N<N k.b. and with strike joints, probably, as potassic
feldspar grains. Occasional subidiomorphic grains of
isotropic potassic (presumably) feldspar (?) of 0/03-
0.065 mm size with two orthogonal jointing systems.
Tuffs and tuffites are of bluish-gray or greenish —gray
color, of crystoclastic aleuropsammitic structure and
indistinct undulatory / bedded texture, sometime with
elements of gradational texture. Crystoclasts are
represented by biotite packets (occasionally by laths)
similar to biotite phenocrysts of effusive rocks in size,
composition, and replacement type, and also by the
same accessory minerals (apatite, zircon, feldspathoids,
ore mineral) that are contained in lavas. Lithoclasts are
usually replaced by quartzine aggregates. Tuffites of the
anomaly ZG-46 are of unusually fresh habit proved by
occurrence of unaltered biotite packets in aggregation
with apatite and zircon and in occurrence of perfectly
preserved lithoclasts diverse in structure:
microfragments of scopria, various amygdaloidal lavas,
and microdolerites.

Volcanic sedimentary rocks (tuff siltstones and tuff
mudstones) are usually developed in lava and tuff sheets
top — within the zone of gradual volcanic rocks
replacement by sedimentary rocks. They are of reddish-
brown color and differ from common sedimentary rocks
of the area in occurrence of occasional fragments of
lava material, primarily, of typical pseudomorphs of
network structure in biotite pakets.

In general, in the respect of petrographical composition,
the studied volcanic rocks are close to different
structural and genetic derivatives of magma melts of
calc- alkali lamprophyre of minette type.

GEOCHEMISTRY

All studied volcanic rocks have been highly altered in
weathering crust conditions; therefore, their original
chemical composition is significantly changed.
Chemical composition of volcanic rocks is
characterized by predominating development of two
rock-forming components: SiO, and Al,O;. SiO,
content is quite stable and low: 40,73-46,48% in rocks
of lava type, ca 44% in tuffs that agrees with
composition of ultrabasic or transitional to basites
rocks. Very high content of Al,O3 (22,97-29,52%) can
be explained mainly by its accumulation under
weathering. Deposits are potassic (K,0/ Na,O >4), Ti-
content in rocks is low to moderate (0.16-1.32% of
TiO,). Rocks are characterized by extremely low
content of ultrabasic coherent trace elements (Ni, Co,
Cr), higher content of alkali (K, Rb, Cs, and especially
Li), Ba and very high content of Zr, Hf, Y, Th, REE
(tabl. 2).

In general, macrocomponents and trace elements
distribution does not contradict the assumption that the
studied rocks are close to lamprophyres of minette type,
and in Zr-Nb relation they are even closer to lamproites.
Lavas of different anomalies are slightly different in
composition.

ABSOLUTE AGE

Determination of absolute age with the use of U-Pb
method of zircon dating was carried on by ARC
National Key Center GEMOS, Sidney, Australia.
Optimal dating of the studied volcanic rock
crystallization is 570 £ 8 Ma that corresponds to Late
Vendian and actually coincides with the Proterozoic/
Phanerozoic boundary.

CONCLUSIONS

Discovered volcanites of the new type make a chain of
northeastern trend, parallel to the White Sea Entrance.
Possibly, they are correlated with faults that are located
parallel to fault system of the White Sea Entrance
graben and transversal to Kola-Dvina Riphean paleorift
system that could characterize them as “transform”
faults and the associated alkaline aerial volcanism as
rift-type volcanism.

These are first magmatic rocks of petrological type and
age different from those of well-known Late Devonian
explosion pipes and kimberlite sills, picrites,
melilithites, and basalts. Potassic type of these
volcanites and assumed relation with active rift
transform faults could indicate that their magmatic
chambers are of mantle nature that in its turn assumes
possible occurrence of Late Vendian mantle melts and
other bodies of the same age, including kimberlites,
within the Winter Coast area.
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