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The Riphean sections of the Kolyma terrane have
been studied by different authors for many years. How-
ever, the absence of reliable geochronological dates,
complex pattern of tectonic setting, and low degree of
exposure led to the appearance of different tectonic
schemes [1, 2]. The most detailed scheme was devel-
oped by Tkachenko [3, 4], who distinguished two (east-
ern and western) types of Riphean sections. The pre-
sumably Upper Riphean Khakdon terrigenous—volcan-
ogenic sequence, which is reliably identified due to the
wide abundance of volcanic rocks, appears to be an
important marker for the correlation of sections in the
eastern part of the Kolyma terrane. However, analogues
of the Khakdon Group are absent in the western part of
the Kolyma terrane.

The Late Riphean age of the Khakdon Group is
determined by its position in the section (Fig. 1). It dis-
cordantly overlies different beds of the Ossalin, Che-
bukulakh, and Yukagir groups, which are correlated
with the Middle-Upper Riphean Kerpyl, Lakhanda,
and lower Ui groups at the southeastern margin of the
Siberian Craton [1, 5]. It is overlain by the Uyankan ter-
rigenous sequence, which consists of often cross-bed-
ded quartzose and feldspar—quartz sandstones interca-
lating with thinner siltstones and shale beds. The Uyan-
kan Group is overlain by Vendian deposits with sharp
unconformity at the base. Thus, based on stratigraphic
position, the Khakdon and Uyankan groups are corre-
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lated with the middle and upper parts of the Ui Group
at the southeastern margin of the Siberian Craton. The
lower and middle parts of the Ui Group contain numer-
ous sills with U-Pb and Sm—Nd ages varying within
1000-940 Ma [6, 7].

The Khakdon Group is exposed at three isolated
places (Fig. 1). A sufficiently well exposed stratotype
area is located in the northern Kolyma terrane along the
upper reaches of the Kamenka River. The relations of
the Khakdon Group with underlying and overlying
complexes were established by mapping, but no con-
tacts were found.

The thickness of the Khakdon Group varies from
300 to 1400 m. The rocks experienced pervasive meta-
morphism, whose intensity widely varies but probably
nowhere exceeds the greenschist facies. Volcanic rocks
are mainly represented by rhyolites, basalts of elevated
alkalinity, and trachytes in some places. Mafic rocks are
also characterized by high Ti and P contents [4]. In
terms of the major element composition, the volcanic
rocks of the Khakdon Group are close to the magmatic
rocks of the prerift stage or to the earliest stages of con-
tinental rifting.

The U-Pb dating was carried out for two rhyolite
samples (1657-16 and 1657-18) taken from adjacent
lava flows in the southernmost exposures of the Khak-
don Group in the Stolbovaya River basin (Fig. 1).
Heavy fractions containing numerous zircon grains
were extracted by the conventional heavy liquid tech-
nique (Fig. 2). Zircons in both samples are similar and
represented by light pink and cherry, subeuhedral and
euhedral, prismatic zircons of hyacinth and zircon hab-
its. The grain surface is thin-cellular and slightly dis-
solved. The grains show a zoned internal structure with
fluid and ore inclusions. The crystals are 30—-150 um
long (K., = 3.0-3.5). In cathodoluminescent rays, most
crystals have homogenous structure, while zoned zir-
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Fig. 1. Geological scheme and stratigraphic column of the Riphean complexes of the Kolyma terrane (modified after [3, 4]). Scheme
of the development of the pre-Vendian sequences: (/) Riphean, section of the western type, (2) Riphean (including Lower Protero-
zoic blocks), section of the eastern type, (3) Khakdon Group. Roman numerals denote fields of the Khakdon Group: (/) upper
reaches of the Kamenka River (stratotype area), (/) lower and middle reaches of the Syapyakine and Kamenka rivers, (/II) Shama-
nikha and Stolbovaya rivers basin. Stratigraphic column (section of the eastern type): (4) quartzite—sandstones with shale interca-
lations, (5) shales, (6) limestones, (7) dolomites, (8) volcanic rocks and tuffs, (9) angular unconformity, (/0) regional and strati-
graphic positions of samples taken for isotope—geochronological studies.

(b)

Fig. 2. Microimages of zircons taken for isotope—geochronological investigations, samples 1657-16 (a) and 1657-18 (b).

cons show vague zoning. Recrystallized domains are
present in both the central and the marginal parts of the
crystals. In some grains, the central parts are darker
than the rims and resemble cores. The Th/U ratio in all
grains is more than 0.5 (from 1.32 to 0.55), which,
together with zircon morphology, points to magmatic
genesis of the zircon grains [8]. Hand-picked zircons
were mounted in epoxy resin together with TEMORA
and 91500 zircon standards. Then, the grains were pol-

ished up to approximately half thickness. Areas (points)
for dating were chosen using optical (transmitted and
reflected light) and cathodoluminescence images of zir-
con grains, which demonstrate their internal structure
and zoning.

U-Pb zircon dating was conducted on a SHRIMP-II
ion microprobe at the Center of Isotope Research,
Karpinskii All-Russia Research Institute of Geology
(table, Fig. 3). We analyzed 17 grains (11 grains from
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sample 1657-16 and 6 grains from sample 1657-18).
The SHRIMP-II U-Pb isotope ratios were measured
using the standard technique [9] (intensity of the pri-
mary beam of negatively charged oxygen ions 4 nA,
crater diameter 18 pum). Obtained data were processed
with SQUID software [10]. The U-Pb ratios were nor-
malized to the TEMORA zircon standard value of
0.0668, which corresponds to an age of 416.75 Ma [11].
Errors of single analysis (ratios and ages) are given at
the 1o level, errors of calculated concordant ages and
intercepts with concordia are given at the 26 level. Con-
cordia diagrams were constructed using the
ISOPLOT/EX software.

Most of the obtained isotope ratios are grouped near
concordia and close to concordant values (table, Fig. 3).
The discordance is <5% in 10 zircons, 5-10% in 4 zir-
cons, and >10% in only 3 grains. The isotope ratios of
all 17 grains define a single discordia with upper inter-
ceptat 1710 £ 21 Ma and lower intercept at 207 + 220 Ma.
The discordia is characterized by relatively low MSWD
(1.2), which indicates that all grains were derived from
a common source. These data, together with the mag-
matic origin of all analyzed zircon grains, suggest that
the upper intercept represents the crystallization age of
magmatic melt and eliminate the probability of the
entrainment of zircons from host sedimentary and
metamorphic rocks. Hence, the value of 1710 £ 21 Ma
is the crystallization age of the analyzed rhyolite flows
of the Khakdon Group. Owing to great error in the
determination of the lower intercept age (207 = 220 Ma),
the obtained timing of isotope system disturbance can-
not be correlated with any geological events.

The results of the isotope—geochronological study
indicate a Paleoproterozoic (1710 + 21 Ma) rather than
Late Riphean age of volcanic rocks of the Khakdon
Group in the Shamanikha and Stolbovaya rivers. This
dating is sharply inconsistent with the modern strati-
graphic scheme (Fig. 1) and suggests two interpreta-
tions. According to the first interpretation, the entire
Khakdon Group has a Paleoproterozoic age and the
existing stratigraphic scheme should be revised.
According to the second interpretation, composition-
ally close volcanic complexes of different ages were
erroneously included in the Khakdon Group in different
areas. In this case, the Khakdon Group in the stratotype
area (upper reaches of the Kamenka River) can be a
Late Riphean sequence. However, its analogues are
missing in the Shamanikha and Stolbovaya rivers basin
and volcanic rocks exposed in this basin represent a part
of the Lower Proterozoic sequence. This problem can be
solved by further isotope—geochronological studies, but
the interpretation seems to be more probable.

In any case, data on the Paleoproterozoic age of the
volcanic complex in the Shamanikha and Stolbovaya
rivers basin are of great importance in understanding
the structure and evolution of the Kolyma terrane. Let
us consider some of them in details.
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Fig. 3. Concordia diagram for zircons from rhyolites of the
Khakdon Complex. Location of samples (/) 1657-16 and
(2) 1656-18 are shown in Fig. 1. Isotope data are presented
in the table.

First, Lower Proterozoic volcanic rocks in the Sha-
manikha and Stolbovaya rivers basin are located above
the Riphean terrigenous—carbonate sequences of the
Chebukulakh and Yukagir groups, suggesting the wide
development of low-angle thrusts. Despite poor expo-
sure of rocks, relations observed between them indicate
that the thrust structure was sealed by Vendian rocks,
pointing to intense fold—thrust deformation at the end
of the Riphean.

Second, Late Riphean rifting was less developed
than previously assumed [3, 4] and concurrent volcan-
ism developed only in the northern part of the Kolyma
terrane.

Third, rhyolites with an age of 1710 £ 21 Ma are
coeval within error limits to granites in this region. The
zircon age of granites determined by thermal emission
mass spectrometry varied from 1700 = 30 to 1750
50 Ma [12]. In the Rb—Nb + Y diagram, their data
points are plotted in the field of within-plate granites,
which is consistent with the inferred relation of the
coeval volcanic complex with rifting. A similar U-Pb
age (1700-1740 Ma) was obtained for the Ulkan Com-
plex at the southeastern Aldan Shield, which also was
formed in the within-plate setting [13]. Thermal emis-
sion dating of zircons yielded approximately simulta-
neous (1735 = 50 Ma) values for intrusive complexes of
unknown tectonic nature at the western margins of the
Okhotsk Massif [14]. Thus, within-plate magmatism
was widespread in the terminal Paleoproterozoic at the
southeastern margin of the Siberian Craton and in the
eastern Precambrian blocks. Hence, the Aldan Shield,
Okhotsk Massif, and Kolyma terrane were parts of a
single continent at the end of the Paleoproterozoic.



KHUDOLEY et al.

1360

‘Qd ;7 PAINSBIW 3Y) UO Paseq St P3| UOWILIOD J0] UONOILIOD) (1) "((e3e Adgz/9d BNV\Aowm Ngez/9dgoz = 1)00T Se pare[nored 0uepIodSIp ((7)
‘qd/N JO uone[a110d 1011 (0yy) "%tE () JO JOIID UB UM PIjeIqI[ed sem prepuels ayJ, “A[eanoadsar ‘pes] oegorper pue uowrwo)) (;qd °qd) "[OA9] O] 9U) I8 USAIS 9Ie SIOLY :9JON

I IV FLSLT | LTFLVLT | TEV0 ['T YIIE0 ¢ 19 194 SLOT0 (4! 9Tl 66 ¢9¢ 0ro ['8°81-LSIT
S— | IvF0991 | ¥1+SPLL | T8E0 60 601¢€°0 ¥'C LEY (e 6101°0 ¢¢o SL 84! 8'LE 690 I'L°81-LS91
LT ICFOILT | vEF9CVT | C16°0 9C SLYTO 6'C 6S°¢ (4! 160T°0 70°1 S¥e e 9'1¢ Y0 I't"81-LS91
S 8CFLIOT | 9T +8EST | €v€0 'l €690 ¢ oLe e 9660°0 €60 76 701 Ve 8L°0 1'E€81-LS91
6= | OV FLYOT | ST F 1081 | LTV O (4! ¥ee 0 LT oSy 94 (410 N0] 680 0L I8 9°CC or'o 1'T81-LS91
[4 Iy F 1691 | €T F0SOT | €LE°0 160 91620 ¥'C LTy [ LEOT0 [4N! L91 124! 0'6¢ 890 C'1'81-LS91
S— | SLFVILT | 9CTF66LT | 19€°0 91 0cce 0 Sy 99y (A7 0S0T°0 90°1 6t 8P el ¢80 | I'TI'9T-LSIT
¢l |96 F1€91 | 9T +Cevl | OVCO el LYT0 1Y 143 I's ¥001°0 ¢80 YL 06 961 1€¢ 1'691-LS91
[4 IV F88LT | SEF8SLT | CTILO €T SeIe0 e LY (¢ £€601°0 80T 69 99 6'LT LT0 1'8°91-LS91
14 LEF899T | TI + 6661 | €8€0 280 LO8TO |4 96’ 07c ¥201°0 60 651 6L1 ey 610 T'L91-LS91
0 CLFS8LIT | LTF¥LOT | €8C0 'l §96C°0 0v Iy 6'¢c 6201°0 €80 8L L6 0'SC vl 1'L'91-LS91
CC |9 F6£91 | vI F¥LCT | 1CSO (4! S8IT0 194 LEO'E 61 8001°0 611 61 LI1 V1€ 1€0 ['9°91-LSIT
S— | SYFSLOT | LIFTOLT | ¥CVO 'l evieo LT Sv'y ¢ 82010 el'l LO1 86 9°9¢ 0 1'691-LS91
0 T€FCSLT | VI FO6VLT | 6870 60 911¢0 61 19y L'l €L01°0 0L 0 78 4! £ee Y0 T 91-LS91
C— |61 F9CLT | OT F69LT | 8€S0 §9°0 LSIE0 (4! 665V 01 LSOT"0 860 4! LT SeL 00 I'v'91-LS91
Y= | Ly FE€LOT | OT FLVLT | LBEO 'l YIIE0 8C Iy 9C L201°0 8I'1 ell 66 9'9¢ 19°0 I'T91-LS91
Y= | 9P F 6891 | ICF6VLI | SLYO ! L1TE0 8C Sy 94 9¢01°0 €01 L9 99 6'LI 79°0 1'91-LSIT
. nmoommmsm Dwmm\m&om » % Dwm&v%&om % Dmmmﬂv%msm % p&ow\%msm N L N | +9de % ey
Adgoz .
BN O3V soner 2dojosy 1/3 ‘queyuo)

81-,S91 Pue 91-,691 sojdwes woij suodnz jo Apnis adojost )--qd oy} Jo sINsY

2006

DOKLADY EARTH SCIENCES Vol. 411A No.9



NEW AGE DATA ON PRECAMBRIAN VOLCANIC ROCKS

ACKNOWLEDGMENTS
This work was supported by the Russian Foundation

for Basic Research (project no. 05-05-65327).

REFERENCES

. V. A. Komar and V. T. Rabotnov, Izv. Akad. Nauk SSSR,
Ser. Geol., No. 8, 5 (1976).

. B. V. Pepelyaev, in Proceedings of the Interdepartmental
Stratigraphic Conference on the Northeast USSR, Ma-
gadan, Russia, 1974 (SVKNII, Magadan, 1974), pp. 36—
41 [in Russian].

. V. I. Tkachenko, in Regional Geodynamics and Stratig-
raphy of the Asian Part of the USSR (VSEGEI, Lenin-
grad, 1992), pp. 49-64 [in Russian].

. V. I. Tkachenko and O. S. Berezner, Otechestvennaya
Geol., No. 2, 37 (1995).

. M. A. Semikhatov and S. N. Serebryakov, The Siberian
Hypostratotype of Riphean (Nauka, Moscow, 1983) [in
Russian].

DOKLADY EARTH SCIENCES Vol. 411A No.9 2006

6.

7.

10.

11.

12.

13.

14.

1361

R. H. Rainbird, R. A. Stern, A. K. Khudoley, et al., Earth.
Planet. Sci. Lett. 164, 409 (1998).

V. E. Pavlov, 1. Gallet, P. Yu. Petrov, and D. Z. Zhuravlev,
Geotectonics, No. 4, 278 (2002) [Geotectonika, No. 4,
26 (2002)].

. Zircon, Ed. by J. H. Hanchar and P. W. O. Hoskin, Rev.

Miner. Geochem. 53 (2003).
I. S. Williams, Rev. Econ. Geol. 7, 1 (1998).

K. R. Ludwig, Berkley Geochronol. Center. Spec. Publ.,
No. 2, 2000.

L. P. Black, S. L. Kamo, C. M. Allen et al., Chem. Geol.
200, 155 (2003).

V. A. Beus, in Regional Geodynamics and Stratigraphy
of the Asian Part of the USSR (VSEGEI, Leningrad,
1992), pp. 65-85 [in Russian].

A. L. Larin, Yu. V. Amelin, L. A. Neymark, and
R. Sh. Krymsky, An. Acad. Brasil. Ci. 69, 296 (1997).

V. K. Kuz’min, A. P. Chukhonin, and I. K. Shuleshko,
Dokl. Akad. Nauk 342, 789 (1995).



