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Specific Features of Cryogenic Soil Formation in Western Yakutia
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Abstract

One ofthe peculvie o the proces of sl frmtion i pesmafist egions thas disinuishes i o, among ot

{hing,seachemical weathring
i

e migraon of miceoeements i pematost el Thce mai types of cyogenic
r descrbc and smpld fordsebtion of icroclemnt. I theexron coniental it of Ve, s

omation s inlcaced by \cgeative cose: The most mporantfcor s (e prescnc of e undrlying prmalos
horzon,which srves . auiclude nd forns 8 sprspermafiost geocheica b,
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Background

akuis s loated i the morthesstem part of Siberi. 1t
Vs within four acosraphic zones: g forst (caly ¢
e area), vt i, e, and vt desr,

“The cimat of Yakut i sevrs and sharply cotincnal,
Ths s conomed by the ampliude. of svesge s
empersture betwoen e coldest and warmest monhs: he
amplitade of 646°C does ot ocer saywhee ehe in the
Word. The anaual ampliude of masimum and misimum
i tmperaurs excecds 01°C. The absolut value of the
i tempersture i the catern mouniain sysens
F woughs, basins, and e deeessions i up 1o T0°C
The ol draion of egaive temperatures s from 65
10 mondhs per year. Wih those climae purametrs, he
Republic hs o nalogue inthe Norters Henisper.

Vil al of the vast terory of Vakuta i afected
by preanally frosen. ground. Contnuaus permafios s
devcloped on most of th region, where it 1 irupied
only by lcal apen alis i beneuh the channels of
lage rvers ad bencal age lakes. The average thickness
of permafiost esches 300 10 400 m, wheress i the Viyuy
Riter basi it eaches 1500 s hs i the eaest thickness
of permattost o Ear,

The erialseton of peemaiost 2o i very divrse
itk Vakuta In it westom reas, T instanc, the
permliot sone is composed of two st The uper one
5 compused of e frozen gound. The lowes ae is
composed of crjde deposis Witk temparatres below
C contining mincrlzed ground waters wih negaie
emperatures cyopess). The ticknes ofthe pper st
i5300-350 m, and the hckncs of the lower st i+
mach arger, reaching 600-900 m or more. Tn Westrn
ki, hied (i) st s indiatod. T places 5
represated by fozen ground wih no visile inclusions o
e o cryopess. A subagueouspermafost cone developedin
e offhore costal e of he rte ses o enerly s
froteme—

“The ormation of thick permafiost in N Vakuta
began bous 2 million years ag. Then permatost gradlly
spead teoughout heerory of the Republic s foation
Was sccompaied by itensive deelopment of cyogenic
proscses uch s st rackin, ommaton o ie-wede
polysonal el with st cices, and the apparanes
F scasonal and poreial fos mouds (Icgred As
2000,

n

Cryogenic Soils

Ceyosenic sofls re 3 roup of sofls of the undes and
northern g 2one wih ponouneed cryotubatons i the
Sl prole tht ead 1o deformation of gente hoizons.
Thes soils are cosly nderai by ce-rich pemmafos
it active manifstton ofcryogenic mass e which
detemings the Homogeniy of the sl profle and the
presence of solid and disolved organic nate thonghout
e minerl purtof the proile My sl i hs roup are
characterized by hiottopy. deformaton, suprapermaost
lizaon, and unsaturated suefce borizons The llowing
ypes of sl an idenined n this group: cyogenic gley
sl ryogenic hamogencous (b gleyed). nd cyogenic
hixzoic (Desyain . 2009,

Cryoseic gley soils (ecater soil types are named
scsonting o th s clsifction by Elovakaya 1987) e
‘sully confinedolowlands. Her thy rs formed under the
condions of mpeded disinage indeposisof iy clay and
clay (mor often rpresenied by ancentalaium) ann the
Sontinuous prsencs o n -ich hrizon i the sl profle
Dearthe susce. Thei sufic conits of a ot erayer
Facedle, eavs, lchens,andmosss. This s undedin by
nconsoldsted dak brownaganic ol epresentedbypea
o pey-humus. llowed by  gleyed nineal borizon it
by areaer degre o sevig i he suprapermalost
level These sofls are cidic or sighty aidc, s often
ey s lkalne when. on carbomate pare mteisls.
Orgunogenic borizons s no bese. <sturtd and have high
oyt acdiy. T mincel horaons, i sy sl
“Theconent of ngans mate i organi sl s ignifian.
Onsaic mate is represcaied by couse s (il of
moldy o humus moldy nture). ery mobil i humus
penctates he soll arices and sometines accumulates i
e suprspermatost borizon. This i the most common ype
ofoil i North and Norhwistem Yakutis.

Table s the desrpion of the morphologieal sctue
ofthe proflc o typiclcyogenic gy sol. The section s
{fomthe spare e fost o the Ky River basin

Cyogenic Bomogenoous s (o glsed, 3 0 ype of
ydamorphic o geyed ormation, e wsualy confoed 0
‘waersbadsand e skpes. They e developd e spasc
and mosclchen Lt forsts and e fomed on westhrsd
Bodrocks of varows composon. Moss cove n the form of
cusons of shagnum st e cryogeichillocky miceorelier s
el developd on s s fryogeishomogensous
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i, Alitesofcosidrsble tickness (10-12m) o rwnor
Gk o udocompased ety i veics e et
e profle and i underin by  drk egogeic borzon
itk an admixture of mincral fn-arind sl Beow i he
mivnl oz ofurifo browris gy color with clsly
Vil maniftaons of cryogenc poceses that overlc
e permatos, The minea material, oveying the e ich
pormatios, s suuctueles, mixed wih granlued plat
i ofvaryingdegoes of decoposiion,nd srted by
brownish b sbsince. The i depth of hawing .
5065 The e sl pofle s chrateaed by arcatvely
highcontenof b, The hnus composon i of 3 i
ot The sl have 3 ighshopion capacity. Depending
o th undeying parca e, e atured s
eveloped n c il ceu, s wel s ssraed el
o sightly alalne sl decloped on bosie and caboatc
macrils. Busod o parice se dissbuon, e s e
e i clays s oflenthey sk

“Tible 2 i the descipton o he morpbologica srctre
o prfile of ypical cryogenic homogencous sl The
Sotion i locatd na atc forst of the Tyung River basi,

Cryoseic diouopie sols usally occupy
watrhods, genle sloping il and teraced surfsces.
They are devclopd on the weathred bcocks, slope nd

o o of wesly o
e s Trtion bl he

i gy i o e o

eI

[ e ————pT

lcia deposis of cayey et under moss ichen lrch
Forests with 4 el developd undesory of dwar bic,
willow, ledum, swamp blsbery and cowbery. Sois re
Charcieried by pronounced ryogene oms o microreit
Such s pted hilocks and polygonal factues. Thei
prfile s inia o cryogenic bomogencous soils. They are
Charactrind by et umidy and hixotopy: Cyogenic
Bixtropic o are sl charcterized by sidc raction
a5 well a5 by vy high hydrytc acidy in the upper,
Sosrse humus horizon due 10 he bigh concat of Slghly
decompased orgnic matier. Organie matce conent 4nd
ydeolytc ity e sharply educed i he miners part of
e profle. Sinilarly, e disbuton of utents docreses
shaply long the protle. Thei quanty i orion A very
i, whereas i very o n borizon Bee. These arepooe
ol o agriculun, excep o refadoc pasures.

"Tible 31 the deseipon o he marphological s
ora ypica profile o cryogenie thixotropic sof. The sction
s locued i the lach ot f the il Tyung River.
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Objectives and Methods

The sudy of cxyogenic sl wasconducted i the Nakyn,
indusrial s in Western Yok

I the course of fiekd observations, 13 sil proiles wihin
et andscapes of the wateshd of the Hor
Nakyo et were xamined. O fhos, cigh setons
are chanateried by ioc-ich pemafost and e are
Gharcterzed by drypematiost, Al ol secions were made.
itk sampling of 22 ki, withmerphologial descrpion
i samplingfrom al genetic osizons

A sumpls were i died st room tempertrs, sieved
drough sieve wid a - mesh,and e o paper
b

The followingphysicalchemical_pameers were
sxamind: theaidalkalinecondions (o) and the cotents
o mabile formsof microcaments (€5 N, Co, Mo, P, Cd.
Cuand As).

“The acd allline condiions (pH) are detcmined by the
potetiomenic meod. Distlled watr is poured on 3 20
o ol Sample i th et of 125, and water ad sofl e

oroughly mixed. The pH value e mesured using pi-
meter ANION 4100

“The messurement of the cotent of makile forms of
micosiemenss s peronmed using. aomic. thsomion
Spoctrometry and mult-chamnel s anlyzer MGA-915. A
1-ar il sample s covered with 10l IN HClad e
on the rottr mixer for one bout Suspensions e lrsd
{heough Bl ibbon ke papr. The ki s anlyzed by
e MGAD1S with sn sutomate saple change

T ondr 0 e the behavior of microclements in the
eryopeic sols, an vere il pofle modl of micrcle
menis for“eeich” and “dry” pemaiost s consrcid.
The Fllowing averge dpths of e sl e models were
adopied 0-10(19, 10(15)-45(50) nd 45(50) ponmatiot,
acconting o whih thecontsponding disgrans wre e

Results and Discussion

“ThepH vlues iy ogenic sl with ik nd ey
permiot i the ol ol segulary incresse with dept
Trom slighty aide o ewtal 53-69) (i 1)
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Diffwent wends of migrtion anddstibuion of
microsements throghout th 3ol ol are observd i
gl p valus.

"The accumulaion of be msjorty of miceclemnts
is obsevad in he suprpermios horzon where “dey”
permaiot s presca (Fi-2). The rsson o s st he.
ol matral ey and represcated sl by it with som.
clay (. it s low sorpion capacy).

“The sccumulion of microclenens i the_mincra
horzon f e sl proile s dtected i sl with e e’
pemmafios. This profle is larctized by high moisure
Contnt (.., igh sopion capacity) and heavier factons
o soil pails (sky cly, cly). These properis e
anacrobic condiions hatead o gleying prosses ssoiated
it high ron content Thersfors, M nd Cu s prsen
{his horizon, s thes clenetsblong 10 he o grup,

Thus 1he properties of il materal detemie the
pemmaiost condions

Conelusions

o the cours of his sudy, 13 sol proiles widin the
et landscape of the Hanmya-Nakyn inerluve were
Sxamined. Among tose studied,eght aecharcierzsd by
Sl rich” penmafiost nd fve re chaeteized by -dry”
permos.

Analica studis dermining acidalalne condiions
(pH) and he conent of mobile forms of microlements (€,
N, Co. M, Pb,Cd. o, and A wer caid ot

T pH vlucs i cyogenic sl with i nd “dry”
permafiot in soil profle regulty icesse from slighly
il o el (31069)

“The sccumlation of the majory of mictolements s
abserved i the suprpermatiost horzon, where “dry”
oot is psent.

“The sccumultion of mcroeenets i the_mincra
horzon ofthe sofl profl i bseved i s with e ek’
pemmafios.

Thas the properties of soil materal dtemie the
pemmaiost condions
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