
l;plt()('rf._ie,pa 3 e1tuzu, 1997, T. 1, N~ 2, c. 29-35 

Y.[l:K 551.345:551.311.33 

r M POXHMHqECKHM METO,Il; OIJ,EHKH IIAJIEOTEMIIEPATYPbI 
IIOPO,Il; HA APKTHqECKOM IIOBEPE)KbE 

C. M. <I>on1es 

Jfocmumym Kpuoc<jJepbt 3eMJtu CO PAH, 117982, MocKBa, yJt. Ba6UJt06a 30/6, 1c. 74a 

p11oreHHaSI MeraMopcjJ113au,1151 x11M11qecKoro cocraea B0/1hI 11 BMell\aIOU\HX ee nopo11 npo11cxo1111T np11 
emrn l1X TeMneparypbl Hl1lKe O" c. y CTaHOBJieHo, qTO B npou,ecce BblMOpalK11BaHl15! MOpCKOH B0)1bl 

TO'lllO ynepeHHO BbI)1enmoTC5! Tp11 CTa111111 Kp11oremmro MeraMopcjJ113Ma ee x11M11qecKoro cocraea: I -
eHHe, n - KOHU,eHTpau,1151 11 III - 11ecynhcjJaT113aU,115!. KalK)1a5! CTa/1115! Kp11oreHHOro MeTaMOpcjJ113Ma 
eT B Y3KOM 1111ana30He TeMnepaTypbl 11 BCJie)1CTBl111 3TOro xapaKTep113yeTCll BnOJIHe onpe11eneHHOH 

G!llrelll:tIBHOCTblO cjJl1311KO-Xl1Ml1qecKl1X npou,eCCOB, BeCbMa CBOeo6pa3HblM X11Ml1qeCKl1M COCTaBOM 11 KOHKpeTHOH 
CI'!:lll:HhlO M11Hepan113al.l,l·ll1 Kp110MeTaMOpcjJ1130BaHHblX 80)1. 

Ilo AaHHbIM 11ccne11osaH11i1 coCTasneHa naneTKa. B ee nenoi1 qacT11 pacnonolKeHa Kp11Ba5! 113MeHeH115! 
:IH3a.J..0111 MopcKoi1 B0/1hI np11 ee nocne11onaTeJ1hHOM Bb1Mopal1rnsaH1111 B 111uepsane OT 0 110 -22 ,5 "C, s ee 

- qaCTJ.1 np11ee11eHbl cjJopMyJibl x11M11qecKoro COCTaBa Kp110MeTaMOpcjJ113osaHHOH MOpCKOH B0)1bl. 0Hl1 
pK3YfOT CTpory10 nocne11osaTeJ1bHOCTb 113MeHeH11ll x11M11qecKoro cocrana Kp11on3ron np11 noH11lKeH1111 HX 

~'"""""'TYPbl 110 -1,8; )10 -3,5; )10 -7,4; )10 -10; )10 -15 11 )10 -22,5 "C. IlOJib30BaTbC5! naJieTKOH oqeHb npOCTO. 
Heo6xo !O Ha.i1Tl1 Ha Kp11BOH COJieHOCTl1 TQqKy. KOTOpall COOTBeTCTByeT COJieHOCTl1 Kp11on3ra, orn6paHHOro n1160 

lli.bl, m roO 113 l1CTQqH11Ka. 3aTeM He06X0)111MO COTIOCTaBl1Tb )1aHHble 0 TeMnepaType, Ml1HepaJil13al.l,1111 11 
Xil:Ki1'11'CXOM COCTaBe Kp110TI3ra c KOHTpOJibHblMl1 11aHHblMl1, np11ne11eHHblMl1 Ha naneTKe. 3TO TI03BOJll1T onpe

"ffil1MaJihHYIO TeMnepaTypy OXJialK)1eHl15! B0)10BMell\a!Oll\11X nopo11. 

TuiJpoxuA1UJ<, Kpuon:n, <jJopMyJta xuMu'!Rc1cozo cocmaBa, nQJleomeMnepamypa nopoa 

HYDROCHEMICAL METHOD FOR ESTIMATION OF PALEOTEMPERATURE 
OF ROCKS ON THE ARCTIC COAST 

S. M. Fotiev 

Earth Cryosphere Institute SB RAS, 117982, Moscow, Vavilov st. 30/6, room 74a • 

Cr)V nic metamorphism of the chemical composition of sea water and containing it rocks occurs upon their 
below 0 ·c. It was established that in the course freezing from 0 to -22,5 T three clear-cut stage of 

·,-r-,..,-,·3IT·;,, etamorphizm of its chemical composition may be reliably differentiated: cooling, concentration and 
u::s:::!;i)b!rri.J-~ tion . Each stage cryogenic metamorphizm of sea water takes place within a narrow temperature range 

, is characterized by definite rates intensity of physico-chemical processes, specific chemical composition, 
·1y le el. 

The esul ts of our studies were used to plot a diagram: its left part presents a curve of sea water mineralization 
dual f reezing from 0 to -22,5 T, while the right portion features formulas of the chemical composition 

mmni>= with temperature low~ring to -1,8; -3,5; -7,4; -10,0; -15,0 and -22,5 "C. 
1'be use of the diagram is very simple. It is neccessary to find on the mineralisation curve the paint 

iXllITT:5.;Jll1Dding the salinity of a cryopeg sampled from either a bore-hole or a natural spring. Then one should 
e data on temperature, salinity and chemical composition of this cryopegs with the control data also 

lhe di agr am .This makes it possible to determine minimum temperature of the water-bearing deposit cooling. 

H ochemistry, cryopeg, formula of chemical composition, paleotemperature of rocks 

BBE.r:t:EHME 

... -'=-""'-•L<UJ, 'ITO Ha npOT5I)KCHHH IlJICHCTOU:CHa H 

XH TpaHcrpeccnil: Mopeil: CesepHoro 

K eaHa HCOAHOKpaTHO CMCH5IJIHCb HX 

Y poBeHb BOAhI B oKeaHe TO noA

TMeTOK + 150 M, TO onycKaJIC5I AO 

If . B nepHOAhI TpaHcrpecrnil: MopcKHe 

ITHBaJIB orpOMHbIC TeppHTOpHH B npeAe

rrpttypo1IeHHbIX K yqaCTKaM, Ha KOTO

""" ......... ~una,u:ami: CJia6b1e TCKTOHH'ICCKHe onycKa

IlJieHCTOU:CHa, npH ocyweHHH 

MOpCKHX aKB3TOpHH npOHCXO,U:HJIO OXJia)KAeHHC H 

qacTH'IHOe npoMep3aHHe AOHHblX OTJIO)KCHHH, nopbl 

KOTOpbIX 6hIJIH 33TIOJIHeHhl MOpCKHMH BOA3MH. 

.ll.aJihHeliwee OXJia)K,U:CHHe TIOPOA y)Ke B cy6a3paJib

HbIX ycJIOBH5IX npHBOAHJIO K KpHoreHHOH MeTa

MOPcPH33U:HH TIOpOA H TIOA3CMHbIX BOA MOpCKOro 

reHe3Hca. CKa3aHHoe no3BOJI5ICT ClIHTaTh, 'ITO rHA

poJiortt'IeCKHe H reoKpHOJIOrH'ICCKHe ycJIOBH5I Ha 

ApKTH'IecKoM no6epe)Khe OT KoJihCKoro n-oBa AO 

1IyKOTKH 6bIJIH BCChMa 6JiaronpH5ITHbl AJI5I 
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¢opMHpOBaHH5I H IIOCJie,a.y10m;ero coxpaHemrn KpMO- T, 0 c 
II3roB MOpCKOro reHe3MCa. 0 .-.---..-.,.-,-------------~ 

3AKOHOMEPHOCTlf KPHOrEHHOM 

METAMOP<Dlf3All;lflf MOPCKOM BO.LI.bl 

KpttorettHaSI MeTaMop¢w3au;mr MopcKoH BOAhI, 

KaK H3BeCTHO, npoTeKaeT B mMpOKOM TeMnepaTyp

HOM AHana3oHe OT 0 AO -32 °C [I'ummepMali, 
1937]. TeM He Mettee B KOHKpeTHOM TeMnepaTyp

HOM ,a.11ana30He npeo6Jia,a.aIOT pa3Hbre cPH3MKO-XM

MM1IeCKHe npou;eCCbI, npoTeKaIOm;Me c pa3HOH HH

TeHCHBHOCTblO. BcJie,a.cTBHe 3Toro KpMoMeTaMop

cPH30BaHHhre B0,!1.bl MOpCKOro reHe3MCa coxpaHSIIOT 

He TOJibKO 6oJibIIIYIO HH<iJopMaD;HIO 0 cPH3HKO-XH

MH1IeCKHX npou;eccax, HO H o TeMnepaType nopo,a., 

npM KOTOpOH illJIO npoMep3aHMe BOAOBMem;a10m;nx 

nopo,a.. Hatt6oJiee lleTKHe cBe,a.ettwsr o naJieoTeMne

paTyptthrx M3MeHeHM5IX MO:>KHO IlOJIYllHTb B 3aKpbI

TbIX BOA006MeHHbIX CMCTeMax <BOC) B He,a.pax 

rw,a.poreoJiorHlleCKHX CTPYKTYP [<Pomuee, 1978], 
pacnoJio:>KeHHbIX Ha no6epe:>Khe ApKTHlleCKMX MO

peli H 3aTaIIJIMBaIOm;MXC5I MOpCKHMM BO)l,aMH B 

nepHOJl. l!eTBepTMllHbIX Tpattcrpeccwli. ToJibKO B 3a

KpbITbIX BOC cocrnB KPHOMeTaMop<iJw3onaHHbIX BOA 

MO:>KeT coxpaHSITbC5I Ha npOT5I:>KeHMM )l,eCSITKOB 

TbIC511I JieT, a MO:>KeT 6hITb H 6oJiee. B OTKpbITbIX 

BOC, oco6eHHO B 6accei1ttax rpyttTOBbIX BO)!,, cocTaB 

B0,!1.bl MO:>KeT cym;eCTBeHHO M3MeH5ITbC5I )l,a:>Ke Ha 

npoTSI:>KeHMM O)l,Horo ro)l,a. TeM He Mettee no xn

MHlleCKOMY COCTaBy )l,a:>Ke onpecHeHHblX KpMOII3roB 

B03MO:>KHO He TOJibKO onpe)l,eJIHTb MMHHMaJibHYIO 

TeMnepaTypy OXJia:>K)l,eHM51 BO)l,OBMem;a10m;nx 

nopo,a., HO H Bbl5ICHHTb npHllMHbI H CTeJieHb MX 

IlOCJie)l,y10m;ero onpecHeHM5I. 3TH CBOHCTBa KpMOMe

TaMop¢H30BaHHbIX MOpCKMX BO)!, M peKOMeH)l,yeTC5I 

MCITOJib30BaTb IIpM BOCCTaHOBJieHMM naJieoreoKpMO

JIOrHl!eCKOH H naJieoreorpa<iJHqecKOH o6cTaHOBOK Ha 

ApKTHllecKoM no6epe:>Khe. 

B ocHoBy rn)l,poxnMMlleCKoro MeTO)l,a naJieo

TeMnepaTypttbIX peKOHCTpyKD;MH IlOJIO:>KeHbI 3aKo

HOMepHOCTM KpMoreHHOro npeo6pa30BaHM5I COCTaBa 

MOpCKOH BO)l,bl, Bbl5IBJieHHbie pattee [I'ummepMai-t, 
1937; <Pomuee, 1987; 1991; 1996]. Y)l.aJIOch BbI

SICHMTb, llTO B npou;ecce OXJia:>K)l,eHM5I MOpCKOH BO)l,bl 

B MHTepBaJie TeMnepaTyp OT 0 )1,0 -22,5 °C )l,OCTa

TOllHO lleTKO Bbl)l,eJI5IIOTC5I TPH CTa]J,HM KpnoreHHOro 

M eTaMOpcpM3Ma ee XMMHlleCKOro COCTaBa (pMC. 1 H 2). 

I CTaJl.MSI-OXJia)l{,!J,ettHe: MHTepBaJI TeMnepaTyp 

OT 0 }J,0 -l,8 °C. Ha 3TOH CTa)l,HH npoHCXO)l,MT JIMIIlb 

OXJia)K)l,eHHe MOpCKOH BO)l,bl 6e3 H3MeHeHml o6'heMa 

:>KH)l,KOH <Pa3bI, ee XHMHlleCKOro COCTaBa M CTeneHM 

MMHepaJIH3aD;HH. 

II cTa}J,HSI-KOttu,ettTpttpoBatttte: HHTepBaJI 

TeMrrepaTyp oT -1,8 AO -7,4°C. Ha 3Toi1 cTa)l,HM 

IIpOMCXO)l,HT HHTeHCMBHa5I KpMCTaJIJIH3a:U:H5I :>KH)l,KOH 

cpa3bl BO)l,bl, conpOBO:>K)l,aIOm;aSIC51 ee KpHoreHHbIM 

Kottu;eHTpttpoBaHHeM. KpttoreHHaSI Kottu;eHTpau;MSI 

KpHOII3roB Ha 3TOH CTa)l,HM He conpOBO:>K]J,aeTC5I 

cyru;eCTBeHHbIM M3MeHeHHeM XHMHlleCKOro COCTaBa, 
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PHC. 1. lf3MetteHHe C0,!1,ep)l{attmI rJiaBHbIX HOHOB B 

MOpCKOH BO,!l,e npH nottmKeHHH ee TeMnepaTypbI OT 

0 ,!J,O -22,S'C (pacc':IHTatto C.M. <DoTHeBhIM no 

rpacpHKY K.3. r11TTepMaH, 1937): 

I-III - CTaJ(l111 Kp11ore1moro MeTaMOpcjJ113Ma MOpCKOH BOJ(bI: 
I - oxJJa)!(t1ett11e; II - KOHl\eHTp11posatt11e; III - t1ecynh
cjJarnaal\11S1. 

TaK KaK B 3TOM HHTepBaJie OTpHu;aTeJibHOH TeMne

paTypbI B oca}J,oK BhIIIa)l,aeT TOJibKO CaC03, co)l,ep

:>KaHHe KOTOporo B MOpCKOH BO)l,e HeBemIKO - ncero 

136 r/Kr. 

CJie)l,oBaTeJihHO MopcKHe BOJl.bI B nopax H 

Tpem;ttttax nopoLl,, npome)l,mne )!,Be cTa)l,HH KpttoreH

HOH MeTaMOPcPH3aD;HH: OXJia:>K)l,eHHe H KOH

u;eHTpHpOBaHHe B HHTepBaJie TeMnepaTyp OT 0 )1,0 

-7,4°C, )l,OJl)l(Hbl xapaKTepn30BaTbCSI: 1) BbJCOKOH 

MHHepaJin3au;HeH, Hepe)l,KO )l,OCTHraIOm;eH 100-

120 r/Kr; 2) XJIOpH)l,HO-HaTpHeBbIM COCTaBOM, 

OTJIH1IaIOm;MMC5I OT COCTaBa MOpCKOH BO)l,bl npe]J,eJib

HO BbICOKHM- co)l,ep:>KaHHeM S04 - )l,O 9,1 r/Kr, 

BbICOKHM co)l,ep:>KaHHeM Cl - Jl.O 66 r/Kr, Na+K -

Jl.O 37,1 r/Kr H Mg - )l,O 4,6 r/Kr H nOHH:>KeHHbIM 

co)l,ep:>KaHHeM HJIH noJIHbIM OTCYTCTBHeM HC03• 

Jlb)l,OBMem;a10m;He nopO)l,bI B Tex CJiyllaSIX, KOr)l,a 

KpHoMeTaMop¢H3M nopo)l, npoTeKaJI in situ, )l,OJI:>K

HbI 6hITb o6oram;ettbI KPHCTaJIJiaMH KaJihD;HTa. B 
3TOM MHTepBaJie TeMnepaTyp H3 Ka:>K)l,Oro JIHTpa 

KpMOMeTaMOPcPH30BaHHOH MOPCKOH BO)l,bl BbIIIa)l,aeT 

B oca)l,OK OT 25 )1,0 117 Mr COJieH [ <Pomuee, 1996]. 
III cTa)l,HSI - ,!J,ecyJibcpaT113au,m1: HHTepBaJI 

TeMrrepaTyp oT -7,4 AO -22,5°C. Ha 3Toi1 crn)l,Hn 

npOHCXO)l,HT Me)l,JieHHaSI KpHCTaJIJIH3aD;HSI KpHOil3-

roB, 3Ha1IHTeJibHOe yBeJIHlleHHe HX MHHepaJin3aD;HH 

H cym;eCTBeHHOe H3MeHeHHe HX XHMHlleCKOro coc

TaBa. AttaJIH3 rpa¢HKOB Ha pnc. 1 H 2 noKa3brnaeT, 

llTO npH OXJia:>K)l,eHHH MOPCKOH BO)l,bl )1,0 -15°C B 

)KH)l,KOH ¢a3e OCTaeTC5I TOJibKO 16 % ' T .e. o6'beM 

KpHOil3roB COKpaTHJIC5I BCero Ha 16%, a B HHTepBa

Jie TeMrrepaTyp oT -15 Jl.O -22,5°C - Bcero Ha 4%. 

Me)l,JieHHoe BbIMopa:>KHBaHHe KpHon3roB con

poBO:>K)l,aeTCSI aKTHBHbIM pOCTOM HX MHHepa-
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Cl 90,4 S04 9,34 C03..Q.,l__ 
_,_......_~--....... +-,_._~___.>--+-i~-v;-- Na + K 79, 1 Mg 17 ,6 Ca ?.3 

- 25 

00 % 80 60 40 20 0 

M
60 5 

Cl 90,£ S04 9,2 
'Na+K78,6Mg18Ca3,4 

Cl 90,7 S04 9,3 
M 117•

8 Na + K 78,6 Mg 18,5 Ca 2,9 

M Cl 95,5 504 4,5 
141 '7 Na+ K 77,6 Mg 19,4 Ca 3,0 

Cl 98,3 S04 1,7 
Na+ K 77,0 Mg 20,0 Ca 3,0 

M226, 1 Cl 99,2 S04 0,8 
Na+ K 76,2 Mg 21,9 Ca 1,9 

~~efleHl1e CO)l,ep:»rnmrn )l{H)l,KOH <Pa3bl MOpCKOH BO)l,bl H <PopMy Jib! ee XHMH'IeCKOrO COCTaBa Ha 
. '3,flllli!X xp11orettttoro MeTaMop<lJtt3Ma (pacc1mTaHO C.M. <l>oTtteBhIM no rpa<tJ11xy K.3. fttTTep-

Ha p11c. 1. 

.;zJ:;.:;.2']!lJtilL IlpH Te mepaTy pe -15°C Mnttepamrna11:iu1 
'..;i;:::::t::;;:wrro:o OCTHraeT 180 r / Kr, a npn TeMnepaType 

C - 2Ke 226 , l r/Kr, T.e. yBe;rnqnBaeTC51 Ha 
;:;;;mareJilfiI III cTaJl.HH KpnoMeTaMopqm3Ma 11oqT11 

.. Ba:>Irno rrogq epKHYTh, qT(j yBeJinqeHue 
lli3311,llll rrpoHCXOIJ:HT Ha ¢otte aKTHBHOH 

. ID3a11,llll rvm pa6ttJinTa (Na2S04 • IOHp) 3a 
yBeJinqeHtt51 co,a:ep)KaHn51 

.-:;""""A11U!Ji1 5I, HeCMOTp51 Ha rrpaKTHqeCKH noJIHOe BbI
B oca,a:oK Kap6ottaTHhIX u cyJihcPaTHhix 

B cpopMyJie xnMuqecKoro cocTaBa co,a:ep
o. ·IeHhIDllJIOCb c 9,3 go 0,8 % (CM. pttc. 1 

- . C :1 JJ.OBaTeJibHO, MopcKtte BO)],hI B Tpem,nHax n 
no )],, npome)],IIIHe BCe TPH CTa)],HH KpnoreH
' eTaMop¢tt3Ma (oxJia)KgeHue, Kom:i:eHTpttpo

e » necyJib¢aTtt3a11,mo) B ttHTepBaJie TeMnepa
or () o -22,5°C, npeBpaTttJittCh B xpuom1ru, 

IN x apaKTeptt3YIOTC51: 1) BbICOKOH H oqeHb 
~.....,_,.-,,..,.ft 1.llRepaJitt3a11,ueil - OT 120 ,a:o 230 r/Kr, 

OCTaBa MOpCKOH BO)],bl npe)],eJibHO BbICOKHM 
'2KaHHeM Cl - 146 r/Kr, BhICOKHM co,a:ep

g - 10,7 r/Kr tt Ca - 1,5 r/Kr, HO 
...... un.,,,,,,-' eHHbIM CO)],ep)KaHtteM HJill IlOJIHbIM OT

l BHeM S04 u HC03' 
fu,zi;oBMem,arom,ue nopoghl B Tex cJiyqa51x Kor,a:a 
iMeTaMop¢tt3M no,a:3eMHbIX BO)], rrpoTeKaJI in 
;::{OJI)KHbI 6hITb o6oram,eHbl KpHCTaJIJiaMH KaJib
H ;-..rnpafomnTa. B 3TOM HHTepBaJie TeMnepa

H3 Ka)K)],Oro JIHTpa KpllOMeTaMop¢n30BaHHOH 

MOpCKOH BOIJ:bl B oca,a:oK BbIIla)],aeT OT 5 )],0 11 r 
Kap6oHaTHbIX H cyJibcpaTHbIX COJiell:. 

Ba)KHO OTMeTHTh, qTo )],a)Ke B KOH11,e TpeThell: 
cTagnn KpnoreHHOro MeTaMop¢n3Ma npn oxJia;>K
geHnn KpHOil3I'OB go TeMrrepaTypbI -22,5°C KpHC
TaJIJIH3all,H51 XJIOpH)],HbIX COJiell: He npOHCXO)],HT' 
XOT51 llX MHHepaJIH3all,H51 y)Ke )],OCTnraeT 200-
230 r/Kr, T.e. B 7 pa3 6oJihIIIe qeM B HOpMaJibHOH 
MOpCKOH BO)],e. 0TCIO)],jl BbITeKaeT Ba;>KHbIH BbIBOIJ: 0 
TOM, qTo B JihlJ:OBMem,arom,nx nopo,a:ax ga;>Ke npn nx 
OXJia)K)],eHHH go TeMnepaTypbI -22,5°C KpllCTaJIJIOB 
XJIOpH)],HbIX COJiell: 6hITb He MO;>KeT. 

BhrnBJieHHhie 3aKoHoMepHOCTH KpnoreHHoro 
npeo6pa30BaHH51 MOpCKOH BOIJ:bl Ha pa3HbIX CTagH51X 
KpuoreHHOro MeTaMop¢n3Ma Il03BOJIHJIH llOCTpOHTb 
naJieTKY (pnc. 3). B ee JieBoll: qacTn pacnoJio;>KeHa 
KpHBa51 H3MeHeHll51 MHHepaJin3all,HH MOpCKOH BOIJ:bl 
npn ee IlOCJiegoBaTeJibHOM BbIMOpa;>KHBaHHH B HH
TepBaJie TeMrrepaTyp OT 0 go -22,5°C. B npaBoll: 
qaCTH naJieTKH npnBegeHbl TeMnepaTypHbie HHTep
BaJibI I, II, III cTagnll: KpnoreHHOro MeTaMop¢n3Ma 
H cPOPMYJibI XHMnqecKoro COCTaBa KpHOMeTaMop
cpH30BaHHOH MopcKoil BO)],hI. 0Hn xapaKTepn3yroT 
CTporyro llOCJiegoBaTeJibHOCTb H3MeHeHH51 COCTaBa ll 
MHHepaJIH3all,Hll KPHOll3I'OB npn IlOHH;>KeHllll llX 
TeMnepaTyphI go -1,8; -3,5; -7,4; - 10 ; -15 H )],O 

-22,5°C. 
TioJih30BaThC51 naJieTKoll: oqeHh npocTo. Heo6-

xognMo HaHeCTH Ha Kpirnyro COJieHOCTH TOqKy' KO
TOpa51 COOTBeTCTByeT COJieHOCTH Kpnon3ra, OT06-
paHHOro H3 llCTOqHHKa llJill H3 CKBa)KHHbI. 3aTeM 
Heo6xogHMO COllOCTaBHTb ,a:aHHbie 0 TeMnepaType , 
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0 

-2 

-4 

0 20 60 100 140 180 220 o.M. r/n 

M Cl.90,8 S04 9,2 
60·5 Na + K 78,G Mg 18,0 Ca 3,4 

II 

-6 T- 4,5°CMgs,3 M CL90,7 S04 9,3 
T- 2 2·CM CL98 S04 2 H98M 

' so Na + K 62 Mg 22 
1 Cl.94,4 S04 5,3 117

·
5 Na + K 78,6 Mg 18,5 Ca 2,9 

- 8 
6 Na + K 84,7 Mg 12,7,___,_ ___________ __, 

T-8 5•CM CL97 S04 2 H3 ' 111 ·0Na + K 76 Mg 21 M 
3 H 9,8 M 

-10 
T 2'CM CL98 S04 2 Hl 25 225 

- 115·0Na+K73Mg21 - M 
- 12 

CL95,5 S04 4,5 
M141·7Na + K 77,6 Mg 19,4 Ca 3,0 

-14 T- 1o·cM CL98S042 H82M 130 Na+K83Mg15' 
-16 

Ill 
M CL98,3 S04 1,7 178·1Na + K 77,0 Mg 20,0 Ca 3,0 

T+1°CM CLgB S04 2 H260M 191·2 Na + K 73 Mg 21 
-18 

-20 
M CL97 S04 2,4 

195 Na+ K 76,6 Mg 20 
M · CL99,2 S04 0,8 

226
'
1Na +K76,2Mg21,9Ca 1,9 M Cl.97,4 504 2,2 •9 256'4 Na + K 97,1 Ca 2,2 - 22 

0 20 60 100 140 180 220 o.M. r/n: 0 t ®2 

P11c. 3. IlaJieTKa )],JISI onpe)],eJiemrn rette3Hca 11 reoTeMnepaTyptthIX ycJIOBHH cpopM11posattHS1 coJietthIX 

XJIOpH)],HO-HaTpHeBhIX BO)],. 

1-2 - MeCTOTIOflO)l(eH11e TO<IeK Ha Kp11BOH 113MeHeHl1SI Ml1Hepan113au_1111 MOpCKOH BOAbl np11 ee nocneAOBaTenbHOM BblMOpa)l(l1Bam111 

[I'ummep.Mali, 1937]: 1 - HOMepa aHafll130B Kp!-IOn:JrOB, reHe311C 11 TeMnepaTypy ¢opM11poeaHl1SI KOTOpbIX HaAO onpeAeflHTb; 2 -
cPOPMYflbl XHMH4eCKOro cocrnea KpHOMeTaMOpcjJH30Ba1rnoi1 MOpCKOH BOAbl npH n OHH)l(eHHH ee TeMnepaTypbl AO -1,8; -3,5; -7,4; 
-IO; -15 11 -22,5' C; I-III - CM. Ha p1-1c . I. 

MHHepaJIH3aU:HH H XHMH'IeCKOM COCTaBe KpHOII3ra c 

KOHTpOJibHbIMH AaHHbIMH, npHBegeHHbIMH B rrpaBOH 

IIaCTH naJieTKH. 3TO no3BOJIHT: 1) orrpegeJIHTb MH

HHMaJihHYIO TeMrrepaTypy OXJia)KgeHH5I BOll;OBMe

IIl;aIOIIl;HX nopo)],; 2) BbI5IBHTh rrpH1IHHY H CTerreHh 

onpecHeHH5I KpHOMeTaMOPcPH30BaHHblX BOA H 3) 

CYIJ:HTb 0 COCTaBe H KOJIH'IeCTBe COJieH, BhIITaBIIIHX 

B ocagoK B B01J:OBMeII1;aIOII1;He nopoghr B npou:ecce 

KpttoreHHOH MeTaMop¢H3aU:mf MopcKoH: BOIJ:hl. IIo

Ka)KeM 3TOT npou:ecc Ha KOHKpeTHbIX npHMepax. 

OIIPE,11,EJIEHME TEMIIEP A TYPbl 
<l>OPMMPOBAHM.51 XMMJiqECKOrO 

COCT ABA JI MMHEP AJIM3All,MM 
KPMOTI3rOB 

K HaCTOSIIIl;eMy BpeMeHH Ha no6epe)Khe H Ha 

rueJihcpe Bcex ApKTHIIeCKHX MopeH: OT BapeHU:eBa 11:0 

OxoTcKoro co6paH 6oJihIIIOH cpaKTHIIeCKHH Ma

TepttaJI 0 KpHOMeTaMOPcPH30BaHHhIX BOgax MOpCKO

ro reHe3Hca. 0HH o6Hapy:>KeHhI B pa3HhIX rugpore

OJIOrHIIeCKHX CTPYKTypax, B pa3HhIX rpyHTOBhIX 

6acceH:Hax H Ha pa3JIH'IHOH (OT 1 AO 300 M H 6oJiee) 

rJiy611He OT noBepxHOCTH. CygSI no cocTaBy H cTe

rreHH MHHepaJIH3aU:HH, OHH rrpOIIIJIH pa3JIH'IHhie 

CTall;HH KpHoreHHOro MeTaMOPcPH3Ma, a, CJiegoBa

TeJihHO, ¢opMHpOB3JIHCh B pa3JIH'IHbIX reoTeMrrepa-
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TYPHhIX ycJIOBH5IX. Ba)KHO J.tiaTh, 'ITO KpHon3rn, 

3aJieraIOIIl;He B rrpegeJiax CJI05I c rogOBhIMH KOJie-

6attH5IMH TeMrrepaTyphI nopog Ha rny611ttax 11:0 15-

20 M, a TeM 6oJiee B rrpegenax ce30HHOTaJioro CJI05I, 

HecyT HHcpOpMaU:HIO 0 cpH3HKO-XHMH'IeCKHX rrpo

u:eccax KpttoreHHoro rrpeo6pa3oBaHH5I XHMHIIecKoro 

COCTaBa H MHHepaJIH3aU:HH MOpCKOH BOIJ:bl B cospe

MeHHbIX KJIHMaTH'IeCKHx ycJIOBH5IX. l1HcpopMaU:HIO 

0 TeMrrepaTypHOM pe)KHMe KpHoreHHOrO MeTaMop

cPH3Ma COCTaBa H MHHepaJIH3aU:HH MOpCKOH BOIJ:hl B 

IIJieHCTOU:eHe MO)KHO IIOJIY'IHTb TOJihKO rrpH aHaJIH3e 

CBegeHHH 0 KPHOII3rax, 3aJieraIOIIl;HX B HHTepBaJie 

rny6HH 20-300 M H 6011ee. 

Kp11on3m s cnoe c rouoBhIMH KOJie6aHHSIMH 

TeMnepaTyphI nopou Ha1160Jiee geTaJihHO H3yIIeHhI 

Ha JiaH:gax 3anagHoro H CeBepHoro 51MaJia. JlHH3hI 

rreCKOB c KpHOMeTaMop¢H30BaHHbIMH XJIOPHIJ:HO

HaTpHeBbIMH BOll;aMH c MHHepaJIH3au:HeH 70-

160 r/Kr 11 TeMrrepaTypoH: OT -2 AO -8,5°C 6hlJIH 

o6Hapy)KeHhI B npou:ecce npoXO)],KH CKB3)KHH Ha 

rny611Hax OT 1,5 11:0 10,0 M. IlpH 3TOM 'IeM 6JIH)Ke 

K IIOBepxHOCTH 3aJieraeT JIHH3a c KpHOn3raMH, TeM 

BbIIIIe HX MHHepaJIH3aU:H5I . H HH:>Ke TeMrrepaTypa. 

HecMoTp5I Ha TO, 'ITO Bee rrpo6h1 BOIJ:hI 6hIJIH oTo6-

paHhI B JieTHHH nepHOll;, no CTerreHH HX MHHe

paJIH3aU:HH H oco6eHHO no cogep)KaHHIO OTll;eJihHbIX 

HOHOB MO:>KHO c ll;OCTaTO'IHOH yBepeHHOCThIO cygHTb 



I'J1/{POXJ1MW!ECK11H METOJ{ 01.{EHK11 IIAJIEOTEMIIEPATYPbl 

Te mepaType oxJrn:tK,a:emrn Bo,a:o

o B 3MMHMH nepMOA M 0 CTeneHM 

a::;;;.:-~~~raR - B JieTHMH. 

COCTaB M MMHepaJIM3aIJ,M.5I KpMO

C.:OOi}a.HBhlX Ha o. EeJihIH c rny6MHhl 2,S

• •;_06 U ap., 1973, puc. 3.1], CBM,a:e-

~-~:;;::~m- TOM' l!TO OHM c¢opMMPOBaJIIICb B 

aiJ;HJ'I KpMOMeTaMOPcPM3Ma. 3MMOH 

CJ::.:12.KJ!eHKil BOIJ:OBMem;aIOID;MX nopo.a: .a:o -10 ... 
3aJJ;>rn KpMOn3roB AOCTMraJia lSO

XIDIBL!eCKMH COCTaB cym;eCTBeHHO 

B pe3yJihTaTe aKTMBHoll: KpMCTaJIJIM-

6rurn:Ta. 3TOT BbIBOA no,a:TBep:tK,a:aeTC.II 

a 6rumTa B KepHe CKBa:tKMHbl M He

'!:;:?"i~:e:J!hE::hD ! Bcero 2 Mr/ 3KB. % ) co.a:ep:tKaHMeM 

• .lieroM B p e3yJibTaTe pa36aBJieHM.5I KpMO

r::a:e:oi BOAOH, npOM30illJIO nOBbilleHMe TeM

CHIDKeHMe MX MMHepaJIM3aIJ,MM. 06 

C5:lilieTI~ eT nOBbilleHHOe co.a:ep)KaHMe 

Ca (cooTBeTCTBeHHO 1 M 

ce1;Je.Jl;llll1e IDOJI.sr 1989 r. E. H. 3HaMeHCKMM 

· 3&TIIBe IllapanoB Illap JIMH3a c KPMOn3-

scrpe11eHa Ha rJiy6MHe 9,8 M OT noBep

' OBeHb HanopHbIX KPMOn3roB ycTa

Ha r.rryfome 0,8 M OT noBepXHOCTM, T.e 

BhIIIIe no.a:omBhl CJIO.si: ce30HHOro npo

::::::.3aaillSI· . CpaBHHBa5I MMHepaJIM3aIJ,MIO M XMMM

aB KpHOn3ra M3 CKBa:tKMHbl c KOHTpOJib

~HHb[MJ'I, npMBe,L:(eHHbIMM Ha naJieTKe (CM. 

• ) ' '1Q)KH0 C,L:(eJiaTb CJie):(yIOm;Me BbIBO,L:(bl. 

- lBhIX CO,L:(ep)KaHMe cyJihcPaTOB CBM,L:(eTeJibCT

p~mpoBamrn XMMMl!eCKOro COCTaBa KPMO

B HallaJie III cTa):(MM KpMoMeTaMop¢M3Ma -

reMIIepaTy pe BO,L:(OBMem;aIOID;MX neCKOB B 

2:!m1ee BpeM5I ,L:(O -8 ... -9°C: MMHepaJIM3aIJ,M5I KpMO

a roma ):(OCTMraJia 120-130 r/Kr. Bo-BTOpb1x, 

-:o5a Ha aHaJIM3 OT6MpaJiaCb c rJiy6MHbl 1, 7 M 

fHH ! , l!TO KpMOn3rM HanopHbie); CJie,L:(OBa

ThH OHa xapaKTepM3yeT JIMillb XMMMl!eCKMH coc

MHHepaJIM3aIJ,MIO KpMon3roB, y)Ke pa36aBJieH

rrp eCHb!MM BO):(aMM ce3oHHoTaJioro CJI05I. TeM

rypa KpMOn3roB (-4,S°C)' 3aMepeHHa5I Ha rny-

2 M, TaK:tKe He xapaKTepM3yeT MCTMHHbie 

paTypHbie ycJIOBM5I B JIMH3e neCKOB Ha rJiy-

10 M. Cy):(.11 no M30nJieTaM Ha pMc. 4, TeMne

a nopo):( B cepe):(MHe MIOJI.11 Ha rJiy6MHe 10 M 

~ma 6hITb nop.11,L:(Ka -7 ,S°C. 3TOT npMMep ,L:(OCTa

iqfiO TMnHl!eH ):(JI.II ¢aKTMl!eCKOro MaTepMaJia, no

aeMoro B npou,ecce M3hICKaHMH B JieTHMli ne-

o . OH y6e):(MTeJihHO yKa3hIBaeT Ha Heo6xo,L:(M

h 6oJiee TID;aTeJihHOro OT6opa npo6 Ha attaJIM3 

:I.II IIOJiy11eHM5I CBe,L:(eHMH 0 XMMMl!eCKOM COCTaBe, 

e paJIM3aIJ,HM M TeMnepaType KpMOn3rOB Ha 

;ry6HHe MX 3aJieraHM.5I. 

PaccMoTpeHHbre Bhlme aHaJIH3hI KpMon3roB, a 

' )Ke MHOrMe ):(pyrMe, CBM,L:(eTeJibCTBYIOT 0 TOM, l!TO 

XKMMl!eCKMH COCTaB M MMHepaJIM3aIJ,M.5I KpMOn3roB 

ffil n-oBe .5IMaJI B npe,L:(eJiax CJIO.II c ro,L:(OBblMM KOJie

HH5IMM TeMnepaTypbI nopO,L:( ¢opMMpyeTC5I npM 

OXJia)K,L:(eHHH BO,L:(OBMem;aIOID;HX nopo,L:( ,L:(O -10 ... -IS°C. 

Bo3MO)KHOCTh oxJia:tK):(eHM.sI nopo):( ):(O -10 ... -lS°C 

nO,L:(TBep)K,L:(aeTC5I rpa¢MKOM M30nJieT (CM. pMt. 4). 

Ha rpa¢MKe BM):(HO, 11To B BeceHHHH nepMo,L:( 

(MapT-anpeJib) nopO):(hI Ha rJiy6MHe 2 M oxJia)K):(a

IOTC.11 ,L:(O - lS°C M HM:tKe. Ha rny6MHe s M OT 

noBepxHOCTM OHM OXJia:tK,L:(aIOTC.II ,L:(O - l0°C TOJlbKO B 

Mae M B MIOHe. fJiy6MHbl 10 M BOJIHa 3HMHero 

oxJia:tK,L:(eHM5I nopo):( c TeMnepaTypoll: -7,4°C (Ha11a

JIO III CTa):(MM KpMoMeTaMop¢M3Ma) ):(OCTMraeT JIMmh 

B MIOJie. Bb1,L:(eJieHHhie Ha rpa¢nKe TeMnepaTypHhle 

30Hhl, COOTBeTCTByIOm;He pa3JIMl!HhIM CTa,L:(M.IIM 

KpMOMeTaMOPcPM3Ma, noKa3hIBaIOT, l!TO Ha n-oBe 

.5IMaJI KpMOn3rM B nec11aHhIX JIMH3ax, 3aJieraIOID;MX 

Ha rJiy6MHe ,L:(O 10 M, MOryT npoXO,L:(MTb BCe TPM 

cTa):(MM KpMoMeTaMop¢M3Ma. HaM6oJiee 3Hal!MTeJih

Hoe o6oram;eHMe nopO,L:( MMpa6MJIMTOM B COBpeMeH

HbIX KJIMMaTMl!eCKHX ycJIOBM5IX npoMCXO,L:(MT B ca

MblX BepXHMX ropM30HTax nopO,L:( ():(0 my6HHbl s M) . 

B aHaJiorMl!HbIX cypoBhIX coBpeMeHHbIX KJIM

MaTMl!eCKMx M reoKpMOJIOI'Hl!eCKMX ycJIOBM5IX c¢op

MMpOBaJIC.5I XMMH'IeCKHH COCTaB M MHHepaJIM3aIJ,M.5I 

KpMOn3ra, OT06paHHOro Ha 3eMJie Cl>paHu,a 11oCH¢a 

c rny6MHhl 8,2 M [Heu3aecmH06 u ap., 1971 ]. Ha 

pMC. 3 BM,L:(HO HaCKOJibKO XMMMl!eCKMH COCTaB M MM

HepaJIH3aIJ,M.5I KpMon3ra , OTo6paHHOro M3 CKBa:tKM

Hbl, 6JIH3KH K pac11eTHhIM. 

Kptton3rH B pel!HhIX .a:omrnax 3ana,L:(HOro 5IMa

Jia 6hIJIM o6Hapy:tKeHbI npaKTMl!eCKM nOBCeMeCTHO. 

3TO OtTh5ICH.5IeTC5I npoHMKHOBeHHeM MOpCKMX BO):( no 

,L:(HMID;aM AOJIMH BrJiy6h MaTepMKa Ha S0-80 KM . 

JIHH3bl neCKOB c KPMOn3raMM 6hIJIM BCKpbITbl MHO

rQl!MCJieHHbIMM CKBa)KMHaMM Ha rJiy6mie OT s ,1:(0 

SO M. MMHepaJIH3aIJ,M5I KpMon3roB B 3aBMCHMOCTM 

OT CTeneHM onpecHeHM.11 M3MeH5IeTC5I OT 10 ,L:(O 

100 r/Kr, MHor.a:a M 6oJiee, TOr,L:(a KaK MX XHMM

l!eCKMH COCTaB BHe 3aBMCMMOCTM OT CTerreHM onpec

HeHH.II OCTaeTC.11 HeH3MeHHbIM - XJIOpM):(HO-HaT-
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PMC. 4. reoTepMHl!eCKMe YCJIOBH.11 pa3BHTH51 I, II 11 

III cTa)J,HM ce30HHoro KpttoMeTaMop¢tt3Ma Mop

CKOM BO,L:(h!. 

TeMnepaTypa nopo,11 Ha TIJIOU\a.11Ke Xapacasel1cKoro crau.1101-1apa 
no ,11aHHbIM H.<l>.rpmophesa (1987) ; 1 - TeMTieparypa nopo~ 
1-1a rny611He 15 M. I - III cM. Ha p11c. 1. 
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C. M. c/JOTJ!EB 

pIIeBbIM. 0 cTeneHII orrpecHeHH5I MO%Ho CY.!J.HTh no 

yBeJIHlfeHIIIO coJJ.ep)KaHH5I 110Ha HC03 OT 1-

10 Mr/ 3KB. % npH MHHepaJIH3aU,HH 60-100 r/Kr .!J.O 

26 Mr/ 3KB. % - rrpII MIIHepaJIII3all,HlI 10 r/Kr. 

HecMoTp5I Ha 3HalfIITeJihHOe pa36aBJieHIIe KpwoMe

TaMopcpw3oBaHHhIX BOA MOpCKOrO reHe3HCa npec

HbIMll BO.!J.aMH, no naJieTKe Ha puc. 3 MO)KHO BOCCTa

HOBlITb TeMnepaTypy' npII KOTopo:i-i KplIOil3r ccpop

MHPOBaJIC5I. 

TioJIHOe OTCYTCTBHe cyJibcpaTOB 11 BbICOKOe co

)l.ep)l(aHHe llOHa MarHH5I (CM. p11c. 3. 4) Il03BOJI5IIOT 

npeATIOJIO)l(IITb, lfTO KpHOil3rH, OT06paHHbie ll3 

CKBa)l(HHhI Ha noliMe p. IOp116eH: c rJiy6IIHhI 37 M , 

ccpopMIIpOBaJIHCb B npou:ecce III cTaAIIH KpIIoMeTa

MopcpII3Ma np11 TeMnepaType HII%e - 10 ... - 15°C: 

MHHepaJiw3au:w~ wx 6brna 6oJiee 150- 160 r /Kr. 

Kp11on::irn B HeJ.J,pax rnJ.J,poreoJJOrH'-IeCK11.x 
CTPYKTYP 6hIJIII o6Hapy%eHbI B npou:ecce 6ypetttt51 

rJiy6oKHX CKBa)KHH Ha n-oBe 5IMaJI, Ha OCTpOBax 

HoBoH: 3eMJIII H BaH:ralfe, Ha IllnIIu:6epreHe , Ha 

C eBepHoH: 3eMJie, 3eMJie <l>paHu:a Horncpa, Ha lly

KOTKe II T.A. 0HH 6hIJIH BCKpbITbl B HHTepBaJie 

rJiy6irn 90-300 M (pe)Ke 6oJiee) H BCJieACTBHe 

3TOrO COAep)KaT HHTepecHyIO HHcpOpMaU,IIIO 0 reo

TeMnepaTypHbIX ycJIOBH5IX HaH6o.ll€e xoJIOJJ.HOi-f cap

TaHCKOH 3IlOXH TIJieHCTOU,eHa. 

XttMlllfeCKHH COCTaB H MMHepaJIM3a.ll,H5I XJIO

PllJJ.HO-HaTplleBbIX pacCOJIOB, BCKpbITbIX CKBa)KHHOi-1: 

B HHTepBaJie rJiy6nH 260-332 M B TOJiru;e naJie0 -

30HCKHX H3BeCTH5IKOB Ha IO)l(HOM o-Be HoBoli 

3eMJIH [Heu3eecmHOB U 8p., 1971, puc.3.5], npeA

CTaBJI5IIOT B 3TOM OTHOllieHHH oco6hIH HHTepec. He

CMOTp51 Ha 3HalfHTeJibHYIO rJiy6nHy 3aJieraHH5I, He

CMOTp5I Ha COBpeMeHHYIO IlOJIO)KHTeJibHYIO TeMne

paTypy pacCOJIOB, HeT HHKaKoro COMHeHH5I B TOM, 

lfTO XHMHlfeCKHH COCTaB H MHHepaJIM3aU,H5I pacco

JIOB ccpopMnpoBaJIHCb B npou:ecce III CTaAMM Kptto 

MeTaMopcpn3Ma BOAhI MopcKoro reHe3nca np11 ox

Jia)l(AeHHH BOJJ.OBMeru;a10ru;wx nopo.!J. IW TeMnepaTy

pbr - l 7°C. CoBna.!J.eHwe XMMM'!eCKoro cocTaBa n 

MHHepaJIH3all,HH paCCOJIOB H3 CKBa)KJ:IHbI c pac'leT

HbIMH )l.aHHbIMH (CM. pwc. 3) Il03BOJI5IeT roBOpllTb 0 . 

TOM, lfTO Kpwon3rn 3aJieraIOT B 3aKpbITOH BOC, B 

KOTOpoH: COBpeMeHHbIH BOJJ.006MeH npaKTHlfeCKH 

noJIHOCTbIO oTcyTCTByeT. Mo)KHO JJ.OrrycTHTb JJ.Be 

BepCHH cpopMHpoBaHH5I KpHOTI3rOB TaKoro COCTaBa. 

IlepBa51 - OXJia%AeHne BO.!J.OBMeru;aIOru;HX nopOJJ. Ha 

rJiy6nHe 250 M JJ.O TeMnepaTyphr Htt%e -15°C 

npOHCXO)l.HJIO in situ B capTaHCKOe BpeM5I. 3To 

npe)l.IlOJIO)l(eHMe, eCJIH OHO BepHO, cyru;eCTBeHHO 

H3MeHHT COBpeMeHHbie npe)l.CTaBJieHH5I 0 naJieOKJIH

MaTe B nJiettcTou:ette. BTopa5I - KpnoreHHaSI MeTa -

MOpcpM3a.ll,H5I MOpCKOH BOJJ.bl npOHCXO)l.HJia B 6oJiee 

BbICOKHX ropM30HTax B HHTepBaJie rJiy6wH 100-

150 M. BhICOKOKOHll,eHTpnpoBaHHhre Kpwon3rn, no

BHHY5ICb 3aKOHY rpaBwTau:ww, norpy)KaJIHCb B HeJJ.pa 

3aKpbITOH CTPYKTYPbl. 

0 CYllieCTBeHHOM OXJia)l(Jl.eHHH (JJ.O - 10 .. . -15°C) 

BOJJ.OBMemaIOru;HX nopo)l. B capTaHCKOe BpeM5I TaK)Ke 

CBH)l.eTeJibCTBYeT XHMHlfeCKHH COCTaB KpHOTI3roB, 
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OT06paHHblX B 3TOH )K CTPYKType, HO B HHTepBaJie 

rny6IIH 125-22 - M [Heu3eecm1we U 8p., 19.71]. 
Om1 3aner a]{)T Herro pe.!J.CTBeHHO HII)Ke TIO.!J.OllIBhI 

COBpeMeHHOH TO.IIlll,l1 !HOrOJieTHeMep3JibIX rropOA 

(pttc. 3.6). TioBhIIIIeIDie TeMnepaTyphr BOAOBMeru;a

IOW:IIX nopOA B rOJIOll,eH e AO -2°C npIIBeJIO K BbI

TaHBaHHIO Jie.!J.5IBbIX BKJIIOlfeHHH ll onpecHeHHJ{) 

Kpll0Il3I'OB. 

HanopHbie Kp11on3r11, BCKpbIThie CKBa)KHHOH, 

npo6y peHHOli B 6 yxTe BapHeKa Ha o. Baliralf B 

llHTepBaJie 140-150 M, llHcpOpMaU:HH 0 naneoTeM

nepaTy pHbIX y cnoBH5IX B He.!J.pax CTPYKTYPhI He 

Hecy T [Heu3eecmHOB u ap., 1971]. Hx COCTaB ll 

MHHepaJIH3all,H5I , npaKTHlfeCKll IlOJIHOCTbIO COBna

AaIOru;l-1.e c COCTaBOM H MHHepaJIH3aU,HeH MOpCKOH 

BOAhI (pHC. 3. 7)' CBHAeTeJibCTBYIOT 06 OTKpbITOCTH 

CTPYKTYPhI 11 o rIIApaBJIIIlfeCKOH CB5I3H noA3eMHbIX 

II MopcKIIx BO.!J.. TeM He MeHee o6IIJIIIe KpIICTannoB 

MHpa6HJIHTa B KepHe CKBa)KlIHbl y6e.!J.IITeJibHO ro

BOpMT 06 oxJia)KAeHMH nopoA 3TOH CTPYKTYPhI B 

capTaHCKYIO 3IlOXy TIJieHCTOU,eHa .!J.O TeMnepaTypbl 

HII)Ke -7,4°C. 

XHMHlfeCKllH COCTaB ll MHHepaJIII3aU:lI5I KpHO

Il3rDB, oTo6paHHbIX B Ka3aKlfIIHCKOH BnaAHHe Ha 

llyKOTKe c rJiy6HHbl 100 M [I';iomoe, 1972 ], CBH.lJ.e

TeJibCTBYIOT 0 TOM, lfTO IlOA3eMHble BOAbI 51BHO 

MopcKoro reHe3HCa npeTepnenw 3HalfHTeJibHbre, HO 

He OAHOHanpaBJieHHbie H3MeHeHH5I (p11c. 3.8). 

BoJibllIOe CO.!J.ep)KaHwe MarHH5I H He3HalfIITeJihHOe 

CO.!J.ep)KaHIIe cyJibcpaT-HOHa 51BHO CBHAeTeJibCTBYIOT 

0 3Hal!HTeJibHOM KpHoreHHOM npeo6pa30BaHHH HC

XO.!J.HOro COCTaBa MOpCKOH BOAbI npll TeMnepaType 

nop5IAKa -13 ° C, B npou,ecce KpIIoreHHOH KOHU:eHT

pau,IIH MHHepaJIII3aU:II51 KpllOTI3roB, CKOTIJieHH5I KO

TOpbIX cocpe.!J.OTOlfllJIIICb B CIIHKJIIIHaJibHbIXy<:KJia.ll.

Kax, noBbICHJiacb AO 150- 160 r/Kr. B 3TY )Ke 

xoJIO.!J.HYIO 3noxy npoII30llIJia aKTIIBHa5I KpIIcTaJI

JIH3aU,H51 MIIpa6IIJIIITa II, KaK CJieACTBIIe, cyru;ecT

BeHHa5I AeCyJibcpaTII3aU,II51 COCTaBa KpHOil3rDB. 3To 

IlO.!J.TBep)KAaeTC51 o6IIJIIIeM KpIICTaJIJIOB MIIpa6IIJIHTa 

B Keptte CKBa)KIIHhI [I';iomoe, 1972 ]. Ha nporn

)KeHIIH ronou,eHa reoTepMIIlfeCKIIe ycnoBII5I B He

Apax BnaAHHbI II3MeHHJIHCb: TeMnepaTypa nopoA 

IlOBbICHJiaCb AO -2,2°C - npOII30llIJIO KpIIoreHHOe 

onpecHeHHe COCTaBa Kpll0Il3I'OB 3a ClfeT BbITaII

BaHII51 neJJ.51Hhlx BKJIIOlfeHIIH. YMeHbllieHIIe Moru;

HOCTH KpIIoreHHOro BO.!J.Oynopa o6ecnelfIIJIO B03-

MO)KHOCTb CMellieHII51 KpHOMeTaMopcpII30BaHHbIX 

BOA MOpCKOrO reHe3HCa c npeCHbIMH rII.!J.pOKap6o

HaTHO-KaJibU,HeBbIMH Il0.!J.3eMHblll BO.!J.aMH. 3TO TIOA

TBep%.!J.aeTC51 IlOBbillieHHbIM COAep)KaHIIeM KaJibU:H51 

B COBpeMeHHOM COCTaBe KpHOII3rDB (CM. pIIC. 3.8). 

PaCCMOTpHM XHMIIlfeCKHH COCTaB II MHHepa

JlH3all,IIIO eru;e .!J.BYX KpHOTI3roB, OTo6paHHbIX 

B.M.IloHOMapeBbIM (1950) B paliotte 6yxThI Ko

)KeBHHKOBa (n-oB TattMbrp). IlepBa5I npo6a oTo6pa

Ha H3 CKBa)KlIHbl 1- 6IIc c rJiy6IIHbI 228 M (CM. 

pttc. 3.9), a BTopa5I oTo6paHa B cpeBpaJie Ha npo

Mep3a10ru;el1 OTMeJIH (cM. pIIc. 3.10) . Ha rpacpttKe 

OTlfeTJIHBO BHAHa cyru;ecTBeHHa5I pa3HIIU,a XHMHlfe-



I'Jf/{POXJfMWJECKH/1 M ETO/{ 01-{EHKJ! IIAJIEOTEMIIEPATYPhl 

CKoro COCTaBa XJIOPHAHO-HaTpHeBhlX paCCOJIOB rrpH 

c p aBHHMOH ):IOCTaTOqHO BbICOKOH HX MHHepaJIH3a

U:HH. KpHOII3r, OT06paHHbIH H3 CKBa:>KHHbI - TH

IDiqHbIH XJIOPHAHO-HaTpHeBbIH paCCOJI c He3HaqH

TeJibHbIM coi:1ep)l(aHHeM KaJib:U:mI H MarHH5I, xapaK

TepHbIH ):IJI5I BO):( BbIII!eJiaqHBamrn. I1 3TO ]:leHCT

BHTeJibHO TaK - CBa)l(HHa 1-6Hc paCIIOJIO)l(eHa Ha 

COJI5IHOM r<yrroJie. KpHorr3r, oTo6paHHbIH Ha OT-

IeJIH - THIIHqHa5I MOpCKa5I BO):la, rrpornei:1ma5I TPH 

CTa):IHH KpHOMeTaMOpq>H3Ma (CM. pHC. 3). 

BbIBO,II.bl 

1. CTpora5I rrocJie):IOBaTeJihHOCTb r<pHoreHHOro 

rrpeo6pa30BaHH5I XHMHqecr<oro COCTaBa H MHHepa

illi3aIJ,HH MOpCKOH BO):lhl rrpH ee IIOCJie):IOBaTeJibHOM 

J?bIM Opa)l(HBaHHH - OCHOBa rH):lpOXHMHqecr<oro Me

TO):la orrpei:1eJieHH5I rraJieoTeMrrepaTypbI rropoi:1. 

2. Pa3pa6oTaHa rraJieTKa, c rroMOIIJ,bIO KOTopoii 

n o COCTaBy H MHHepaJIH3a:U:HH KpHOMeTaMop¢H30-

Ba HHOH MOpCKOH BO):lbI MO)l(HO orrpe]:leJIHTb MH

HHMaJibHYIO TeMnepaTypy OXJia)l(]:leHH5I rropoi:1, BMe

IIJ,aIOIIJ,HX KpHOII3rH. 

3. KpHorr3m, 3aJieraIOIIJ,He Ha my6HHe i:10 15-

20 M OT IIOBepxHOCTH (B rrpe]:leJiax CJI05I c PO):IOBblMH 

KOJie6aHH5IMH TeMrrepaTyp rropoi:1)' HecyT HH¢op

MaIJ,HIO 0 TeMnepaTypHbIX ycJIOBH5IX KpHoreHHOro 

MeTaMop¢H3Ma COCTaBa MOpCKOH BO):lbl B COBpeMeH

HbIX KJIHMaTHqecKHX ycJIOBH5IX. 

4. KpHorr3rH, 3aJieraIOIIJ,He B Hei:1pax 3ar<pbITbIX 

cTpyr<Typ Ha my6HHe 6oJiee 25 M, HecyT HH¢op

M a:u;Hro 0 TeMrrepaTypHbIX ycJIOBH5IX KpHoreHHOro 

MeTaMop¢H3Ma COCTaBa MOpCKOH BO):lbl B capTaH

CKYIO 3rroxy rrJiettCTO:U:eHa. 

5. XHMHqeCKHH COCTaB H MHHepaJIH3aIJ,H5I 

KpHOII3roB, OT06paHl:lbIX H3 rJiy6oKHX CKBa)l(HH B 

pa3JIHqHhlX ceKTopax Apr<THKH, CBH):leTeJihCTBYIOT o 

TOM, qTo B capTaHCKYIO 3IIOXy IIJieHCTOil,eHa rropO):lbI 

Ha my6HHe 100 M OXJia)l():laJIHCb AO TeMrrepaTypbI 

-10 ••• -15°C. 
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