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[1] Chemical and radiogenic isotope (Sr, Nd, Hf, Os, and Pb) data are presented for a variety of mafic-
alkalic rocks from the Maymecha-Kotuy section of the Siberian flood-volcanic province. These data are
compared to a similar data set for Siberian kimberlites that were emplaced both before and after the flood-
volcanic event in order to examine the spatial-temporal evolution of Paleozoic magma sources in the
mantle beneath this site of voluminous magmatic activity. As shown in previous studies, the high-Mg,
meimechitic composition rocks extend the range in Sr and Nd isotopic composition seen in the flood
basalts in the direction of more “depleted” compositions, i.e., higher "**Nd/"**Nd and lower ®’Sr/*°Sr,
overlapping values typically observed in intraplate ocean-island basalts. Sr, Nd, Hf, and Pb isotopic
compositions show little correlation with major- and trace-element compositions in the Maymecha-Kotuy
rocks. Os isotopic compositions, on the other hand, show rough correlations with a number of major-
element characteristics of the magmas. The Os data suggest that the magma sources range from peridotite
for the meimechitic magmas to a mixture of peridotite and pyroxenite for the nephelinitic, melilititic, and
trachybasaltic compositions. The isotopic overlap of both old and young kimberlites with the Maymecha-
Kotuy rocks is consistent with all these magmas being derived from mantle sources that were present
beneath Siberia long before, and long after, the flood-volcanic event. The isotopic characteristics of the
mantle source of these magmas best match the FOZO component observed in ocean-island basalts, which
suggests that this mantle composition may be prevalent in the upper mantle outside of ocean basins. The
long-lived presence of this source beneath Siberia makes it unnecessary to appeal to a mechanism, such as
a plume, to bring this type of mantle into play only during the flood-volcanic episode.
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1. Introduction

[2] The Siberian continental platform has been the
site of extensive magmatic activity during the
Phanerozoic, including the eruption of one of
the largest continental flood-volcanic provinces on
Earth [Milanovskiy, 1976; Fedorenko et al., 1996].
As is common in many large igneous provinces,
the Siberian lavas include both high- and low-Ti
compositional types [e.g., Lightfoot et al., 1990;
Sharma et al., 1991; Fedorenko and Czamanske,
1997]. Unlike most other provinces, however, the
compositional range in Siberian high-Ti lavas is
very large and extends well beyond typical basalt,
to strongly alkalic-ultramafic magmas and lavas as
silicic as trachyrhyodacite [Arndt et al., 1995; Basu
et al., 1995; Fedorenko and Czamanske, 1997,
Arndt et al., 1998]. The most extreme ultramafic
compositions are found in the unique meimechitic
lavas of the Maymecha-Kotuy region in the northern
portion of the flood-volcanic province [Fedorenko
and Czamanske, 1997; Arndt et al., 1998]. Meime-
chites are volcanic rocks characterized by high MgO
(generally greater than 23 wt%), TiO, (~3 wt%)
and FeO (~14 wt%) with strong enrichment in
incompatible trace elements [Arndt et al., 1995;
Fedorenko and Czamanske, 1997]. Meimechites
approach kimberlite in chemical composition al-
though higher SiO, and FeO, and lower CaO distin-
guish them from typical kimberlites [Fedorenko
et al., 2000]. Kimberlites are widely scattered in
both space and time throughout Siberia [e.g.,
Fedorenko et al., 2000], but meimechitic lavas
are restricted to the Maymecha-Kotuy area where
they form the upper-most units of a nearly 4 km
thick sequence of flood lavas [Fedorenko and
Czamanske, 1997].

[3] The extreme compositional range present in the
high-Ti magmas of the Maymecha-Kotuy sequence
provides an opportunity to investigate (1) the
degree of compositional heterogeneity in the man-
tle beneath the Siberian flood-volcanic province,
(2) the variety of primary magmas that contributed
to this event, and (3) the processes that caused the

volcanism and determined the compositional char-
acteristics of the eruptive products. Understanding
the origin of the low-Mg, and generally low-Ti,
basaltic rocks that volumetrically dominate most
flood-basalt provinces is compromised by the am-
biguity over how much of their composition is
determined by crustal-level fractionation processes,
including crustal contamination [e.g., Carlson et
al., 1981; Lightfoot et al., 1990; Carlson, 1991;
Wooden et al., 1993; Mahoney and Coffin, 1997].
In contrast, in the Siberian flood-volcanic province,
many of the high-Ti magma types have high MgO
and Ni contents consistent with equilibrium be-
tween the erupted melt and mantle peridotite
[Arndt et al., 1998]. These characteristics imply
rapid transit of the magma through the crust with
limited opportunity for either fractionation or con-
tamination. Furthermore, the very high incompat-
ible-element concentrations in the mafic to
ultramafic alkalic magmas make the Sr-Nd-Hf-Pb
isotopic systems in these magmas relatively insen-
sitive to crustal additions, improving the ability to
document isotopic variability in the mantle source.
In addition, the compositional similarity of mei-
mechite and kimberlite allows an opportunity to
compare the composition of the magma sources
during the flood-volcanic event with the mantle
that was present both long before, and well after, it
occurred. Thus comparison of Siberian kimberlite
and meimechite compositional characteristics
potentially can address the issue of whether a
compositionally distinct mantle source had to be
delivered beneath this area to produce the flood
lavas, for example by a deep mantle plume, or,
alternatively, whether the magmatism simply sam-
pled the mantle beneath Siberia.

[4] To investigate this question, we report new
major- and trace-element and Sr, Nd, Hf, Os and
Pb isotopic data for a suite of samples that includes
a variety of mafic-alkalic compositions from the
Maymecha-Kotuy stratigraphic section of the Sibe-
rian flood-volcanic province. Also reported are Sr,
Nd, Hf and Pb isotopic data for kimberlites from
within, and to the east of, the flood-volcanic
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province, which were emplaced from ~156 to
475 Ma, a span that encompasses the period of
flood volcanism (~251 Ma [Kamo et al., 2003]).

2. Sample Descriptions and Regional
Context

[5] The magmatic stratigraphy of the Maymecha-
Kotuy region was described in detail in Fedorenko
and Czamanske [1997] from which the following
brief summary is extracted. The Maymecha-Kotuy
area is located in the northern portion of the
Siberian Platform approximately 500 km east-
northeast of Noril’sk and 300-500 km west of
the Anabar Shield (Figure 1). Permo-Triassic igne-
ous rocks in this area cover roughly 70,000 km?
and present a nearly 4 km-thick stratigraphic
sequence of lavas and shallow intrusive rocks.
The lower 1500 m of the stratigraphic sequence
in the Maymecha-Kotuy region consists primarily
of low-Ti basalts that can be correlated with similar
basalts in the Noril’sk locality to the southwest.
The major fraction of the stratigraphic sequence at
Maymecha-Kotuy consists of high-Ti compositions
ranging from primitive, high-MgO, lavas such as
the meimechites to more evolved rocks extending
to trachyrhyodacites. The more primitive compo-
sitions in this sequence include mela-nephelinite,
limburgite, picrite, and meimechite. The sequence
also contains a variety of intrusive rocks including
various ultramafic-alkalic compositions in the sub-
volcanic Guli intrusion, which itself contains two
carbonatite intrusions. The samples studied here
concentrate primarily on the high-MgO end
of the compositional spectrum available in the
Maymecha-Kotuy region.

[¢] U-Pb dating of various mineral phases
extracted from flows and intrusions from the May-
mecha-Kotuy area, including the carbonatites in
the Guli intrusion, provide ages ranging from
251.7 £ 0.4 Ma in the lowermost units to 251.1 £
0.3 Ma in the upper portions of the stratigraphic
section [Kamo et al., 2003]. This limited age range
suggests that the whole igneous stratigraphy in the
Maymecha-Kotuy area was deposited in less than
1 Ma and is contemporaneous with other sections
of the Siberian flood-volcanic rocks, such as those
studied in the Noril’sk and Putorana regions [Kamo
et al., 1996].

[7] Scattered around the Anabar Shield are a num-
ber of kimberlite fields whose ages range from
Ordovician to Cretaceous [Davis et al., 1980],
although age information is not available for all

the kimberlite intrusions in this area (Figure 1).
General petrographic [Bobrievich et al., 1964] and
geochemical data [llupin, 1981; Agashev et al.,
2000; Golubeva and Tsepin, 2004] for these kim-
berlites mostly have been published in the Russian
literature.

[s] Samples selected for this study cover a range of
compositions within the mafic-alkalic suite of
Maymecha-Kotuy and include both extrusive and
intrusive units along with intrusive rocks from both
the Guli massif (sample numbers beginning with 4)
and the Kresty massif (sample numbers beginning
with 5). Four compositional groups are present in
the Maymecha-Kotuy sample suite. Samples
2FG-22 and G-3/100 are meimechites from the
Upper Maymechinsky subsuite [Fedorenko and
Czamanske, 1997]. 2FG-22 is the quenched crust
of a meimechite flow while G-3/100, which sam-
ples one of the glass-rich, olivine-poor, regions in
the 500 m deep G-3 drill core, is interpreted to be a
residual liquid left after in-situ crystallization of a
meimechite flow [Fedorenko and Czamanske,
1997]. Sample 2FG-99 is a meimechite-related
limburgite-picrite from the Middle Delkansky sub-
suite [Fedorenko and Czamanske, 1997]. The
mela-nephelinite compositional group is repre-
sented by lava sample 1FG-213 and dike sample
1FG-239, both of which are from the lower
Delkansky subsuite. Rocks from the melilite-related
compositional group (the Arydzhangsky Suite) in-
clude limburgite 3FG-13, olivine mela-nephelinite
3FG19, and melilitite 3FG-20. From the more
evolved compositions present in the section, sam-
ple 2FG-73 from a trachydolerite dike that cuts the
meimechitic lavas was analyzed. From the Guli
massif we analyzed dunite 4FG-32, peridotitic-
ankaratrite 4FG-50, and ijolite-melteigites 4FG-17
and 4FG-24. As reported by Fedorenko and
Czamanske [1997], an ankaratrite is a melanocratic
nepheline basalt with abundant clinopyroxene and
olivine, plus or minus melilite. The final samples
come from the Kresty massif, an intrusion also
dominated by olivine-rich rocks, but distinguished
from the Guli massif by an abundance of pe-
rovskite and monticellite. Sample 5FG-34 is a
perovskite-olivinite containing 25—30% perovskite
(V. A. Fedorenko and G. K. Czamanske, unpub-
lished data, 2000). Sample SFG-67 is composed of
olivine, monticellite, and ~8% perovskite.

[¢] Kimberlites, all from the collection of I. P.
Lupin, were selected for study specifically to
include a wide age range in order to investigate
possible temporal variation/evolution in magma
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Figure 1.

Location of the Maymecha-Kotuy region of mafic-alkalic volcanism (dark gray) in comparison to other

regions of the Siberian flood-volcanic province dominated either by basaltic lavas (light gray) or by basaltic tuffs
(stippled pattern). Diamonds show the location of Yakutian kimberlite fields color-coded according to age as follows:
red, Ordovician; yellow, Ordovician and Devonian; brown, Devonian; purple, Late Carboniferous to Triassic; green,
Jurassic and Cretaceous; and white, age not determined. Labeled kimberlite fields pertinent to this report include
(1) Merchimden, (2) Daldyn, (3) Upper Muna, (4) Malaya Botuobiya, (5) Kharamay, (6) Luchakan, (7) Kuoyka, and
(8) Upper Molodo. Large red circles show the location of the Guli and Kresty mafic-alkalic intrusions. Archean rocks
of the Anabar Shield are shown in light brown, Late Proterozoic to Cretaceous sediments surrounding the craton are
shown in light yellow, and fold belts surrounding the craton are shown by the wavy pattern.

source composition (Table 3). Whereas some of the
Siberian kimberlites include psammitic, sand-size
xenoliths, only xenolith-free rocks and rocks with
rather large xenoliths were chosen for analysis. All
weathered crusts and traces of contamination were
removed, and each sample was crushed to <5-—
8 mm. At this stage all xenolith fragments and
large (>2—3 mm) veinlets and pockets of second-
ary minerals (veinlets of calcite were most preva-
lent) were removed by hand picking. Large
phenocrysts of olivine (and their pseudomorphs),
mica, ilmenite and garnet (pyrope) were considered
part of the sample. Not less than 100 g of material
was crushed to <0.5 mm in a steel mortar and
pulverized in a porcelain mortar.

[10)] Most of the samples analyzed predate the
flood-volcanic episode. The oldest sample (Pd-2/
25) is from the Podsnezhnaya pipe in the
Merchimden field (Figure 1), and has an age of
475 Ma, as determined by fission track dating of
zircon megacrysts [Komarov and Ilupin, 1990].
The sample is quite altered as indicated by the high
abundance of carbonate veining and the lack of
fresh olivine. Of the four Devonian kimberlites

analyzed here, sample ZK-18 from the Zarnitza
pipe in the Daldyn field also suffers both carbonate
contamination and substantial alteration of the
olivine present. The sample also contains a moder-
ate amount of ilmenite that likely is xenocrystal.
The other Devonian samples, US217-170 from the
Udachnaya-E pipe in the Daldyn cluster, NV4/4
from the Novinka pipe of the Upper Muna field,
and R-19-K from the Mir pipe of the Malaya
Botuobiya field are not affected by carbonate con-
tamination. Olivine phenocrysts, abundant in all
three samples, are altered in NV4/4 and R-19-K,
but relatively fresh in US217-170. Of these three
samples, only R-19-K contains a moderate amount
of ilmenite; it is the only one of these three samples
with a precise U-Pb date measured on zircon
megacrysts [Davis et al., 1980].

[11] Sample ES12/42 is the only kimberlite sample
similar in age to the Maymecha-Kotuy igneous
rocks. This sample is from the Podsnezhnaya pipe
in the Kharamay field, which is the most westerly
of the Yakutian kimberlite fields; it has a suggested
age of 250 Ma based on a wide range of fission
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track ages (236—290 Ma) determined for the Khar-
amay pipes by Komarov and Ilupin [1990].

[12] Three kimberlites analyzed in this study post-
date the flood-volcanic activity. These include:
P-14088 from the Pozdnyaya pipe in the Luchakan
field in the central part of the province; OI-R-52
from the Ruslovaya pipe in the Kuoyka field to the
northeast; and Me-5211 from the Mery pipe in the
Upper Molodo cluster, also in the northeast.
P-14088 is not carbonate veined, but contains no
fresh olivine and moderate amounts of ilmenite.
The age for this sample was determined by U-Pb
zircon analysis [Davis et al., 1980]. Sample Ol-R-
52 contains abundant fresh olivine, but no ilmenite;
the age was determined by fission track analysis of
zircon megacrysts [Komarov and Ilupin, 1990].
Me-5211 is quite highly altered with abundant
carbonate veining, no fresh olivine, and abundant
ilmenite. The age for this sample is assumed, based
on the observation that all other pipes of the Upper
Molodo cluster have U-Pb zircon ages of 156—159
Ma [Davis et al., 1980] and fission track ages of
150-171 Ma [Komarov and Ilupin, 1990].

3. Analytical Procedures

[13] Major- and trace-element compositions were
determined in the Denver laboratories of the United
States Geological Survey using the methods de-
scribed by Baedecker [1987]. Major elements were
determined by X-ray fluorescence. The rare earth
element (REE) data and most of the minor-element
data of Table 1 were determined by instrumental
neutron activation analysis (INAA). Data for Ba,
Cr, Ni, Rb, Sr, Zn, and Zr were determined by
energy-dispersive, X-ray fluorescence for all sam-
ples except those whose designations include 4FG
and 5FG; for these samples, data for these elements
was obtained by INAA. All of the trace-element
data in Tables 2 and 3 were obtained at the
Department of Terrestrial Magnetism (DTM) by
isotope dilution (ID).

[14] Isotopic analyses were performed at DTM.
Approximately 50—100 mg of sample powder
was dissolved for Sr, Nd, Hf and Pb isotopic
determinations. Before dissolution, the samg)les
were spiked with enriched tracers of 87Rb, *Sr,
150N d, 1%9Sm, 7Ly, "BHE, 2%Pb and 2°U. All
samples were dissolved in sealed 15 ml Savillex
beakers, in approximately 3ml concentrated HF
plus 1 ml concentrated HNO; and left on a 90°C
hotplate for 2—4 days. Samples were then evapo-
rated to dryness and treated twice with 1 ml of

concentrated HNO; (drying in between treat-
ments), followed by addition of ~2 ml of 0.5N
HBr. The samples were dried again and taken up in
3 ml of 0.5N HBr. Samples in HBr were loaded
onto 0.04 ml columns containing pre-cleaned AG1-
X8 anion-exchange resin. All matrix elements were
eluted in 0.5N HBr followed by elution of Pb in
0.5N HNOs;. The Pb split was dried, redissolved in
0.5N HBr and passed through the Pb column a
second time.

[15] The solution containing the matrix elements
was dried, and then oxidized by adding 1 ml of
water followed by 1 ml of concentrated HNOj;. The
solution was dried, redissolved in 4N HCI and
dried again before the addition of 5ml 1IN HCI-
0.IN HF. This solution was loaded on a 0.6 x
20 cm column of AG50W-X8 cation-exchange
resin. Hf was collected from the loading solution
and an additional 5 ml of 1IN HCI-0.1N HF. The
eluant was then changed to 2.5N HCIL. Rb and U
were collected between 12—22 ml and Sr between
30—-44 ml. Switching to 4N HCI, the REE were
eluted as a group in 28 ml.

[16] Hf was further purified in a 1 ml column of
LN-spec resin loading in 3N HCI, followed by
washes in 3N HCI, 6N HCI, H,O, and a solution of
0.09N citric acid-0.45N HNOs-1wt%H,0, to elute
Ti. The column was then washed with 6N HCI-
0.06N HF, which removes some Zr, and then 6N
HCI-0.4N HF, which eluted the Hf.

[17] Sm, Nd and a heavy REE split were separated
from the REE fraction using a 0.2 x 20 cm column
filled with AG50-X8 resin in NH*" form. Samples
were loaded in 0.04 ml of 0.IN HCIl and then
eluted in a-hydroxyisobutyric acid. Lu was sepa-
rated from the heavy REE split using a 4 mm ID by
70 mm long column filled with LN-spec resin. The
heavy REE cut was dissolved and loaded in 0.05 ml
of 0.25N HCI then washed with 33 ml of 2.5N
HCI. Lu was then collected in 6 ml of 6N HCIL. U
was separated from Rb using a 0.25 ml column of
TRU resin. The sample was loaded in 1.5 ml of 2N
HNO; with Rb collected from both the loading
volume and a subsequent wash with 4 ml of 2N
HNO;. U was then eluted with 4 ml of 0.1N HCI-
0.3N HF.

[18] For Re-Os determinations, approximately 2 g
of sample powder was weighed into pyrex carius
tubes along with enriched tracer solutions of '*°Re
and '°°0s. The dissolution acid consisted of 6 ml
concentrated HNO; and 3 ml concentrated HCI, all
of which was frozen into the bottom of the carius
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tube by immersing the tube in a solid CO, -
methanol slurry. The carius tubes were welded shut
and placed into an oven at 240°C overnight.
Samples were removed from the oven, allowed to
cool, then placed in an ultrasonic bath for at least
one hour before being returned to the 240°C oven
overnight. After cooling, the carius tubes were
again frozen, the top of the tube broken off, and
the sample solution transferred to a 50 ml test
tube. Os was separated by three extraction steps
into a total of 9 ml of CCl,; and then back
extracted into 4 ml of concentrated HBr. After
drying, the Os sample was dissolved in 30 ul of a
chromic-sulfuric acid mixture and purified using
the microdistillation technique described by Roy-
Barman and Allegre [1994]. Re was separated
from the HCI-HNOj; solution remaining after Os
extraction by first drying and then redissolving in
10ml of 1IN HCI. The sample was placed on a
6 mm ID by 4 cm long column containing
precleaned AG1-X8 anion exchange resin. The
sample was washed with 10 ml of 1IN HCI, 2 ml
of 0.8 N HNOj, and 2 ml of 4N HNO; before
eluting the Re in 10 ml of 4N HNO;. The Re
sample was then dried and redissolved in 1 ml of
0.IN HCI and placed onto a 3 mm ID by 25 mm
long column containing precleaned AG1-X8
anion exchange resin. The sample was washed
with 8 ml of 0.1N HNO; and the Re then eluted
in 5 ml of 8N HNO;.

[19] Isotopic compositions of Rb, Sm, Lu and U
for isotope-dilution concentration determinations
were measured on the DTM VG-P54 multiple-
collector ICP-MS. Sm measurements were done
statically using 9 faraday cups, monitoring Nd and
Gd as potential interferences and correcting inter-
nally for mass fractionation to '*’Sm/'>?Sm =
0.56081. For Rb, Lu, and U, instrument fraction-
ation was determined by normalizing to bracketing
standard runs. Rb and Lu were measured statically
in faraday cups whereas the majority of U measure-
ments were obtained on the Daly electron multi-
plier. Concentration precisions from these
measurements are estimated at: Rb 1%; Sm 0.2%;
Lu 1%; U 5%.

[20] Hf isotopic compositions were measured on
the P54, with static faraday multicollection that
included monitors of potential interferences from
Yb, Lu, Ta and W. Data are fractionation cor-
rected to '7*Hf/'7"Hf = 0.7215 and normalized to
the average value of '"*Hf/'’’Hf obtained for 11
to 13 measurements of the JMC-475 Hf standard
made during the same analytical session as sam-

Ple analyses. All data are reported relative to
"°Hf/'"Hf = 0.282160 for the JMC-475 stan-
dard. During the course of these measurements,
values for '"°Hf/'""Hf for the JMC-475 standard
ranged from 0.282124 to 0.282179. Errors quoted
in Tables 2 and 3 for Hf isotopic compositions are
in-run precisions reported as 20 mean. External
precision (all external precisions quoted as 2o
mean), based on the reproducibility of the stand-
ards run within an individual analytical session, is
0.0035%.

[21] Nd isotopic compositions for most Maymecha-
Kotuy samples were measured on the P54 using
a multidynamic program that measured all Nd
isotopes as well as potential interferences from
Ce and Sm. Data are fractionation corrected to
MONd/"**Nd = 0.7219 and reported relative to a
value of "*Nd/'**Nd = 0.511860 for the La Jolla
Nd standard. The average value obtained for
29 runs of the La Jolla Nd standard over the course
of the measurements reported here is 0.511831 +
0.000009. All the kimberlite Nd isotopic data
reported in Table 3 and Nd data for samples
3FG-19, 4FG-50 and 5FG-67 in Table 2 were
measured on the DTM Thermo-Finnigan Triton
using double Re filaments to produce a Nd+
ion beam. Data were measured statically in 9
faraday cups, monitoring Ce and Sm for correction
of isobaric interferences and correcting for frac-
tionation to '**Nd/'**Nd = 0.7219. Average
'SNd/'"*Nd values for the La Jolla and JNdi
Nd standards obtained during the course of the
measurements reported here are 0.5118449 =+
0.0000013 (n = 5) and 0.5121051 + 0.0000011
(n = 6), respectively. Because all in-run precisions
were better than the external errors quoted above,
the Nd data in Tables 2 and 3 are assigned the
external precisions.

[22] Sr isotopic composition was determined by
thermal ionization mass spectrometry (TIMS) us-
ing either a two-step multidynamic routine on the
DTM VG-354 (most Maymecha-Kotuy samples)
or statically on the Triton (all kimberlites and
samples 3FG-19, 4FG-50, and 5FG-67) monitor-
ing all Sr isotopes and ®°Rb, and correcting for
fractionation to *°Sr/*®Sr = 0.1194. During the
geriod of the analyses reported here, the average
’Sr/*°Sr obtained for the NIST-987 Sr standard
was 0.710255 £ 0.000011 (n = 10) on the 354
and 0.710235 £ 0.000004 (n = 10) on the Triton.
In-run precisions were always better than external
reproducibility, so the Sr isotopic data in Tables 2
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and 3 are assigned the external errors quoted
above.

[23] Pb isotopic compositions were measured stat-
ically by TIMS using either the 354 (all Mayme-
cha-Kotuy samples) or Triton (all kimberlites). On
both instruments, Pb isotopic compositions show
an external reproducibility controlled primarily by
mass fractionation. On the 354, the average mea-
sured values for the NBS 981 Pb standard are
200pp/2%Ph = 16.927 + 0.005, *°"Pb/*%*Pb =
15.464 + 0.006, and *°*Pb/***Pb = 36.614 =+
0.021 (n = 9). On the Triton, the average values
for these ratios are: 16.914 + 0.016, 15462 +
0.022, 36.60 += 0.07, (n = 6), respectively. All
measured Pb isotopic compositions are corrected
for mass fractionation on the basis of these
average standard values compared to the isotopic
composition of NBS 981 reported by 7odt et al.
[1996].

[24] Re and Os isotopic compositions were deter-
mined by negative-thermal-ionization mass spec-
trometry on the DTM 38 cm-radius mass
spectrometer. Samples were loaded on Pt filaments
in HBr, dried under heat lamp, and covered with
Ba(NOs),. Os was run as the OsO3 ion on the
electron multiplier and fractionation corrected to
9205/'%80s = 3.80261. The average value for
870s/'%0s obtained for the DTM Os standard
using this technique is 0.1742 + 0.0002. Re was
run as the ReOy ion. Re and Os concentrations are
precise to better than 0.5%.

4. Results

[25] Major- and trace-element data reported here
for the Maymecha-Kotuy rocks overlap those of
previous studies of this area [Arndt et al., 1995;
Fedorenko and Czamanske, 1997]. The Mayme-
cha-Kotuy rocks show a very wide range in MgO
concentration, from >40 wt% to <10 wt% with
the MgO-rich compositions reflecting accumula-
tion of olivine. The low-MgO members of the
Maymecha-Kotuysuite are clearly distinguished
by their lower SiO, and higher CaO and TiO,
contents, compared to the more voluminous Sibe-
rian flood basalts (Figure 2). The compositional
distinctions between the Siberian kimberlites and
the high-Mg rocks in the Maymecha-Kotuy sec-
tion are illustrated in Figure 2. The majority of
high-Mg, Maymecha-Kotuy samples show little
change in SiO, content (~40 wt%) between MgO
concentrations of 15 and 40 wt%. The exceptions
are the intrusive samples from the Kresty massif

that have very high CaO and TiO, and low SiO,
contents, reflecting the abundance of perovskite in
these samples. On the plot of SiO, versus MgO,
the kimberlites show decreasing SiO, with de-
creasing MgO, linking the meimechites with the
perovskite-rich intrusive rocks. In most other
major-element characteristics, the kimberlites fol-
low the compositional trends defined by the
extrusive mafic-alkalic rocks, and both extrapolate
toward the fields defined by the more voluminous
flood basalts. Exceptions notably include CaO,
TiO, and K,O, where both the Maymecha-Kotuy
samples and the kimberlites show large increases
in the abundance of these elements with decreas-
ing MgO, forming trends that extrapolate to
higher CaO, TiO, and K,O than the majority of
the flood basalts (Figure 2).

[26] The Maymecha-Kotuy mafic-alkalic rocks all
show strong enrichment in the highly incompati-
ble elements, with steep bulk-silicate-earth (BSE)
normalized incompatible trace-element patterns
(Figure 3) starting at Lu concentrations between
2 and 3 times BSE values and reaching maximum
enrichments between 50 and 400 times BSE
values for the most highly incompatible elements.
Compared to elements of similar incompatibility,
the range in K contents in the Maymecha-Kotuy
rocks is relatively small, which suggests that the
K content of the magmas was buffered by a
potassic phase, likely phlogopite, during melting.
Most samples have negative abundance anomalies
at Pb and small positive abundance anomalies at
Ta, but, with the exception of K, otherwise show
generally smooth BSE-normalized, incompatible-
element patterns. In this sense, the trace-element
patterns are broadly similar to those of South
African Group I kimberlites [Le Roex et al.,
2003] and a number of other mafic-alkalic rocks,
such as those in central Brazil [e.g., Gibson et al.,
1995; Carlson et al., 1996]. Though more
enriched in highly incompatible elements than
typical ocean-island basalts, the Maymecha-Kotuy
samples have values of characteristic trace-
element ratios, such as Ce/Pb and Ta/U, that are
more similar to intraplate ocean-island basalts
[Hofmann et al., 1986] than to arc-related or
subduction-influenced, mafic-alkalic rocks such
as the lamproites and related rocks from Spain,
Italy and Western Australia [Nelson, 1992].

[27] Sr, Nd and Hf isotopic compositions of both
Maymecha-Kotuy and kimberlite samples extend
the array seen for Siberian flood basalts to values
approaching those of the depleted mantle, with
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Figure 2. Major-element compositions of the studied Maymecha-Kotuy (red circles) and kimberlite (green squares)
samples relative to the compositional range exhibited by the Siberian flood-volcanic data set contained in the
GEOROC database, where the open black diamonds denote samples with MgO > 11 wt% and the filled black
triangles denote samples with MgO < 11 wt%. The GEOROC data derive from the studies of Lightfoot et al. [1990],
Sharma et al. [1991, 1992], Sobolev et al. [1992], Hawkesworth et al. [1993, 1995], Wooden et al. [1993], Walker et
al. [1994, 1997], Arndt et al. [1995, 1998], Basu et al. [1995], Horan et al. [1995], and Fedorenko and Czamanske

[1997].

initial engq and eyp values as high as +7.2 and
+10.8, respectively, and *’Sr/*°Sr values as low
as 0.70313 (Figure 4). The highest Nd and Hf
isotopic compositions in the extrusive rocks are
found in the meimechites, and the lowest values in
the melilitites and mela-nephelinites. Initial Sr and
Nd isotopic compositions are well correlated in the
Maymecha-Kotuy samples and most kimberlites.
Four kimberlites plot off the Sr-Nd array toward
high ¥’Sr/*®Sr values. Three of these samples have
among the highest loss-on-ignition of the kimber-

lite data set, suggestive that the high ®’Sr/*°Sr
values may reflect alteration and the addition of
groundwater Sr. Hf and Nd isotopic compositions
are well correlated in the Maymecha-Kotuy sam-
ples with the data falling within the array observed
for intraplate, ocean-island basalts. Some kimber-
lites scatter at right angles to the Hf-Nd array
defined by the Maymecha-Kotuy samples, with
sample ES12/42 lying notably to the high ey side
of the array.
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Figure 3.
(BSE) abundances [McDonough and Sun, 1995].

[28] Initial Os isotopic compositions range from
0.1193 to 0.1505, extending across the range
observed for modern oceanic basalts to values just
slightly higher and lower than seen in the basalts.
Most of the meimechites and the ultramafic intru-
sive samples have initial '*’0s/'**0s values
<0.1277, whereas the remaining samples all have
initial '*’0s/'*¥0s values >0.137. Os isotopic var-
iation correlates poorly, if at all, with other radio-
genic isotopes, but does show some correlation
with many major- and some trace-element abun-
dances; the best correlations are between Os iso-
topic composition and Si, Mg, Na and Sc
abundances (Figure 5).

[29] Measured Pb isotopic compositions are
strongly influenced by U and Th decay since rock
emplacement. For example, the three samples with
206pp/204pp > 24 define a Pb-Pb isochron with an
age of 253 + 110 Ma, comparable to the eruption
age of the samples. Most notable in this respect are
the two samples from the Kresty intrusion that
have high 2°°Pb/***Pb (26.56 and 38.1) and par-
ticularly high 2°*Pb/2°*Pb (120.9 and 224.3). When
corrected using measured U/Pb ratios and a 251 Ma

Incompatible trace-element patterns for the Maymecha-Kotuy samples, normalized to bulk-silicate earth

age, the uranogenic Pb isotopic composition of
most Maymecha-Kotuy samples plot well within
the range seen for Siberian flood basalts, albeit
along the low 2°’Pb/*°*Pb side of the basalt data
array (Figure 6). The Maymecha-Kotuy samples
show a very limited range in *°°Pb/***Pb compared
to their range in Nd isotopic composition, whereas
the kimberlites show very limited range in initial
Nd isotopic composition, but a wider range in
206pp/204ph than the Maymecha-Kotuy samples.
The range in initial Pb isotopic composition of
the kimberlites may reflect alteration-induced
changes to their U/Pb ratios. A line fit through
the majority of Maymecha-Kotuy and kimberlite
data on the *°’Pb/***Pb vs. 2°°Pb/***Pb plot (Figure
6) corresponds to an age of approximately 950 Ma.

[30] Radiogenic isotopic compositions in the
Maymecha-Kotuy rocks correlate poorly, if at all,
with trace-element ratios such as Ce/Pb or Th/Ta.
For these ratios, the Maymecha-Kotuy rocks fall
within the field defined by ocean ridge and ocean
island basalts, unlike the majority of Siberian flood
basalts that scatter to higher Th/Ta and lower Ce/Pb
(Figure 7). Nd, and to a lesser extent Os, isotopic
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Figure 4. Initial Sr, Nd, and Hf isotopic compositions

of the studied Maymecha-Kotuy (red circles) and
kimberlite (green squares) samples and the GEOROC
Siberian flood-volcanic data set (MgO > 11%, open
diamonds; MgO < 11%, black triangles) from the data
sources listed in the caption to Figure 2.

composition shows some correlation with Tb/Yb
ratio (Figure 7).

5. Discussion

[31] High-Mg, often incompatible-element-rich,
magmas have now been found in association with
several flood-volcanic provinces, including the
Letaba Formation of the Karoo basalts [Ellam et
al., 1992], the picrites of the early phase of the

North Atlantic Igneous Province [Saunders et al.,
1997], and the mafic-alkalic rocks in the Narmada
Lineament of the Deccan Province [Mahoney,
1988]. Whether these magmas can be used to
extract information on the petrogenesis of the more
typical, and more voluminous, tholeiitic basalts of
flood-basalt provinces has been a subject of some
discussion [e.g., Ellam and Cox, 1991; Arndt et al.,
1998]. The mafic-alkalic magmas offer the advan-
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Figure 5. Variation in age-corrected Os isotopic
compositions of Maymecha-Kotuy samples. Additional
data (black diamonds) from Horan et al. [1995].
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Figure 6. Age-corrected uranogenic Pb isotopic compositions for the studied Maymecha-Kotuy (red circles) and
kimberlite (green squares) samples and other Siberian flood-volcanic rocks from the GEOROC database (MgO >
11%, black diamonds; MgO < 11%, black triangles) with data sources given in the caption to Figure 2. The line

shows a slope corresponding to 950 Ma.

tage that many of their chemical features (e.g., high
Mg number and high Ni content) suggest that they
are near primary melts of the mantle and have not
experienced the crustal-level fractionation that has
modified the composition of most flood basalts
[Carlson, 1991]. Flood basalts, however, tend to
have relatively high abundances of the heavy REE,
and hence low Tb/Yb (Figure 7), a sign that garnet
was not a residual phase during the melting that
produced the basalts. In turn, this is suggestive of
relatively shallow (<100 km) melting depths for
the basalts. In contrast, the heavy REE depletion
(high Tb/Yb, Figure 7) and strong light REE
enrichment of the mafic-alkalic magmas indicate
that they likely formed by small degrees of melting
of a source that contained garnet. This inference is
consistent with experimental evidence indicating
that ultramafic-alkalic magmas can be generated by
low-degree melting of carbonated peridotite at
depths of 150-200 km [Herzberg and Zhang,
1996; Dalton and Presnall, 1998; Gudfinnsson
and Presnall, 2005; Keshav et al., 2005; Elkins-
Tanton et al., 2006] and possibly much deeper

[Ringwood et al., 1992]. The possibility that phlog-
opite was a residual phase during melting, as
suggested by the limited range in K contents of
the Maymecha-Kotuy samples, suggests that the
melt last equilibrated at the shallower end of this
range, within the stability field of phlogopite.

[32] As has been pointed out previously [Arndt et
al., 1998], the Sr and Nd isotopic compositions
of the meimechites overlap those of typical
ocean-island basalts, as do key incompatible-
trace-element ratios such as Th/Ta and Ce/Pb
(Figure 7). The low ®’Sr/*®Sr and high '**Nd/'**Nd
values of the meimechites are consistent with
a source that is moderately depleted in incompatible
elements. Starting from an incompatible-element-de-
pleted source, reaching the very high incompatible-
element contents of the Maymecha-Kotuy rocks
can only be achieved by very low degrees of
melting. For example, the incompatible-element
concentrations of the Maymecha-Kotuy rocks can
be matched by 1% partial melting of a mantle
source with incompatible-element abundances
similar to bulk-silicate earth (BSE) estimates
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Figure 7. Comparison of trace-element ratio variation with initial Nd and Os isotopic composition. Maymecha-
Kotuy samples are shown by the red circles. Siberian flood-volcanism data from GEOROC shown by the open black
diamonds (samples with MgO > 11%) and filled black triangles (samples with MgO < 11%). The blue bands in each
figure show the range between the average trace-element ratio of MORB (dotted line) and OIB (dot-dash line) from

Sun and McDonough [1989].

[McDonough and Sun, 1995], but require melt
fractions of only 0.1% if the mantle source is
highly depleted in incompatible elements, such as
that proposed for the source of mid-ocean-ridge
basalts [Salters and Stracke, 2004]. A mantle
composition only mildly depleted in incompatible
elements compared to BSE estimates, with Sr,
Nd and Hf isotopic compositions similar to those

measured for the Maymecha-Kotuy samples, for
example, the early-depleted mantle reservoir mod-
eled by Boyet and Carlson [2005], would require
on the order of 0.5% partial melting to produce the
trace-element abundances of these samples. Recent
experimental work [Gudfinnsson and Presnall,
2005] suggests that kimberlitic composition melts
can be formed by 0.6—0.7% melting, with melili-
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titic compositions requiring higher amounts of
melting.

[33] The Os isotopic compositions of the Maymecha-
Kotuy samples show rough correlations with
major- and some trace-element variations (Figure 5),
and Nd isotopic compositions are somewhat cor-
related with Tb/YDb ratios (Figure 7). The fact that
the radiogenic isotopic compositions correlate with
major- and trace-element characteristics of the
lavas shows that the compositional variation is
not simply the result of varying degrees of melting
of a homogeneous source. The high MgO, low
Si0,, Na,O and Sc end of the correlations with Os
isotopic variation is characterized by Os isotopic
compositions mostly within the range expected for
the convecting mantle (~0.128 at 251 Ma) [Walker
et al., 2002] with one sample (4FG-32) at the low
end of this range approaching values found for old,
Re-depleted, lithospheric mantle [Carlson et al.,
2005]. At the low MgO and high Na,O and Sc end
of these correlations, the samples have '*’0s/'**0s
well above that typical of mantle peridotite, but
within the range seen for modern ocean-island
basalts [Reisberg et al., 1993]. A similar relation
between compositional characteristics and Os iso-
topic composition has been observed in other
mafic-alkalic provinces [Carlson et al., 1996;
Carlson and Nowell, 2001]. A likely explanation
for the compositional and Os isotopic range ob-
served in the Maymecha-Kotuy samples is that
they sample mantle end-members that range from
pure peridotite (low '*’0s/'*¥0s end-member) to a
mixture of peridotite plus pyroxene-rich compo-
nents such as pyroxenite and/or eclogite “veining”
in a peridotite matrix. Because most melts have
higher Re/Os ratios than peridotite, the pyroxene-
rich component in the mantle, whether derived
from the crystallization of infiltrating magmas or
by recycling of subducted basaltic crust, likely will
have hi%her Re/Os, and hence with time, higher
870s/'** s, than peridotite.

[34] The fact that Nd and Os isotopic compositions
do not correlate with ratios such as Ce/Pb and
Th/Ta (Figure 7) shows that neither isotopic end-
member contains the chemical characteristics asso-
ciated with continental crust or continent-derived
sediments. The very high Tb/Yb of the Maymecha-
Kotuy rocks is consistent with the presence of
residual garnet during melting, because garnet is
the only mantle phase that can cause such dramatic
fractionation between middle and heavy REE. The
Tb/Yb correlation with Nd isotopic composition
and, to a lesser extent, Os isotopic composition

could be explained by decreasing amounts of
modal garnet in the low '**Nd/'**Nd end-member.
The fact that Tb/Yb shows no correlation with the
abundances of highly incompatible trace elements
(e.g., Ba, Th, La), but some correlation with
garnet-compatible elements such as Sc, supports
this possibility.

[35] Nd and Hf model ages for most samples are in
the range of 400—800 Ma (Table 2), but these
likely underestimate the time when the composi-
tionally distinct sources were generated due to Sm/
Nd and Lu/Hf fractionation during melting. The
~950 Ma slope in the *°’Pb/***Pb vrs 2*°Pb/***Pb
(Figure 6) is less sensitive to disturbance by partial
melting than the Sm/Nd and Lu/Hf systems, and is
consistent with the idea that the geochemical
heterogeneity present within the source of the
Maymecha-Kotuy samples has been present since
at least the late-Proterozoic. Whether or not this
source “‘age” reflects the time of a discrete event in
the history of the sub-Siberian mantle or simply
reflects the normal chemical and isotopic hetero-
geneity existing in the convecting mantle is not
resolved by this data set.

[36] An important point to note for any model
attempting to explain the compositional variability
in the source of the Maymecha-Kotuy magmas is
that the isotopic and trace-element ratio systematics
of the Maymecha-Kotuy samples argue strongly
that the source of the magmas did not contain
foundering continental lithosphere or subducted
crustal materials [Elkins-Tanton et al., 2006]. The
relatively high "**Nd/'**Nd and '"°Hf/'""Hf values,
and low *’Sr/*®Sr values characteristic of the May-
mecha-Kotuy rocks rule out a significant “crustal”
component in these magmas regardless of whether
the “crustal” component is introduced directly by
wall rock contamination of the magmas as they
penetrated the continental crust or whether the
crustal materials were introduced into the mantle
below this area by subduction or by delamination of
the overlying lower crust. This inference is sup-
ported by key incompatible-element ratios such as
Ce/Pb and Th/Ta (Figure 7) in the = Maymecha-
Kotuy samples that are within the range observed
for ocean-island basalts [Hofmann et al., 1986] and
distinct from either convergent margin rocks or
continental lamproites that appear to have a source
in mantle contaminated by recycled crustal materi-
als [Fraser et al., 1986; Nelson, 1992]. Similarly,
because the Maymecha-Kotuy samples have isoto-
pic compositions that overlap those of the kimber-
lites that were erupted well before, and well after,
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the flood-volcanic event, the mantle supplying
Maymecha-Kotuy magmatism need not have been
modified by events temporally associated with the
flood-volcanic event, such as the arrival of a
mantle plume or delamination of a section of
continental lithosphere.

[37] The isotopic range of the Maymecha-Kotuy
samples overlaps the isotopic variation seen in
intraplate ocean-island basalts (OIB). The low
'¥705/'*80s end of the array is most like the ocean
island basalt component variably called FOZO
[Hart et al., 1992], “C” [Hanan and Graham,
1996], or “PHEM” [Farley et al., 1992] that is the
component of OIB characterized by the highest
*He/*He [Class and Goldstein, 2005]. *He/*He
measurements [Basu et al., 1995] of a single
olivine-nephelinite from the Maymecha-Kotuy sec-
tion provide evidence for a high *He/*He source for
these magmas (>12.7 times atmospheric *He/*He).
Lower values measured for meimechites were
interpreted as reflecting outgassing and a contri-
bution of radiogenic “He, and thus thought not to
track source He isotopic compositions [Basu et al.,
1995]. Conventionally, the upper mantle or as-
thenosphere is interpreted to have the composition
of the mantle that supplies mid-ocean ridge basalts
[Zindler and Hart, 1986]. The near complete lack
of the strongly incompatible-element-depleted sig-
nature characteristic of the source of MORB in
magmas not erupted along ocean ridges has given
rise to alternative models that suggest that the
MORB source is formed either by previous melt-
ing of more fertile mantle [Phipps Morgan and
Morgan, 1998], or that the MORB source is a
heterogeneous mixture of mostly a depleted matrix
with small amounts of enriched, and more easily
melted, material [/to and Mahoney, 2006]. In this
mixed-source model, MORB is produced by high-
degree melting under the thin lithosphere of an
ocean ridge, where more limited melting of a
similar source under thicker lithosphere preferen-
tially samples the more enriched components [/fo
and Mahoney, 2006]. This latter explanation is
consistent with the evidence from the Maymecha-
Kotuy rocks that one end-member is a goeridotite
with high '"#Nd/'**Nd and low ®’Sr/*Sr, and
another end-member is more pyroxene-rich, with
lower Nd and higher Sr isotopic composition. The
low degrees of melting that produced both the
Maymecha-Kotuy and Siberian kimberlites may
have preferentially sampled the more composition-
ally extreme end-members in such a heterogeneous
source in comparison to the larger-volume volca-
nism associated with the flood basalts. The fact that

similar isotopic compositions are found in the
Siberian kimberlites suggests that this type of
mantle has been present in the mantle beneath
Siberia for at least the last half-billion years, which
is not surprising if it is a major compositional
component of the convecting mantle

5.1. Relation to Flood-Volcanic Activity

PS Most of the Siberian flood basalts have lower

$Nd/"**Nd and higher ®’Sr/*°Sr values than
the high-MgO Maymecha-Kotuy samples [e.g.,
Lightfoot et al., 1990; Sharma et al., 1991; Wooden
et al., 1993]. This distinction between the basalts
and the mafic-alkalic rocks could reflect either a
larger percentage of the pyroxene-rich component
present in the Maymecha-Kotuy source, or crustal
contamination of the basalts. These two possibili-
ties would be accompanied by quite different trace-
element expressions. Extrapolating the correlations
between Os isotopic composition and major-
element composition observed in the Maymecha-
Kotuy rocks to the composition of the typical
Siberian flood basalt would predict radiogenic Os
isotopic compositions (**’0s/'*¥0s > 0.13). If our
interpretation of the cause of Os isotopic variation
is correct, this would also suggest that the source of
the flood basalts was rich in “olivine-poor” com-
ponents. A pyroxene-rich source for flood basalts
is a not uncommon proposition [ Wright et al., 1989;
Campbell and Griffiths, 1990; Cordery et al.,
1997]. Os isotopic measurements on flood basalts
are difficult, at best, because of their commonly
low Os concentrations [Molzahn et al., 1996; Hart
et al., 1997; Chesley and Ruiz, 1998]. Os isotopic
data for Siberian flood basalts were obtained from
measurements of platinum—%roup—element—rich
intrusions where the initial '*’Os/'*®0s ranges
from 0.128 to 0.144 [Walker et al., 1994], over-
lapping the range seen here for the lower MgO
Maymecha-Kotuy samples. Thus these data do not
strongly point to a pyroxene-dominated mantle
source for the flood-basalt lavas that was distinct
from the source of the Maymecha-Kotuy rocks.
Instead, the low Ce/Pb and high Th/Ta of the flood
basalts and the correlation of these ratios with
isotopic composition (Figure 7) are the expected
result of crustal contamination of primitive mag-
mas similar to those of the Maymecha-Kotuy
samples.

[39] Unless the Siberian flood basalts were derived
from a source completely unrelated to that sampled
by the Maymecha-Kotuy magmas, the data pre-
sented here suggest that the primary flood-basalt
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magmas had isotopic compositions well within the
range of typical intraplate OIB. The evolution from
flood basalts characterized by high ®’Sr/*°Sr and
low '"Nd/'**Nd values to lower ®’Sr/**Sr and
higher '*Nd/'**Nd values in both pre- and post-
flood-basalt activity in a given province is a
characteristic displayed by many flood-basalt prov-
inces, as is the eventual arrival at a FOZO-like
composition [Carlson, 1991]. While this could
reflect a compositionally distinct plume contribu-
tion to flood-basalt magma, the alternative, which
we consider more likely, is that the very high
magma production and transport rates present dur-
ing the peak of a flood-basalt episode sufficiently
raise the temperature of the continental lithosphere,
through which the flood-basalt magmas must pen-
etrate, such that assimilation of lithospheric mate-
rial, both as small-volume melts of lithospheric
mantle [Ellam and Cox, 1991] and more directly
through wall rock assimilation in crustal magma
chambers becomes commonplace. At lower mag-
ma production rates, both preceding and following
the main pulse of activity, the lithosphere can cool
sufficiently so that it no longer contributes signif-
icantly to sub-lithospheric melts, allowing a
broader compositional spectrum of sub-lithospher-
ic melts to erupt, as appears to have happened in
the Maymecha-Kotuy region. The low percentage
of melt, the great depths of melting, and the lack of
a lithospheric signature in the Maymecha-Kotuy
samples also may reflect the fact that this activity
took place on the northeastern margin of the
Siberian flood-volcanic province in an area mar-
ginal to the area of maximum volcanic output.

5.2. Implications for the Cause of
Siberian Magmatism

[40] Flood-basalt volcanism has been attributed to
continental extension [Harry and Leeman, 1995],
to the effects of mantle flow around lithospheric
mantle boundaries [Carlson and Hart, 1987; King
and Anderson, 1998], mantle plumes [e.g., Duncan,
1978; Richards et al., 1989; White and McKenzie,
1989], and by delamination of the lower parts of
continental lithosphere [e.g., Kay and Kay, 1993;
Elkins-Tanton and Hager, 2000; Hales et al., 2005].
In plume models, uplift is expected to precede
eruption and persist for a period of time. In litho-
sphere delamination models, subsidence should
precede volcanism, but uplift during and after
volcanism is expected [Kay and Kay, 1993;
Elkins-Tanton and Hager, 2000]. The overall sub-
sidence history of the Siberian flood-volcanic prov-

ince argues against both of these mechanisms for
instigation of the flood volcanism.

[41] Czamanske et al. [1998] presented compre-
hensive paleogeographic and paleotectonic recon-
structions from the prevolcanic and volcanic record
which show that the central and eastern portion of
the Siberian flood-volcanic province, comprising a
combined thickness of ~6500 m of volcanic rocks,
was undergoing well-compensated subsidence
before and during the flood-volcanic event. These
reconstructions show conclusively that there
was no plume-relatable, surficial uplift within
this broad region of present-day, flood-volcanic
exposure.

[42] To the west of the present-day flood-volcanic
exposures on the Siberian craton lies the Western
Siberian Basin (WSB) in which oil and gas bore-
holes have sampled basaltic rocks at depths of
2620 to 7006 m. These basaltic rocks have been
shown to be coeval with, and chemically equiva-
lent to, lower units of the well-studied sequence
near Noril’sk [Reichow et al., 2005]. Saunders et
al. [2005] argue that plume-related uplift associated
with Siberian flood volcanism may have been
centered over the WSB, but they show a record
only of post-Permian subsidence in the WSB with
no clear evidence for pre-flood-volcanism uplift.
We find it remarkable that as much as 2 km of
uplift could be proposed for Permian rocks now
sporadically sampled at depths of thousands of
meters in a basin that has been rifting and subsid-
ing since the Late Permian. Saunders et al. [2005]
assume that the bulk of the rifting took place in the
basin in the Late Permian or Triassic and that rapid
subsidence commenced at ~250 Ma, and contin-
ued at a lesser rate through the Cenozoic, by which
time ~2.5 km of subsidence had occurred. They
fail to deal with the fact that none of the basaltic
rocks present at depth in the WSB correlate with
the voluminous Upper series basalts (~2400 m
thick) of the Noril’sk area, which increase in
thickness to the northeast, i.e., away from the
WSB [Wooden et al., 1993, Figure 3c]. Moreover
an additional 3000-m thickness of coeval volcanic
rocks, not present either in the WSB or at Noril’sk,
is present in the Maymecha-Kotuy region, some
1000 km east of the center of the WSB.

[43] The isotopic characteristics presented here for
the Maymecha-Kotuy rocks demonstrate the pres-
ence in the mantle beneath Siberia of material with
isotopic composition overlapping a common com-
ponent observed in intraplate OIB. The fact that the
isotopic compositions of the Siberian kimberlites
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overlaps those of the Maymecha-Kotuy rocks
shows that these compositions have been present
in the mantle beneath Siberia for at least 475 Ma,
the age of the oldest kimberlite analyzed. This
indicates that it is not necessary to appeal to a
deep-mantle source (e.g., a plume) in order to
obtain material with these compositional character-
istics. The record of continuous subsidence of the
Siberian Traps during the Permo-Triassic, accom-
panied by rifting along the West Siberian Basin,
and the proximity of the flood-volcanism to the
craton margin are consistent with the “edge-effect”
mantle flow model of King and Anderson [1998]
where the ultimate source of the magmas is the
convecting mantle beneath Siberia.
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