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Abstract—The carbonate Malgina Formation, a constituent of the Riphean hypostratotype in Siberia, corre-
sponds, according to paleontological evidence, to the terminal Middle Riphean horizons, and present-day geo-
chronological data indicate that it is younger than 1300 £ 5 Ma and older than 1025 + 40 Ma. Eight limestone
samples (Mg/Ca < 0.066) selected for the Pb~Pb age determination contain less than 5.8% of silicate compo-
nents and are insignificantly altered, as it is evident from geochemical criteria (Mn/Sr £ 0.2, Fe/Sr< 5, Rb/Sr <
0.001) and minimum difference between 87Sr/%6Sr ratios (<0.0007) measured in the primary and secondary car-
bonate phases. Secondary carbonates were removed using the step leaching of samples in HBr of variable con-
centration. The Pb-Pb age of 1043 + 14 Ma (MSWD = 7.8) that is calculated for 18 data points characterizing
various carbonate phases appears to be best approximating the time of early diagenesis in the Malgina lime-
stones. With due account for stratigraphic position of studied samples, this and other Pb—Pb dates obtained for
the Middle-Upper Riphean carbonate formations of the Urals and Siberia are concordant with ages measured
by other methods and form altogether a regular series of five successive values. The Pb—Pb isochron dates of
stratigraphic significance can be obtained only after a strict procedure of sample selection followed by the
removal of secondary carbonate phases with the help of step-leaching method.

Key words: U-Pb systematics, carbonate rocks, epigenesis, Middle Riphean, Upper Riphean, Siberia, Urals.

Until the recent time, geochronological character-
ization of the Riphean hypostratotype in the Uchur—
Maya region of East Siberia was limited by K-Ar dates
obtained more than 30 years ago for mineralogically
unstudied glauconite (Geochronologiya dokembriya...,
1968; Semikhatov and Serebryakov, 1983; and refer-
ences therein). Dates obtained by modern methods
have been published recently only for the upper Ui and
Lakhanda groups of the Uchur-Maya section (Rainbird
et al., 1998; Semikhatov et al., 2000). These results
considerably changed the traditional view of isotopic
ages characterizing not only the upper horizons of the
section, but also the boundary between the Middle and
Upper Riphean. Reliable dates obtained recently for
older horizons of the section define the maximum age
limit of the Kerpyl Group (Khudoley et al., 1999, 2001)
that predates the Lakhanda Group unconformably over-
lying it.

In this study, we had two objects in view. First, it
was purposeful to determine the precision Pb—Pb dates
for limestones of the Malgina Formation of the Kerpyl
Group in order to broaden geochronological character-
istics of the Riphean hypostratotype in the Uchur—
Maya region. Second, the comparison between these
and other Pb—Pb dates known for other Riphean forma-

tions of the Urals and Siberia (Ovchinnikova et al.,
1995, 1998, 2000; Semikhatov et al., 2000) offers a
possibility to evaluate the resolution ability of the Pb—
Pb method and stratigraphic potential of corresponding
age determinations for the Upper Precambrian carbon-
ate rocks.

GEOLOGICAL POSITION
AND AGE OF STUDIED SAMPLES

There are two different Riphean structures in the
Uchur-Maya region (Fig. 1): the stable Uchur-Maya
plate in the west and the Yudoma-Maya trough in the
east that actively developed (Nuzhnov, 1967, Semi-
khatov and Serebryakov, 1983; Shenfil’, 1991). These
paleostructures with contrastingly dislocated Upper
Precambrian and Cambrian beds (subhorizontal in the
plate and deformed into large open folds in the trough,
where they are complicated by faults and thrusts) also
differ in thickness, accumulation environments, and, to
a certain extent, in composition of coeval formations.
The regional succession of Riphean deposits includes
five groups separated by unconformities of variable sig-
nificance (Semikhatov and Serebryakov, 1983; Shen-
fil’, 1991). The basal Uchur Group spans the Lower
Riphean interval. The overlying Aimchan and Kerpyl
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Fig. 1. Structural scheme of the Uchur-Maya region and
localities of studied sections of the Malgina Formation:
(1) Yudoma-Maya trough; (2) Uchur-Maya plate;
(3) localities studied near the mouth of the Kurun-Mastakh
Creek (A) and upstream off the Svetlyi Creek mouth (B),
the right side of the Belaya River.

groups belong to the Middle Riphean, and the
Lakhanda and Ui groups, which are terminal in the suc-
cession, correspond to the lower Upper Riphean.

The Kerpyl group that discordantly overlies either
the older Riphean deposits, or the pre-Riphean crystal-
line basement, includes conformable beds of three sub-
divisions: the Totta Formation of siliciclastic sediments
(450-1100 m thick), Malgina Formation of limestones
(60-420 m thick), and Tsipanda Formation of dolo-
mites (190-450 m thick). Samples studied in this work
have been collected from two sections of the Malgina
Formation, which are situated at the eastern and west-
ern limbs of the Gornostakhskii anticline in the north-
east of the Yudoma-Maya trough and have been exam-
ined in coastal outcrops of the Belaya River (Fig. 2).
The detailed description of both sections has been pub-
lished earlier (Semikhatov and Serebryakov, 1983), and
we present here only their general characteristics.

At the western anticline limb, we examined the Mal-
gina deposits near the mouth of the Kurun-Mastakh
Creck at the right side of the Belaya River. An upper
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part of the formation that is exposed here is about 70 m
thick. It is composed of dark gray to gray fine-grained
limestones displaying the microbial or fine horizontal
lamination. The rocks have an insignificant amount of
insoluble residue (0.5-4.5%). Along the contact with
the overlying Tsipanda Formation, they are irregularly
dolomitized at the epigenetic stage down to the depth of
50-55 m. Below this zone, limestones retain their orig-
inal sedimentary textures and structures, being non-

.uniformly recrystallized into microsparite within small

areas, which exhibit rare and diffuse patches of sparite
and veinlets of secondary calcite. The underlying part
of the formation (300-330 m thick) that is exposed
upstream of the indicated site is predominantly com-
posed of micrites intercalated with variably abundant
interlayers of microbialites, calcisiltite, and rarer flake-
stone. Near the base, there are interlayers of clayey
limestone and laminae of shale. Coloration of this rock
succession gradually changes from dark gray in the
upper part to pale-yellow and greenish gray in the mid-
dle one, and then to pinkish gray and cherry-red near
the base. All the listed rocks are slightly recrystallized
(small dispersed patches of microsparite and widely
spaced calcite veinlets).

At the eastern limb of the Gornostakhskii anticline
(Belaya River banks upstream off the Svetlyi Creek
mouth), the Malgina Formation is up to 420 m thick. Its
basal member (40-42 m thick) is composed of greenish
gray, pinkish, and pale-yellow flaggy limestones having
fine microbial lamination and intercalated with fine
laminae (1-3 mm) of greenish gray shale. Near its base,
there are, in addition, interlayers of clayey limestone
and marl. The content of siliciclastic fraction varies in
these rocks from 7.3 to 13%. Greenish to pale-yellow
beds of micro-grained limestones above this member
are 140-160 m thick in total. They enclose laminae of
pale-yellow microbial limestones. The formation sec-
lion is crowned with the 220-m-thick succession of
dark gray bituminous micrites, which contain an insig-
nificant siliciclastic admixture (0.6-2.2%) and locally
enclose thin lentils of black cherts. Outside the zone of
secondary dolomitization, all rocks of the Malgina For-
mation show micritic and subordinate microsparitic
textures. Patches and veinlets of secondary recrystalli-
zation are scarce. Micritic limestones do not exhibit
cathodoluminescence. Microsparites show a weak
nidal luminescence within carbonate veinlets.

In the Yudoma-Maya trough, the Malgina sediments
accumulated in the comparatively deep settings (below
and above the storm wave base) of the distal shelf under
condition of the quick rise and subsequent slow drop of
sea level. Compositional changes in sediments suggest
that the noticeable inflow of clayey material from the
west into the basin took place at the very beginning of
the Malgina time, By the end of this time, there were
local anoxic environments in the basin, as it is evident
from presence of rather thick (up to 5-10 m) packets of
black limestones and clayey—calcarcous shales
cnriched in organic matier, which appear near the for-
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Fig. 2. Studied sections of the Malgina Formation with indicated sampling levels: (1) limestone; (2) microbial limestone; (3) stro-
matolitic limestone; (4) stromatolitic dolomite; (5) dolomite; (6) shale; and (7) siliciclastic rocks.

mation top in some sections of the Uchur—Maya plate
and Yudoma—Maya trough (Semikhatov and Serebrya-
kov, 1983). The maximum C,, content in such rocks
(20.7-26.0%) is recorded in tﬁe Maya River middle
courses (Litologiya..., 1980).

Age limits of the Kerpyl Group are established on
the basis of paleontological, geochronological, and
chemostratigraphic studies that yielded agreeable
results.

Paleontological data point to an important composi-
tional renewal of stromatolites and organic-walled
microfossils across the Kerpyl-Lakhanda boundary. In
addition to endemics, the Kerpyl Group encloses some
transit Middle-Upper Riphean forms and rare taxa of
stromatolites (Omachtenia omachtensis Nuzhn.) char-
acteristic of the Lower Riphean Uchur Group. In addi-
tion, Minjaria sakharica Kom. et Semikh. and Telem-
sina sp. from the Kerpyl deposits are local representa-
tives of form genera characteristic of the Upper

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 9

Riphean in the Urals and North Africa. At the base of
the Lakhanda Group, transit stromatolite taxa become
much more diverse and associate with newcomers Inze-
ria tjomusi Kryl.,, Jurusania cylindrica Kryl.,, and
Baicalia lacera Semikh., which are typical of the lower
Upper Riphean horizons in several regions (Krylov,
1975; Semikhatov and Serebryakov, 1983; Semikhatov,
1995). Most remarkable among these taxa is B. lacera
whose microstructure is also known as characterizing
representatives of other morphotypes, which are wide-
spread in the lower horizons of the Upper Riphean in
many regions and mark the particular stage in evolution
of cyanobacterial ecosystems and global environments
of carbonate accumulation (Knoll and Semikhatov,
1998).

Much more impressive are compositional renewals
in assemblages of organic-walled microfossils from the
base of the Lakhanda group. Characteristic Upper
Riphean forms appearing at this level are morphologi-

No. 6 2001
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cally diverse acanthomorphic acritarchs Trachyhystri-
chosphaera aimica Herm., T. stricta Herm., and Pro-
latoforma;, spiral-cylindrical Obruchevella, wide rib-
bons of Plicatidium; beaded Arcracellularia; fusiform
Pellicularia; giant Lakhandinia, Segmentothallus, and
Eosolena; remains of xanthophyte algae Paleovauche-
ria; thalluses of multicellular algae Archaeoclada and
Varioclada; differentiated remains of lower fungi and
their reproductive  structures  Eosacchoromyces,
Mucorites, and others (Timofeeyv et al., 1976; Yankaus-
kas et al., 1989; German, 1990; Veis et al., 1998). These
forms associate with abundant transit taxa inherited
from the Totta Formation of the Kerpyl Group and
deeper horizons of the section (Veis and Vorob’eva,
1992, 1993). Leaving aside simple representatives of
these taxa, which are of negligible stratigraphic signif-
icance, we should mention others inherited from the
Totta Formation, such as giant acritarchs Chuaria,
tubercular Pulvinosphaeridium, elongated thalluses
Ostiana, catenulate Sphaerocongregus, filamentous
Asperatofilum and Taenitrichoides, multiserial sheaths
Polytrichoides and Eomicrocoleus, branching thalluses
Ulophyton and Majaphyton, and other complex and
large morphotypes. Adverting to their morphology and
size, some researches consider these forms as charac-
teristic of the Upper Riphean (Veis et al., 1998, 2000;
and references therein). This viewpoint is however mis-
leading, because all the organic-walled microfossils
characterizing the Totta formation, have been found
below the Upper Riphean deposits in the southern Urals
and Cis-Uralian region (Veis et al., 2000; Stratigraph-
icheskaya skhema..., 2000) and also in those deposits
of the Anabar massif (Veis and Vorob’eva, 1993), which
are of the Early Riphean age according to stromatolites
and geochronological dates (Komar, 1966; Semikhatov
and Serebryakov, 1983; Gorokhov et al., 1991; 1997,
2001).

Available U-Pb dates of high precision define the
age limits of the Riphean Kerpyl and Lakhanda groups
of the Uchur-Maya region in a wide diapason only: the
youngest population of clastic zircons separated from
the Totta Formation is 1300 = 5 Ma old (Khudoley
et al., 1999, 2001), whereas baddeleyite from diabase
and gabbro-diabase sills in boundary horizons between
the Lakhanda and Ui groups yielded the discordant age
values of 1005 £ 4 and 974 + 7 Ma (Rainbird et al.,
1998). Khudoley and his colleagues (2001) who ana-
lyzed the occurrence mode of these magmatic rocks
concluded that they are localized in the lower part of the
Ui Group and characterize the synsedimentary type of
magmatism. Consequently, the aforementioned isoto-
pic dates (1000-975 Ma) are likely to define the accu-
mulation time of the lower Ui deposits. This conclusion
is agreeable with the Pb—Pb date of 1057 Ma obtained
for the youngest clastic zircon generation from these
deposits (Rainbird et al., 1998). The upper part of the
Ui Group containing diabase fragments and discor-
dantly overlain by Vendian strata is lacking reliable iso-
topic dates. At the same time, the Pb—Pb age of 1025 +
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40 Ma defines the time of early diagenesis for lime-
stones from the lower part of the Lakhanda group
(Semikhatov et al., 2000). Accordingly, the Kerpyl
group that is separated by the unconformable boundary
from the Lakhanda group must be older than the latter
age value.

Mineralogically unstudied glauconites from the
Totta Formation that accumulated on the eastern, stably
subsiding margin of the Uchur-Maya plate yielded the
ordered series of K—Ar age values decreasing from
1170-1070 Ma in the lower formation part to 1070
1000 Ma in its middle interval, and then to 1020-
970Ma in the upper interval (Geokhronologiya
dokembriya..., 1968; Semikhatov and Sercbryakov,
1983). These dates have been traditionally regarded as
indicating the accumulation (early diagenesis) time of
the Totta sediments, but such an interpretation was
doubted, when the U-Pb dates obtained for baddeleyite
showed that the K~Ar dates for glauconites from the
Lakhanda and Ui groups (960-870 and 760-700 Ma,
respectively), which continued the aforementioned
series of age values, are “rejuvenated.” The consider-
able dispersion of age value characterizing the Totta
glauconites suggests that K-Ar systems in some of
these mingrals were disturbed in the course of epigene-
sis. It should be added as well that Al-glauconites from
lower and middle horizons of the Totta Formation sec-
tions in the Onmya Uplift located in the central part of
the Uchur-Maya plate have experienced, according to
their Mossbauer characteristics, the epigenetic struc-
tural transformations and yield the Rb~Sr isochron age
of 864 + 4 Ma that is distinctly “rejuvenated” (Semi-
khatov et al., 1989). It is likely that the considerable age
difference between glauconites collected from the Totta
Formation in different areas of the Uchur-Maya plate is
interrelated with variable geological history of individ-
ual areas. In any case, it is clear that the time range of
the Kerpyl group is between 1300 £ 5 and 1025 £ 40
(1005 £ 4) Ma. At the same time, C-isotope chemos-
tratigraphic data suggest that the Malgina Formation is
younger than 1250 Ma, because important changes in
the global biogeochemical cycle of carbon took place
close to this date (Kah er al., 1999; Bartley et al., 2001):
stasis of the global system that began 2060 Ma ago
(Brasier and Lindsay, 1998) and was characterized by
almost invariant 8'*C_,,, values close to zero (0 £ 1.0 %o
PDB) gave place to a period of their moderate varia-
tions from —2.0 to +3.0 %e. In the Uchur-Maya region,
this transition scparates the Aimchan and Kerpyl
groups. In the Aimchan carbonates, 3'3C values are
close to 0.5 * 0.6 %o and range in the Malgina lime-
stones and their analogues of the Turukhansk area from
-2.0 to +1.9 %o (Knoll et al., 1995; Vinogradov et al.,
1998; Bartley et al., 2001).

Thus, paleontological data suggest that the Kerpyl
Group is terminal one in the Middle Riphean of the
Uchur-Maya region. In addition, geochronological
dates show that the basal Totta Formation of the group
is younger than 1300 £ 5 Ma (U-Pb date for clastic zir-
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cons). This formation presumably accumulated about
1170-1100 Ma ago (maximum K-Ar age of authigenic
glauconite), whereas the overlying Malgina Formation
is younger than 1250 Ma (C-isotope characteristics)
and older than 1025 £ 40 Ma (Pb-Pb date for the lower
Lakhanda limestones).

PROBLEMS OF U-PB AND Pb-Pb DATING
OF SEDIMENTARY CARBONATE ROCKS

First attempts to determine the U-Pb and/or Pb—Pb
age of carbonate rocks have been undertaken long ago
(e.g., by Gerling and Iskanderova, 1976, for the Riph-
ean carbonates of the Uchur-Maya region), but now
they are of historical interest only because of a very low
analytical level. The direct dating of marine carbonate
deposits by U-Pb and Pb-Pb methods became possible
much later, when the precision of mass-spectrometric
measurements grew greatly and the level of laboratory
contaminations was decreased down to the lowest
notch (Moorbath et al., 1987; Jahn and Cuvellier, 1994;
Ovchinnikova et al., 1995; and references therein). In
the last decade, a considerable amount of Precambrian
carbonate rocks was dated using these methods (Jahn
et al., 1990; Jahn and Cuvellier, 1994; Jahn and Simo-
nson, 1995; Ovchinnikova et al, 1995, 1998, 2000;
Winter and Johnson, 1995; Russel et al., 1996; White-
house and Russel, 1997, Toulkeridis et al, 1998;
Zachariah et al., 1999). Nevertheless, some problems
concerning the geochemical behavior of U and Pb in
unmetamorphosed carbonate sediments restrict consid-
erably their stratigraphic application.

The precision of U-Pb and Pb-Pb age determina-
tions for dolomites and limestones directly depends on
the variation diapason of initial U/Pb ratios in carbon-
ate phases of these rocks. Magnitudes of these ratios are
controlled by concentrations of both elements in sedi-
mentation medium (seawater) and by distribution coef-
ficients of U and Pb between carbonate minerals and
seawater. The early diagenesis (the early dolomite for-
mation after the high-Mg calcite included) results in
redistribution of U and Pb between carbonate minerals
and pore water: it usually decreases the content of U
and increases concentration of Pb in carbonate sedi-
ments (Gobeil and Silverberg, 1989; Johnes et al.,
1992; Jahn and Cuvellier, 1994). As a result, the early
diagenetic carbonates show much lower U/Pb ratios
varying within a narrower range than in original car-
bonate sediments. Accordingly, the Pb-Pb ages of
unmetamorphosed sedimentary carbonates mostly cor-
respond to the resetting time of their U-Pb systems in
the course of early diagenesis (Jahn and Cuvellier,
1994). At the same time, there are convincing sedimen-
tological data (even for direct facies analogues of the
Malgina carbonate rocks), which imply that the early
diagenesis of Riphean carbonates was separated from
their accumulation time by the geologically insignifi-
cant period (Maliva et al., 1989; Petrov, 2000). Taking
into consideration the analytical uncertainty, we may
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assume therefore that Pb—Pb ages obtained for Protero-
zoic limestones and early diagenetic dolomites are
pretty close to the time of sedimentation.

The possibility of obtaining the stratigraphically
significant U~Pb and Pb—Pb dates for Precambrian car-
bonate rocks is constrained by the following natural
peculiarities of their U-Pb systems:

(1) Owing to the short residence time of Pb in sea-
water (Jahn and Cuvellier, 1994), the Pb isotope com-
position in the global ocean varies in space and with
time depending on compositional changes in prove-
nances.

(2) The irregular recrystallization of carbonate rocks
at the early diagenetic stage may result in heterogeneity
of Pb isotope composition in limestones and dolomites
that could be perceptible on a scale of geological sam-
pling. .

(3) During the lithogenesis, carbonate minerals of
sediments can be contaminated with U and/or Pb,
which can be extracted from the associated silicate and
sulfide admixtures, or mobilized by low-temperature
fluids and meteoric waters from siliciclastic deposits
present in the succession. Such a case is well exempli-
fied by clayey limestones of the Upper Riphean Katav
Formation of the Urals, which overlie the thick silici-
clastic ZiI’merdak Formation (Ovchinnikova et al.,
1998).

(4) As a rule, unmetamorphosed carbonate rocks of
the Precambrian are to some extent inhomogeneous
with respect to Pb isotope composition. The cause is
that they all contain several carbonate phases, only one
of which is early diagenetic, whereas others originated
during the later stage (catagenetic in Russian and late
diagenetic in English terminology) by interaction with
media that had different Rb—Sr (Gorokhov et al., 1995)
and U-Pb systematics, i.e., different U and Pb concen-
trations and dissimilar Pb isotope compositions
(Ovchinnikova et al., 1995, 1998, 2000). One of the
important factors of secondary alterations in carbonate
rocks is their interaction with meteoric waters (Brand
and Veizer, 1981; Banner and Hanson, 1990; Derry
et al., 1992; Gorokhov, 1996; Kuznetsov et al., 1997,
and references therein) that frequently leads to the U
loss by carbonates, which become inappropriate for the
U-Pb age determination (Asmerom and Jacobsen,
1993; Jahn and Cuvellier, 1994; Hoff er al., 1995;
Ovchinnikova et al., 1995). At the same time, the resent
Pb loss and the gain or loss of U do not change the Pb—
Pb age of carbonates, and the last dating method has an
advantage over the U~Pb method.

All the aforesaid implies that we should use first a
complex of criteria to select the least altered samples of
carbonate rocks potentially appropriate for the U-Pb
and/or Pb—Pb dating. Afterward, we should extract the
primary carbonate phases from those samples, which fit
the selection criteria. Working with samples from the
Malgina Formation, we used the published procedure
of selecting the “best” samples (Ovchinnikova et al.,
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1995, 1998, 2000; Vasil’eva et al., 1998, 2000) on the
basis of petrographic, geochemical, and isotopic crite-
ria. Some deviations from this procedure are caused by
specifics of the analyzed material (in particular, by
absence of sulfide inclusions).

ANALYTICAL PROCEDURE

For the beginning, we sawed the macroscopically
homogeneous limestone samples in two parts, one of
which was used for chemical and isotopic analyses, and
the other was examined by petrographic and cathodolu-
minescence methods. Petrography of the rocks was
studied in thin sections. The cathodoluminescence
characteristics are obtained using the “Camebax”
microprobe at the Laboratory of Electronic Microscopy
and Microanalysis of the “MEKHANOBR-ANALIT”
Center, St. Petersburg. Chemical composition of rocks
was analyzed at the Analytical Laboratory of the Geo-
logical Institute, Russian Academy of Sciences, using
the atomic absorption spectroscopy for determination
of Mn and Fe concentrations and wet chemical method
for analysis of other components. In both cases, sam-
ples were dissolved in IN HCI under the room temper-
ature in order to leave intact the siliciclastic fraction of
rocks.

According to results of chemical analysis, we
selected 40 limestone samples among: all others col-
lected from the Malgina Formation, which had low
content of silicate residue (£13%) and Mg/Ca ratios <
0.066. Petrographic and cathodoluminescent examina-
tion of these samples showed that they are lacking signs
of significant epigenetic recrystallization and retain
their primary textural and structural features, Only few
samples from the western limb of the Gornostakhskii
anticline, which exemplify upper horizons of the for-
mation, turned out to be with microsparitc patches vis-
ible against the general micritic background. Using
then the strict geochemical criteria (Mn/Sr<0.2; Fe/Sr <
5; Rb/Sr £ 0.001; Kuznetsov et al., 1997), we selected
9 of these 40 samples, which appeared to be the least
altered. The low alteration degree of finally selected
rocks is also evident from data on their Rb-Sr system-
atics: the difference between the ¥St/%Sr ratios, which
were measured in leachates obtained after treatment of
powdered samples in 1N ammonium acetate and in res-
idues after leaching, turned out to be not greater than
0.0007. The only exception was Sample 60/8, for which
this difference was 0.0011. In the selected samples, the
content of insoluble residue usually ranged between 0.6
and 3.4% and never was greater than 5.8%, The resid-
ual fractions predominantly consisted of quartz and
subordinate mica.

The non-cogenetic carbonate phases of different U-
Pb systematics were separated using the three-step
leaching procedure in HBr solution of various concen-
tration under the room temperature. At the first stage,
we treated the sample weighing during 30 minutes in
0.IN HBr, and 5 to 6% of the weighing entered the
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solution after this step. The carbonate phase that was
leached at this stage is further designated as L-1. At the
second stage, the first insoluble residue was treated
again during 30 minutes in 0.25N HBr, and as a result,
about 12% of its carbonate material entered the solution
(phase L-2). The rest of carbonate material was finally
dissolved during 24 h in 0.5N HBr (phase L-3). In the
case of particular samples, we missed these treatment
stages dissolving the bulk carbonate material in 1 N
HCI to get the phase indicated as PCC-2. The silicate
residue insoluble in HBr and HCI is indicated as the
ISR phase. When it was necessary, we dissolved this
residue in the mixture of concentrated HF and HNO,,.

Concentrations of U and Pb were analyzed using the
isotope dilution technique and mixed 2¥U + %Pb
tracer. The Pb isotope composition was measured in ali-
quots without adding the tracer. U and Pb were sepa-
rated from solutions using the ion-exchange technique
with Bio-Rad 1 x 8 as described by Manhes et al.
(1978). U and Pb isotope compositions were analyzed
on Finnigan MAT-261 multicollector mass spectrome-
ter using a regime of simultaneous measurement of all
isotope ion currents. The measured Pb isotope ratios
were corrected for the fractionation factor of 0.13% per
atomic mass unit that was calculated from successive
determinations of Pb isotope composition in NBS
SRM-982 standard. The procedure blank during the
period of our investigation was 0.05 ng for U and 0.4 ng
for Pb. Raw U-Pb data were processed using the
PBDAT program. Isochron regressions and weighted
averages were calculated using the ISOPLOT program
of Ludwig (1989, 1990). Calculating the isochron
parameters, we took into account the errors reproduc-
ibility of 0.10, 0.15, and 0.20% for 2%Pb/**Pb,
27pp/2%4ph, and 2%Pb/2MPb ratios, respectively. These
values are assessed by means of reiterated analyses of
the BCR-1 standard. The Pb concentration in phases
L-2 and L-3 of Sample 107/18 turned out to be
extremely low, and Pb isotope ratios characterizing
them are measured with greater uncertainty than in
other cases. All uncertainty values are quoted in the text
and Fig. 5 at the 20 level.

RESULTS AND DISCUSSION

We studied the U-Pb systematics for eight “best”
samples of the Malgina limestones, which were
selected in accord with criteria described above, and
also for samples 60/8 and 56/38, which show more
noticeable signs of secondary alterations (see below).
The analyzed sampling levels are indicated in the for-
mation section (Fig. 2), and U-Pb data for studied car-
bonate phases are presented in the table. Samples col-
lected at various levels of the section characterizing the
eastern limb of the Gornostakhskii anticline (56/38,
56/39, 107/16, 107/17, 107/18, and 107/19) have higher
U concentrations, greater 28U/2*Pb ratios, and more
radiogenic Pb isotope composition, than samples from
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U-Pb data characterizing different carbonate phases of limestone samples from the Malgina Formation
Concentration, ppm
Sample no. Phase o 5 = 238y204pp | 206pp204py | 207pp/204ph | 208ph/204ph
56/38 PCC-2 0.634 1.506 227 54.123 18.185 37.892
Ll 0.171 19.967 15.840 38.401
L2 0.457 43.497 17.394 38.008
L3 0.402 58.349 - 18.498 38.099
56/39 PCC-2 0.768 1.412 140.6 33.033 16.709 37.789
L3 0.605 34.376 16.819 37.968
60/3 PCC-2 0.520 0.0613 7.64 19.271 15.658 39.059
L2 0.346 19.100 15.683 38.938
L3 0.634 19.255 15.657 39.012
ISR 3.34 19.002 15.664 37.834
60/5 PCC-2 0.772 0.0916 7.72 19.549 15.686 39.095
60/8 PCC-2 1.661 0.1072 422 20.157 15.745 38.740
L1 : 0.450 0.0484 6.70 18.525 15.339 37.214
L2 - 0.780 20.452 15.742 39.316
L3 0.833 0.0695 5.49 20.377 15.741 39.133
60/10 PCC-2 0.601 1.146 174.9 48.694 17.814 |~ 38.820
L3 0.632 ] 50.030 17.991 39.128
107/16 PCC-2 0.702 2.34 391 76.347 19.951 38.535
L1 0.145 22.802 16.030 38.294
L2 0.591 59.666 18.631 38.116
L3 0.772 74.663 19.816 38.363
107/17 PCC-2 0.530 79.981 20.172 38.215
L1 0.275 1.312 311 20.628 15.771 38.168
L2 0.159 0.849 627 76.619 19.982 38.492
L3 0.243 1.214 672 95.532 21.354 38.468
ISR 338 1.454 42.1 55.682 19.168 37.548
107/18 PCC-2 0.991 4.17 743 140.98 24.633 38.379
L1 0.059 338 450 34.835 16.728 38.126
L2 0.496 335 1210 144.81 (3%) | 24.790 35.058 (2%)
L3 0.420 2.24 985 149.90 (1%) | 25.298 38.430 (0.13%)
ISR 379 28.6 77.8 61.677 18.914 37.842
107/19 PCC-2 0.906 242 237 46.263 17.687 38.011
L3. 0.877 48.745 17.900 38.174

the upper member of the section exposed at the western
limb (60/3, 60/5, 60/8, and 60/10).

The established variations of Pb isotope ratios in
different carbonate phases, which were obtained by the
step leaching of “best” samples and those that experi-
enced secondary alterations (60/8 and 56/38), are illus-
trated in Figs. 3 and 4. The data point that characterizes
average isotopic parameters of Pb incoming from exter-
nal contaminating sources (water, air, aerosol, and dust)
during the sample treatment (Hirao and Patterson,
1974) is shown in these figures as well. The Pb isotope
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composition of blank runs in our laboratory is within
the same uncertainty limits: 2%Pb/2%Pb = 17.945,
207pp/2¥Ph = 15.324, 208Pb/2%Ph = 37.159.

As one can see from Figs. 3 and 4, Pb that enters the
first acid leachate (phase L-1) corresponds in isotopic
parameters to the mixture of leads from external con-
taminating sources and from secondary carbonate
phase dissolved at this treatment stage. Consequently,
we should ignore all L-1 phases of limestones by the
Pb-Pb age calculation. Babinski et al. (1995, 1999)
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Fig. 3. Variation of 206pp,204p, ratios in carbonate and ISR
phases of st,t’xdned limestones. Data point 1 denotes the aver-
age 206pb/2Mpp ratio for external contaminating sub-
stances. Broken lines connect data points characterizing dif-
ferent phases of rock samples indicated by numbers at the
left. Abbreviations indicating phases are explained in the
text.

came to the same conclusion, when they studied Meso-
proterozoic carbonate rocks in Brazil.

In samples from the eastern limb of the Gornosta-
khskii anticline, Pb in phases L-2 and L-3 is progres-
sively more radiogenic than in corresponding weigh-
ings untreated in HBr. Apparently, the former are
enriched in Pb of the early diagenetic carbonate and
have a lower content of secondary carbonate material.
As for Pb of silicate fractions (ISR phases), it is less
radiogenic (beyond the measurement uncertainty) than
in corresponding phases L-3. Accordingly, the carbon-
ate phases successively leached from samples are either
uncontaminated by Pb from associated siliciclastic
material, or such a contamination is insignificant.

Samples 60/3 and 60/8 from the western anticline
limb showed the comparable Pb isotope compositions
almost in all their phases: in phase L-2 leached at the
second stage, in phase L-3 enriched in primary carbon-
ate, in phase PCC-2 leached by HCI from the whole
rock samples, and even in insoluble residue (ISR
phase). As compared to all other studied samples, lime-
stones from this locality contain the least radiogenic Pb
and show the lowest 228U/%Pb ratios, and we assume
that the Pb isotope compositions in their carbonate and
silicate fractions were equilibrated at the early diage-
netic stage almost without the U gain. At the same time,
the Pb concentration in Sample 60/8 that experienced
considerable secondary alterations in terms of Rb-Sr
systematics is noticeably greater than in other samples.
It is likely therefore that post-diagenetic alterations
were responsible for simultaneous Pb and Sr gain in
this carbonate rock, the more so that the rock was sam-
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Fig. 4. Variation of 208pp,206pp, ratios in carbonate and ISR
phases of studxed limestones. Data point 1 denotes the aver-
age 08pb/2%pb ratio for external contaminating sub-
stances. Broken lines connect data points characterizing dif-
ferent phases of rock samples indicated by numbers at the
left. Abbreviations indicating phases are explamed in the
text.

pled within a zone of irregular late dolomitization of the
Malgina limestones along their contact with the Tsi-
panda Formation. Chaotic and irregular in shape areas
of secondary dolomitization (Semikhatov and Serebry-
akov, 1983, Fig. 29) enable a suggestion that the less
intense alterations interrelated with this process were
also irregular in space and influenced Sample 60/8, but
left intact others collected in the western limb of the
Gornostakhskii anticline. Here, we should emphasize
once again that data of cathodoluminescent analysis
show that limestone samples from the site under con-
sideration are recrystallized slightly stronger than in the
eastern anticline limb, and that the recrystallization is
of a distinct patchy character.

Sample 56/38 from the eastern anticline limb does
not differ from other samples of this site in the trends of
Pb isotope variations in various carbonate phases
obtained by step leaching (Figs. 3 and 4). This sample
is, however, comparatively depleted in Sr and shows the
87Sr/%6Sr ratio that is higher than in neighboring sam-
ples collected 10 m above and 20 m below in the sec-
tion. The relatively high degree of secondary alterations
in this sample is also evident from distribution of data
points characterizing its different phases, which signif-
icantly deviate from the strait line in Fig. 6. Taking into
account all characteristics considered above, we
excluded the results obtained for samples 60/8 and
56/38 from the data set used for the Pb—Pb age calcula-
tion.

In the 207Pb/204Pb-2%Pb/2%4Ph diagram (Fig. 5), data
points of L-2 and L-3 phases plot along a strait line
within the sufficiently wide diapason of variables along
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Fig. 5. 207Pb/2%*Pb-206pb/204Ph diagram for limestones of the Malgina Formation: (1) PCC-2 phases; (2) L-1 phases; (3) L-2
phases; (4) L-3 phases; (5) all phases of samples 60/8 and 56/38; (6) ISR phases; (7) Pb accumulation curve, according to Stacey

and Kramers (abbreviations are explained in the text).

both coordinate axes. The absence of correlation
between Pb concentrations and 2°Pb/2%Pb ratios (see
the table), and also between 2%Pb/2%Pb and 2%Pb/2*Pb
ratios (Fig. 6), indicates that the regression in Fig. 5 is
not the mixing line and has a geochronological mean-
ing.

The Pb-Pb age calculated for seven data points
characterizing L-3 phases, which are most enriched in
primary (early diagenetic) carbonate material, is 1043 £
38 Ma, MSWD = 13.5. For 13 data points of L-2 and
L-3 phases, the calculated age equals 1048 + 25 Ma,
MSWD = 13. The regression line under consideration
also approximates data points of bulk carbonate phases
PCC-2, which were leached in HCI without treatment
of samples in HBr. Consequently, despite possible
effects of secondary alterations and laboratory contam-
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ination, these data points do not deviate from the
errorchron to such an extent that would be greater than
the summary experimental and geochemical uncer-
tainty characterizing the regression line of primary car-
bonate phases. In this case, we can use PCC-2 phases
for the Pb—Pb age calculation, thus having 18 data
points defining the errorchron. The corresponding age
value of 1043 + 14 Ma (MSWD = 7.8) coincides,
within the uncertainty limits, with the value calculated
for seven carbonate phases of the Malgina limestones,
which are enriched in primary carbonate material. The
high MSWD value presumably is a consequence of the
irregular, early diagenetic recrystallization of carbonate
sediments.

Data considered above suggest an important conclu-
sion. If the “best” samples are selected on the basis of
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Fig. 6. 298pb/2%*pb-206pp/204pp diagram for limestones of
the Malgina Formation (symbols as in Fig. 5).

strict geochemical criteria, the analysis of Rb—Sr sys-
tematic included, and if the share of non-cogenetic car-
bonate phases is small and insignificantly affecting the
U-Pb characteristics of bulk carbonate material, then
we can use PCC-2 phases, in addition to L-2 and L-3
phases, for the determination of Pb—Pb ages of carbon-
ate rocks. In some cases, this offers a possibility to
extend the variation diapason of measured Pb isotope
ratios and to decrease the uncertainty of isotopic dating.
This does not mean, however, that all whole rock sam-
ples of carbonates are suitable a priori for the direct
Pb-Pb dating. First, we must test their appropriateness
using the procedure of step leaching that allows us to
separate primary and secondary carbonate phases, and
to determine the degree of U-Pb system disturbance in
carbonate rocks.

CONCLUSION

The Pb-Pb age value of 1043 x 14 Ma calculated for
the Malgina Formation is consistent with its strati-
graphic position in the terminal Middle Riphean hori-
zons and with isotopic dates, which are known for
underlying and overlying Riphean subdivisions of the
Uchur-Maya region and have been obtained using the
U-Pb dating of zircon and baddeleyite (Rainbird et al.,
1998; Khudoley et al., 1999, 2001). Among these dates,
there is as well the Pb-Pb age of 1025 £ 40 Ma obtained
for limestones of the lower Lakhanda Group (Neryuen
Formation), which are located stratigraphically higher
than the Malgina Formation.

Distribution of available isotopic dates in the section
shows that thick carbonate successions representing an
upper part of the Kerpyl Group and the whole
Lakhanda Group accumulated during the compara-
tively short geological period of about 50-60 m.y. long.
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Together with the Middle Riphean Yusmastakh forma-
tion of the Anabar massif (Gorokhov et al., 2001), these
successions exemplify the quick accumulation of thick
deposits on the Riphean carbonate platforms of Siberia.

In the context of this study, it is interesting to com-
pare the aforementioned Pb—Pb ages of two carbonate
formations of the Uchur-Maya region with the date of
1035 + 60 Ma that was obtained earlier for dolomites
and limestones of the Sukhaya Tunguska Formation
exposed in the Turukhansk region of central Siberia
{Ovchinnikova et al., 1995). Paleontological and C-iso-
tope chemostratigraphic data (Semikhatov and Sere-
bryakov, 1983; Semikhatov, 1995; Knoll e¢ al., 1995;
Podkovyrov and Vinogradov, 1996; Vinogradov et al.,
1998; Sergeev, 1999; Bartley et al., 2001) show that the
Sukhaya Tunguska Formation is terminal one in the
Middle Riphean succession of the last region and
occurs between stratigraphic analogues of the Malgina
Formation and lower part of the Lakhanda Group of the
Uchur—Maya region (Semikhatov et al., 2000; Bartley
etal.,2001).

Accordingly, we have the following successive val-
ues of Pb~Pb ages characterizing stratigraphic succes-
sion of three Riphean formations (from the base
upward): 1043 = 14 Ma (Malgina Formation), 1035 *
60 Ma (Sukhaya Tunguska Formation), and 1025 £
40 Ma (Neryuen Formation of the Lakhanda Group). In
terms of formal statistical criteria, difference between
these dates is insignificant. At the same time, it is obvi-
ous that we have a series of values (probabilistic aver-
ages) diminishing in stratigraphic succession. Moreover,
this series as a whole and each particular value are con-
cordant with isotopic dates obtained by other methods.

This is a first known series of stratigraphically suc-
cessive Pb—Pb dates obtained for carbonate rocks and
characterizing the accumulation (early diagenesis) time
of successive Upper Precambrian formations. Qutside

“Siberia, this series can be continued by dates known in

the southern Urals, namely by the isochron Pb—Pb age
of 836 % 25 Ma that is obtained for limestones of the
Inzer Formation distinguished in the lower part of the
Upper Riphean stratotype (Ovchinnikova et al., 1998),
and by the weighted average value of 780 £ 85 Ma that
characterizes Pb—Pb ages of the Min’yar dolomites
occurring in the upper part of the stratotype (Ovchinni-
kova et al., 2000). Like in Siberia, both Pb—Pb ages of
Riphean carbonate deposits in the Urals are consistent
with dating results obtained for corresponding forma-
tions by other methods. Thus, despite a considerable
analytical uncertainty of the method, the Pb-Pb dating
of carbonate rocks is of reasonable resolution ability
and can be informative with respect to the accumulation
history of Riphean formations.

In order to obtain the isochron Pb—Pb ages of strati-
graphic significance, it is necessary however to use the
outlined strict procedure of selecting carbonate rock
samples potentially appropriate for dating and to apply
the step leaching to selecied samples that removes sec-
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ondary carbonate phases (and sulfide admixture, when
needed). Using the leaching method, we avoid the sys-
tematic inaccuracy of age determinations that is related
to involvement of age-variable carbonate phases having
different U-Pb parameters in the isotopic analysis.
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