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UPPER CRETACEOUS INTRAPLATE MAGMATIC E\tsNT
IN THE NORTH-MINUSINSK DEPRESSION:

PALEOMAGNETIC INO 4O,IT/39AT DATA
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Ilnited Institute of Geotog, Geophysics and. Mineralogt, Sibeian Brunch of the RAS,
prosp. Akad. Koptyuga 3, Novosibirsk, 6i0090, Russia

First paleomagnetic and isotope-geochronological data on four basaltic volcanic pipes of the

North-Minusinsk depression are reported. It is shown that the volcanic pipes appeared

behveen 82 anrl ?7 Ma ago, Nl chRM^directions of the pipe basanites are of revers€ polarity.

This fact is in aSreement with the 
4uAr-{vAr ages of the rocks (within the accuracy of the

{0Ar-39Ar metho-d). The revealed ChRM corresponds to the end of chron 33R of reverse

polarity (according to the geomagnetic'polarity time scale). The paleomagnetic poles of the

studied pipes differ from the APWP of Eurasia.
Volcanic pipes, bosanite. Ar-Ar dating paleomagnetism

INTRODUCTION

In the North-Minusinsk intermontane depression, volcanic pipes of basanites form a specific area oi

alkali-basaltoid volcanism. Many of these pipis are rich in mantle xenoliths - diverse garnct and sPintl

peridorites and pyroxenites [1-3]. They are clustered on the periphery of the Kop'cvo archcd uplilt, at thc:

he*res of north;estern strike on largi faults (Fig. 1). Most of the pipes are made up of cruptivc brc,eti.r: in

the marginal parts and massive basanites in the Cential part. The pipes often occur close to each othcr, lormr|g

group, (t*o or three pipes in a group). According to K-Ar dates, their formation procccdcd 0\'rr a li)ns
'p"rioa 

- lrom 71 tois Va ago-[+]. The U-Pb age of the zircon from the Bele pipc (dctcrminrrl Ln thc

Geophysical Laboratory of the Carnegie Institute, US) is 77 9 Ma [2]. :'Niost 
of paleomagnetic data on volcanic rock in Siberia [5] disagree with the apparent polar wand'rring

path (ApWp) of the Eirasian plate [6] - the main curve for Late Mesozoic-Cenozoic reconstruclions i '\sia

ihis casts some doubt on the correctness of using the Eurasian APWP for Siberia These conlradict it,tr s c.jlr

be resolved by obtaining new paleomagnetic and isotope data on the volcanic rocks o[ the framing Lrf ih'r

Siberian craton, which diveloped in a st;ble tectonic regime, at least since the Early Mesozoic. In this contcxl.

complex paleomagnetic and Ar-Ar isotope studies of the volcanic pipes of the North-Minusinsk clcp|i'ti ' rrr

are of great interJst. In this paper we present first paleomagnetic and geochronological data on trasalls ir|nr

four volcanic pipes of the depresston.

II.{VESTIGATION TECHNIQUE AND RESULTS

For paleomagnetic studies, we took 42 samples of basalts of various magmatic phases from the Bcle

Sestra, K&garovskaya, and Borazhul'skaya pipes (Fig. 1). To measure characteristic remansnt magnt:tiTatron
gnnlfl, tf'], samples were subjected to .t"p*is" (17 step$ thermal demagnetization ( -t- temperatures of up

io OlO"'b) in the shielded furnace gf the situp designed Uy V. P. Aparin (Institute of Physics, Krasnoyarsk)

with the internal held of <10 nT and then were siudied on a JR-4 spin-magnetometer' For analysis and

presentation of paleomagnetic data, we used the software package compiled and kindly provided by Enkin

i71. to esti-ut" ifte effeci of anisotropy of magnetic susceptibility (AMS) o\ the distribution of thc (lirc( lions

oire-unent magnetization, the same samples w:ere also studied on a KLY-2 kappa-bridge in thc Palcorrrgncti'

Laboratory of tf,e East-siberian Researci Institute of Geology, Geophysics and Mineral Rcsourccs. Irkuls!
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Fig. 1. Schematic geological structure ofthe Kop'ev-o dome in the North-Minusinsk depression
(according to the Mingeo USSR Geological map, scale 1 : 200'000). 1 - Late Mesozoic volcanic
pipes and Devonian basalt dik€s; 2 - Quaternary deposits; 3 - Carboniferous deposits,
iandrton.s, and siltstones; 4 - Devonian volcanosedimentary deposits; 5 - disjunctions'
Volcanic pipes: 1 - Bele, 2 - Borazhul'skaya, 3 - Kongarovskaya, 4 - Sestra.

i)rrra on,4,rr1S were processed by the software package compiled by F. Hrouda ("Geophysics", Brno, Czech

Rc oui r l ic ) .' 
i)uring the therrial demagnetization of the samples, we revealed two differently orielted magnetization

conponcnf;: low- 
'and 

high-t;perature (ChRlv[). The former is of normal polarity and disintegrates at

icnrpcraturcs less than 370 400" C. Its direction in general coincides with the direction of the geomagnettc

ilclii ar thc sampling locality; therefore, this component is interpreted as viscous magnetization. For some

riirrlrlcs, thc tenperature spectra of C\RM overlip those of the low-tempelature component.. At the initial

..iagc of clemagnetization, the combined direction of these components either "scatters" over the stereogram
or is riisrriburil along the arc of the large circle between the directions of the geomagnetic field and Ch1R'\'1.

l{igh-tcmperatuie component CIrRM is determined in the range from 400 to 600'C and is of reverse

piriaJ.ir1,lFig. 2, a, b).ln each pipe, the single directions of ChRM form compact groups; their average directions

coincido rather well in all pipes (Fig. 2, c*g).
Four samplcs from the Bele pipe lave one more direction different from both the low-temPerature
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Fig, 2. Results ofpaleomagnetic studies. a - Tlpical Zijderveld diagrams, b - curves

of magnetization disintegration on thermal demagnetization of the samples; distribu-

tion oI the CftRlt4 directions in Yotcanic pipes: c - Sestra, d - Bele, e - Kongarov-

skaya,/ - Borazhut'skaya; g - tlistribution ofthe average directions; lr - position ol

the paieomagnetic poles of the pipes and the APWP of Eurasia [6]'
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Table I

Paleomagnetic Data on the Volcanic Pipes of th" Y'"utin:L 
tr:lt"ttg

55.02
54.75
55.10
55.08

54.15

90.23
90.25
90.18
90.26

10/10
4/13
919

10/10
4

165;7
r92.7
186.6
172.2
1?9.8

42.0
-60.5
-59.1

44.7
42.0

8.0
rl.z
6.8
4.9
7.3

43.4
41.5
-39.9
-46.6

43.2

7  5 . r
74.3
74.2
80.2
78.3

3L4.1
232.8
25r.4
303.5
2'71.0

9.7
13.0
7.6
6.3
8.8

l r i . r
1 6 8 . 2
| 

58.2
L O ?

l ruo.,
Direction l l

Bc lc 4113 zq+.tl-se.z 'lw.q 4.6 -38.9 4590.25

conrponcnr and c&RM in the samples from the other pipes (Table 1)- The nature of this,anomalous component

is yer ro bo studied; perhaps, tni. 
"o-p*"ri 

i. ,auLf to'some additional ejection phase or rotation of the

l , l '  r ck  on  exp los ion .
tli: ?ili;ft" pipe basalts is small, and the shape ol the AMS. elliPsoids varies,frlT:1p[ 

::-'1:3]:
r,.is l:)^il"";;;;'"i;5;'"#,;;;;;;;;':r!hll" (l "ld ,"."llll.-"::pl!?l ',t%iilj::,:"t:::
ill-,t,.'il, ;;;;;;ffiffi.j;;i. ;';;;; r'"". Fig 3.b, tile o'':'l'"i'-"l9:.,T::.""^1*j,Yt^^"]:'i;:i::;::
l[,i"il;, ffii#il,'ffin,;ffi"'-;";,h;-;'e'no currents *d lle":ti:9]1r:YT^:1""j:l::t'fi:::'
il:lll,i:'"1#i"i#;#ffiil;"'rr.pi" .r'rp" r'"s no effect on th-e direction of masnetization rhus'

.  . t . .  t . J  n rdgnc l iTa l ion  componcn l  i s  c lose  to  the  in i t ia l  one ' rn
.,rio. ' ,crF ^erfnrrnerl hv the 4uAr-39Ar method on the MI1201 V mass

Isotope-geo"chronological siudies were performed by the

o
)
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l-ig. 3. Results of.4Ms measurements. a - Correlation between the shape of thelMS ellipsoids

1fi ana anisotropy (Pr; r' - alirections ofthe axes ofthe'4ll,/S etlipsoids in basanites from the

ii*."n"rtr.ty" una iiongu"o"tkuya volcanic pipes (in geographic coordinates)' Axes of the

.,lMS ellinsoirls: k1 - maximum, k2 - intermediate, ft3 - minimum'
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Fig.4. T)pical Ar-Ar spectra for basanites.

spectrometcr with the use of a double-vacuum furnace with a molybdenum crucible [8l The bla+k srtnrl:l ' '

contained as little as (1-2).10-i3 mole 40Ar. The age of basanites was calculated by thc platcau ', ' ' ' ' th()il

,"""rji"g a generally )ccepted criteria [9]. Figure 4 sh-ows their typical Ar-Ar spectra wirh a well-pronouncccl

t+l.op"ptutluu. Sumpte tiC-OZi ii 
" 

.l"ilaiti" megacryst; its agJ is in good agreement with thc age o[ tht:

parent rock (Table 2, B,G-1).^
Table i presents 40Ar-39Ar dates for the volcanic pipes of the Minusinsk depression. The agc oi thr:

pipes (determined with a high degree of accuracy over all samples) is about 80 Ma'

DISCUSSION

The discordance between our Ar-Ar dates and K-Ar dates in [4] is probably related to the spccilic

features of the samples, because the minerals in most basanites are often altered and subjected to sccondary

Table 2

Generalized 
40Ar-39tu' Dates for the Volcanic Pipes of the North-Minusinsk Depression

and Their Comparison with K'Ar and "oPb-""U Dates

Pipe

4oAt/39Ar dates
K-Ar age, Ma [4]

2o6Pb/238u agc. Nla

12)

11.9**

Sample Age, Ma

Bele

Kongarovskaya

Borazhul'skaYa

Bele
KG-2
BG-D-
BG-1

BG-671*

7 9 + - 2
74-+ 5.5
q l  - F  1 '

77 -+ 2.7
= )

62 'r 3

4 9 - + 3

* Sanidine mcgacryst'
*+ Zircon concentrare.
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Table 3

DitTerence between the Established Directions of Magnetization in the Pipes

and the Exoec,,ed Directions calculated from the coordinates of the Pole Dated at 81 Ma [6]

Pipe

Borazhul'skaya

Be lc

Kongarovskaya

Scs l l  a

.\ver age dircction

4.5 + 6.4

6.i. -]- 8.6

8.1 -r- 5.61

r.4 t 4.4

4.5 -r 5.9

34.4 -F 8.8.

7.3 + Lr.5

13.5 ! 7 .4*

27.9 ! 6.4*

20.3 -F 8.5*

\orr. ,l he diftcrenccs with a confidence int€rval along the magqctic inclination (AI) and thc magnetic declinalion (AI))'

* Sisnilic.nt diffcrences

thermal processes. Stepwise heating in Ar-Ar studies permits separation of epimagmatic gas fractions from

initi:rl minerals. Thereflre, the rock age is determined from the plateaus in Ar-Ar spectra. Since K-Ar dating

is bascci on measuring the integrai amount^of gq!^ released from the sample, the K-Ar age may be

undcrcstimarccl. Our datcs agree well with the 206Pb-z3EU age obtained from zircon (Table 2), which supports

t hcir corrcctn(jss-
Ii thc srudied pipes are of the same age as those in [4], their rocks should have both normal and revcrse

i,r'!cs r.rf magnctization, because their K-Ai dates fall in ihe ranges of both normal and reverse polarities of

llrc ancicnt ficld. Bul we have established only reverse magnetization for all pipes; its average directions

. , i r r . r , l .  in . l l  samtr lcswi th in the conf idence in tervals  (F ig.2,g) .This  may ind icate thata l l  p iges formtd aJmost

:,i rlrc .:rmc rime. which agrees with their 40Ar-3eAr ages (within the accuracy of the ouAr-"Ar method). The

f(\cirlcd rcvcrse magnctizition of the pipes corresponds to the end of chron 33R of reverse polarity (according

1o thc gsonagnctic-polarity time scale [10, 12]).
Oirr paliomagncric data are inconsisteni with the APWP of Eurasia [6] (Table 1; Fig..z,h). Since the

conlidcnce intcrvais 9f the poles do not overlap, the difference in data is of fundamental importance lhe
obtaincci ancl cxpected CLRM directions (calculated from the coordinates of the pole dated at 81 Ma [6])
alpng thc magneiic inclination differ little, whereas their difference along the magnetic declination is rather

u, 
"ni 1trbl" 3l). Thus, our paleomagnetic data rule out a signihcant lateral transfer of the study region relativ€

i,, strtrle Eurasia but imply rotatio; of the pipes at least 1T counter-clockwise. The scales and causes of this

posr-Crctaceous rotation are yet to be eluiidated. Probably, this rotation is tlpical only of the Minusinsk

iep.cssions. But many Cretaceous and Cenozoic paleomagnetic directions in the rocks of Prebaikalia and

Grirny Altai [11] also suggest a counter-clockwise iotation of blocks relative to the APWP of Eurasia, which

is rcfc.rcd to ai,,stable Asia". The same discordance iu paleomagnetic data for all pipes is not random; it

rtr\, charactcrizc the real movements of the Siberian block within Eurasia. In addition, the kinematics of those

nrovcnrcnts agrecs with the supposed movement of the Siberian continent relative to the East-European

c:ontincnr alorig the Uralian structures, which was caused by the collision of the Indian subcontinent with Asia

{ l { l

CONCLUSIONS

From the studies performed we have drawn the following conclusions:
i. Thc studicd voicanic pipes of the North-Minusinsk depression formed in a shorter period than was

assumed in [4]. The narrow age tange of volcanism and the large area of its manifestatioa permit us to treat

rhis period as an important ,Jf"r"nJ" point of the Late Cretaceors tectonic and magmatic activities in Asia.
'fhs Ar-Ar dates obiained, concordar,f with the Pb-U dates in [2] and our paleomagnetic data, show that all

thc pipes formed 82-77 Ma ago.
. 2. Thc revealed reverse magnetization of the pipes (which is in agreement with the a0Ar-39Ar dates)

corrcsponds to the end of chron i3R of reverse polaiity (according to the geomagnetic-polarity tim.e scale [10,
t2]). The obtained paleomagnetic data differ grJatly from the APWP of "stable Eurasia" [6]' This discordance
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is l ikely related rlr l i : clruoter-clockwise Iotation of the pipe-bearing structure (which_cails. Ior seri"u:

geo log ica lsubs tan l i : : i l : ' : . r rher* . i se , i t cas tsdoubton theposs ib i l i t yo fus ing thcAPWPot . .s la l ' l c | . l t ras t i r
for geodynamic riclin5.:1;tiotrs in Siberia.-Wgthank 

\ '. -{ t i ::.:hiukii and M. Z. Khuzin (Paleomagnetic Laboratory of the East-Sibcrian RL:strarch

lnstitute of Geoloer. G:rgbrsics and Mineral Resources, Irkutsk) for hcJp in carrying out thc exptrimcnts oti

anisotropy of mafreii; - i.r i3pribil i ty on the laboratory setups and_ R. Enkin (Geological Survcv o[ (..rlrrc]rrl

and F. Hiouda (,teop:..'..t. Czech Republic) for giving their software packages free of charge.
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