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AHAMUSECKME TISIMA THHBIE TPOLECCE] HA I0XKHOM IITUIBEPTEHE
(B CBETE ®OTOFPAMMETPMHECKMX UCC/IEROBAHMN
M JEIIMEPOBAHUA ADPOROTOCHUMEOR)

PesmoMe

B pafiore npeacTaBieHbl PE3YJIBTATH npoBefennntx B 1982--1885 rr. mceneno-
aHMII MeToHNOM HaleMHONM oTorpaMMeTpHI M Aeunsporanusa aspodOTOCHIUMKOB,
guinonuenakix 8 1936, 1960 » 1861 rr. Mcmosb2opasbl TaxIKe apXMEBHLIC Tortorpadyi-
wecHMe KapThl U (DOTOrDaMMETDHHECKHE WIMEPSHUA.

Wecne oBan0 COCTORAHME JIENHIEOR omoro TTnundepresa (0, 3), OmucaH M
MOpQONOTHIecKuil THIL (vaGi. 1) M OpeACTABMNEHBbI TIABHLIE mopdodioruYecKue JepPThI
{rafu, 2). OxapaKTepH30BaHbl IAAUKMANLHBIE 30HB! JEAHIEOB, TEPMHUKA ¥ npoOXoIae—
aMe JHEWH DABHOBECHMA HA OCHOBE aspodboTocHUMEOB 1961 T. (puc. 16 u 17). Auxa-
. AM3IMPOBATHMCH M3MEHeHWA re0MeTpii NeJHUKOR B MEPUOR 1936—1961 rr. {ri1. 4). BoIk-
LIMHCTBO M3 IMX OTYeTIHBO YyMEHAIIMIIO croit 06Bbem {rabn. 3). Kpusyio M3MeHCHHA
PONIMUE] JEXHHKZ BMECTE © SLICOTO TORASLIBAT KUHEMATHISCKME HOMHBI nBsH
{puc. 20—24), KOTOpbIE B cayaae SyHeTepBANLAepipeeH  ABARIOTCH achherToM
cépama (puc. 25).

TIpouecchl [BMAEHNA AEJHHKOB Haydanuch Ha [PHMepe Bepeumennjipees,
KOTODbif ZaKaRYMBaeTCA HA maTepuke (ra. 5), H Tauchpeed, 3aKAHTMBACILETOCH
B mope (ri. §). 3amedewa TecHad CBASL TOBEDXHOCTHOM CKOPOCTH AefHHEOB OT KOJV-
weeTpa TalbiX BOZ, AOXONALIXK A0 MX NOMA {puc. 40, 41, 42). 31O AOKA3LIBACT 60~
WY PONL JAOHHOTO CEONBIKEHHA B ABMAKEHMM JeJHUKOB Hlnmxﬁepfemi. MaxcHuMalb-
Hag CKOPOCTHL JABMIKCHHA yabaogaeTces B HaTanme celoHa abnanuu (RTOpas AEKaza
wrong, puc. 44, 45). B cay4ae MATEPUKOBLIX JIEXHIKOB apeobnazgaer RedopMARIONHOE
IBUIEeHMe JIeANMKa -~— CBEINE §0%s cpenueil rofOBOA CKODOCTH. HTodnoe CROILIKEHNE
saryxaer Bbmsu @poura, B cayuae OMBIBASMOTO NEAHUKE NOHHOES CKONLIKEHME YBEIH-
yuRRETCE B CTOPOHY dhpouTa (¥ cpoura Tancbpeex 95% OBEPXHOCTHOW CKOPOCTH
— 9TO PESYNLTAT AOHHOTO cxOILTEeHHA). B KOHLEBOH YacTH MATEPHKOBLIX FeNHUKOB
npeobnasaer KOMIPECCHOHHOE geuzxenne, DEKTODBL BepPTHKANLHOM COCTABHOM HBH-
sxenMa BepeHiennAOpeeH NOJHMMAKTCR BBEPX, a TOpMOFEHUE CKOPOCTH [DOMC-
XOAMT TOCTENeHHO (DHC. 29). CoBpeMenHad JUHAMMKR JIeaHnKa Bepeniuensndpees Xa-
paxTepHa aie YCHoKOeHna cépaxa. JpuseHne dponToroil 4aCTH JELHMKOS, oKaHYM-~
BANOILMXCA B MOpE, MMEeT TeH3WOHHBIA xapawtep. Harpannenusa penmenud Tanc-
fpeed B BEPTUKANLHON MAOCKOCTH pPAcnoNOKeHs! HapalieslbHo M0BEeDPXHOCTH M TONBRO
npu camom Kiuthde HanpaBaeHbI guK3 (puc. 46).

B mactosaier pafore ocoboe BHUMAHNE oGpaimeno Ha a0mALMIO IYTEM OTKAJILI-
BauMA JACAHMKOE, OKaHYMBAKUIMXCA B MODE (ra1. 6). ViccnenoBan rONOBON LMK/ OTKA-
nLiBaHMA AeAHuxa XaucOpeen (pHe. 44) ¥ cRA3EL OTKAJLIBAHMA C celtcMBIKON HRefHMKa.
Mexauu3M OTKANLIBAHUSA JIEQHUKOB [[Immfeprena HAMOMMHAET Oofpasopaiie ONONI3HEe-
nrix cépameit (prc. 51). 3T0 PE3YILTAT TEHAMOHHOI'0 LBHMIKEHMA ¢ yUacTHeM TOJIO R~
reALHBIX 08DATHBIX CONPHAEHMA THIIA L3thdexT fAxobcxaped”, YCKODAIOIMK ABY-
segme (T. X oc, 1986). PaccuuTano TIOABOMHOE TAAHME JMENHMKOBOTG gaucda, penia-
1olHee IIpPUMEPHO O 20%s CKOPOCTH OTKANbIBAHUA.

PesynnTaTsl uccneposanuit FancOpeed u Kourceepen (P oM T; 21979} wa LInmui-
Geprexe, a Taxkme AaHuble M. . Meitepa u ap. (1980) gma JAEHHEOB AJIFCKH TIO3B0-

253




IuaM cQoOpMYEMPOBaTE 00l 3aKO0H COTHadblBanma”, rae CEOpoCTh OThaﬂblBal
SIBMCHT HENOCPEACTRENHO OT CKOPOCTH IBMIKEIHA NeNUMEA:

Ve =k+f{Vy)

rae: Ve ~— CKOPOCTh OTKANBIBAHUI, k — napamerp OTHANLIBAHNA (3ABMCHMDBIL OT Knu

MATHYICCKHMX ycnomm), f( g) — beHhIBdH CHOPOCTH JefuuKa (o npe,usapm'em,nnm
pe3yIeTATAM 5Ta (j)ym{mm MMeeT AMHeAUBLA napax{'rep) "ABmsIMA 1yTeMm OTKANET:
EaHMA HABJAAETCH BAMHLIM JneMewrToMm Ganaucs BoApl, Ha Illnunbeprene COCTaBnﬂeT
oxono 25% obBiued moTepH MAaCChL

Wcenenopanucs  wonebanva nenpmros na  wmuoM  [HnunBeprene (rao, 7)"-_
CKOpPOCTE OTCTYNAHMA JIEJIHMKOB, OKAH'MBAIOIMIMXCA B MODE, BABMCHT TIDEIKIE BCers

OT TIyOHHBI agmeha, B KOTODOM CHI 3a3EANNMBAIOTCA. C HaualNa HALICTO CToNeTys -

HOBePXHOCTEL JEJHUKOB, eKaHlmBammmxcyr Ha XODHCYHHE, YMEHbIASCE BPHNEDLg
Ha 88 KM°, T.e. CpeAuAA CKODOCTEB nerﬂﬂuuauun COCTABJIAIET CBbile 1 kM*rofm.
AHanM3 CBOMCTB NOBEPXHOCTH JAeNHMKOB HA a’spodioTocAMmMEax OKHOTG

Hlrmsubeprena noxasan, 9te npeolfrajgamee OONBIUIMHCTEG M3 HMX OTHOCHTCH K THIY

cépax (hor, 14—20, ra. 8). PeldyanTaTel MCCHCNOBAHUN AMHAMMEM JEAHMKOR M M3IMe~
HeHpa ux TeCMeTPH, A4 Tanme nocjkesnne paﬁo'rm ¢ Anackm 1 Anen (Kawm6B, 198

Urken, Buugmarganep, 1986} nm'ramTca ODBACHHTL MEeXaHu3M, ocraoﬁom,namumu'

CEPIK, KaK HAJOMKEHME KMHeMATHYECKMX BOJH pa3Hoil BeMMIMHLL. Y4YTena POk M3Me-
HEHHI . THII& cyﬁrnﬁuua.ﬁbnorb Apenaxa. llpepcraBriena YOPOLIEHHAA MOXENL ;3530"-
MO JIEAHUKOB THHA CEDJFK, BLISBAHHOM OTEINCHUEM KJIHMMATa, T.B. YMEeHBIIEHeM
MACChI JIe,n;nMKdB ¥ YBeJMYeHMEM IIDUMNMBA TAJBIX BOX K #X JOxY (pue. 63). _

PaceMmOTPEeHB! HEEKOTODRIE reon{opcbonomqebxme JIOCNENCTBMA &KTYaJbHOM ;g?;_-'
maMMKEM JAefHMKOB (ri 9), OOpasoBaHMe OTUETIMBLIX (PoPM (DROHTAIBHBIX MODEH
C RFepaHbIM AEDOM, & TaKIyKe HaNOPHBIX MOpell HeofSXonMMO CHMTATh achdpexTom
GLICTPOrO ABMIKCHMA JLAd B aKTHBHOM dbase cépamxa. Ce30HubIe OCLIMIIIALMH pacnp(j_:-
CTPAHEHMA (DPOHTOR JEJHKKOB, OKAHYHBAKHIMXCHE B MOPE, ABJAIOTCH HPMIMHON oﬁpa_'-
3OBAHMA ro,uo'Bmx BAKOB HATOPHLIX MODEH, YTO CIAEAYET CYUTATD THOMYHBIM FIA (hasst
&cnonoeﬂma cépnm. ArTusnan cha3a B MODCKON CDefie MMeeT BUA Haxma,ubmaromwxcﬂ
M HAJAOXKEHHBIX TIALMAJBHO-MODCKIIX GO eI 50.71]:].[10]/1 TOINIIMEBI.

B sazimounrexsnoil gacrTy paborsl (i 10) mpencTaBiieHa CLEeHKa NDUPOHHOCTH
roTOMETOROE B PIALMONOIHMM, @ TAKKe NPOEENEeHO CpaBHEHME MHTEHCHBHOCTM TIH-
HMAJIBHBIX TpPONeccoB Ha muoM lllmrmmfeprene ¢ AMHAMMKONR IPYTMX JEIHMEOB
Aprtury M CybapHTHKH.

DYNAMIC GLACIAL PROCESSES IN SOUTH SPITSBERGEN-
(IN THE LIGHT OF PHOTOINTERPRETATION AND - PHOTOGRAMMETRIC
RESEARCH)

Summary

This menograph presents results of research carried out wusing terrestrial
photogrammetry over the period 1982—1985 and photointerpretation -of aerial -pic-
tures taken in 1936, 1960 and 1861. Archival lopographic maps and phetogrammetric
surveys have also been used.

The state of the glaciers in Sputh Spitsbergen has been examined (chapter 3.
The analysis includes morphelogical type (tab. 1) and merphometric features (tab. 2).
Based upon aerial photos taken in 1961 (fig. 7) the glacial zones, thermal regime

-and the eguilibrium line (fig. 16 and 17) have been analysed. Most of the glaciers

have distinctly reduced velume over the period 1936—1961 {chapter "4; {ab. 3). “The
diagram of changes in glacier thickness with the altitude shows the existence
of kinematic waves (fig. 20—24), which in the case of Finsterwalderbreen, are the
result of a surge. ) T . R . .

Werenskioldbreen, which tferminates on land (chapter 5), and -a grounded
tidewater glacier Hansbreen (chapter §) have been taken- as examples to investigate
glacier movement. A close relation between surface velocity - and : the ‘amount of
melt water flowing to the glacier bed (fig. 40—42) is observed, It supports the-im-
poriant role of basal slip for the glaciers of Spitshergen. Maximum -flow velocity
is observed in. mid-July, the first part of the abiation seasori (fig, 44 and 45). For
land-terminated .glaciers internal deformatlion is the dominant flow: mechanism,
accounting for move than 60% of the mean annual flow. Basal sliding decreases
near the front. In the case of tidewater glaciers, basal sliding increases toward
the Iront (at the terminus of Hansbreen 95% of surfzce velocity resulis from basal
slip}. Compressional flow dominates in the frontal part of glaciers ferrminated on
fand. Near the tront of Werenskioidbreen, velocity vectors are emergent and wvelg-
city decreases gradually toward to the terminus. Current dynamics of Werenskiold-
breen resemble the guiescent phase of a surging glacier. Movement of the fronial
part of tidewater glaciers is iensional. Directions of Hahsbreen flow vectors Pro-
jected on a vertical plane are parallel to the surface and only cloge to the terminal
cliff do they dip seaward.

In this work special attention is pald to ablation by calving of iHdewater
glaciers (chapter 6). An annual cycle of Hanshreen calving achvxty and the yela-
tions belween calving and glacier se1sm1caty have been examined. The mechanizm
of caiving of the Spitshergen grounded tidewster glaciers resembles landslide slumps.
Calving resulis from tensional movement with postive feedback such as the ,Jaltob-
shavii effect (Hughes, 1986) accelerating the movement. Underwater meliing has
also been caleulated; it is responsibie for about 20% of calving speed.

" Data Tfrom Hansbreen (Jania, 1982, 1956, 1887h), Fongsvegen (Voigt, 1979),
Alazka tidewater glaciers (Brow n and others, 1982, takle 1) make it possible o for-
mulate g ,gentral calving law':

Ve = k+fﬂ79)

where calving speed V. is. a function of glacier velocity ¥, a calving coefficient
k depends on eclimatic conditions. Preliminary resulis sugeest thai the function
V) is linear.

For tidewaler glaciers on Spitsbergen, calving typically accounis for 25% of
the mass loss.

Fluctuations of the fronts of the South Spitsbergen glaciers have also heen
investigated {chapter 7). Recession rates of tidewater glaciers depend mainly on the
sea depth at the glacier terminus. Since the beginning of this cenfury the surface
oi the Hornsund tidewater glaciers has decreased by 88 km?, yielding a mean de-
glaciation rate exceeding 7 km? per year.

Analysis of surface features of the glaciers of South Spitsbergen proves that
most of them are of surge type (chapter 8, phot. 14—20). Observations of the dy-

anics and geomelry changes of Spisbergen glaciers together with recent results
from Alaska (K am b and others, 1886) and the Alps (Iken and Bindscha dlevr,
1586) suggest that the superposition of kinematic waves at different scales can trigger

a surge, The importance of changes in the subglacial drainage structure has been

into account, A simplified model of surge-iype glacier evolution caused by
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climate warming (decreasing glacier volume and increasing melt water flow to Ah
hed) is also presented (fig. 63). :
Some gemorphological consequences of the dynamics of wntemporary g]
ciers have been considered (chapter 9). Formation of ice-cored frontal moraip
and push moraines must be treated as an effect of rapid glacier movement typlcai
of the active phase of surging. Seasonal oscillations of the terminal position’
tidewater glaciers cause annual push moraine ridges that the a typical teature forr
ed during the guiescent phase of surging. For the marine environment, the active
phase is associated with superimosed push glacial-marine deposits of great thic
ness. e
In the final part of this monograph the usefulness of photo-methods in gla..
ciology is evaluated. Lastly, the intensily of glacial processes in South Spltsbergen" |
is compared with that in other Arctic and Subarctic areas. :
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