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Tbe 8!ruclure o! !be Onepa Bown!brown Block anii Adgacen! Oeologioal Oblec!8 Accoriitg
lo 'be Mlcro8el8wic 8onnintg Melboii

Ko*"TAW LW B. “ANI*OV1

AbwraC—Tbe peologtoal 8lruclure o! !be wajor par! o! lbe
Arkbangekk regton w !'be Ner!b—Nee8! Pusgsia ba8 been poorly
8luitleid. 1n !'be pre8en! work, !be Torogei8To 8ounidta Telboli
was, lor 'be U8l iiTe, n8eit lo carry on! a ieblleii geoloawal-
neopby8lcal 8uryey w Ibe region. Thbe pariicle8 Toiion 8luity
coniirteii !'be re8ul!8 o! Talbetaltoal Toiieiing o! !'be 8talle8!
1Tajein belerogeneily anii re8olm'ton o! !'be Te!boil. The TOTO-
ge18T 8lablllly 8!uily alloweii lo iielertTte Ibe atonn! ol error o!
'be Tiorosge18To 8ouninTth Te!boit wblch 18 1-2 MB. Two Aeo-
pby8lcal cro88 8ec!ton8 o! !'be nor!b-ea8lern anii 8owu!b-e8lern
bouniiane8 o! !'be Onepa iown!brown block were 8luiileil. The
Te!boli wa8 8bown o allow obblwng se18T0 iTafes Wbb a blgi
precision w !be bonronbl iineciion a! relaiiyely low co8!8 L
lert8 o! iiTe anit Mnance8. The obblneii iiala proyMeii aliiilllonal
Tlortainon abown! !be 8!ructure o! !be cru8!, wblcb wa8 consislen!
wbb !'be known feologtoal anii geopby8toal TlorTaiion l!or !be
8uryeyeit area. Ba8eii on !'be ifala, 1! Wwa8 concluieit 'ba! 'be TaT
rea8on8 o! Ibe ii1sgsonance o! geologlcal Tl!ortaiion were 108!
Mkely 'be i1Yision o! Ibe iown!brown block T!o !be norliiern anii
8omliiern block8 anii bonronbl “18placeten! o! !'be layer !o !be
Ner!b a! a ilep!b ranaTs 'roT 3 'o 5 kT. I! wa8 8nane8leit ba!l 'be
To8! aciiye 'eclowc proce88e8, TcluiiTh erupiion8 o! anclen!
yolcanoe8, occurreid w !be mor!bern block. Two bencbe8 a! !be
8!uileii Mown!brown block were allocaleit a! !'be iiep!b8 o! 5 anii
10 KT.

Key worii3: Miorose18T, 8ouniita, aTpiiiicaiion, pariicle8
Toion, error8.

1. 1nlro<lwuciion

Thbe Ear!b’8 crn8! wiibln 'be ArkbangeEk regton
o! Kusgla ba8 been 8luiileit ralber nneyenly. Tbe
To8! 8lubleit area8 are !bo8e wbere !be blaTtonii

1 Peiteral Cenler 'or 1lnlegraleii Arciic Pe8earcb, 8eyerno]
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iielii8 anii ofl re8eryol8 are lounii, anii 'be nutber
o! re8earcb work8 iieyoleii !o !beBe area8 w !be
Arkbangel8k regton 18 large. To 8!nily !be geoloatal
enyinonTten!, 1! 18 iiesireii 'o n8e Telboii8 aiiowwp
lo oblaw !be pgeopby8lcal w'orTtalton a! relaityely
low co8!8 w l!ert8 o! WTe anii hMnance8. 1n recen!
year8, !be Te!boii8 relywps on Tlcro8el8tlc yblra-
lton8 baye been acityely ieyelopeit anii explolleii. A
elaiiein reylew anii cotparison o! !be Te!boii8 can
be lounit 1n yarlou8 re8earcb work8 (Bonneloy-
Clauite! e! al. 2006; Oorballkoy e! al. 2008b;
Kawn8on e! al. 2010). Atonpg !be Telboin8, !be
Tlcro8el8tlc 8owuniilng Te!boii (M8M) 18 o! par!lc-
nlar wn'eresg! iine lo !be blgb precision o! elerTwwpg
yer!lcal boriier8. Tbe rea8on o! !'be blagb precision 18
Ibe gile aTpiiicallon analy2lng. Eariier a nutber o!
re8earcber8 baye wn8eii !be 8ile artpiiiicallon o!
K aylelgb waye8 !rot ear!buuake8 lor peoloplcal
enylronten! 8!niile8 (ballon anit Ex8!roT 2006; bln
el al. 2012; ballon e! al. 2014; Eniy anii Exk8lroT
2014). A wlite range o! Kaylelgb waye8 pre8en!8
pertanen!ly 1n Tlcro8el818, !ba! iielertlne !be
iilllerence8 o! 8Me aTpiiiicallon o! Kaylelgb waye8
'roT ear!buynake8 anii !be 8ile artpiiicaiion o!
Tlcro8el18t (Oorbal'koy anii T8ukanoy 2011). Bu!
'be IunitaTten!al pby8lcal prlnclple wuniierlylng !be
local atpiiiicaiion 18 !lbe 8aTe. 1n oriier lo eslitale
Ibe Ibeory correc!ne88 anii !'be prac!lcaiily o! M8M,
Ibe par!lcle To!lon anii !be 8lablitly o! Tlcro8el8Tt
were analyreil. 1n !be pre8en! work, M8M wa8
eyalualein lor 1nye8!1laallon o! !be Ear!b’8 cru8! in !be
area o! lbe Onega own!brown block 1n !'be nor'bern
Arkbangel8k reglon near !be Onepa Pewn8ula. The
proiile8 lor Paloyo-8aToiieit anii 8aTtolieii-M aii-
noyka are 8bown 1n blg. 1.
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Kaure 1
Peaton o? work. 1 se18Tto 8lalton anaty2eii ?or 8lablllly a88e88Len!
0? LLhcrosetsi, 2 proile8

2. An OyeTt'e”™ o/ 1ke Mlcro8el8Tlc 8ouncluy
MelkoC

M1cro8el18LLI8 are !be re8ul! o? w'ler?erence o?
8e18wWw 1c ~aye8 o? yanow l!ype8, Toyuw g a8 a 8eparale
Naye lraw o? WTilein iwuraiton. On !be one bani,
re§nlaniie8 o0? Toyw g "aye iaw8 are "ell 8luiilei.
On !be o!ber banii, proporiion8 o? eacb !ype 0? “aye8,
aTpiilnine8,wlllal pba8e8, anii iinraiion 0? !be8e ~aye
raw8 are wunkno”n. A8 a re8ull, !bere are P”o0
approacbe8 !o !be analy818 0? T icrose1sT 8. The U8l
one 18 ba8elt on !be ielertu 18ic properiie 0? se1s-
TK ”“aye8, “berea8 !be 8econii one 18 ba8eii on
8lali8lical properite8 (Oorbaiikoy aniti T8ukanoy
2011). Tbe Te!boit8 perlaww§ lo !be 8! group are
n8nally alteii a! !'be expentenlal iielertTwaiion 0?
Ibe VMspersion cbaraclen8ic8 (A8len anii Hen8!niige
1984; Honke 1985). Tbe ilira®back8 0? !be Te!boii8
are !'be 1i1?iiculiie8 'o 1ienii?y Ibe yelociily belero-
peneily wl!bou! 8u?iiclen! ~aye lIrayel anii labor
wlensgily. Tbe Te!boii8 perlaTw § lo !be 8econii group
are ba8eit on !be correlaitye corre8poniience beP”een
8lable paratel!er8 o? T i1croge1st 8 anii 8eolo§lc ?ea-
'nre8. Tbo8e Iransien!-?ree parateler8 Tay be
?reymencle8 anii atplilniie8 a! 8peclral peak8 (Kanai
anii Tanmaka 1954; A8'en 1978; Ka!2 anii Bellon
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1978). 1! 8boulii be noleit !'ba! !be8e Te!boii8 are
8o0Te”bal 1e88 ob]Jeciiye iine !o !be neeit 0? Takw g a
nutber o? a88utp!ton8 abou! !be properite 0?
Tlcro8el878.

Thbe Tlcro8el8tlc 8omniiws§ Te!boii (M8M) n8eii
in 'be pre8en! “ork belon88 !lo !be 8econii aroup 0?
Te!boli8. Tbe Telboii a8 ieyelopeit by Oorbaiikoy
e! al. (2008b) anit Oorbaiikoy anin T8ukanoy (2011)
ba8eii on !be re8ull8 o? !be expenten!8 cateit ou! 1n
'be penoit beP”een 2000 anit 2007. Thbe purpo8e o0?
'bo8e expenTen!8 "a8 !o 8!nily 8pace i18!nbuiton 0?
8pec!ral aTpll nife 0? T 1crose18t 8. A8 !be on'!coTe 0?
expenTten!8, !be wiinence 0? 8§eolo8lcal belero-
genellle on !'be T!len8My yanaifon 0? T 1crose1st 8 al
cerlaw ?reyvencle8 ~a8 reyealeil. Thbe8e wlen8iy
yarlallon8 “ere re§islereit a! Vislances 8taller !ban a
Nayelen8!b. The 1irpor!an! ?ac! 18 !ba! a siTWar e??ec!
Na8 ob8eryeit ?or bo!b !be near-8ur?ace §eolo§lcal
belero8enelly anii !be belero§enelly a! a iiep!b 0? !en
KinoTelers8.

Purlber, !'be ob8eryeii reSmularl!le8 ~ere 8!uiileit
nging le8! 8eolo§lcal oblec!8 anii Talbetal!lcal Toli-
el8. 8ur?ace “aye ”"a8 ?ounii !'o be !be ioTlnan!
Tlcro8el8T Tolie a! acerlaw Vhslance ?roT !be 818nal
8ource (No§o8b” anii 18ara8bl 1971; Balb 1974; Mon-
akboy 1977). A8 a con8euuence, Tlcro8el8t8 "ere
concep!nallzeii a8 a Kaylel§b ~aye iielit. Ho eyer, !be
cotpo81!lon o? !be nalural 11cro8el1878 18 a cballen§-
in§ 18sme. Y1lnnlk (1968) ?ounit !'ba! !be nalural
Tlcro8el8tlc Welit Tay conlaln up 'o 60% 0? boily
Naye8. 1n an 1liieal ca8e, !'be iioTwan! Toiie Tn8! be
conlrolleit w eyery poln! o? Tea8ureten!. Ho"eyer,
'be boily “aye aTtpiilicallon 18 iepeniien! on Tany
?ac'or8. Con8euunen!ly, !be e??ec! 0? Ibe boily "aye on
'be M8M Te!boin 8boulit be 8'nitlein 8eparalely. 1n !be
Aork, 8y8leT 0? 8aiine ioTe8, ?anll8, anii Aaraiimal
sinkw§ o? !'be ?ouniiallon ~ere wye8K§aleii. Accorii-
1n§ 'o !be re8nl!8 o? 'be 1nye8!18a!lon8, !~ o re§ulaniie8
Aere 1ien!iMeii (Oorbalkoy e! al. 2008a, b):

1. po”er 8pec!rut atpiilnine8 o? ~aye8 0? K aylel8b
increases8 “ben passin8 !brouagb 1lo”-yeloclly
belero8enel!le8 anii Iiiecrea8e8 ~ben pa88w§
iron8b bl8b-yelocl!y belero§enellles;

2. !'be preale8! cbange in inl'ensily 18 ob8eryeii ?or
~Nayelen§8!b8 !"ice !be 812e 0? !be coyer !'blckne88

0? !be belero§enelly. Tbig can be expblneit by !be
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tac! !bal a 8bear 8!re88 20ne o! Kayblab “aye 18
localeit a! !'be iiep!b ronably euwyalen! 1o bal! o!
'be leng!b o! a “aye. A8 lake8 place, !'be 8bl!!

20ne 18 localeli clo8er !'o !be 8urlace.

1n !'be Tlcro8el8wlc 8ouniwg Te!boit 1! 18 nec-
e88ary !o ieiine wiikaiiye 8pec!rut o! T 1croseisllls.
To be able 'o apply !be Te!boii correc!ly, !be 8ource8
0! T1cro8e1878 anii !'beii w'ensily “ere 8lable innng
818mal accutmulaiton. 1n a “ork by Oorbaiikoy anii
8lepanoya (2008), 1! ~a8 8Mo”n !ba! !be penoii o!
8laltonanl!y o! T1cro8e18718 lor !be iieynency range o!
0.12-1.1 Wr ~a8 nortally euynal 'o 1.5 b.

More recen!ly, a ielaiieil TalbeTalical Toieling
o! Kayblgb "aye propagalion w a belerogeneon8
enyiionTten! ~a8 cateit ou! (Oorbaiikoy anii T8uka-
noy 2011). Ba8eii on !'be re8ul!8 o! !'be Tolieiing, 'be
lolloTtng lac!8 “ere bleniiiieii: !be rale o! TlblTal
Tarkeih belerogeneily ~a8 eumal lo 3-4% o! Ibe
Nayeleng!b; bonron!al re8oluiion ”~a8 euumal !o a
umnarler o! Ibe “ayelenp!b; yeriical re8olwuiion ”a8
eumnal 'o a !'blrit o! !'be Mayeleng!b. Tbe 8luily o! !be
belerogeneity ~a8 catein ou! lor Ibe yelocMe8 con-
ra8! o! 10%. I! 8boulii be noleii !ba! Ibe yanaiion o!
yeloclle8 con'ra8! tay allec! !'be rale o! TlblTal
Tarkeii belerogeneity. Il ~a8 8WMo~n !bal yeriical
boriier8 o! !be oblec!8 coTparable w!'!b !'be leng'bo! a
Naye coulit be bleniiiieldi w!b blab precision. 1n
aiiiiMon, be iiepeniience o! !'be coellblen! o! Ibe iiep!b
aii)u8!ten! on !be con!ra8! w yelocily a8 blye8i-
paleit. Tbe oblaweit yalne8 e88enitally be w !be range
o! 0.4-0.7. Por !be rero yelocity con!ra8!, !'be iep!'b
an)n8!ten! coelllblen! lor !'be lop o! !be 8!ruclure a8
euymal 'o ca. 0.51, anii 'or !'be cen'er o! !'be wcln8ton 1!
~a8 eumnal 'oca. 0.43. Tbe8e yalne8 aaree "ell w!b !be
preytow expentenlal re8nl!8 (Oorbalikoy e! al
2008a, b). Tbu8, uBwp ayerage ii1spersiye liepen-
ence8 lor !'be obJec! o! w'ere8! 1! 18 'ait lo n8e a
coelllblen! o! !'be iiep!b aii)n8!ten! o! 0.4. 1n !'be ca8e
olexziglence o! con!ra8! ob]ec!8,1! 18 po881ble lo correc!
Ibe coelllblen!. Tbe ii18persiye iepeniience cbaracler-
18ics o! Ibe 8lubleii regon can be oblaweii, lor
exaTtple, !roT !be ifala !'roT iieep 8el8tlc 8ouniiwpg
(088), IbeTe!boit ol!be recelywp binciton8 'or !be P8
“aye8, cro88-correlaiion Te!boii8, elc.

Tbe expentenlal re8ul!8 (Oorbaiikoy e! al
2008a, 2013; banHoy 2011; Prancuroya e! al
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2013) 8bo”eit !ba! in 8oTe ca8e8 !be re8oluiion o!
'be Telboi blcrea8e8. Accoriiwg !o !'be re8ull8
oblawein !'rot !be Talbetaiical To0#hel8 (Oor-
baiikoy e! al. 2013), !be re8oluiion o! !'be Te!boil
increases con8liferably ! !be Poisson coelllblen! 1n
'be 1nclu8lon anii !'be 8-“aye yelocily con!ra8! are
approacblng rero. 1n 'nrn, !'be proxTtily o! Poisson
coelllblen! lo rero Tean8 !ba! !be Tew T 1n !be
wecilun8on8 TmM8! be lraclurein (Oorbal!lkoy e! al
2013). Tbe e!lec! o! “8uper re8olu!lon” Taiie 1!
po88lble !o reyeal !“o large 1n!'ruslye boiile8
benealb !'be E1 LWerro 18lanii (Oorbal!lkoy e! al
2013). 81Ttiar !'o !be re8ull8 oblaweit 'or !be E1
Hlerro blanii, !be yer!lcal blgb-1n'en81ly rone ”~a8
al8o l'ounit 1n !'be Onepga PenlM8ula Arkbangel8k
reglon o! Kwussia msing M8M (Prancuroya e! al
2013). Tbe8e 1o”-yeloclly rone8 can al8o be
anclen! yolcanoe8.

Tbe Taw aiiyanlage o! !'be Te!boit 18 118 blgb
precigion o! WelertTw g yer!lcal borifer8. The blgb
laleral re8olm!lon 18 a re8uml! o! !be nu8e o! atpWlniie
in'orTtalion. Tbe "aye8 o! iillleren! !lype8 are ieyel-
opeii a8 a re8ul! o! Kaylelgb “aye 8callerlng on
lnboTtogenelly. Ho”eyer, !be8e Wil!leren! !ype8 o!
"Naye8 canno! be i18!1nanl8beii near !be belerogenelly.
1n 'bI8 ca8e, !'be aTpbluiie 18 !be 8owurce o! belero-
penelly mnlortalion ayaitable !or !be analy818.

Il 8bonlii be nolein !'ba! 8ltllar 8laleTen!8 baye
been Taiie by iniiepeniien! re8earcbe8 Tore recen!ly.
Taylor e! al. (2009) baye 8bo”n !ba! !be 8bape anii
aTpii'uite o! 1niilywinar 8lalton re8onance peak8
appeareii lo be correlaleii Nailb local geology. Thbe
re8earcb coniincleii by bln e! al. (2012) anii Eiiily ani
Exk8'!wT (2014) aTpbiicallon o! ear!bunake Kaylelgb
Mayex ba8 !be 'olloTnpg lealure8:

e aTtpbiicallon o! "aye8 prlTarity iine lo cbange8 in
'be yeloclly proper!ies o! !be enyronten!;

e atpbiicallon o! K aylelgb “aye8 increases “ben
passing !'brougb lo”-yeloclly belerogenellle8 anii
ecreaBe8 “ben passing !brouagb blab-yeloclly
belerogenellle8;

e aTpbiicabon iune lo local geolopy can be u8eii 'o
reiine curren! ela8!ic Toiiel8 o! !'be cru8! anii upper
Tan!le;

e 8urlace “aye aTpbiicallon 18 Tore 8en8Mye !ban
pba8e yeloclly.
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Tbe aboye-Teniionei recen! iniiw a3 reporlein by
Taylor e! al. (2009), bln e! al. (2012), ani1 Eliily anii
Ek3!wT (2014) 3uppor! earWer 3lniile3 coniimucleit by
Oorbalikoy e! al. (2008a, b, 2009, 2011, 2013) anii
Oorbalikoy anii T3ukanoy (2011). Tbe key aityan-
lage o! researcb by bln e! al. (2012) anin Eny ani
Exk3lwTt (2014) 18 !ba! !'be K aylelgbh “aye "a3
analyreit blreclly. Tbe blsiinciiye lealure o! resear-
cbes o! Ibe Oorbalikoy el al.
(2008a, b, 2009, 2011, 2013) 18 !'ba! 1n !be 3uryeyei
enyiionten! Ibere “a3 no yeloclly proper!les
3T00!bTph. Ooo0li agreeten! bel”een !be resnl!s o!
witepeniien! ear!bynakes (bln e! al. 2012; Elily ani
Ek3!roT (2014) anii Tlcro8el3t8 (Oorbalikoy e! al
2008a, b, 2011, 2013) 3blbles conirTeit !belr
an'beniicily. Tbe aityan!age o! Tlcro3elst amalysls
18 'ba! !be K aylelgb “aye atpiiiicalion 18 ob3eryei
Nineciny aboye !be belerogenelly (Oorbaiikoy ani
T3nkanoy 2011). I! 18 also 1tporlan! !o nole Iba! lbe
Tlcroselstlc 3ouniiwyg Te!boii ayobl3 !be necesslly
lo consbler !be e!lec!3 o! locuswa/ielocnswyg ani
allenunaiion.

8wce !be Tel!boli 18 3en3lllye !o !be leTporal
yanailion3 o! Tlcro3elsT, a relerence 3!allon 3boulii
be useih l!o eiitlnale !be el!lec!s o! Ibe leTporal
yanaiion3 (Oorbaiikoy e! al. 2008a, b). Aliliblonaly,
Ibe 3laiion recorii3 can be u3eit a3 a ‘“relerence” lor
releciing nolse.

Proceiiure o! !be iala processwp consls!s o! !be
po”er 3peclra cotpu'allon lor eacb TobHe anii !be
relerence Tea3nreten! poln!s, anit calculale !be rel-
ailye inlensily (/m) lor eacb pow! anii eacb !reyuency.
Tbe relaiiye w'en3lly 18 !'be rallo o! Toblle 3lallon
3peclral atpbluite 'o !'be relerence 3lallon 3peclral
aTpbluite expresseit in ieclbel (Oorbaiikoy e! al
2008a, b, 2013; Oorbaiikoy anii Tankanoy 2011):

/ = 2014/ , 1)

Al
"bere A™A/., 3peclral atpbluiies l!or 3elsToarart8
recoriieit al Ibe Vb Teasureten! pow! o! !be TobHe
(t) anii relerence (r) 3laiions a! !'be consblereit !re-
uunency (/). Tbe nex! 3lep (Oorbaiikoy e! al. 2013) 18
Ibe iielerTwalion o! !be iiep!b () !o be 3omniieii as:

NG = KYrMi,
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Abere W(/), iep!b o! Tlcroselstlc souniiwg l'or a
Ireynency /; ¥Yr(/), K aylelgb ~aye yeloclly lor a Ire-
umency /; K, nutencal coeliiclen! eyunal 'o 0.4.

Tbe resnl! o! Ibe itala processwps by !be Toro-
3el37lc 3ouniiwpg Telboli 18 lbe geopby3lcalTagwp
3bo”n w !be #l3lnbuiton o! relaiiye w'enslly o!
Tlcro8el3T8 along !be proiile anii by iteplb (/W).
2one3 w!b a blgber relaitye TlcroselsTt wlenslly
represen! an area w!b relailyely reiinceii yeloclly
properiies, ani ywoe yersa.

Oeneral pnnblpbl3 o! M8M corresponii o a Taller
o! cotrTton knoMeiige. M8M aiio”3 lo ieyelop a
3el3tlc 1tape o! !be enyiionTten! baseir on !be
analysls o! 3el3tograt8, “blcb 18 con3lslen! w!b !be
kno”n lac! !ba! !'be cbaracler o! 3elstoarat8 18
eiinein by !'be peopbyslcal 'ealures o! replslrallon
pow!. 1n!'be M8M, 1! 18 a33uTeii Ibal !be bl*-yeblcily
belerogeneliies camse an wcrease w !be Tlcroselsr
inlensily, *blcb 18 consi3len! w!b !be kno”n !ac! !bal!
Ibe 3laiion localeit on !be 3eiilTenlary rocks 18 Tore
nolsy !ban !be 3!allon localeidi on barit rock 3iies
(Taylor e! al. 2009).

M8M lor a Tuih yolcano near M!. Karabeloy
3mppesleii a correlaion be!~een !be reglonal pgeoity-
natlc3 anit lbe WnliA aciiyily anii !raceit !'be nnlii
Tlgraiion pal'b”ays no”~n !o !'be liep!bs o! 15-25 kT
(8oblseylcb e! al. 2008). Also, iinlii 3omurces “ere
clearly 3een 1n !be iep!b range o! 3500-5000 T
(Oorbaiikoy e! al. 2008a, b). 1n ano!ber “ork (Oor-
balikoy e! al. 2011), U ba3 been 3bo”n !ba! !be
Ylaiilkayka2 banl! ~a3 probably a Tapr 3elsTo-
penerallng 3lruclure a3 !be iielortallons o! young
3eiilten!s "ere 13o0laleii by !'be M8M. Tbe Telboii
Na3 3uccesslully lesleit on yanom3 breccla plpes
(Oorba!lkoy e! al. 2009; banMoy 2011; Popoy e! al.
2014). Tbe re3nl!s oblalneii 'or il!leren! breccla plpes
Nere 1n pooi apreeten! w!b eacb olber. The T03!
obytous conlraiilc!lon 18 !be l!ac! !ba! !'be ore-con-
Iroliing 'anl! anit plpe Maruslnoyskaya igureit Neilb
'be 3aTe 1n'ensily (Oorbal!lkoy e! al. 2009). 1n olber
cases, lanl!s 3lanii ou! a3 rone3 w!b blgber con!ras!
'ban plpes (banHoy 2011; Popoy e! al. 2014). On !be
o'ber banii, !'be !e3! lube exploszlon ”~a3 localeit a!
nllleren! geoloplcal coniil!lons, "blcb Tay allo” 'or
3uch illderences.
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Bue 1o !'be lac! !ba! !'be TKrosex3Ti 8ouniiws§
Te!boii 18 alTeit a! !'be yeriical anii near-yeriical
bouniiane8, 1! can be u8eii lor !be allocaiion o! yan-
on8 8eolo8lcal ob]ec!8,
nlal'rerve8.

welvitwp  lanl!8  ani

3. Par(lcle Moiion

Tbe Tlcro8el1818 are backgrounii !retor8 cau8ei
by yanou8 8owurce8. Tbe Tlcro8el8tlc Toiion con-
g818(8 0! yanoun8 lype8 o! 8el8t1lc "aye8, bo” eyer, !be
8urlace "aye8 are WWoTwaking (Balb 1974). 1n !be
curren! ~ork, analy818 o! pariicle Toiion 1n !'be 8oUin
Ear!b 7a8 caTeli owu! in orier !'o eyalunale !be
yaliiby o! Ta'betaiical ToiieMnpg re8ul!8 (Oor-
baiikoy anii T8wukanoy 2011) a8 appMWeit lo real
Tlcro8el871. ba'a o! pertanen! 8lailon P88 (localeit
in !'be ArkbanpgePk Kepaton, K.sssia), Y8U (OEO-
PON), K.E8 gel8Tofrapb
Ne 1"ork) (OEOPOLL, COPA (College Owulpo8!,
AlaBka, W A) (WUl 08) "ere analyreii. 8owurce8 o!

(Canaitlan Neiional

lo~-lreymency T 1croge18T 8 coulit be ob8eryeii w a
broaii bani.
Accoriiw p lo Oorbaliikoy ani T8ukanoy
(2011), 'be re8oluniion abW!y anii TwlTtal 8ire o!
iTafeil belero§eneily are proporiional !o !be
Nayelen8!b. Tbe8e !unciton8 “ere ob8eryeit a8 a
re8ul! o! atpWiicainon o! K.aylel§b ~aye. A8
con8euyunence !be8e lunciion8 baye !'o reitec! !be

pariicle Tolion.

0.01 0.2 1

Tbe 8lruclure o! (be Onega Oown/lrown Block anii Adacen! Oeologlcal 2667

P18ure 2 8bo”8 Iba! !be peak o! 8lort THOTO-
8e18T 8 a8 ob8eryable 1in !be !reuyuency range o!
0.18-0.32 H2. 1n !'b18 Ireyunency baniwiilb, !'be par-
icle Toion baii a raninoT nalure, wiikanng !ba! Ibe
ellec! o! illleren! packe!8 o! “aye8 ”a8 si§nlllcan!
eyen 1! !be 818mal exceelieit 'be atblen! leyel by "o
oriter8 o! Ta8w!'uniie.

MalbeTaiical Toieling 8bo”eit !ba! !'be “aye
cbange8 !be wlen8My ~ben cro88w§ belero§eneiiy
Tore !ban 4% o! !'be “ayelen8§!b (Oorbaiikoy ani
T8ukanoy 2011). Por o8cllUalton 1n !be Ireumuency
range o! 7-10 Hr, 4% o! !be “ayelen8!b corre8ponii8
lo Ibe ieunency range o! 0.2-0.4 Hr. Por o8cllaiion
in !be lIreumency range o! 0.5-1 Hr, 4% o! !be
Nayelen8!b corre8ponii8 !o !be !reumency range o!
0.02-0.04 Hr.

Malbertalical Toieiing 8bo”eit !ba! !'be yalue o!
re8oluniion 18 abou! 30% o! !be “ayelen8!b. Por
o8cllalton 1n !'be !reyunency range o! 7-10 Hr, 30% o!
'be Mayelen§!b corre8ponii8 !o !be Ireyunency range o!
2-3 Hr. Por o8cllalton 1n !be Ireyuency range o!
0.5-1 Hr, 30% o! 'be "ayelen§!b corre8ponii8 !o !be
Ireymnency range o! 0.2-0.3 Hr.

P18ure 3 8bo”8 !ba! !be amaly818 o! a narro”er
baniwii!'b (4% o! !be ayerage !reynency) allo”eit 'o
wieniily a 8!nc! eliip8olitial pariicle Toion w!'!b a
8T1oo0!b rolallon o! 'be polarlrallon axi18 in !1Tte. The
Ireumency banii 1n !be range o! 30% o! !'be ayerage
Ireumency proyliie8 ralber a mw!'ort rolallon o! !be
polarirallon ax18 anii Talnly eliip8olitial par!lcle
Toion. 1n 'bis ca8e:

Pregunency (br)

P18ure 2
M1cro8el81 8pec!rut (a) anit par(lcle To!lon T !reguency baniiwlii!'b 0.18-0.32 Hr (b)
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Mpure 3
M1ero8el8T pariic'e To6on “or W Teren! ban*w &b "regueneled accorllng 'o 'be 8lalion8 P88, ¥Y8u, KE8, CObA "ala

1. ra/lw o” !'be ellp8e anit !'be po8Mon o” !be
polanralton ax18 can be cbanpeli abrup!ly;

2. 'be To!ton o” pariicle8 w !be !raleclory o® To'ton
18 no! only elp8oblal.

Thbe8e &c!8 "ere ob8eryeii bolb a! 10" anii a! bl§b
&eunencle8 accoriiwg 'o iillderen! 8lalton8. A8

con8euunence, !be cbaracler o” !be parltole Tolion 18
MelerTwelt pntanly by !be propor!ton o” analyreit
Nayelen§!b.

Tbe 8!nc! elHp8oblal par'tole Tol!ton w!b a
8too!b ro'alton o~ !'be polanralton ax18 w i Te can be
ne8cnbeli by bl88a_Jou curye8 etanalw§ &oT !be
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8Mperp081l7l0n o! Wo bartolwc 81anal8 propagaling
perpeniilcular o eacb olber. A pgraiinal cbange w !'be
p081l7bn o! !be polanralion axis o! !be bl88a_]ou
curye8 18 ob8eryeii *ben !be 81anal8 il!ler IroT eacb
o'ber 8MabWy (Ma”orsk1 anit beiia! 1981).

1n a real 8wualion, !'bere are 8eyeral 8ource8, ran-
hotly W1s'nbuleid 1n 8pace anii w!b Ibe pba8e
iilletence, alleciing !'be 8y8leT 81Tnllaneon8ly. 8ui-
nle lraw8 can be clearly ob8eryeit on !be “ayelorT8
nllereit 1n !'be narro” banii o! !reynencle8. Yanou8
atpiiluite, iiuralion, anit polanralion wiilcale !bal
eacb !raw ba8 118 o~n 8e! o! 8ource8. On !be olber
banii, !be paraiinal cbange o! !be polanrailon axis
8bo”8 !ba! 8lngle !raw cooperale8 w!b !be olber.

Ob8eryeii Tecbaw 8T o! pariicle To ilon can be
explaweii a8 '011078. Tbe TwlTal "ayeleng!b range
Ablcb 18 iielerTweii by !be cbaracler o! Toion o! Ibe
pariicle8 18 4% o! !'be “ayeleng!b. Proyl8tonally !bis
range ~a8 nateill a8 an area o! “cooperailye” To ilon
o! lbe pariicle8. I! lbe ob8eryeii ~ayelena!b range 18
1e88 !'ban 30% o! !'be ayerage "ayeleng!b, !be “aye
Iraw8 o! !be area8 o! “cooperallye” To lion o! lbe
pariicle8 w'erac! T !b one anol!ber. I! !be ob8eryei
Mayelenpa!b range 18 tore !ban 30% o! !'be ayerage
~ayelenglb, !be wleracilon bellleen !be area8 o!
“cooperallye” Toion o! l!be pariicle8 18 nearly
ab8en!.

Keiiecilon o! !'be re8ul!s8 o! talbeTalical Toliel-
g on !be cbaracler o! pariicle To on wiilcale8 !be
reiiablW!y o! !'be re8ul!8.

4. 8labllly A33e33Telll o/ MKroseraT

1! 18 nece88ary !o correc! !be appWcaillon o! lbe
Tlcro8el8tlc 8ouniiwg Telboit (M8M) !ba! Ibe
wn'ensily o! Tlcro8e1818 a8 8lable Wiunng 'be accu-
Tnlalion o! a 81gnal (Oorbalikoy e! al. 2008a, b).

KnoMeiige o! !'be 8peclral atpii!'uiie accuracy
allo™8 !o rea8onably u8e !be yanou8 Te!boii8 o!
T 1crose18T analy818. In pariicular M8M accuracy
iiepenii8 on 118 parateler8.

In !'be curren! "ork, !be iala o! liiree regular
8e18T1c 8laiion8 o! !'be Arkbangel8k 8el18tic nelllork
Nere analyreii: Pranr iio8epb banii (2bl), TaTii3a
(TMC), Kiitoy8kaya (KbM). A8 8bo”™n w Pla. 1, !be
8lailon8 are ii1slnbuleit !brougbou! lbe Arkbangel8k

Thbe 8!ructure o! !be Onega Oown/lrown Block anii Adacen! Oeologioal 2669

regton. 2bl 8el8tlc 8lallon 18 localeii on lbe
Alexaniira banii 18lanii o! Pranr Mo8e! banii arcblpe-
lago, anii 18 !be nor!bernto8! regular 8el8tic 8lalion
i Kussia. TMC 8el18Tic 8lalion 18 localeii on !be coa8!
o! !be ~bl le 8ea. KbM 18 silnaleit w !be coniinenlal
par! o! Arkitangebk regton.

ExaTple8 o! letporal yanalion8 o! !be 8peclral
aTpii!nite8 o! 2bl 8lalion 18 8bo”n w P1a. 4. Plgure 4
8b078 !ba! !be T1cro8e187lc o8clllailon occur8 To8!ly
w a paricular banii o! !'be 8peclral aTpiiluiie8. The
ayerage leyel o! 8peclral aTpii!niie8 18 8To00!bly
yanable o! 40% !or 10 b. Tbe !ac! 8ay8 !ba! Ibe
yanalion w !be T1cro8e181 wlensily bappen8 T!b a
cerlaw regnlanly. A8 a con8eumnence 1! 18 nece88ary !o
a88e88 !be relailye error o! l!be 8peclral atpiiluiie
Tea8ureTen! iepeniiwyg on !'be Tlcro8el8T accutm-
lalion penoii.

2011-2012 recoriiwp iala ~ere amalyreir. 1! ~a8
8elecleli w 30 w'eryal8 o! recorii8 'or tlcro8el8T
analy818. Tbe wleryal recoriiwg iuraiion "~a8 4 b,
Ablcb 18 lbe TaxTun T penoii o! 8laiionan!y (Oor-
2008), aboye “blcb
MelerTwaiion o! !'be 8peclral aTpiiluitie accuracy 18

baiikoy anii 8lepanoya
Teawnple88. Tbe yeriical cbannel recorit8 “ere
wyokei w I!be analy818. Nertal operaiion o! !be
eywpTen! anii !'be lack o! Y18lble noi8e iTpac!s on
'be Mayelort8 1n !be Ta_)only o! !be iuraiion o! a
recorii “ere cbo8en a8 an w'eryal 8elec!lon cn'ena. In
'be cbo8en 1nleryal8, i#ucluaiion8 1in !be range8 o!
reymencle8 o! 0.5-0.6, 0.6-0.7, 0.7-0.8, 0.8-0.9,
0.9-1, 1-1.2, 1.2-1.4, 1.4-1.6, 2.2-2.4, 8.4-8.6 Hr
~ere WNllereil. Ayerage yalue8 o! 8peclral aTpiiluiie8

(Tepnency

B°E°
o

0 3 6 9 12 15 18 21 24
Nte (Howurs)

Plgure 4
Yarlallon8 o! Ttorosei8T 8pec!ral atpllluiie8 accoritlng !o !'be inala
by !be 8lallon Pranr 108e! banit (2P!) in in1!leren! 'reguency ranges.
a 0.5-0.6 Hr, b 0.7-0.8 Hr, ¢ 1-1.2 Hr
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Nere calculaleit 'or eacb 5 Tw w eacb !reumency
baniwi!b. Calculalton3 “ere Taiie mn3wp !'be 30!!l-
Nare package BAK (Popoy e! al. 2014). Por !be 3ake
o! 3TpHcky o! !be Talenal presenleit, “e wll con-
lwue l!o 3peak abou! !be 3aTe lreuuency bani,
Teanwp !'ba! 3TWar aclions are perlorTeit lor all
banii3. ProT bencelor!b !be penoiiz o! accuTtulalion
o! 30, 60, 90, anin 240 Tw “ere consblereii. A Tean
error anii a Tean 3uumare error o! !be 3peclral atpH-
Iniie "ere calculalein lor eacb accuTtmlalton penoii.
Tbus, !be yalues o! !be relaitye error o! !'be 3pec!ral
aTpblwuiies 'or 30, 60, 90, anit 240 Tw accutulalion
lor eacb wleryal “ere oblaweii. Oap3 1n eacb wleryal
Nere excluiieli 'roT l!be receryeli yable3. Por eacb
3lalion, 'be retaww g 3e! ol yalues “ere ayerageii 'or
eacb penoii o! accutnlalion. Tbus, !be To3! probable
yalunes o! a relaitye error o! !be 3pec!ral atpH!uies
lor !'be penoliiz o! accutmlalion o! a 3lgnal o! 30, 60,
90, anii 240 Tw “ere receryeii. K e3nl!3 are presen!ei
w Plpg. 5.

Tbe resunl! o! !'be Tlcroselstlc 3ouniiwpg Telboli
(M8M) 13 a nlslnbulton blagrat o! !be relaiiye
w'enslly o! tlcroselst3. Tbe relaitye wlenslly 13
calculalein by Ibe lortula (1).

Al = 17.370A (2)

Tbe absolule error o! !be relailye Tlcroselsr
wlenslly (A/) 13 blrec!ly proporlional 'o !be relaiiye
error o! !'be 3peclral atpbluite (0A). Tbe calculaleit
errors o! !'be relaitye wlenslly are presenleii w Plg. 5.

Proure 5 3bo”3 !ba! !be wcrease w !be 3lanal
accutulalion penoit np 'o 4 b reituces !'be Teasure-
Ten! error up 'o 3%. Tbe larages! errors occur “ben
'bere 13 !'be 31gnal accuTtmlallon lor 30 Tw al Ire-
umnencres blgber !'ban 2 H2.1! 3boulii be noleli !ba! !'be
TKkrosersts al !reunenbles up lo 1.6 H2 itlller IroT
TKroserst3 al blgber Eeynencres.

Yalues o! a relaitye error a! Ireuuenbles o!
0.5-1.6 Hr are close lor all poln!3 anii are eynal 'o
3-8%. Tbl3 lac! 13 ob3eryeii regariiless o! !'be iil3lance
'roT !be 3ea area3 anii !be ayallablllly o! 3ources o!
winslnal nolse.

Error leyel a! Eeyunenble3 oyer 1.6 Hr r3 l'wce a3
Tany a3 !be one al 1o” !reumnenbles, !bu3 cerlaln
lealures lor eacb poT! are obseryeii. Oragrats lor
KbM anii 2P1 pow!3 ~blcb "ere oblalnein !or Ire-
umencres 1.4-2.4 Hr (P1g. 5a, c) are yery 3rtar w

Pure Appl. Oeopbya.

Plaure 5
Olagrat3 o! relallYe errors T !be iielertralion by 3peclral
aTpllwniie o! TroroselsT (0/1) anii by relallYe Ticroselst 1nlenslly
(A/, 1B) 1n nllleren! l!regvency baniiz Lk!b #llleren! 3lgnal
accutmlallon 1 lite. Olaarat cons!ruc!s lor pertanen! 3lallon
o! Ibe Arkbangelsk 3elstio 3lallon nelwork: a KbToy3skaya
(KbM); b Tatlca (TMC); ¢ Pranr lose! banii (2PT)

nalure anit yalues. Tbe leyel o! error3 wcrease3 Noilb
increasing accutulallon penoit o! !be 3lgnal 'ro1 30
lo 60 Tln. Thbe error iecrease3 3lgnliican!ly Neilb
urlber wcreaswyg o! !be accutulallon perroit up lo
4 b. Al 1o”er Ireyuencles, srtMar cbaracler o! cbar!s
13 ob3seryeii only l'or “con!lnen!al” KbM 3lallon a!
Ireumencles oyer 0.8 Hr. TbI3 cbaracler o! !be iila-
arat3 1nitlcales !'be presence in !be con'!lnen! o!
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8n?iclen!ly 8lable o8cllUalton 0? T 1croge1sT 8 w'ensily
w'b a penoi o? abou! an bour. The error yalne8 o?
lbe 2P1 pow! are 8/gb!ly 8taller !ban ?or !be KbM
pow!8.

Ob'awen ?or TM ?reymnencle8 in TMC pouw! iila-
arat8 i1??%er 81awiican!ly ?roT !be o!'ber one8. Th1s ?ac!
18 cam8eil by !be preyalence 0? 'ecbnogewc 8ource8 0?
Tlcro8el818 oyer nalural one, eyen a! ralber uni?orr
~aye?0rT8. 1n ?ayor 0? !be 1a8! Mniiwpa8 8peak8 !be
?0lloTng !“o 1ssmes. PV8!ly, !be error yalue w !be
TMC pow!8 18 Tucb blgber !ban !be one8 1in !be o!ber
ob8eryalton pow!8. 8econiily, !be error8 increase w!b
Ibe increasing accutulalion penoii. Tbis M3iiTbuiion
can be ob8eryeii only iive 'o unpreiilclable cbangwpg o?
Ibe 8el 0?1nlense 8ource8. Tbi1g?ac! wiilcale8 once apgart
Iba! Tlcro8el18718 a! ?reuunencle8 mp lo 1.6 H2 anit aboye
yary w !'bein “8labLU!y” regariile88 o?!belii 8ource. The
?0lloTnpg Tan-Talie 8ource8 0? T 1croseist 8 1n !be
TMC pow! can be consiiiereit: wimn8'nal sile w!b a
8a”TL , a?eiferal bl gb”ay, aniibutan aciiylle8w !be
neare8! ylllage8.

Tbe nla8rat8 0? !be 2P1 anit KbM pow!8 baye
n1??erences 1n pallern8. Al8o !bere are no anl!bro-
pogewc 1nitmences 1n !'be pow!8. The raiio 0? Ibe error
i KbM poT! lo !'be cone8poniiwpg yalue8 in 2Pl
pow! ~a8 calculaleii 'o coTpare !be re8ul!8. Plgure 6
8b0”"8 !ba! !be yalue 07? error8 in !be KbM porT!
exceeii8 !be cone8poniiwyg yalve8 w !be 2P1 pouw!.
Tbe8e 1i1??erences are aTpiiiieit by wcrea8wpg !'be
accutulalion penoii. Tbe blage8! i1??erence 18
ob8eryeit a! ?reunencle8 1-1.2 H2. Tbe i1??erence a!
'be ?reuuency o? 0.5 anii 2.3 H2 18 praciically no!

Plgure 6
Tbe rallo bellleen yalue8 o? rela!lYe error8 T KbM poln!8 anii

corre8poniilng yalve8 1n 2P1 poln!8 LLh!b i41??eren! gianat accuTm-
lallon8 in i Te
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ob8eryeii. ProT !be aboye 1! can be concluiiein !'ba! !be
?reyuency range o? 0.8-1.6 H2 a??ecleii a8 “Tanne”
anini “con!lnen!al” T 1crose1s8T 8. The WoTwance 0?
one or anolber 8owurce iiepenii8 on !be ii1g8lance ?roT
Ibe 8ea area8.

1n spile o? !be ?ac! !bal !be accuracy o? 8peclral
aTpii'uite elerTwalton can be clo8e 'o 3%, 1n T08!
ca8e8, !be To8! opiiTnMT penoii 0? accutmulalion 18
15 b. 80 !be accutulalion o? !be 8lgnal w!bln 1.5 b
allo”8 alTto8! !o acbleye !be precision U T w!'b
8ub8lan!lally 8taller MTe con8uTplion. The error8
are 5 anii 9% ?or T icroge18t al! ?reymency banii8
0.5-1.6 H2 anit 1.6-8.4 H2, re8peciiyely.

1n Yie”® 0? !be iiiiec! relalton8blp beP~een eacb
o!ber, !be accuracy o? !be relailye w'ensily TH0ro-
8e18T 8 18 cbarac!enzeit by !'be 8aTte rule8 !ba! baye
been iie8cnbeit ?or !be relaiiye error. Plgure 5 80”8
Iba! !'be relaiiye w!lensgily error 18 clo8e !o 1 iiB ?or !be
accutulalion o? 8lgnal ite o0? 15 b ?or lbe ?re-
uunencle8 belo” 1.6 H2. A! 'be KbM anii 2P1 8'aiion8
a! ?reumencle8 aboye 1.6 H2 !be error8 are 8taller
'ban 2 #WB. Tbe wcrea8e 0? !be accutulalion penoii
up 'o 4 b 111 reiiuce !be error lo 0.5-0.7 iiB. Mo8!
par!8 o? !'be error8 (8 iiB) are ob8eryeii in 'be TMC
pow! a! ?reumencle8 blgber 'ban 2 H2.

5. Mebl Work ProceCure anC EgwpTen!

Tbe Paloyo-8aTvoiieil proiile pa88e8 along !be
8ou'bern eiige 0? !be Arkiiangebk 0??8e! anii !be
nor!b-ea8lern eiige 0? !be Onepa o~n'!'bro”n block
(Peitoroy 2004; beonoy 2010) ('be Kanitialak8bo-
8eyeroilyln8ky ino”n!bro”n block; re?er 'o Plg. 7).
Tbi1g proiile incwmites a 20-pow! Tea8ureten! 0?
Tlcro8e18718. 8pacwp beP”een !be pow!8 18
15-3 k1. Tbe C8K-24 8el81lc 8lalton w!b Ibe
CMO3-68P yeloclteler a8 u8eil a8 a basis, anit 'be
bOKA-54 8el8tlic 8laiion w!b !'be CM3-08
yeloclTeler ~a8 un8eit a8 a Tobiie nunil.

Tbe 8aTolieli-M alinoyka proiile cro88e8 a kno”™n
?aml! be!”een !be Onepa #o~n!bro”n block ani
Kareitan 0??8e! a! Pow! 37 (beonoy 2010), a8 8bo”n
i Plp. 7a. 1n Ibigs caB8e, !be liep!b 0? cry8lallwe
ba8eten! yarle8 ?rot 5 kT al Ibe beglnnlng o? !be
proinle 'lo 500 T a! !be eni (Plg. 7a). Accoriiwg 'o
anol!ber 8ource (Peiioroy 2004), 1! cro88e8 a <?aul!
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blgure 7
Oeolofloal Tap o! !'be area o! researcb sbowTa !be Teasureten! poﬁ!a lor !be Ttoro3elsT3. A TecloTc Tap o!!be "bke 8ea anii ahacen!
letlones (beonoy 2010); B a 3!ructural Tap o!'be 3urlace o'cryslalline baseten! o!!be Meren 3ynclne (Belioroy 2004); C cifcw! polenital
o! Ibe Krpbean !ec!oTc ronaiton o! !'be oM anit ga3 cotplex o! 'be Meren 3Tekiira (beiioroy 2004): a Arkitangelsk o!!sel; b !be Onega
nown!iirown block or !be Kaninalak3bo-8eyeroiiyT3ky iown!irown block; ¢ !be KareWan o!lse! or Ibe Onega o!!ze!; 1poT! o! Teasunng !'be
proiile Tioro3ex3t3 lor Paloyo-8aToiieil; 2 poT!3 o! Teasunng !be proiile Ttorosex3t3 lor 8atolieii-Malinoyka; 3 lanl!s: a bouniityg a large
slruclure o! 'be crus!, b o'ber; 4 130byp3se 3urlace o! cryslaliine baseten!; 5 WNTPTA break; 6 3bl!! break; 7 yolcanogetc-3eiiltenlary
cotplex Mown!brown block iepresston

bel”een !'be Kaniialak3bo-8eyeroilywsky o n-
'bro”n block anii Onega o!!se! a! Pow!3 27-28, a3
3bo™n w Blg. 7b, c. 1n !bl3 ca3se, !be liep!b o! crys-
lalVine baseten! yane3 'roT 3 KT a! !be beawblng o!
Ibe proiile 'o 500 7. Tbe 8aTolieli-Malinoyka pro-
Mle wclunite a 20-pow! TeasureTen! o! TOro3exsTs
w 3'eps o! 1.5-3 k1. A3 !be relerence “e wn3seii a
3el3tlc 3laiton BOKA-54 w!b a yeloclteler 8M3-
08, anii a Toblle 3elstlc 3'alion O8K-24 w!b a
yeloclTteler CMO-40.

The liep!b "a3 e3iiTaleit lo be 14.5 kT. Thbus, lbe
proce3swp wyolyeli !be iielec'ton o! !reymencles
aboye 0.1 Hr, "blcb can be reitably iielec!eii.

Processwp o! recorii3 o! Tkrosexst3 ”“a3 Talie
by a 3peblaily lieyelopeii 30ii™are package, BAK
(Popoy el al. 2014).

6. Ke3nns an/l OHcwxwon

Tbe re3ul!s o! Ttlcroselstlc 3ouniiwyg Tel!boii
(M8M) proces3wpg are 3bo”n w blg. 8. Tbe Krpbean
eposiiz (beitoroy 2004) (pow!s. 1-3, 12-27) “ere
obseryeidi a3 rome3 w!b blaber wlenslly. 1n !be
ylOnity o! Yenblan iiepo3ins (Beiioroy 2004) (pow!s.
1-3, 6-9) (Blg. 8b),
obseryeii a! iep!b3 !'roT 1io”n o 3 KT.

bl~-yeblcily rone3 “ere

Cryslaliine baseten! o! Onega iio”n!bro”n block
appears a3 a blgb-w'enslly rone (blg. 8). ThI3 lac!

witlcales bl”-yeblcity properiies o! !be iio”n!bro”n
block anii 3 !rac!ureit 3lruclure. Tbe oblawei iala
are consislen! w!'!b !be kno”™n peopbysblal w!lorra-
non lor !'be wyesiigaleit area accoriiwg o CMP iiala
3el3tlc yelociy w !be no”*n'o”n block a !blrii less
'ban w Arkbanpgelsk ol!lse! (Kailyroya 2007). Tbe
norlbern bowuniary o! !be #o”n!bro”n block w
cryslalitne baseTten! 18 3bo”n by pow! 12, ~blle,
accoriiwg 'o !'be iala w Bla. 7, 'bl3 bouniiary 18
crosseit on! a! pow! 15.

"AAbln !'be Mo~n!bro”n block !bere 18 a 8ianll-
can! blscrepancy be!~een !be iiala on !be iiep!b o! Ibe
surlace o! cryslalne baseten! oblaweit !'rot i!-
leren! 3ources. Tbus, !be bowunitary reporleit w a
preytons “~ork (belioroy 2004) anii also 3bo”™n w
bla. 7b, pas33e3 !brougb a blab-3peeit layer (3ee
bla. 8) conyergwpg a! a lep!b rangwp 'rot 1 lo
4.3 k7. 1n 'vrn, accoriiwg 'o Tecloblc Map (beonoy
2010) (blg. 7a), !bl3 bounitary runs along !be 3urlace
o! con'rasiing blab-w!ensily rone (b1g. 8), as3oclaleid
w!'b !be iieep par! o! 'be Onega o”n!'bro”n block
anii no™n 'o a iiep!b o! 1 kT l'o a iiep!b o! 5 kT.

Accoriiwg 'o 'be resul!s o! M8M, !be 3ou!bern
bouniiary o! !be iio™n!bro”n block To3! Inlly con-
lort3 lo !be iiala o! Tecloblc Tap (beonoy 2010).
Tbe 3ou!bern bowunitary accoriiwg 'o (beiioroy 2004)
(Blp. 7b, c) 18 cons1dlen! w!b !be blgb-w!lensily par!
o! !'be Onepa WoNenl!iiro®n block a! iep!b3 up 'o
25 KT.
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Tbe 8!ruclure o! !be Onega Oowwn'iirown Block anii Adacen! Oeologioal 2673

blgure 8
Oeopbystoa! cross seciions along a Paloyo-8atoiieii proiile anii b 8atoiieli-Malnoyka proiile

Tbe “super reszolulion” ”~a3 obseryeil lor !be
in'ensily rone3 localeii be!“een pow!s 23 anit 25.
There, yolcanopgewec-3eiilten'lary 18 abunitan! in !be
area o! ho~n'bro”n block (Blg. 7a). A3 a conse-
umence, !bl3 1Tage Tay be wlerpreleid a3 anclen!
yolcanoe3 a! pow!s 23 anii 25. Wab-wlen3l!y rone
wiilcaleih by pow!s 22-23 18 localeid no! only w !'be

cryslalline bu! 1n !be 3eitltenlary 3bealb, anii 1! can
3erye a3 abeart !ranspor! o! sub3surlace Maler, raiion,
anin olber eleten!s. Thbese conclusion3s are conslslen!
w!'b 'be preytonsly repor'eii hala. Tbe 3uryey area 18
a passlye con'wen!al targuw. 113 cbaraclensiic lealure
18 'be blgb 'eclow 3T, reiiec!ein 1n !be 1o”er par! o! Ibe
Ypper Klpbean. "Alibw !'be Onega !'rongb, yolcawsT
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18 al8o 8een w !be begwnuwpg ol !be bale Yeniilan
(Ma81loy e! al. 2002).

TAo conita8Mng 1o”-8peeit yeriical 20mes a!
pow!8 21-23 anii 25 are T08! Wkely iine lo Ibe 8bIM
laml! (beonoy 2010). Tbis rone 18 8ilnaleii urlber o
'be 8oulb coTpareit !o !'be laul! wiioaleit a! !'be
Teclowc Tap (beonoy 2010) by pow!8 26-27. be88
con!ra8! rone 18 8bo”™n a! pow!8 27-28, a! iep!b8
no”n 'o 7 k7. I! 8boulit be nolein !ba! lor rone8 a!
pow!8 21-23 anii 27-28, a 8bll 1o 'be Nor!b w !be
layer bel!”een Ibe 8ur™ace8 ol cry8lallime ba8eten!
allocalelt accoriwyg 'o yanow iala (Peitoroy 2004;
beonoy 2010) 18 ob8eryeiti. Honron'al ii18placeTen!
lo !'be Ner!b ol !be norlbern bouniiary ol !'be lo”-
yelocily block 18 ob8eryeii w!bln siTiiar iep!b8. I! 18
po88lble lo Wra” !'be Mlowng conclwiong:

- Ibe Onepa Mo~n!bro”n block 18 pariiioneid w'o
Tore corrugaleit !'be norlbern anii Tore con8oH-
iialeii !be 8om!bern par!8 by 8bliA Fanl!;

- Tasslye Talenal ol !be Onega Wo~n!bro”n block
n18placeit bonron!ally 'o !'be Ner!b a! iep!b8
rangwpa Frot 3 o™nm o 5 KT.

Accoriiwp 'o !'be 8atoiieli-Malwoyka proiile 1! 18
po88lble 'o allocale a layer a! a iiep!b ol 7-10 kT. A!
Ibe8e iiep!b8 w !'be Kareitan lelige !be 10”-8peeit layer
18 8bo”n. 1n urn, a bonron!al 8blA ol !be 8oulbern
boarii by 5 kT !o !be Ner!b 18 ob8eryeii a! !'be 10”-
yelociiy block a! a iiep!b ol 10 Kk T. bayer ol !be crus!
localeit ieeper !'ban 10 Kk T 18 ob8eryeit w!b blgber
conlra8l.

Tbe cbanpge8 w !be coniguraion anii w !be
in'ensily ol !be allocaleit rone8 allo” !o allocale !be
layer8 w !'be cru8! a! liep!b8 ol 0.5-3 kT, 3-5 KT,
5-7 KT, 7-10 KT. Tbe8e conclwtond are w Mne w!'b
'be preytowly reporleii iala (Egorkw 1987; Ko8-
2012),
neton8!raiing !'ba! !'be 8el187lc bonron8 w !be crus!

lyncbenko el al. 2004; Yapanoya

coulii be allocalein a! inep!b8 ol 5, 7, anit 10 KT.

7. ConclwwT

1n !'be pre8en! "“ork, !'be Tlcro8el8tlc 8owuniiwp
Telboit (M8M) "a8, Tlor Ibe W8l iite, appiieit lo
oblaw peoloplcal-geopby8lcal wblrTanon on !be
Arkbangel8k repgton localed w !be Noer!b-"e8!

Pure Appl. Oeopbys8.

K wssia. 1lnye8Mpalton ol pariicle Toiion cbaracler
iTproyes !be yaWiiily ol wiiepeniien! re8earcbe8 ol
M8M abliily.

A 8lablitly 8'nity ol Tlcro8el818 aiio”eii !o
Melertwe !'ba! !'be error ol !be Tlcro8el8tlc 8omniiwg
Te!boii 18 1-2 #WB. M1cro8el1878 can be 8urely blyblei
by !be leyel ol !be 8peclral aTtpii!uite error a! !be
bleuunency banit8 0.5-1.6 Ur (5%) anit blgber (10%).
Man-Taile T icroge18t 8 “ere cbaraclenreii by an
error ol 30-50%. Mlcro8el1818 a! bleynencle8 ol
8.4-8.6 Hr are cbaraclenreili by a “eak iepeniience
on !be penoii ol accuTulainon anii bir!ber 8!nity ol !be
Tlcro8el1818 18 reuwrein. The error w !be lielertwa-
non ol !be relaliye T icroseisT w'ensily 18 iitec!ly
propor!tonal !o !be relaiiye error w !be ielerTwaiion
ol !'be 8peclral atpii'uite w!b !be coellblen! ol
17.37. A8 a re8ull, !'be error w !be Welertwalion ol
'be relaitye T icrose1sT w'ensily lor !be bleynencle8
0.5-1.6 Hr 18 1 iiB ani1 !'be one lor bleunencle8 2-8.4
18 approxlrtalely 2.5 iB. Eyen a “eak Tan-Taiie
acliyily can8e8 an error ol 5-8 iiB.

Tbe re8ul!8 ol our 8!nity coniirtein !be accuracy ol
witepeniien! re8earcb on !be T08! opiital 8lgnal
accutulalion penoit of 1.5 b. Tbe wcrea8e ol !be
accuTtmlallon perloin Wwuraiton Frot 15 'o 4 b 111
cam8e reiinc!lon ol !be 8peclral atpiiluiie error by 2%
anii reiimciion ol !be relallye Tlcro8el81 inlensily
error8 by 0.2 iB.

1Ir~e a88uTte !ba! Ibe TaJorlly ol 8lruclural ele-
Ten!8 ol !'be cru8! anit Maml!8 "“ere 1Tapgei Noilb !be
relaiiye inlensily ol Tore !'ban 1 iiB (Oorbaiikoy e! al.
2008a, b, 2013; 8obl8eylcb e! al. 2008; baniioy 2011;
Popoy e! al. 2014), !'ben 1! 18 po88lble !o clalT abou!
possibll!ly ol wusing !'be Tlcro8el8tlc 8ouniwpg
Te!lboii.

Tbe Te!boil aiio™eit n8 'o clarlly !'be posilion ol
'be 8ub-yer!lcal bouniiarle8 ol" geoloalcal oblec!8 8ucbh
a8 bouniiarle8 ol 8!ruclural eleten!8, Manll8, anin !belr
cotponen!8 block8. Thbe pre8en! iAniilna8 “~ere con-
giglen! Notlb !be knmo”n pgeologlcal anit geopby8lcal
1nlorTallon. Ol parllcular iTporlance “ere lbe Wni-
npas ieton8lrallng !ba! all bounitane8 iniieeid ex18! in
'be enyiionTten! iespile !be iigagreeten! in !be il-
eralure on !'be silualton ol !be cry8lalline ba8eten!
anii !be o~n'!'bro”n block bounitary. bue !lo !be
cotplex 8!ruclure ol !'be 1nye8!lpaleii 8y8let, 1 "a8,
bo”eyer, illicul! lo clearly ieiine ~blcb ol !be
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allocaleit bowuniianes were !be 3lruclural eleten!
bounitanes anii wblcb were !be bowunitanes o! !be
coTtponen! block3s. Tbe Taw rea3on3 caumswp !'be
bl3sonance o! geoloay wlortalion are:

e Iba! !be Wown!brown block 13 ATielt wlo !be
nor!bern anit 3oulbern blocks;

e lbere 13 a bonron'al bl3pblceten! rn !be layer lo
'be Ner!b a! iep!'bs rangwpa 'roTt 3 iown !'o 5 KT.

I wa3 3bown !ba! !'be T03! reiiable ala were
presenleidi rn !be Tecloblc Tap (beonoy 2010).
Ho” eyer, aliliMonal rnyesiigaiion woulii be neeiieit
lo iiraw a Tore accurale concluston. The oblaweit
w'ortalton allows 'or a Tore cotplele iescnpiion
o! !be 3lruclure anit pbysrcal properiies o! !be enyr-
ronten!. A3 a conseuyunence, we can asser! Ibe
appWcablbly o! !be Trcroserstrc souniwg te!boii o
reiine l!be exr3iing peopbysrcal wlortalton. Thbe
resul!s conirt !be blgb bonron'al resolulion anii
3ens3iiT!y lo !'be !raclureit rock3. These l!ealures are
yery rTporlan! lor !be 3luity o! iillleten! cniical rones
(Parsekran e! al. 2015).
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