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ANOTACIJA

Disertacija balstas uz ilga laika perioda (1995-2010) veikto pétijjumu
rezultatiem, kas ieguti, izmantojot geotelpiskas analizes, datu statistiskas
apstrades un tradicionalas lauka glaciomorfologisko un kvartara nogulumu
pétijumu metodes. Tas lavis savakt un apkopot jaunus datus par plakanvirsas
pauguru izplatibu, morfologiju un telpiska sakartojuma likumsakaribam, ka ari
precizét $o formu iek$éjo uzbtuvi un vietu salveida akumulativo glaciostrukturalo
augstienu ledaja reljefa mezoformu kompleksa. Veikta ledaja veidoto plakanvirsas
pauguru morfologisko ipatnibu un savstarpéja sakartojuma noskaidro$ana
un to uzbuves likumsakaribu salidzinosa analize dazadas augstienés un tajas
izdalitajos plakanvirsas pauguru izplatibas aredlos deva iespéju noskaidrot $o
pauguru attistibu saistiba ar salveida akumulativo glaciostrukuralo augstienu
deglaciacijas gaitu.

Raksturvardi: ledaja reljefa formas, izplatiba, ledaja nogulumi, glacio-
tektonika, ledaja méles, deglaciacija.



Pétijumu témas aktualitate

Plakanvirsas pauguri ir vienas no savdabigakajam reljefa formam sena
pleistocéna segledaja klatajas teritorijas. Tie izplatiti galvenokart salveida
akumulativi glaciostrukturalajas augstienés. Sis augstienes raksturojas ar
visizteiktako ledaja radito zemes virsmas saposmojumu un loti fragmentétu
ledaja nogulumu izplatibas mozaiku. Minétas augstienu morfologijas un uzbuves
ipatnibas nosaka relativi augstu nogazu procesu un linearas erozijas risku, ka
arl izpauzas zemes lietojumveidu strukttra. Ledaja veidojumu dazadiba sekmé
ainavu un biologiskas daudzveidibas rasanos, ka ari plasas tirisma un rekreacijas
iepéjas $ajas teritorijas. Ka tas atzits 2000. gada 20. oktobra Eiropas ainavu
konvencija, ainavas ir “cilvéku dzives vides butiska dala, cilvéku kopiga kultiiras
un dabas mantojuma daudzveidibas izpausme un identitates pamats..”. Biidami
vieni no nozimigakajam salveida akumulativi glaciostrukturalo augstienu reljefa
sastavdalam, plakanvirsas pauguri izcelas ar tikai tiem raksturigim morfologijas,
telpiska sakartojuma, uzbtves, aug$nu un to cilmiezu ipasibam. Minétie faktori
nosaka geografiskas ainavas specifiku, ka ari ietekmé mikroklimatiskas un
biogeografiskas Ipatnibas. Plakanvirsas pauguru glaciali geologiskie pétijumi
un tajos iegitie rezultati ir nozimigi teritorijas ilgtspéjigas attistibas apzinasana.
Tie sniedz izejas datus, kas var kalpot par pamatu teritorijas apsaimnieko$anas
planu un pasikumu izstradasana. Sie pétijumi lauj iegit liecibas un izzinat
pédéja apledojuma beigu posma notikuso klimata izmainu ietekmi uz ledaja
dinamiku un vides izmainam, kas globalas pasiltinaganas konteksta ir aktuali
jautajumi masdienu ledaju klatajos apgabalos.

Arheologiskie pétijumi liecina, ka plakanvirsas pauguri ir bijusi vienas no
pirmajam reljefa formam, ko ir ietekméjusi lidumu zemkopiba. Pieméram,
Vidzemes augstiené Pikanu kalna plakuma tiesd tuvuma ir konstatéta sena
apmetne, bet sengravu izneses konusos ir daudz ogli$u, kuras liecina par lidumu
lisanu $aja teritorija, kas raksturojas ar bagatigu augsnes cilmiezi, jau neilgi
pirms misu éras (Ramans, 1958). Gravu erozijas rezultata dabiski norobezo-
tie plakanvirsas pauguru segmenti ir kalpojusi par pilskalniem. Salidzinot
L. Sietinsones (Sietinsone, 2006) izveidoto datu bazi par Latvijas pilskalniem un
autora izstradato plakanvirsas pauguru datu bazi (Markots, 2010), noskaidrots,
ka vismaz 10 pilskalni atrodas uz plakanvirsas pauguriem, bet to izplatibas
arealos ir konstatéti pavisam 45 pilskalni un pilenes. Bezakmens mals, kas
atsedzas plakanvirsas pauguru plakuma, ir ticis izmantots ka vietéjais derigais
izraktenis kiegelu razo$ana un pat éku buvésana. Masdienas buvniecibai un celu
bavei tiek izmantots arl pauguru pamatnes dalu veidojosais smilts un grants
materials.



Kaut ari plakanvirsas pauguri ka savdabigi veidojumi izraisa zinatnisku
interesi un tiem ir saimnieciska nozime Latvija un paréjas Baltijas valstis un pat
visa pleistocéna segledaju klataja teritorija tie nav bijusi kompleksu un detalu
glaciali geologisko un geomorfologisko pétijumu objekts. Krievija veiktajos So
pauguru pétijumos noskaidroti galvenokart ar to izplatibu un morfologiju, ka ari
augséjas glaciolimniskas izcelsmes nogulumu slankopas izplatibu saistiti jautajumi
(Isachenkov, Tatarnhikov, 1972; Malahovskiy, Vigdorchik, 1963). Pédgjie un
nozimigakie pétijumi par “plakano pauguru ar glaciolimnisko nogulumu segu”
veido$anos pédéja apledojuma maksimalas izplatibas malas veidojumu zona ir
veikti Lietuva lielméroga geologiskas kartéSanas laika (Bitinas, 1990, 1994). Ari
Latvija $1 augs$éja, malaino nogulumu slankopa pagajusa gadsimta 50., 60. un
70. gados tika uzlakota ka potenciala derigo izraktenu (galvenokart mala) iegula
(Kurss, Stinkule, 1969; Stinkule, 1977). Tomér minétie pétijumi, ka ari turpmak
geologiskas kartésanas (oficiali parskatos sauktas “kompleksa hidrogeologiska
un inZeniergeologiska kartésana ar kvartara nogulumu kartéSanu meliorativas
bavniecibas vajadzibam”) laika iegitie dati, nesniedz pietiekami detalu un
telpiski precizi piesaistitu informaciju par plakanvirsas pauguru hipsometrisko
novietojumu dazadas augstienés, to savstarpéjo telpisko sakartojumu atsevisku
arealu robezas un pauguru pamatnes dalu veidojo$o nogulumu saguluma
apstakliem un attiecibam ar malaino nogulumu segkartu. Plakanvirsas pauguru
areali ilgstosi tika kartéti vai atspoguloti derigo izraktenu kartés ka nozimigi
mala izplatibas areali (Ansbergs et al., 1955; Kurss, Stinkule, 1972).

IevieSot struktirgeologiskas metodes leddja reljefa mezoformu un to
teritorialo sakopojumu izpété (Aboltins, 1978a, 1978b; Aboltins, Zelcs, 1988;
Aboltins, 1989; Markots, Aboltins, 1998), attistoties geomatikas metodém un,
balstoties uz arvien plasaku daudzveidigu telpisko materidlu pieejamibu un
izmanto$anu, ka ari visparéju zinatniskas domas virzibu, ir batiski mainijusies
prieksstati par atsevis$ku reljefa formu izvietojuma likumsakaribam, uzbtvi un
veido$anas apstakliem (Lhevkov, 1980; Boulton, 1986; Aber et al., 1989; Aboltins,
Zells, 1988; Abolting, 1989; Alley, 1991; 1993; Arnold, Sharp, 2002; Benn, Evans,
1996; Zel&s, Dreimanis, 1997; Bitinas, 1990; Markots, 2010).

Plakanvirsas pauguri ienem nozimigu vietu augstienu reljefa un tie noteikti
definéjami ka saliktas genézes un uzbuves ledaja reljefa formas (Abolting, 1989;
Bitinas, 1994; Markots, in review). To izpéte lauj noskaidrot, kadi vides apstakli
pastavéja kontinentala segledaja salveida deglaciacijas (péc Abolting et al., 1972;
Aboltin§ 1975, lietotas terminologijas) pirmsakumos, kad salveida akumulativi
glaciostrukturalo augstienu iekséja zona sakas ledaja saruksana, kas aréji
vispirms izpaudas ka biezuma samazinasanas, un radas stagnanta ledus lauki,
ieziméjot pareju no ledaja gultnes deformacijas uz ledajku$anas adenu baseinu
veidoanos.



Pétijuma meérkis un uzdevumi

Pétijuma mérkis ir izzinat plakanvirsas pauguru izplatibas, morfologijas,
telpiska sakartojuma, iek$éjas uzbiives un attistibas regionalas un lokalas
likumsakaribas Latvijas salveida akumulativi glaciostrukturalajas augstienés.

Pétijuma meérka sasniegSanai tika izvirziti $adi galvenie uzdevumi: 1) ap-
zinat un apkopot lidz$inéjos pétijumus par plakanvirsas pauguriem Latvija un
pleistocéna apledojumu apgabalos; 2) izmantojot misdienu geotelpiskas anali-
zes metodes, ieglit un apkopot datus par plakanvirsas pauguru morfologiju, iz-
platibu, sakartojumu un izvietojumu attieciba pret citam ledaja reljefa formam
salveida akumulativi glaciostrukturalajas augstienés; 3) noskaidrot un analizét
pétito reljefa formu uzbuves Ipatnibas, izmantojot visparpienemtas kvartara no-
gulumu un ledaja reljefa formu pétisanas metodes; 4) pamatojoties uz plakan-
virsas (platovirsas) pauguru morfologisko tipizaciju, telpiska izvietojuma un iek-
$&jas uzbtives pétijumu rezultatiem, noskaidrot $o formu veidosanas apstaklus.

Darba novitate

Lai gan ar dazadiem terminiem apzimétais plakanvirsas pauguru reljefs ir
aprakstits daudzas publikacijas un ta izplatiba ir atspogulota dazadas, sakotnéji
maza, velak galvenokart maza vai vidéja méroga geomorfologiskajas kartés
(Isachenkov, Tatarnikov, 1972; Malahovskiy, Vigdorchik 1963; Vanaga, 1970;
Aboltins et al., 1974, 1976; Meirons, 1975; Eberhards, 1977; Straume, 1979;
Ginters, 1984; Bitinas, 1990, 1994; Guobyte, 2007b), pat detalakajas no tam nav
sniegta vienlidz kvalitativa informacija par $o savdabigo augstienu reljefa formu
un to kompleksu izvietojumu, morfologiju un uzbuvi.

Pétijuma novitate izriet no iegito un darba izmantoto materialu kopuma
un pielietojamo metozu klasta. Izmantojot daudzveidigus telpiskas informacijas
avotus, $aja pétjjuma ir ieglta augstas precizitates un ticamibas pétamo reljefa
formu izplatibas digitala karte, kas GIS vidé papildinata ar plakanvirsas pauguru
datubazi. Datubazé ieklauti 354 plakanvirsas pauguru reljefa formu izvérsti
morfologiskie raditaji un informacija par to iek$éjo uzbuvi (Markots, 2010, in
review). Tas lauj kritiski izvértét citu pétnieku agrak iegutos datus un izdarit
secingjumus par formu izvietojuma, morfologijas un uzbuves Ipatnibam saistiba
ar augstienu reljefa attistibu un geologiskas uzbuves ipatnibam, bet it ipasi —
ar jaunako pétjjumu rezultatiem par apledojuma deglaciacijas gaitu un tas
hronologiju Latvija un kaiminvalstis (Rinterknecht et al., 2006; Raukas et al,
2004; Guobyte, 2004; Zel¢s, Markots 2004; Karabanov et al., 2004; Marks, 2004;



Velichko et al.,, 2004; Zel¢s et al., 2010, in press). Pirmo reizi plakanvirsas
pauguru pétijumos izmantoti ari zemes virsmas digitalie modeli (DTM), kas
izveidoti, izmantojot gan liela méroga topografisko kar$u horizontalu datus, gan
ari lazerskené$anas datus. Par ipa$i nozimigu veikumu ir jauzskata atsevisku
plakanpauguru izplatibas arealu telpiska sakartojuma analize, kas aptver
hipsometriska novietojuma, relativa augstuma, formu linearitates un platibas
salidzinosu analizi. Pétjjumu teritorija (1. att.) ir veikta detala méroga (1:10 000)
aug$éjo nogulumu slankopas kartéSana ar rokas geologisko urbi. Pauguru
skérsprofilu vai atsevisku nogazu profila linijas veikta nivelé$ana ar cie§o nivelieri
N-3. Atsegumos veikti olu linearitates un slanu saguluma apstaklu mérijumi.
So mérijumu datu apstradé izmantotas statistiskas apstrades metodes datorizéta
vidé — StereoNet datorprogramma.

Tadéjadi pétijuma novitate izriet no iegito un darba izmantoto materialu
kopuma un pielietojamo metozu klasta.

Darba aprobacija un rezultatu realizacija

Pétijuma rezultati ir publicéti 10 zinatniskajas publikacijas, no kuram 5 ir
publicétas vai pienemtas zinatniskos Zurnalos vai kolektivas monografijas un
ir pieejamas starptautiski citéjamo izdevumu datubazés. Pétijumu rezultati ir
izmantoti Starptautiskas Kvartara pétniecibas savienibas (INQUA) péckongresa
lauka zinatniskas ekskursijas (INQUA 1995. Quaternary field trips in Central
Europe; C-3 Baltic Traverse) mar$ruta sagatavos$ana un vadi$ana, un Peribaltijas
darba grupas lauka simpozija “International Field Symposium on Glacial Geology
and Quaternary Environment in Latvia’, kas notika 1998. gada, mar$ruta
sagatavo$ana un vadi$ana. Divas publikacijas ir sagatavotas ka noradijumi par
geologiskas informacijas, to skaita, reljefa formu un nogulumu ka geologiskas
vides potenciala, izmanto$anu telpiskaja plano$ana (Zel¢s, Markots, 1999a,
1999b).

Par promocijas darba rezultatiem ir sagatavoti 8 referati un zinots
zinatniskos kongresos, starptautiskas konferencés un simpozijos un 9 vietéjas
nozimes zinatniskajas konferencés.

Izstradatie materiali un metodes tapat tiek aprobéti un izmantoti LU studiju
kursos “Zemes talizpéte”, “Talizpétes materialu apstrade un interpretacija
(TMAI), “Kartes, talizpéte un GIS”, “Geomorfologija” un “Vides geomorfologija’,
ka ari lauka kursa “Geomorfologija”



1. PETIJJUMU TERITORIJAS NOVIETOJUMS
UN GEOLOGISKI GEOMORFOLOGISKAIS
RAKSTUROJUMS

Pétijumu teritorija aptver Austrumlatvijas salveida akumulativi glacio-
strukturalas augstienes. Saja augstienu grupa ietilpst Aliiksnes, Vidzemes un
Latgales augstiene (1. att.). Visas tas atrodas pédéja Skandinavijas ledusvairoga
periferialas segas iekséja josla (Aboltins, 1972; 1989; Aboltins et al., 1988, 1989;
Straume, 1979; Zel¢s, Markots, 2004). Tas kopa ar Hanjas un Otepé augstieni
Igaunija, Zemaitijas un Tel§u augstieni Lietuva, Bezanicu un Sudomas augstieni
Krievijas Federacija un daudzam citam augstieném Ziemel]polija un Vacija veido
izometriskas formas glacioelevaciju joslu, kura §i tipa augstienes vienu no otras
8kir ledaja zemienes (Abolting, 1972, 1975, 1989; Aboltins et al., 1988, 1989).
Pédéja apledojuma transgresivaja etapa tas atradas ledus lobu konvergences zona
(Aboltins, Zelés, 1988; Zelés, Markots, 2004), kaut gan daudzas zinatniskajas
publikacijas ta tiek ne visai precizi definéta, ka ledusskirtnu zona (Aboltins,
1972, 1975; Raukas, 1978; Raukas, Karukipp, 1979; Aboltins et al., 1977a; 1988,

Apaimbjmi e
rentiy

[EE5) sarveinn mirmastations glacosrainin sugmenes e
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1| Puagias pomeane
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1. attéls.  Salveida akumulativi glaciostrukturalo augstienu novietojums saistiba
ar musdienu zemes virsmas reljefu, izmantojot SRTM (Shuttle Radar
Topographic Mission) zemes virsmas digitala modela datus.
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1989; Straume, 1979). Par termina “ledusskirtne” nepareizu interpretaciju un
izmanto$anu salveida augstienu paleoglaciologiska novietojuma apzimé$ana
noradijis jau L. Serebrjannijs (Serebrjannij, 1978, 61. Ipp.).

Salveida akumulativi glaciostrukturalas augstienes atrodas uz subkvartaras
virsmas saméra maz saposmotiem lielpacélumiem (Aboltins, 1972, 1975;
Aboltins et al., 1975, 1975, 1988, 1989; Meirons et al., 1974). Tas raksturojas
ar palielinatu pleistocéna, galvenokart ledaja izcelsmes, nogulumu biezumu
(Aboltins, 1972, 1975, 1984; Straume, 1979; Dreimanis, Zelcs, 1995; Zelés,
Markots, 2004) un stratigrafiski vispilnigako griezumu (Meirons, 1986; 1992).
Galvena loma misdienu virsmas saposmojuma un reljefa formu veidosana ir
pédéja apledojuma nogulsnétajiem nogulumiem (Aboltins, 1972, 1989). Sie
nogulumi ir parsvara deformeéti ledaja dinamiskas iedarbibas rezultata. Dazada
tipa glaciotektoniskas deformaciju struktiras atspogulojas misdienu reljefa
ka pirmmasivpauguri, plakanvirsas pauguru pamatnes dalas, morénpauguri,
dauguli, osveida formas un orientétu paugurgrédu reljefs. Vairaki autori
(Aboltins, 1989, 1995; Aboltins et al., 1988, 1989) ari norada, ka salveida
akumulativi glaciostrukturalas augstienu reljefa izdalas divas zonas.

v ==

Plakanvirsas pauguri ir izplatiti augstienu iek3gja jeb centralaja zona. Saja
zona parsvara ir izplatitas ledaja glaciostruktiiralas lielpauguru un vidéjpauguru
reljefa formas un ledaja akumulacijas sikpauguru reljefs, kas izvietotas dazada
hipsometriska limeni (Aboltins, 1975), bet augstakas no tam veido $o augstienu
musdienu virsmas augstakos punktus (Aboltins, 1989; Aboltins et al., 1988, 1989).
So zonu aptver un augstienu periferidlo dalu veido orientétais paugurgrédu
reljefs, kuru parasti definé ka ledaja marginalos veidojumus (Aboltins, 1975,
1989; Meirons et al., 1976; Straume, 1979). Orientéta paugurgrédu reljefa zona
Latvija plakanvirsas pauguri nav konstatéti. Sis zonas reljefs ir veidojies vélakajos
deglaciacijas posmos.

1.1. Aluksnes augstiene

No visam Latvijas salveida akumulativi glaciostrukturalajam augstieném
Aluksnes augstiene atrodas vistalak ziemelaustrumos. Tas platiba ir 887 km?
Tadgjadi, ta ir vismazaka salveida akumulativi glaciostrukturala augstiene
Latvija. Uzbuves, morfologijas un musdienu reljefa veido$anas apstaklu zina
ta tikai nedaudz atskiras no Vidzemes augstienes (Aboltins$ et al., 1975; 1976;
Straume, 1979; Aboltins, 1989).

Kvartara nogulumu biezuma izmainas saistitas galvenokart ar izmainam
musdienu reljefu rakstura. Augstakajos masivos Veclaicenes un Malienas paugu-
rainu centralajas zonas kvartara nogulumu biezums sasniedz 90 m lidz 100 m,
bet augstienes malas josla tas samazinas lidz 30-40 m (Aboltin$ et al., 1976;
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Abolting, 1994). Pamatiezu virsmas reljefa ipatnibas daléji atspogulojas ari
misdienu reljefa ka dazada augstuma pacélumi augstienu (Altksnes un
Vidzemes) un paugurainu pamatné (Mirnieks, 2002).

1.2. Vidzemes augstiene

Vidzemes augstiene ir wuzskatima par tipomorfu akumulativi
glaciostrukturalu salveida augstieni (Aboltins, 1972, 1989, 1995; Aboltins et al.,
1975; Straume, 1979).

Augstienes lielakaja dala kvartara nogulumu biezums parsniedz 60-80 m,
bet Vestienas pauguraines hipsometriski augstakajos iecirknos — pat 150 metrus
un vairak. Tikai augstienes nogazes lejasdala un Augsgaujas pazeminajuma tas
samazinas lidz 30-40 m (Aboltin$ et al., 1975; Straume, 1979; Abolting, 1995,
1998; Juskevics, 2000; Juskevics, Skrebels, 2002).

Vidzemes augstienes reljefa morfogenétiski loti labi nodalas centrala un
periférijas zona, ko noteica akumulacijas un glaciotektonisko procesu, reljefa
veido$anas apstaklu atSkiribas abas zonas (Aboltins et al., 1975; Straume, 1979;
Abolting, 1989). Centralaja zona zemes virsmas absoliitais augstums parsvara var
parsniegt 180-200 m. Taja atrodas paugurainu reljefa hipsometriski augstakie
iecirkni. Saja zona ledaja reljefa formu veidosanas un nogulumu uzkraanas
ipatnibas liela méra noteica ledaja plasmas mijiedarbiba ar tas gultni. Senako
nogulumu izveidotie pacélumi radija ledaja plasmu diferenciaciju, mainot
to virzienu un dinamisko stavokli (Abolting, 1975). Ta rezultata ievérojami
pieauga spiediena gradienti, ipasi horizontala virziena. Ledaja atkap$anas
faze, samazinoties ta biezumam, gultnes izcilnu bremzéjosais iespaids sekméja
moreénas slanu pastiprinatu akumulaciju. Ledaja spiediena rezultata Sie slani
tika atrauti no kopéjas plasmas, sabiditi, sakrokoti vai izspiesti un aug$u ne
tikai dazada dinamiska stavokli eso$o plasmu saskares vietas, bet ari pasas
gultnes paaugstindjumos, ipasi to pret ledaja kustibu vérstajas nogazés. Sie
apstakli kopuma veicinaja pamatmorénas biezuma palielinasanos, ka ari augsto
pauguraino masivu izveidosanos virs senako kvartara nogulumu izcilpiem
Gaizinkalna un Nesaules kalna apkartné Vestienas paugurainé, Klétskalna
apkartné Piebalgas paugurainé un Dzérbenes tuvuma Mezoles pauguraine.
Sie paugurainie masivi sastiv no glaciotektoniski deformétiem nogulumiem
— sarkanbrainas vai briinas smil$ainas morénas ar biezam smilts, grants, retak
aleirita dislocétam starpkartam (Abolting, 1989). Tikai atseviskas virsotnes veido
glaciofluvialie nogulumi. Hipsometriski zemaka limeni (200-240 m vjl.) atrodas
plakanvirsas pauguru virsotnes Erglu, Vestienas, Liezéres un Drustu apkartné.
Tie ir lidz 25-30 m augsti un no 0,5 km? lidz 5 km? plasi pauguri ar stavam,
gravu saposmotam nogazém un lidzenam, nereti terasveidigam virsotném.
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Paugurus veido glaciotektoniski deforméti ledaja nogulumi, bet virsotnes parklaj
8-10 m biezs malu slanis (Abolting, Markots, 1995b, Aboltins, Markots, 1998b).

1.2. Latgales augstiene

Latgales augstiene - lielaka augstiene Latvija, aiznem Latvijas dienvid-
austrumu dalu un tikai tas pati dienvidaustrumu mala iziet mazliet arpus
Latvijas (Meirons, 1976). Plakanvirsas pauguri izvietoti salidzinosi nevienmerigi.
Viskompaktakais to izvietojums atrodas augstienes ziemelu dala un visas formas
ietilpst Burzavas paugurainé (47 pauguri). Ari paréjas formas ir paugurainu
robezas - Raznavas paugurainé (84 pauguri, tacu izvietoti loti nevienmeérigi,
to nemaz nav pauguraines rietumu dala), Feimanu paugurainé (15 pauguri),
Dagdas paugurainé (35 pauguri). Stingri ievérojot fiziogeografiskas rajonésanas
apvidu robezas (Zelcs, Steins, 1989), Cetri plakanvirsas pauguri it ka atrodas
Maltas pazeminajuma dienvidaustrumu gala. Nemot véra, ka $ai augstienes
dalai raksturigs liels absolutais augstums, ka arl ievérojot lidzsin&jos arealu
nodali$anas kritérijus, gribétos apgalvot, ka arl §is minétas 4 pauguru formas
japieskaita Raznavas paugurainei.

Latgales augstiene atrodas virs plasa pirmskvartara virsmas pacéluma. Pa-
matiezu virsmas augstums sasniedz aptuveni 100-110 m vjl. augstienes dienvidu
dala un 120-135 m vjl. ziemelu dala (Meirons et al., 1974). Pamatiezu virsma
veido aug$devona smilSakmens (dienvidu dala) un dolomits (ziemelu dala).
Pamatiezus parsedz aptuveni 40-100 m bieza kvartara nogulumu sega, parsvara
pédéja pleistocéna apledojuma nogulumi (Meirons, 1975). Tos galvenokart
parstav pamatmoréna un deformacijas moréna ar aptuveni 30-80 m biezumu
(Aboltins, 1989). Augstienes periférijas zona parstavétas nelielas valnveida grédas,
paugurgrédu sistémas, valni un iegarenas formas pauguri. Paugurainais reljefs
parsvara veidots no glaciotectoniski deformétiem ledaja nogulumiem, ka ari
atseviskos gadijumos, lieliem aug$devona dolomita atrauteniem (megablokiem)
(Aboltins, 1989).

Latgales augstienes centralajai zonai raksturigas glaciostrukturalas un
glaciostrukturali akumulativas reljefa formas Lielakas péc izmériem ir pirm-
masivi, plakanvirsas pauguri un kupolveida vai izometriski morénas pauguri.
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2. PETIJUMU VESTURE

Plakanvirsas pauguri ka atsevisks reljefa formu tips zinatniskajas
publikacijas vai parskatos izdalits jau kop$ 20. gadsimta 30. gadiem (Zans,
1936). Geomorfologiskaja literatra zinami arl daudzi citi lietotie apziméjumi
- “plakanvirsas malpauguri’, “platoveida pauguri” (Vanaga, 1970), “plakanvirsas
pauguri” (Lazdane, 1963), “platoveida paaugstindjumi” (Danilans, 1965),
“plakanpauguri” (Ramans, 1975, Jaunputnin$ 1975), “galamorénas plato’,
“galdkalni’, “zvonci” (Aboltins, Straume, Juskevics, 1976), “platoveida pauguri
(zvonci) ar bezakmens mala segu” (Eberhards, 1972), “plakanvirsas lielpauguri ar
limnoglacialo nogulumu segu” (Eberhards, 1977), “plakanpauguri, platopauguri,
zvonci® (Grine, Zelés, 1997), “limnoglacialie masivi’, “kému plato’, “prériju
plato”’, “galdveida augstienes” (Slater, 1929), ‘a flat-topped moraine plateau”,
“platoo-like hill’, “moraine plateaux” (Stalker, 1960; Prest, 1975), “prairie
mounds” (Gravenor, 1955), “glaciolimnic kames”, “koneuromopenmvie nnamo”,
“600H0 — 11€0HUK08bIE NNIAMO00PA3HBLE B036bIUEHHOCIU ™, “03ePHO — IEOHUK08bIE
nnamo”, “o3epHo — NeOHUKOBble MACCUBbL, “CMON000pA3Hble B038bIUEHHOCHIU
unu 03epHo — nedHuxosvie nnamo”, “ssoney,” (Malahovskiy, Vigdorchik, 1963),
“cmonoobpasnvie 603sviuenHocmu (“360Hupl”)”, “cmonboobpasmvie XonmvL —
“360HubL””, “kamosoe nnamo”, “zvontsy” (Bitinas, 1994; Velichko et al., 2004),
“flat glaciolacustrine hills with till foundation” (Bitinas, 1994), kas ne vienmér
viennozimigi nodala tiesi $is reljefa formas un to nosaukumi vai nosaukumu
variacijas biezi sastopamas arpus ledaja klatajam teritorijam, dazados
geografiskajos un vertikalas zonalitates regionos.

Viens no pirmajiem, kur§ ievéroja plakanvirsas pauguru klatbatni ledaju
klatajas teritorijas, bija A. Stalkers (Stalker, 1960), pétot Kanadas Albertas
provinces ledaja plismas spiediena formas (ice-pressed drift forms) un to
nogulumus. Vina 1960. gada publikacija tiek minéta ka klasisks darbs par pla-
kanvirsas pauguriem jeb “dead-ice plateaux”, iedalot tos sikak: (1) morénas plato
(moraine plateaux) un (2) lidzenumu plato (plains plateaux). Tatu par saviem
kur§ 1958. gada publikicija lietoja apzimé&umu morénas plato un G. Hopi
(Hoppe, 1952)..

Latvija viena no pirmajam autorém, kura sistematiski pétijusi augstienu
reljefu un atziméjusi “platoveida pauguru” nozimigo lomu Vidzemes Centralas
(Vidzemes péc Straumes, 1979) augstienes reljefa formu kompleksos, ir
A. Lazdane (1959), aprakstot $is augstienes elementaro genétisko kompleksu
tipus, ka arl sniedzot tam laikam detalu prieksstatu par visas augstienes un ari
reljefa elementaro genétisko kompleksu tipu veidosanos. A. Lazdane (1963)
ir nodalijusi vairaku veidu plakanvirsas paugurus. Minéta pétniece (jau ka
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A. Vanaga), 1970. gada aprakstot Aluksnes augstienes reljefa morfometriju un
attistibas ipatnibas, tapat lietoja terminu “platoveida pauguri” un jau sniedza
salidzinosi detalu geomorfologisko karti, kura paraditas konkrétas ledaja reljefa
formas (Vanaga, 1970). Vélak §1 karte tika modificéta un tas legenda tiek ieviests
Latvija nosaciti jauns reljefa formu apziméjums - “zvonci” (Aboltins et al., 1976;
Straume, 1979)..

Latvija §is formas tika konstatétas tikai salveida akumulativi glaciostrukturalo
augstienu centralaja zona, kur tas parasti veido plakanvirsas pauguru izplatibas
grupas. Saja diserticija termins “grupa’ aizvietots ar terminu “areals’, kas
precizak apzimé $o formu telpiskas izplatibas galveno ipatnibu. Tomér lauka
apsekojumi liecina, ka atseviski plakanvirsas pauguri ir sastopami ari starplobu
paugurainés un salveida cokoltipa eksaracijas-akumulacijas augstienu augstakaja
dala (Strautnieks, 1998) un ari Augstrozes paugurvalni (Zel¢s, 1992, 1995), kas
ir veidojies Zemgales un Burtnieka ledus lobu saplides zona, ta hipsometriski
augstakajiem pauguriem piegulo$aja teritorija Daibes apkartné.



15

3. PETIJUMU METODES UN MATERIALI

Pétijums balstas uz ilgstosa laika iegttiem lauka pétijumu datiem (2. att.),
publicéto literatiras avotu studijam un kartografiska rakstura telpisko datu
studijam, analizi un interpretaciju.

3.1. Geotelpisko datu iegiiSana, apkoposana un analize

Viens no darba uzdevumiem bija, izmantojot daudzveidigu telpisko infor-
macijas avotu klastu, iegat iespéjami precizaku pétamo reljefa formu izvietojuma
karti, un analizét pieejamo telpisko informaciju, lai pétitu gan atseviskas formas,
gan to kompleksus tris mérogos: 1) plakanvirsas pauguru izplatiba Latvijas sal-
veida akumulativi glaciostrukturalajas augstienés kopuma; 2) plakanvirsas pau-
guru izplatiba atseviskas salveida akumulativi glaciostrukturalajas augstienés;

2. attéls. Pétijumu teritorijas novietojums un detali pétitie atsegumi un
plakanvirsas pauguri. Zemes virsmas reljefa att€losanai izmantoti SRTM
(Shuttle Radar Topographic Mission) digitala modela dati.
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3) plakanvirsas pauguru izvietojums to izplatibas arealos. Ta ka pétijumu laika
nebija iespéjas $is formas klatiené pétit citas valstis, tad izmantota salidzinosa
analize (skat. 2. nodalu) par tuvakam un talakam valstim, kuras ir izplatitas
lidziga tipa ledaja reljefa formas un bijusi lidziga geologiskas attistibas vésture
kvartara, ipasi pédéja apledojuma uzvirzi$anas un izzusanas gaita.

Kameralo darbu perioda veikta liela méroga topografisko karsu morfologiska
un kartografiska analize, izstudéti un apkopoti publicétas literatiiras avoti. Saja
laika izdarita ari lauka darbu posma savakto materialu analize, geologisko
griezumu sastadiSana un izvérté$ana, Valsts sabiedribas ar ierobezotu atbildibu
“Latvijas Vides, geologijas un meteorologijas centrs” uzkrato Geologijas fonda
materialu studé$ana un interpretésana.

Pétijuma gaita sagatavota iesp&jami pilniga 354 plakanvirsas pauguru datu
baze. Plakanvirsas pauguru ka geometriski precizu koordinatu telpai (LKS-92)
piesaistitu apveidu jeb poligonu atributu tabula satur daudzveidigu informaciju
par pétijuma objektiem.

Detalo pétijumu kompleksa ietilpa izvéléto profila liniju instrumentala
geometriska nivelésana, urb$anas darbi (ar rokas geologisko urbju komplektu
lidz 6 m dzilumam), zondé$ana un dabisko un maksligo (karjeros) atsegumu
geologiska dokumenté$ana. Vairuma gadijumu profila linijas nivelétas, izman-
tojot nivelieri, atseviskos gadijumos, veicot acuméra uzmeérisanu ar geologisko
kompasu.

3.2. Lauka pétijumi un tajos iegiito datu statistiska apstrade

Lauka pétijumi aptvéra objektu un to tuvakas apkartnes apsekosanu, reljefa
formu uzbtives noskaidro$anu, veicot karjeru atsegumu izpéti, izdarot to zimésanu
un fotofiksaciju, bet it ipas$i slanu saguluma apstaklu un struktirelementu
mérijumus, ka ari veicot rokas geologisko urbsanu. So darbibu rezultata tika
iegati dati par plakanvirsas pauguru iekséjas uzbiives ipatnibam un parsedzoso
glaciolimnisko nogulumu horizontalo izplatibu, biezumu un raksturu.

Pétijumos morfologiskai analizei izmantota geometriskd nivelé$ana,
pétijjumu objektu precizé$ana ar GPS uztvéréjiem. Pari daudziem pauguriem
veikta urbsana ar rokas urbju komplektu, veicot kopuma 56 urbumus lidz 6 m.
Atsevisko gadijumos uzmeérisanai izmantota geologiska busole.

Peleogeografiko rekonstrukciju vajadzibam tika apzinata pétijumu
teritorijas nogulumu datésanas datu kopa, pieejama jaunakajas un sagatavotajas
publikacijas (Rinterknecht et al., 2006; Kalm, 2006; Raukas et al., 2004; 2010;
Zel¢s et al., 2010, in press).
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Atsegumos meérito olu garenasu un slanu saguluma elementu datu ap-
stradé izmantotas statistiskas apstrades metodes datorizéta vidé ar StereoNet
datorprogrammu. Telpisko datu apstradei izmantoti ESRI ArcMap 9.3. statistikas
riki, morfologisko atskiribu salidzinasanai ari Microsoft Office Exel iespéjas.

Tika veikta iegitas plakanvirsas pauguru datu bazes skaitlisko raditaju
statistiska apstrade skaitliskai vai grafiskai informacijas prezentacijai. Izmantojot
ESRI ArcMap 9.3. rikus, datu bazés tika veikta ari iek$éja statistiska datu apstrade,
lai iegitu parskatu par plakanvirsas pauguru formam un to arealiem, (pieméram,
tadu lielumu ka platibu). Noskaidrotie dati tika grupéti arealu ietvaros, lai iegtitu
informaciju par pauguru morfologijas elementu sadalijjumu atsevisku arealu
ietvaros. Tika analizétas lielpauguru platibas, formu skaits aredlos (1. tab.),
vidéjie maksimalie augstumi, relativo augstumu sadalijums atseviskos arealos,
maksimalo un minimalo augstumu diferences (3. att.).
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4. REZULTATI UN INTERPRETACIJA

Disertacija ietvertie rezultati atspogulo plakanvirsas pauguru veiktas GIS
geotelpiskas un statistiskas analizes, morfologiskas izpétes, kvartargeologisko
un geomorfologisko lauka pétijumu datus, uz kuru pamata ir noskaidrotas
plakanvirsas pauguru telpiska izvietojuma likumsakaribas salveida akumulativi
glaciostrukturalajas augstienés un $o pauguru izplatibas arealos, ka ari to iekséjas
uzbuves likumsakaribas un attistiba saistiba ar ledaja deglaciacijas fazém.

Pétijjumu rezultati Java precizét plakanvirsas pauguru morfologisko klasi-
fikaciju, noskaidrot dazada morfologiska tipa pauguru izvietojumu un sakar-
tojumu to izplatibas arealos.

4.1. Plakanvirsas pauguru izplatiba, telpiskais sakartojums un
morfologija

Visu Latvijas salveida akumulativi glaciostrukturalo augstienu kopéja platiba
sasniedz gandriz 11 900 km? (1. tabula). Plakanvirsas pauguru izplatibas areali
aiznem aptuveni 2343 km? platibu jeb aptuveni 19,7% no minéto augstienu
kopéjas platibas. Tiesi pasu plakanvirsas pauguru summara platiba ir aptuveni
567 km? jeb 24% no arealu kopéjas platibas, neparsniedzot 50% atsevisku arealu
nosacitajas robezas. Lielakais $o pauguru Ipatsvars ir Vidzemes augstienes Savites
areala, kur reljefa formu vidéjais blivums ir aptuveni 0,62 formas/km?.

1. tabula. Plakanvirsas pauguru sadalijums Latvijas salveida akumulativi
glaciostrukturalajas augstienés.

Augstiene | Alaksnes | Vidzemes Latgales -

= Jepns . . . Kopa
Raditajs augstiene | augstiene | augstiene
Platiba (km?) 887 4605 6376 11 868
Plakanwrsas pauguru arealu ) 3 5 15
skaits
Plakanvirsas pauguru skaits 24 145 185 354
Plakzanwrsas pauguru kopplatiba 85.06 221,47 2455 566,70
(km?)
% no augstienes platibas 9,59 4,80 3,85 4,77
Vidéja plakanvirsas paugura
platiba (km?) 3,40 1,58 1,33 1,62
Plakanvirsas pauguru arealu ot
platiba (km?)* 134 855 1365 2354

Platiba nav viennozimigi definéjama, bet robezas var tikt noteiktas apméram 0,5-1 km attaluma

no aréjo plakanvirsmas pauguru kontaras.

Bez atseviskiem pauguriem, kuri atrodas arpus izdalitajiem plakanvirsas pauguru izplatibas

arealiem.
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Plakanvirsas pauguru izplatibas galvenie areali ir: ir IcenieSu un Strautinu
aredls (Aliksnes augstiene), Drustu, Lauteres, Liezéres, Stepelu, Savites, Erglu,
Kaibénu un Skujenes areals (Vidzemes augstiene), Burzavas, Raznas-Pildas,
Osvas, Aulejas un Gaili$u areals (Latgales augstiene).

Apzimé&jumi
&:’ * % % Plakanvirsas paugurs SRTM reljala
S P AR C Datt) augstums
\ 5 pi
* Paugura augstika virsotne ~———Fs gura garenass

3 Paugura relafivais augstums -
I Teradu skaits uz paugura 215 Paugura maksimalais augstums 150m

3. attéls. Vidzemes augstienes Skujenes plakanvirsas pauguru izplatibas areala
morfologiskas analizes piemérs. A - hipsometriskais novietojums (uz
SRTM reljefa, SRTM, LU GZZF WMS); B - pauguru virsmas maksimalie
augstumi (m), augstakie punkti un orientacijas asis; C - pauguru
maksimalais relativais augstums; D - pauguru virsmas augstakas
virsotnes un terasu skaits.
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Veicot detalaku geotelpisko analizi, ka pieméru izmantojot Skujenes
plakanvirsas pauguru izplatibas arealu (3. att.), var izdarit $adus konstatéjumus:

1)

2)

3)

4)

5)

6)

7)

Skujenes plakanvirsas pauguri ienem augstako hipsometrisko limeni
Vidzemes augstienes ZR stiiri;

Plakanvirsas pauguri ir izvietoti piecas joslas (3.A att.). Visas tas
orientétas ZR-DA virziena. Ta ka pats areals ari orientéts no ZR uz DA,
aredla un joslu orientacija sakrit. No vidéjas joslas uz saniem eso$as
joslas atrodas aptuveni vienada attaluma;

Areala platakaja DA gala izdalas piecas joslas un malgjas joslas pauguru
izméri ir ievérojami mazaki, iznemot Skujenes pauguru izplatibas areala
A mala. Tas izcelas ne tikai ar lielo izméru (5,8 km?, garums lidz 3,5
km), bet ar lielako terasu skaitu (pavisam piecas terases) aredla un visas
Latvijas akumulativajas glaciostrukturalajas augstienés;

Augstakas pauguru virsotnes vairuma gadijumu neatrodas formas
centra. BieZi tas atrodas formu galos (ja formas izstieptas), vai ari pat
sanos (3.B att.), sarezgitaka apveida pauguriem médz bit vairakas (2-3)
péc augstumiem tuvas (ar 1-2 m at$kiribam) virsotnes;

Pauguru garenasis ari vairuma gadijumu orientétas no ZR uz DA, tikai
atSkiras mazakajos vai areala malas pauguros;

Lai gan péc absolatajiem izmeériem augstaka ir areala centrala dala,
tomer relativie pauguru augstumi tam precizi neatbilst. Piedevam attéla,
diferencéjot relativos augstumus ar krasam (3.C att.), izteikti paradas
ZA-DR virziena orientétas joslas. Tada veida areala plakanvirsas
pauguru izvietojumu nosaka ari kada Skérseniska komponente, kas
noteikti iezimeé areala reljefa, t. sk. plakanvirsas pauguru cokolu dalas,
veido$anas dinamiku, un iespé&jams, ari glaciolimnisko nogulumu segas
veido$anos virs tiem;

Skujenes areala vairumam pauguru (21 no 30) ir tikai viena terase (3.D
att.). Septiniem pauguriem ir divas terases, vienam - tris, bet vienam -
piecas. Cita rakstura analizes rezultati tika apkopoti statistiski grafiku
veida.

Autora izstradatas datu bazes lauj veikt vizualu dazadu parametru
savstarpéjo salidzinasanu (3. att.), pieméram, aréjo apveidu (formu) saistibu ar
reljefu atsevisku formu ietvaros (izmantojot 3D modelus) vai lielakas teritorijas:
ka ar Latvijas Geotelpiskas informacijas agenturas (LGIA) veidoto reljefu vai
SRTM reljefu (1. att.), formu orientaciju vai papildinatu ar formas garenasu
vizualizétam linijam), atsevisku lielpauguru raditajus, ka maksimalos augstumus
tika vizualizéts ar krasu izmainam vai pauguru relativa augstuma raditajus
vizualizét ar krasu izmainam.
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4.2. Zemwvislas virsmas raksturs un augséja pleistocéna
slankopas uzbiive plakanvirsas pauguru izplatibas arealos

Ledaja salveida akumulativi glaciostrukturalo augstienu un tam raksturiga
reljefa mezoformu kompleksa veido$anas ir ledaja segas un ta gultnes sarezgitas
mijiedarbibas rezultats. Laiktelpiska skatljuma, ka to ipasi uzsver virkne
pétnieku (Aboltins, 1972, 1975, 1989; Aboltin$ et al, 1987, 1988; Raukas et
al., 2004), $§i mijiedarbiba ir bijusi mainiga atkariba no segledaja periferialas
segas dinamiskas struktiras, ledus masu kustibas veida, un, protams, arl no
segledaja visparigas attistibas rakstura, ti. ledaja transgresivas uzvirziSanas
vai degradacijas ledaja transgresijas etapa, ka to norada O. Aboltins (1972, 53.
lpp.). Tadéjadi minétie pétijumi pierada zemledaja gultnes reljefa ietekmi uz
ledus masu dinamiku un pleistocéna veidojumu litomorfogenézes procesiem.
Neapsaubami, ka zemvislas (zembaltijas vai zemvaldaja péc Aboltins et al., 1975,
1976; Meirons, 1976; Meirons, Straume, 1979; Meirons, Juskevics, 1984 lietotas
terminologijas) virsmas reljefs un pédéja apledojuma nogulumu uzbave bija
faktori, kas ietekméja ne tikai plakanvirsas pauguru glaciotektoniskas pamatnes
veido$anos, bet loti iespéjams — ari plakanvirsas pauguru veido$anas apstaklu
lokalizaciju saistiba ar ledajkusanas idenu uzkrasanos zem ledaja un zemledaja
gultnes nogulumu filtrativajam ipasibam.

Kaut ari Aluksnes augstiené pédéja apledojuma nogulumu biezums ir
palielinats, tomér salidzindjuma ar Vidzemes augstieni, to sega ir nedaudz planaka
(4. att.). Veclaicenes paugurainé, Délinkalna un Sauleskalna pirmmasivpauguru
apkartné, tas sasniedz aptuveni 65 m, bet Icénie$u plakanvirsas pauguru areala -
40-50 m (Aboltins et al., 1976). Malienas paugurainé, D no Alaksnes un ap
Kalncempjiem, pédéja apledojuma nogulumu biezums ir 40 m, bet Strautinu
plakanvirsas pauguru izplatibas areala dienviddala tas ir 30-40 m (ibid.). Var
uzskatit, ka lielakais nogulumu biezums saistas tiesi ar augstakajiem pauguriem
un plakanvirsas pauguru arealiem, bet paréja teritorija tas ir ap 20 m. Minimalais
biezums konstatéts augstienes R mala. Augstienes lielaka ezera — Aluksnes
ezera — ieplakas apkartné $§is segas biezums dienvidu virziena ievérojami
pieaug — no apméram 20 m lidz 40 m.

Pédgja apledojuma nogulumu vidéjais biezums Vidzemes augstiené ir 60—
80 m (4. att.). Ir izteiktas 3 subparalélas joslas ar palielinatu nogulumu biezumu.
Tas stiepjas RDR-AZA virziena.

Vislielakais Vislas apledojuma nogulumu biezums ir augstienes dienvidu
dala - Vestienas pauguraing, kur vietam tas parsniedz 120 m (Juskevics, 2000).
Aprékini liecina, ka $aja teritorija maksimalais pleistocéna nogulumu slankopas
biezums sasniedz ap 200 m (Zel¢s, Markots, 1998). Vestienas paugurainé atrodas
ari 13 no 15 augstakajiem Latvijas miasdienu virsas punktiem (Zel¢s, 1997b), ka
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4, attéls.
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Zemvislas virsmas reljefs un pédéja apledojuma nogulumu biezums
salveida akumulativi glaciostruktiiralo augstienu teritorija: A1, B1, C1

- zemvislas virsmas reljefs; A2, B2, C2 - pédéja apledojuma nogulumu
biezums. Al, A2 - Aliksnes augstiene; B1, B2 - Vidzemes augstiene; C1,
C2 - Latgales augstiene. Kartes sastadi$ana izmantoti O. Abolting et al.
(1975, 1976) un Z. Meirons (1976) dati.

Apzimé&jumi: 1 - plakanvirsas pauguru areals; 2 — zemvislas virsmas reljefs;
3 - Vislas apledojuma nogulumu biezums.
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ari Savites un daléji Erglu plakanvirsas pauguru areali. Augstienes vidusdala
eso$aja Piebalgas paugurainé Vislas apledojuma nogulumu biezums vietam
sasniedz ap 100 m. Relativi planaks tas ir MeZoles paugurainé, kas aiznem
augstienes ziemelu dalu, kur maksimalais biezums svarstas no 80 lidz 90 m
(Juskevics, 2000).

Latgales augstiené Vislas apledojuma nogulumu karta ir ievérojami planaka.
Lielakais biezums ir aptuveni 80 m un izplatits salidzino$i neliela apvida ap Lielo
Liepukalnu, kas atrodas Raznavas paugurainé. Tadéjadi $is palielinatais biezums
attiecas uz Raznas-Pildas plakanvirsas pauguru arealu un salidzinosi ciesi saistas
tiesi ar plakanvirsas pauguru sakopojumiem. Palielinats biezums ir raksturigs ari
paréjiem Latgales augstienes plakanvirsas pauguru aredliem. Paréja augstienes
teritorija Vislas apledojuma nogulumu biezums mainas no 20 m lidz 40 m, kas
tomér ir krietni lielaks neka augstienei piegulosajos ledaja zemienu apvidos
(Juskevics, 2002; Juskevics, Skrebels, 2003; Meirons, 2004). Visam teritorijam,
kuras koncentréjas vai atrodas lielakie Latgales augstienes ezeri, raksturiga plana
Vislas apledojuma nogulumu karta. Tas vidéjais biezums ir aptuveni 20 m vai
pat mazaks.

Janem véra, ka autora veiktajos aprékinos nav ieklautas dazadas izcelsmes
ielejveida formas zemvislas virsma. Pédéja apledojuma nogulumu biezumu
samazinat var ari iepriekséja apledojuma nogulumu asimilacija jaunakajos
mazparveidotu atrautenu vai lokalmorénas nogulumu veida, jo pastav gratibas
tikai péc urbumu datiem noteikt to atrasanos in situ (Ginters, 1984). Uz lidzi-
gam metodiskdm problémam, pétot leddja veidojumus, ir noradijusi ari citi
autori (Abolting, 1989; Zel¢s, 1993; Zelés, Dreimanis, 1997; Strautnieks, 1998),
atziméjot, ka reizém mezoformu kodolos eso$o pamatiezu atrauteni péc
geologiskas urbsanas datiem tiek traktéti ka liecibas par pamatiezu virsmu.

4.3. Plakanvirsas pauguru iekséja uzbuve

Ar meérki noskaidrot plakanvirsas pauguru divu atskirigo sastavdalu -
pamatnes un glaciolimniskas parsedzes - veido$anas apstaklus, tika veikti
padzilinati iek$éjas uzbtives pétijjumi dazados karjeru atsegumos (5. un 6. att.).
Diemzél pétijjumiem bija pieejams tikai neliels karjeru skaits, jo sakara ar
atteik$anos no plakanvirsas pauguru mala un grants-smilts iegulu izmanto$anas
un pareju uz lielaku mala un grants-smilts iegulu krajumu izmantosanu Latvija,
lielaka dala karjeru ir rekultivéti, to sienas ir nogruvusas vai ari stipri apaugusas
ar kramiem (Zel¢s, Markots, 1999a, b). Tomér detali pétitie karjeru atsegumi
un iegutie rezultati sniedz pietieckamu informaciju par plakanvirsas pauguru
iekséjas uzbuves detalam, ko nav iespéjams iegiit, izmantojot geologiskas
urbsanas datus.
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5. attéls. Apseskalna plakanvirsas paugura hipsometriska shéma, reljefa
$kélums 5 m (A), morfologiska shéma (B) un DR nogazes geologiski
geomorfologiskais griezums (C) pa profila liniju I-II. Paugurs atrodas
Vidzemes augstiené, 2,5 km ZZA no Liezéres.
Apziméjumi: 1 — sikslanots aleiritisks mals; 2 — morénas smil$mals; 3 — smilts;
4 — grants; 5 — iespéjama nogulumu genétisko tipu robeza; 6 — profila linija; 7 -
urbumi un zondéjumi.

Reljefa formu morfologijas saistiba ar to iekséjo uzbuvi ir viens no masdienu
geomorfologisko, to skaita glaciali geologisko pétjjumu nozimigakajiem sttr-
akmeniem (Aber et al., 1989; Benn, Evans, 1998; Easterbrook, 1999). Iekséjas
uzbuves ipatnibas nosaka vairaki apstakli - gan ledaja dinamikas ipatnibas
un tas izmainas regionala un lokala meéroga, gan arl zemledaja gultnes iezu
reljefa raksturs un litologiskas ipasibas (Benn, Evans, 1998, Menzies, 2002a;
Abolting, 1989).

Apseskalns atrodas Vidzemes augstiené Liezéres plakanvirsas pauguru
izplatibas areala vidusdalas Z mala. Ta virsmas maksimalais absolitais augstums
ir 219,5 m, relativais augstums sasniedz pat 41 metru. Pauguram ir stava R, Z
un ZA nogaze, tas ir teraséts, léveraina apveida paugurs. Si augura garenass
orientéta ZA-DR virziena (5.B att.). Augstaka virsotne ir paugura R mala, no
tas radiali tika pétitas tris nogazu profila linijas, izmantojot rokas geologisko
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urbanu un nivelé$anu. Ka redzams DDR virziena profila linija, nogazei
raksturigs kaplveida profils. Taja salidzinosi labi 209 m un 204,5 m augstuma
izdalas 2 terasu fragmenti. Paugura virsu, ieskaitot augstakos punktus, klaj labi
izteikta glaciolimnisko nogulumu segkarta, tas biezums virsotnes dala parsniedz
5 m, bet lejup pa nogazi tas pakapeniski samazinas.

ma 313°

—_— - __.—.—:_____.-—

- — —__ T——_ ~=. Glaciolimnisks mals un aleirits, stipri

———r—e e PAIVeidOli izSkaloSanas rezultata
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6. attéls.  Glaciolimnisko nogulumu (augs$éja dala) un glacigéno nogulumu
(apakséja dala) kontaktjoslas ziméjums karjera Aliksnes augstiené
Sauleskalna nogaze.

Atseviskos gadijumos robeza starp nogulumu tipiem vizuali var
bat arl gandriz nemanama un atspogulo pakapenisku pareju no morénas
sedimentacijas uz glaciolimnisko nogulumu uzkrasanos (6. att).

4.4. Plakanvirsas pauguru paleogeografiskais novietojums

Plakanvirsas pauguru izplatiba un to ievérojamais Ipatsvars Latvijas aku-
mulativi glaciostrukturalo augstienu centralas zonas ledaja reljefa formu vida
liecina par to nozimigo vietu ledaja veidojumu kopa. Kaut gan plakanvirsas pau-
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guru morfologija un uzbuve satur svarigas liecibas par procesiem un vides ap-
stakliem kados norisinajas $o formu veido$anas, nozimiga, ja ne pati nozimigaka,
loma reljefa veidojo$o nogulumu sedimentacijas un postsedimentacijas procesu
norisés bija plakanvirsas pauguru izplatibas arealu paleogeografiskajam novie-
tojumam attieciba pret ledus lobiem un mélém dazados pédéja Fenoskandijas
segledaja attistibas etapos. Tapéc plakanvirsas pauguru telpiska izvietojuma,
morfologijas un iekséjas uzbaves likumsakaribu analize tika veikta kopsakariba,
no vienas puses — ar pasu salveida akumulativi glaciostruktiralo augstienu, bet
no otras puses — ar plakanvirsas paugurus pavado$o ledaja reljefa formu veido-
$anas paleogeografiskajiem apstakliem un morfogenézes ipatnibam.

Informaciju par teritorijas paleoglaciologisko novietojumu iegtst ar
tradicionalam gadu desmitu gaita parbauditam metodém, kuras Jauj noskaidrot
ledaja plasmas virzienus un ietver ledaja veidota reljefa (Punkari, 1997; Boulton
et al., 2001; Marks et al., 2003; Zels et al., 2003; Morawski, 2005: Kalm, 2010),
ledaja skrambu (Zans, 1935) un olu garenasu linearitates (Springis, Konshin,
Savvaitov, 1963; Aboltins, 1987; Dreimanis, 1999), glaciostruktiiru (Dreimanis,
1935; Aber et al., 1989; Aboltins, 1989; Marks et al., 2003; Zel¢s et al., 2003)
un mikromorfologijas telpiskas orientacijas mérjjumus, ka ari vadakmenu
izneses konusus (Viiding et al., 1971; Markots, 1986), kas, sakot ar 20. gadsimta
60. gadiem, Latvija tiek papildinati ar nogulumu uzkrasanas vecuma
noteik$anas un laukakmenu izku$anas no ledaja kosmogéna vecuma datiem.
So datéjumu rezultitu apkopojums ir pieejams Z. Meirona un V. Juskévica
(1984), V. Rinterknehta un lidzautoru (Rinterknecht et al., 2006) un V. Zel¢a un
lidzautoru (Zel¢s et al., in press) publikacijas.

Pétjjumu teritorijas dala, kura ietilpst tikai Vidzemes augstienes ZR un
R dala, Rigas ledus lielplasmas ledus masas uzvirzijas no ZZR un ZR (7. att.).
Tomér pétijumu teritorijas lielaka dala atradas Peipusa ledus lielplasmas ietekmé
(7. att.). Saja teritorija dominéja ledaja plisma no ZZA un ZA. Ledus lobiem
aizpildot plasas pirmsvislas apledojuma depresijas un reagéjot uz lielpacélumiem
ledaja gultné, ledus pliismas virzienu struktira sarezgijas un radas lokalie ledaja
plasmas virzieni no ZR, ZA un pat DA rumbiem.

Augstak minétais ledaja plasmas virzienu sadalijums noteica galvenas
ledsaplides (ledsadures - péc O. Aboltina (1989) piedavatas terminologijas)
zonas veido$anos ledus masu konvergences josla starp Rigas un Peipusa
lielplismam (7. att.). Si zonas robeza pa Sélijas paugurvalni ir nosacita un
domajams, ka to atzimé ari Z. Meirons et al. (1976) un J. Straume (1979), ir
radusies tikai Kaldabrunas fazes laika, kamér ledaja maksimalas transgresijas
laika abu ledaja lielplasmu ledus masas sapliida kopa un veidoja vienotu plismu
Fenoskandijas ledusvairoga D sektora. Ledus masu konvergences zona Vidzemes
augstiené (7. att.), iespéjams, pastavéjusi jau transgresivaja faze, kaut gan nav
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izsledzama ari O. Aboltina un lidzautoru (Aboltins et al., 1972) izteikta ideja, ka
ta ir sakusi veidoties deglaciacijas posma pasos pirmsakumos, ko ieziméja ledus
segas biezuma samazinaganas. So laiku V. Zelés un A. Markots (2004) apzimé
ka deglaciacijas sakumposmu pirms Dagdas deglaciacijas fazes. Taja laika, péc
minéto autoru atzinas, ledsaplades zona aizsakas pirmmasivpaugurus veidojoso
glaciostruktiiru rasanas Latgales augstiené. Virsledaja udeni, kas radas ledaja
ablacijas gaita, nopltda pa cieta un tdensnecaurlaidiga ledus virsmu. Spriezot
péc dazadu autoru (Aboltins et al., 1972; Meirons et al., 1976; Zel&s et al., 2010,

Apzimajumi
e Y | — - 8 <PT 9
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I

7. attéls. Pédéja apledojuma deglaciacijas procesa rekonstrukcija saistiba ar ledaja
oscilacijas fazem (Zel¢s et al., 2010, in press, ar izmainam). A - Dagdas
faze; B - Kaldabrunas faze; C - Gulbenes faze; D - pédéja Fenoskandijas
ledusvairoga deglaciacijas fazes Austrumlatvija.

Apziméjumi: 1 - ledaja malas oscilaciju maksimalas izplatibas robeza (A-C);
2 - Dagdas faze; 3 - Kaldabrunas faze; 3 - Gulbenes faze; 5 - Linkuvas faze.

6 - Valdemarpils faze; 7 - plakanvirsas pauguru izplatibas areali (A-C);

8 — plakanvirsas pauguru izplatibas areali (D); 9 - ledus lobi un ledaja méles.
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in press), relativi agrak zemledaja pirmmasivpauguru struktiru un plakanvirsas
pauguru glaciotektoniskas pamatnes veido$anas sakas Latgales augstienes
augstakaja dala, bet Vidzemes un Aluksnes augstienus centralaja dala tas radas
par vienu lidz divam deglaciacijas fazém veélak (7. att.).

Plakanvirsas pauguru glaciostrukturalas pamatnes atrodas proksimala
virziena gan no Vidzemes augstienes galvenas lielpliismu ledsaplades zonas, gan
arl Latgales un Altaksnes augstienu ledus lobu konvergences zonam. Tadgjadi
plakanvirsas pauguru telpiskais novietojums tika noteikts jau pédéja ledaja
deglaciacijas sakumposma reizé ar ledsapliides zonu glaciostruktiru veido$anos
zemledaja apstaklos (8. att.).

Veikta plakanvirsas pauguru izvietojuma un savstarpéja sakartojuma geo-
telpiska analize liecina, ka $o ledaja mezoformu glaciotektoniskas pamatnes,
virs kuram atrodas glaciolimnisko nogulumu segslanis, radusas dazadas sal-
veida akumulativi glaciostrukturalo augstienu deglaciacijas fazés. Ka to uzsver
J. Straume (1979), tad katra no deglaciacijas fazém ir ieziméjusies ar ledaja méles
oscilaciju, kuras sakuma vispirms ta vai cita ledaja méle ir aktivizéjusies, bet péc
tam aprimusi pakapeniski $auraka vai plasaka teritorija.

Ka jau tas iepriek$ tika uzsvérts (20. lpp.), Latgales augstienes augstakaja
dala plakanvirsas pauguru glaciotektoniskas pamatnes veido$anas ir aizsakusies
vél pirms Dagdas deglaciacijas fazes. Vélak ta turpinajas Dagdas un Kaldabrunas
fazes, bet Burzavas paugurainé — arl Gulbenes fazes ledus malas oscilacijas laika.
Vidzemes augstiené Vestienas grédas DR dala uz R no Aronas noteces ielejas
plakanvirsas pauguru glaciotektoniskas pamatnes veidojas Dagdas fazes laika,
kad galvenaja ledsapludes zona jau bija izveidojies stagnantais ledus. Paréja $is
augstienes teritorija un Aluksnes augstienes apvidos tas veidojas Kaldabrunas
bazes laika. Gulbenes deglaciacijas fazes laika veidojas $o abu augstienu
marginalie veidojumi, t.s. orientétais paugurgrédu reljefs, kura veido$anas
laika ledajkusanas tdeni uzkrajas zem ledaja vai ari nopluda uz lokalajiem
glacialajiem ezeriem, kuri izveidojas no ledus brivajas ledaja mélu depresijas,
vai arl noplada gar ledus méJu un lobu saniem pa lateralajam un radialajam
ielejam uz ledus ezeru baseiniem, kuri aiznéma zemienu pazeminatos apvidus.
Neizslédzot teorétisku iespéju, ka nakotné turpmako pétijumu gaita atseviski
plakanvirsas pauguri varétu tikt atklati ari $o augstienu orientéta paugurgrédu
reljefa izplatibas josla, varam uzskatit, ka plakanvirsas pauguru veido$anas
Latvijas akumulativi glaciostrukturalo augstienu teritorija noslédzas Gulbenes
deglaciacijas fazes laika, tomér vislabvéligakie apstakli to veidosanas procesa
norisei bija Kaldabrunas deglaciacijas fazes laika, kad ledaja glaciodinamiska
struktara bija vissarezgitaka un ledaja malas zona darbojas, iespéjams, vislielakais
skaits ledus mélu un mikromeélu, kuras bija aizpildijusas musdienu virsmas
pazemindjumus augstienés.
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5. DISKUSIJA

.....

glaciostrukturalo augstienu reljefa veidosanos ir veikti vairakos virzienos un
galvenokart bijusi virziti augstienu paleogeografiska novietojuma galvenokart
bijusi virziti augstienu paleogeografiska novietojuma (Asejev, 1973) un veidosanas
mehanisma noskaidro$anai kopuma (Abolting, 1972, 1975, 1989; Mozhajev,
1973; Aboltins et al., 1988; 1989) vai ari dazada tipa ledija reljefa mezoformu
izplatibas apzinasana atsevisku $1 tipa augstienu teritorija (Lazdane, 1959, 1963;
Shultz et al., 1963; Basalikas, 1969; Vanaga, 1970; Isachenkov, Tatarnhikov, 1972;
Aboltins et al., 1975, 1976; Meirons, 1976; Straume, 1979; Raukas, 1978; Raukas,
Karukdpp, 1979; Tatarnhikov, 1985; Bitinas, 1990, 1994). Minétie pétjjumi
balstas gan uz reljefa makroformu, mezoformu un atsevisku reljefa formu
morfologiskas izpétes rezultatiem, gan ari uz to iek$éjas uzbtives datiem. Nemot
véra $aja darba iegutos rezultatus, dazadas genézes apstaklu interpretacijas
nosaka nepiecie$amibu diskutét paleogeografiska aspekta plakanvirsas pauguru
morfologijas ipatnibas visplasaka nozimé, t.i. ietverot plakanpauguru un tos
pavadoso reljefa formu izplatibu, telpisko sakartojumu, un hiposometriska
novietojuma telpiskas izmainas atsevisku augstienu, ka ari izplatibas arealu
robezas, un iekséjas uzbuves kopsakaribas.

5.1. Morfologijas un iekséjas uzbiuives paleogeografiskas
konsekvences

Plakanvirsas pauguru izplatiba un to ipatsvars Latvijas akumulativi
glaciostrukturalo augstienu centralas zonas ledaja reljefa formu vida liecina
par to nozimigu vietu leddja veidojumu kopa. Kaut gan plakanvirsas pauguru
morfologija un uzbiive satur nozimigas liecibas par procesiem un vides apstakliem,
kados norisinajas §o formu veido$anas, nozimiga, ja ne pati nozimigaka, loma
reljefa veidojo$o nogulumu sedimentacijas un postsedimentacijas procesu norisés
bija plakanvirsas pauguru izplatibas arealu paleogeografiskajam novietojuma
attieciba pret ledus lobiem un mélém dazados pédéja Fenoskandijas segledaja
attistibas etapos.

Tapéc plakanvirsas pauguru telpiska izvietojuma, morfologijas un iekséjas
uzbives likumsakaribu analize ir veicama kopsakariba, no vienas puses, ar pasu
salveida akumulativi glaciostruktiiralo augstienu, bet no otras puses, plakanvirsas
paugurus pavadoSo ledaja reljefa formu veidoSanas paleogeografiskajiem
apstakliem un morfogenézes ipatnibam. Ka liecina daudzu autoru pétijumi
(Asejev, 1974; Aboltins, 1975, 1989; Straume, 1979; Raukas et al., 1995; Punkari,
1997; Boulton et al., 2001; Zel¢s, Markots, 2004), nozimigakais paleogeografiskais
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indikators ir teritorijas novietojums attieciba pret ledus lobu un ledaja mélu
konvergences zonam ledaja transgresijas un degradacijas etapa, ka ari ledaja
malas oscilacijas un recesijas fazu laika.

Smilts noguluma vecuma noteik$anas datéjumi ar OSL metodi norada,
ka ledaja reljefa glaciotektoniskas mezoformas veidojosas smilSaini gransainas
slankopas Vidzemes augstienes teritorija varéja uzkraties dazada laika (ZelCs
et al, in press). Brezgakalna pirmmasivpaugura dienvidu dalas paugura
formveidojo$as krokas austrumu sparna 7,5 m dziluma glaciotektoniski dislocéto
smalkgraudainas smilts nogulumu vecums starpslani starp rupjgraudainakas
smilts, grants un olainas grants slaniem atbilst priekspédéja (Zales, vietéjais
apziméjums — Kurzemes) apledojuma beigu posmam (paraugs Brezgis
01,125+24 takst. OSL g., Hel-TL04174,). Savukart Veselavas paugurvalni, kas
atrodas aptuveni 1,5 km uz ziemeliem no Vidzemes augstienes pakajes, uz-
bidijuma zvinas pamatné eso$as smilts OSL vecums ir 59+10 tikst. OSL g.
(paraugs Veselava 02, Hel-TL04178). Méru un Ezernieku apkartné veiktie
smil$aino nogulumu datéjumi attiecigi 30,00 un 40,34 tikst. TL gadi un ari
norada uz $o nogulumu uzkrasanos Vidusvislas (Lejasciema) interstadiala laika.
Par to, ka Latvijas teritorija $aja laika nebija klata ar segledaju, liecina ari smilts
nogulumu OSL datéjumu sérija Baltijas jiras Kurzemes piekrasté, kas uzkrajusies
laika no 52 lidz 26 ttikst. g. (Saks et al., in press).

5.2. Plakanvirsas pauguru veidosanas apstakli

Jautajuma par plakanvirsas pauguru genézi un to vietu ledaja reljefa
paragenétiskaja kopa pastav vairaki, pat pretéji uzskati (Tatarnhikov, 1985;
Bitinas, 1990, 1994; Straume, 1979; Aboltins, 1989; Aboltins, Markots, 1995,
1998b). Iespéjamais iemesls ir to pétijumi dazadas ledaja reljefa makroformas,
kuram ir atskiriga genéze un, informacijas ticamiba par to iek$&jo uzbavi un tas
nemsana véra plakanvirsas pauguru izcelsmes skaidrojumos.

A. Bitinas (1990) norada, ka visas zvoncu izcelsmes hipotézes satur virkni
stridigu elementu, jo morénas cokola (ka noskaidrots $aja pétijuma - glaciotek-
toniskas pamatnes — autora piezime) veido$anas aprimusa ledus caurkusumos
un plaisas ir maz ticama, it ipa$i nemot véra zvoncu izmérus, kas sasniedz vaira-
kus desmitus kvadratkilometru, tapat ledaja biezumu malas zona ta aprimsanas
stadija.

A. Bitinas (ibid., 22. lpp.) ipasi uzsver, ka plakanvirsas pauguru genézes
skaidrojuma ipasi ir janem véra, ka tie nevis vienkarsi atrodas pédéja apledojuma
malas zona, bet gan ledusskirtnu (péc $i darba autora lietotas terminologijas -
ledsapliides jeb ledus konvergences) zonu stiira masivos. Péc vina domam (ibid.,
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24. lpp.) tas vedina domat, ka to veido$anas notika ne tikai viena méles vai loba
deglaciacijas laika, bet ir daudz sarezgitaku procesu rezultats.

Ipasi A. Bitinas (1990) uzsver plakanvirsas pauguru morénas pamatnes un
to plakumu veidojoso glaciolimnisko nogulumu izcelsmes nozimi. Iespéjama
ir ari vipa aprakstita paleogeografiska situdcija un notikumu seciba. Tacu
Latvija nav paleogeografiska un glaciolitomorfologiska rakstura pieradijumu
par ledaja malas atkap$anos un atkartotu uzvirziSanos salveida akumulativi
glaciostrukturalo augstienu deglaciacijas laika, uz ko norada ariJ. Straume (1979).
Salidzinajuma ar Lietuvu, Latvijas teritorija atradas Fenoskandijas ledusvairoga
periferialas segas ieks$éja zona, kur deglaciacijas procesi notika relativi vélak, un
kas, ka norada O. Abolting un V. Zel&s (1988), noteica virkni specifisku ledaja
litomorfogenézes ipatnibu. Tapéc, nenoraidot A. Bitina (Bitinas, 1990) izstradato
zvoncu veido$anas modeli un pamatojoties uz veiktd pétijjuma rezultatiem,
kas salidzinajuma ar A. Bitina pétjjumiem, parada atskiribas plakanvirsas
pauguru paleoglaciologiskaja un hipsometriskaja novietojuma un telpiskaja
sakartojuma, bet it Ipasi plakanvirsas pauguru cokola uzbave, turpmak tiek
diskutéti plakanvirsas pauguru veidosanas apstakli Latvija. Jauzsver, ka Latvija
plakanvirsas pauguri atrodas ne tikai starplobu vai starpmeélu teritorija, bet ari
ledaja mélu malas zona, ko distala un laterala virziena norobezo hipsometriski
augstaka limeni izvietotas pirmamsivpauguru virknes, kas gan rada zinamu
lidzibu ar A. Bitinas (1990) aprakstito situaciju, ta¢u rada priek$noteikumus
ledus ezeru veido$anas procesam ledaja recesijas gaita bez atkartotas ta malas
uzvirzi$anas.

Jauzsver, ka Latvija plakanvirsas pauguri atrodas ne tikai starplobu vai
starpmeélu teritorija, bet ari ledaja mélu malas zona, ko distala virziena norobezo
hipsometriski augstaka limeni izvietotds pirmamsivpauguru virknes, kas gan
novietojuma zina ir zinama lidziba ar A. Bitinas (1990) aprakstito situaciju, tacu
rada priek$noteikumus ledus ezeru veido$anas procesam ledaja recesijas gaita
bez atkartotas ta malas uzvirziSanas. Pétljuma iegitais plakanvirsas pauguru
telpiskais sakartojums un glaciostruktiru morfologiska asimetrija un uzbuve
norada vismaz uz divam ar plakanvirsas pauguru genézi saistitam paradibam.
Pirmam kartam, par glaciotektoniskas pamatnes krokojuma struktiru ar
perpendikulari ledus plasmas virzienam vérstiem $arniriem veido$anos
vienpuséji orientéta ledaja spiediena apstiaklos un, otram kartam, par ledaja
gultnes nogulumu un atlizu materialu saturo$a ledus zvinveida uzbidijumu
struktiiru veido$anos leddja malas zona, tam pakapeniski aprimstot (8. att.).

Plakanvirsas pauguru morfologiskas analizes dati liecina, ka to glacio-
tektoniskas struktaras ir veidojusas gultné, kuram virsma pazeminas proksima-
la virziena. Péc O. Aboltina domam (1975), $ados apstaklos notiks ledus
masu bremzeés$anas un pastiprinata pamatmorénas akumulacija, kas galu gala
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Ledaja gultnes termalo apstaklu, ledus plismas rakstura un zemledaja
gultnes dominéjo$o procesu principiala shéma: A - pirmmasivpauguru
veido$anas laika; B - plakanvirsas pauguru veido$anas laika. Vertikalais
parspiléjums 1:20.

Apzimé&jumi: 1 - ledus kustibas virziens; 2 — pirmsvislas nogulumi;

3 - glacioakvalie nogulumi; 4 - Vislas apledojuma glacigénie nogulumi; 5 - ledus;
zona; 10 - kusanas adens uzkrasanas; 11 - virsledaja un zemledaja adenu
pliasmas (evakuacijas) virziens; 12 — ledaja méle I un ledaja méle II. Ledaja-
gultnes kontaktzonas termalie apstakli: A att.: A1 - mitra gultne; B1 - sasalstosa
gultne; B att.: A2 — atkususi gultne; B2 — sasalstosa gultne; C2 — sasalusi gultne.
Ledus plasmas raksturs: A att.: Al - bazala slidésana kombinacija ieks&jo kripu;
B1 - iekséjais krips ar sporadisku bazalo slidé$anu un gultnes deformaciju;

B att.: A2 - bazala slidésana kombinacija ar iek$éjo kripu; B2 - iekséjais krips

ar sporadisku bazalo slidésanu un gultnes deformaciju; C2 - iekséjais krips.
Ledaja gultné dominéjosie procesi: A att.: Al — bazalas morénas izgulsnésanas;
B1 - gultnes nogulumu deformacijas un morénas vienlaidus segas dezintegracija;
B att.: A2 - bazalas morénas izgulsnésanas; B2 - gultnes nogulumu deformacijas
un morénas vienlaidus segas dezintegracija; C2 - ledaja sakabinasanas ar gultni.



33

izraisis ledaja sakabinasanos ar gultni. Efektivajam spiedienam gultnes-ledaja
kontaktzona sasniedzot maksimumu, sakas gultnes nogulumu deformacija
(Boulton, 1986). Tomér pirms tam, ledaja aktivas uzvirzisanas laika, politermala
ledus apstaklos zemledaja virsmas pazeminajumos, ko aizpildija ledus lobi un
meéles, dominéja bazala slidésana un ledajidenu veido$anos.

Jau 1981. gada A. Aikens (Iken, 1981) noradija, ka gadijumos, kad pamatnes
virsma krit pret ledaju un ir raupja, tas kopa ar ledus biezuma samazinaganos
sekmé ledajudenu uzkrasanos gultné un kriostatiska spiediena palielinasanos
taja. Udens zem leddja var akumuléties vietds, kur iecirkniem ar zemu
hidraulisko potencialu piegul iecirkni ar relativi augstu hidraulisko potencialu
(Bennett, Glasser, 1996). Hidrauliska gradienta atskiribas izsauks wdens
parplisanu no augsta hidrauliska potenciila uz zema hidrauliska potenciala
iecirkniem. Visticamak, ka, veidojoties krokam vai uzbidijumiem, zemledaja
tdeni nonaca virs §im glaciostruktiram. Virs tam, it Ipasi to distalaja dala,
sakara ar ledus mazaku biezumu un vajaku dinamisko iedarbibu veidojas zema
hidrauliska potenciala iecirkni. Bides zonu attistiba un zvinveida uzbidijumu
veido$anas sekméja hidrauliska spiediena gradientu pieaugumu starp augsta un
zema hidrauliska potenciala iecirkniem. Ta rezultata pieauga ledajadenu erozijas
spéja, kas izsauca bides radito plaisu strauju paplasinasanos un ledaja gultnes
atidenosanos. Erozijas ietekmé leddja gultnes nogulumi un ledaja bazalas dalas
atlizu materials tika erodéts un transportéts perpendikulari ekvipotenciala
linijam uz ezeriem, kas pakapeniski veidojas ledaja virsa.

Dz. Menzijs (Menzies, 2002b) ipasi uzsver, ka “atrodoties sadura starp ledaju
un ta gultni, zemledaja (hidrologiska - autora precizéjums) sistéma ir spéjiga
parvietot lielu daudzumu nogulumu, iegrauzties ledaja gultnes nogulumos un
pamatnes iezos, un tada veida dod kritisku ietekmi uz glaciodinamiku, kas
nekavéjoties noteiks apledojuma geomorfologisko “efektu” (ibid., 112. lpp.).
Dz. Menzijs (ibid.) norada, ka ledajos ar subpolaro termalo rezimu ierobeZotos
zemledaja gultnes iecirknos var eksistét zemledaja hidrauliskas sistémas, bet tas
tikpat labi attiecinams arl uz visiem tiem gadijumiem, kur novérojama auksti
un silti bazétas gultnes termala rezima mijas iecirkni. Visur tur, kur paradas
politermala rezima apstakli, iespéjams, attistisies un eksistés partraukta, mainiga
un ierobezota subglaciala sistéma, kas telpiski var izzust laika gaita. Galvenie
bazala sprieguma apstakli mainas atkariba no novietojuma zem ledus un
attaluma lidz ledaja malai vai virs nozimigiem topografiskiem pacélumiem uz
pazeminajumiem (ibid., 113. Ipp.). Zemledaja tidens spiediens, kamér sublaciala
hidrologiska sistéma nav tie$i savienota ar atmosféru, lidzinasies ledaja raditas
slodzes spiedienam.

Zemledaja gultnes deformaciju veido$anas notika dinamiski mainiga videé
un apstaklos, kur zemledaja gultnes topografija sekméja ledajadenu uzkrasanos
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(7. att.). Tie$i deformacijas un stabilo plankumu robezjosla pastavéja vislielakie
spriegumi ledaja kermeni, kas izraisija zvinveida uzbidijumu veido$anos.
Zvinveida uzbidijumu attistibas laika hidrostatiska spiediena gradients momen-
tani kritas un izsauca strauju zemledaja adens spiedienplismu gar uzbidijuma
plakném. Atseviskas uzbidijuma zvinas iekséja uzbuve liecina, ka ta sastav no
diviem slaniem, kas raksturojas ar at$kirigu Gdenscaurlaidibu. Apakséja zvinas
dala ir veidota no smil$aina materiala, ko parsedz bazala moréna. Savukart
zvinas bazalas dalas smil$ainais materials uzgul glaciokrokas sparnam vai
apakséjas zvinas aug$éjas dalas pagulslanim, kas sastav no bazalas morénas.
Sados apstaklos, ki to norada Dz Menzijs (Menzies, 2002b, p. 115), var
veidoties zemledaja aidenu ierobezota plisma un tie var izplast virs ledaja.

Neapsaubami par labu zemledaja Gdenu hidrauliskas plismas nozimei
plakanvirsas pauguru glaciolimniska segslana veido$ana liecina ari fakts, ka
kontinentalo ledusvairogu gadijumos nozimigakais sane$u materiala avots
ir atltizas saturogais ledus un ledaja gultnes nogulumi, kamér ieksledaja un
virsledaja slani satur maz atlizu materiala un tas parasti ir sastopams stipri
izkliedéta veida (Drewry, 1986). Tie$i ledaja gultné ir sastopami morénas
nogulumi, kas, ka atzimé daudzi autori, pieméram, I. Danilans (Danilans, 1973;
Kurss, Stinkule, 1969), ir nozimigs glaciolimnisko nogulumu cilmes avots. Péc I.
Danilana (Danilans, 1973) pétijjumiem lidz 90% no morénas tilpumsvara veido
smalknes frakcijas (& < 2 mm), bet plakanvirsas pauguru glaciolimnisko parsegu
veidojoso raksturigo aleirita un mala frakciju saturs taja ir attiecigi 10-30%
un 15-30%. Tomér neskatoties uz to, ir nepiecieSama padzilinata zemledaja
udenu hidrauliskas sistémas lomas un tas dinamikas pétijjumi glacigéno procesu
raditas topografijas parveido$anas konteksta, taja skaita iespéjama zemledaja
hidrauliskas sistémas ietekme uz plakanvirsas pauguru virsmu saposmojoso
gravveida formu attistibu.
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SECINAJUMI

Si pétijuma rezultati lauj izdarit vairakus nozimigus secinajumus par
plakanvirsas pauguru izplatibas, savstarpéja sakartojuma, morfologijas, iekséjas
uzbuwves raksturu un to paleogeografisko novietojumu attieciba pret galvenajiem
ledus lobiem un meélém, un to konvergences zonam ledus uzvirzi$anas un
izzu$anas etapa. Uz pétijumiem balstas ari svarigakie secinajumi par plakanvirsas
pauguru veidosanas apstakliem salveida akumulativi glaciostrukturalo augstienu
teritorija.

Plakanvirsas pauguru novietojums saistiba ar tiem blakus eso$o salveida
akumulativi glaciostrukturalo augstienu mezoformu tipiem un to kompleksiem
lauj iegit padzilinatu prieksstatu par reljefa veidojoSo procesu dinamiku un
vides izmainam plakanvirsas pauguru veido$anas laika.

Pétijuma gaitd izveidotas, uz GIS balstitas, datu bazes par plakanvirsas
pauguriem un izmantotie GIS analizes riki ir Javusi atrast kritérijus plakanvirsas
pauguru un to izplatibas arealu robezu noteik$anai un precizét, ka $o pauguru,
ta ari to arealu izplatibas robezas. Tapat tas ir palidzéjis noskaidrot plakanvirsas
pauguru un to izplatibas arealu teritorialo sasaisti ar pédéja ledaja pabiezinatas
segas nogabaliem, ipasi Latgales un Aldksnes augstienés, kur arpus ledaja
pirmmasivpauguru un plakanvirsas pauguru izplatibas teritorijas, ta vidéji ir
planaka neka Vidzemes augstiené.

legutie rezultati par plakanvirsas pauguru sakartojuma likumsakaribam,
to parsedzosas glaciolimnisko nogulumu segas uzbuvi, ka ari glaciotektoniskas
pamatnes uzbavi un to veidojo$o nogulumu, iespéjams, pat loti atskirigo vecumu
lauj daudz parliecinos$ak un ticamak argumentét $o formu morfogenézi. Diemzél
lielpauguru iespaidigo izméru un liela relativa augstuma dél, ka ari uzbuves
ipatnibu iespaida, tajos paslaik ir Joti maz derigo izraktenu ieguves vietu, kuras
izpétot, var tie$i un nepastarpinati papildinat zinasanas un precizét prieksstatus
par to veido$anas apstakliem.

Tomeér iegutie pétijjumu rezultati, kaut ari pielauj iespéju pieturéties pie
tradicionala prieksstata par glaciolimnisko nogulumu sedimentaciju ieksledaja
baseinos aprimu$u ledus lauku ietvaros, lauj izvirzit un attistit modeli par
plakanvirsas pauguru bezakmens malu parsedzes veido$anos zemledaja kusanas
tdenu atslodzes vietas. Tas veidojas ledus lobu un ledus meélu zvigveida
uzbidijumu zonas, kur, saitiba ar plaisu veido$anos trauslaja leda hidrostatiska
un hidrodinamiska spiediena gradientu at$kiribu dé], noplada ledajkusanas
tdeni, kas transportéja uz zemledaja kusanas adenu atslodzes vietam ari no
zemledaja gultnes ar atlazu materialu piesatinata ledus erodéto materialu.
Kus$anas adeni un Saules radiacija sekméja $o plaisu paplasinasanos un daudz
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plasaku apidenotu nogabalu veido$anos ledus lobu un ledus méJu malas zonas.
Ledaja biezuma samazinasanas un ta aprim$ana noteica zemledaja ku$anas
udenu hidrostatiska spiediena samazinasanos un atslodzes, ka aril zvigveida
uzbidijuma zonu regresivu migraciju proksimala virziena, un ekvipotencialas
virsmas liniju pazeminasanos.

Pétijuma rezultati apstiprina darba hipotézi par plakanvirsas pauguru vei-
dosanos ka vairakpakapju procesu, un vienlaicigi ari apliecina, ka dotaja pétijjuma
izvirzitais mérkis ir sasniegts, un galvenie izvirzitie uzdevumi ir izpilditi.

Neap$aubami, ka plakanvirsas pauguru izplatibas areali tikai ar tiem
raksturigajam reljefa formu morfologiskajam ipatnibam un nogulumu
saguluma raksturu sekmé ainavisko un biologisko daudzveidibu un nosaka
ari teritorijas zemes lietojuma ipatnibas gan senatné, gan misdienas. Sie pasi
faktori ir noteikusi plasu gravu erozijas tikla veidosanos, kas rada papildu riskus
teritorijas izmantos$anai. Vienlaikus gravas ir viena no Joti dro$am reljefa formu
tipa identifikacijas pazimém, jo liecina par glaciolimnisko nogulumu klatbatni
pauguru virsotnes dala. Minétie apstakli norada uz nepieciesamibu turpinat
plakanvirsas pauguru ka specifisku geografiskas vides elementu padzilinatu
kompleksu izpéti, pétjjumos iesaistot daudz plasaka profila zemes un vides
pétnieku loku.
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Promocijas darbs izstradats ar ESF projekta “Atbalsts doktora studijam
Latvijas Universitaté”, Nr. 2009/0138/1DP/1.1.2.1.2/09/IPIA/VIAA/004, LU
registracijas Nr. ESS2009/77 finansialu atbalstu. Nogulumu datéSana veikta
ar LZP pétniecibas projekta Nr. 09.1420 “Ledajku$anas tdenu radita ledaja
gultnes modifikacija politermala ledaja malas josla Fenoskandijas ledusvairoga
dienvidaustrumu sektora Latvijas dala” atbalstu. Autors pateicas promocijas
darba vaditajam profesoram, Dr. geol. Vitalijam Zel¢am par ieguldito lielo
darbu, atbalstu un padomiem disertacijas tapSanas gaita, loti noderigiem
ieteikumiem zinatnisko rakstu sagatavo$ana, ka ari par palidzibu un atbalstu
lauka pétijumu veik$ana. Izsaku pateicibu SIA “Envirotech” par iespéju
izmantot ArcGIS 9.3. sevisko doktorantiras atbalsta licenci telpisko datu
analizei GIS vidé. Liela atziniba pienakas Janim Jatniekam par ieguldito darbu
un neordinariem risindjumiem telpisko datu bazes un servisa izveido$anas
procesa Latvijas Universitates Geografijas un Zemes zinatpu fakultates kar$u
parluka. Autors ipasi pateicas Dr. Tomas Sakam par desertacijas kopsavilkuma
anglu valodas teksta redigé$anu. Autors izsaka pateicibu Valsts sabiedribai ar
ierobezotu atbildibu “Latvijas Vides, geologijas un meteorologijas centrs” par
Geologijas Fondu materialu visplasako pieejamibu. Ipasa pateiciba pienakas LU
emeritétajam profesoram un emeritétajam zinatniekam, habilitétajam geologijas
zinatnu doktoram Ojaram Aboltinam par atbalstu, idejam un skolosanu reljefa
formu izpété un sadarbibu kopigajos lauka pétijumos.
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ABSTRACT

The dissertation is based on findings of enduring research that have been
made using methods of geospatial analysis and data statistical processing, and
generally established glaciomorphologic and Quaternary sediment field research
techniques. This resulted in new data about distribution of plateau-like hills,
their morphology and spatial arrangement, as well as ability to concretize the
internal structure of these landforms and their place in the complex of the
glacial relief mesoforms that occur in the insular accumulative-glaciostructural
uplands. Clarification of the glacial plateau-like hill morphological features and
spatial arrangement, comparative analysis of their structure within different
uplands and distinct areas of their distribution that are encounter there, gave an
opportunity to establish the development of these glacial landforms in a context
of deglaciation of insular accumulative-glaciostructural uplands.

Key words: Glacial landforms, occurrence, glacial sediments, glaciotectonics,
glacier tongues, deglaciation.
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INTRODUCTION

Topicality of the study

Plateau-like hills belong to the most prominent continental ice formations
in the areas covered by the Pleistocene ice sheets. They are common mainly
for the insular accumulative-glaciostructural uplands characterised by the
most pronounced segmentation of the glacial landscape. The morphological
and compositional peculiarities of the uplands determine a comparatively high
risk of the soil erosion, particularly linear erosion on the slopes. The diversity
of the glacial landscape promotes the biological diversity, as well as extensive
possibilities for tourism and recreation in these areas. As it is recognised in the
European Landscape Convention of October 20, 2000, landscapes are “..an
essential component of people’s surroundings, an expression of the diversity of
their shared cultural and natural heritage, and a foundation of their identity...”.
Being one of the most significant constituent parts of the insular accumulative
upland glaciostructures, the plateau-like hills stand out with their characteristic
morphology, spatial arrangement, composition, specific parent rock and soil
features that have an impact upon the formation of specific geographic landscapes,
as well as local microclimate and biogeographic peculiarities. Investigations
of the plateau-like hills and the results obtained are significant for sustainable
development of the area. These results provide an initial data which may serve
as the basis for the elaboration of the spatial planning and management. The
results of this study provide evidence on the climatic changes which took place
during the final stages of the Weichselian glaciation in the area, particurlary on
the changes of the glacier dynamics, which are topical issues within the context
of contemporary global warming in the glaciated regions today.

Plateau-like hills have been one of the first landforms affected in the uplands
by clearance crop-growing (Ramans, 1958). The segments of the plateau-like hills
with natural borders, formed as a result of gully erosion, have served as hillforts.
By using the database on the the hillforts of Latvia developed by L. Sietinsone
(Sietinsone, 2006), and the author’s created database on the plateau-like hills
(Markots, 2010) it was calculated that at least 10 hillforts are situated on the
plateau-like hills, and approximately 45 hillforts and non-fortified castle hills in
areas of their distribution. The stoneless clay, which appears on the topmost part
of the plateau-like hills, was used as an effective mineral deposit for local needs.
In our days sand and gravel material is being extracted in pits. These sediments
form the cores and subtill parts of the slopes of these hills.
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In spite of the singularity of the plateau-like hills and their use in economy,
neither in Latvia, nor the other Baltic countries, and even on the entire territory
covered with the Pleistocene continental inland ice the plateau-like hills have
never been an object of complex glaciogeological and geomorphological
studies. Investigations of these landforms in Russia are confined mainly to
their distribution and morphology, and some aspects of occurrence of the
glaciolacustrine clay on their tops (Isachenkov, Tatarnhikov, 1972; Malahovskiy,
Vigdorchik, 1963). The last and more substantial studies of formation of these
“flat glaciolacustrine hills” located into interlobate areas related to marginal
zones of the last glaciation were carried out in course of the large scale geological
mapping in Lithuania (Bitinas, 1990, 1994).

The clay deposits occurring on the topmost parts of plateau-like hills
were regarded in the 1950-ties, 1960-ties and 1970-ties as a potential mineral
raw material for local brickyards and pottery, and were studied by several
researchers (e.g. Ansbergs et al, 1955; Kur s, Stinkule, 1969; Stinkule, 1977).
Yet neither these investigations, nor the data obtained later in the course of
geological mapping did not provide sufficiently detailed and spatially referenced
information about the hypsometric location of the plateau-like hills in different
uplands, their spatial arrangement within the areas of their location, and the
bedding conditions of sediments forming the base of the hills and there relations
with the capping clayey layer.

The introduction of structural geological methods into studies of the internal
structure of the glacial landforms (Aboltins, 1978a, 1978b; Aboltins, Zelés, 1988;
Aboltins, 1989; Markots, Abolting, 1998), application of geomatic methods,
growing availability and use of varied spatial materials, as well as all-embracing
advancement of the scientific conceptions have changed essentially about the
regularities of the distribution, composition and the conditions of the origin of
individual glacial landforms (Lhevkov, 1980; Boulton, 1986; Aber et al., 1989;
Aboltins, Zeles, 1988; Aboltins, 1989; Alley, 1991; 1993; Arnold, Sharp, 2002;
Benn, Evans, 1996; Zel¢s, Dreimanis, 1997; Bitinas, 1990; Markots, 2010).

Plateau-like hills occur in the hypsometrically highest parts of the
accumulative-glaciostructural uplands. They should be certainly defined
as glacial landforms of complex genesis and composition (Aboltins, 1989;
Bitinas, 1994; Markots, in review). Their research allows clarification of the
glacial dynamics existed at the initial stages of the insular deglaciation of the
Weichselian Ice Sheet (according to the terminology used by Aboltins et al.,
1972; Aboltind 1975) when shrinkage of the glacier ice started in the inner
parts of the insular accumulative-glaciostructural uplands as lessening of the ice
thickness and appearance of the stagnant ice marking the transition from the
glacier bed deformation to formation of the glacial meltwater lakes.
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The aim and main objectives of the study

The aim of this thesis is to establish the regional and local regularities of
the distribution, morphology, spatial arrangement, internal composition and
development of plateau-like hills in the insular accumulative-glaciostructural
uplands of Latvia.

In order to achieve this, the following main tasks were established in this
thesis: 1) to review previous studies on the plateau-like hills in Latvia and in
the areas covered by the Pleistocene ice sheets; 2) to obtain and sum up data of
the morphology, distribution, arrangement and location of the plateau-like hills
in relation to other glacial landforms in insular accumulative-glaciostructural
uplands by using contemporary methods of geospatial analysis; 3) to clarify
and analyse structural peculiarities of the studied landforms; 4) to clarify the
formation of these landforms on the basis of morphology, spatial arrangement
and internal composition of the plateau-like hills.

Scientific novelty of the study

Although the plateau-like hill landforms have already been described in
many publications and their distribution reflected in diverse, initially small, later
chiefly small and medium-scale geomorphologic maps (Isachenkov, Tatarnikov,
1972; Malahovskiy, Vigdorchik 1963; Vanaga, 1970; Aboltins et al., 1974, 1976;
Meirons, 1975; Eberhards, 1977; Straume, 1979; Ginters, 1984; Bitinas, 1990,
1994; Guobyte, 2007b), even the most detailed of them do not provide equally
qualitative information about the location, morphology and composition of
these peculiar upland landforms.

The novelty of this thesis is mirrored in the detail of the acquired material
used in the work and the scope of the applied research methods. By using a wide
range of sources of spatial information a high-precision digital map of distribution
of the investigated landforms has been compiled which was constructed in to GIS
environment based plateau-like hill landform database. The database comprises
354 morphological indicators of the plateau-like hill landforms and information
about their internal composition (Markots, 2010, in review). This allows a critical
appraisal of the data obtained earlier by other researchers and draw conclusions
about the peculiarities of the location, morphology and composition of these
landforms. Additionally this allows to study these landforms in connection with
the development of the upland topography and composition, and particularly
with the results of the latest investigations on the deglaciation course of the ice
sheet, its chronology in Latvia and neighbouring countries (Rinterknecht et al.,
2006; Raukas et al., 2004; Guobyte, 2004; Zel¢s, Markots 2004; Karabanov et al.,
2004; Marks, 2004; Velichko et al., 2004; Zel¢s et al., 2010, in press). For the first
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time digital models (DTM) of Earth’s surface were also applied in the research of
the plateau-like hills, created from large-scale topographic maps, as well as from
the laser scanning (LIDAR) data. As a particularly significant accomplishment
should be regarded the analysis of spatial arrangement of the distribution
areas of individual plateau-like hills comprising a comparative analysis of their
hypsometric location, relative altitude, linearity of landforms and area. Detailed-
scale mapping (1:10 000) by using the geological hand drill of the upper
sedimentary sequence was carried out at the study area (Fig. 1). Levelling on
the cross profile lines of the hills or individual slopes was done by means of
a dumpy level N-3. The macrofabric and bedding of strata were measured at
outcrops located in clay, sand and gravel pits. The data of these measurements
were statistically processed by statistical methods in a computerised environment
(the StereoNet 3.1).

Consequently, the novelty of the work results from the amount of the
acquired material used in the work and the scope of the applied methods.

Approbation and implementation of the study results

The results of this thesis are published in 10 scientific papers, 5 of which
have been published or accepted in per reviewed journals and monographs. The
results of this research have been presented in the post-congress field excursion
(INQUA 1995. Quaternary field trips in Central Europe; C-3 Baltic Traverse)
arranged by the International Quaternary Research Association (INQUA), and
in the field symposium “International Field Symposium on Glacial Geology
and Quaternary Environment in Latvia” organised by the Peribaltic Working
Group which took place in 1998. Two larger publications have been prepared as
guidelines on the application of the geological information, including the glacial
landforms and sediments, for needs of spatial planning (Zel¢s, Markots, 1999a,
1999b).

The results of this thesis have been presented in total 17 scientific conferences,
8 of which were presented at scientific congresses, international conferences and
symposia.

The developed materials and methods are approbated and applied also at
the academic courses “Remote sensing of Earth’, Maps, remote sensing and
GIS”, “Geomorphology” for Bachelor of Science level study programmes, and
“Remotely-sensed image processing and interpretation”, and “Environmental
geomorphology” for Master of Science level study programmes at the University
of Latvia.
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1. LOCATION, GEOLOGICAL AND
GEOMORPHOLOGICAL OVERVIEW
OF THE STUDY AREA

The study area covers the insular accumulative-glaciostructural uplands
of Eastern Latvia. This group of glacial uplands is comprised by the Alaksne,
Vidzeme and Latgale uplands (Fig. 1). During the last glacial maximum these
uplands were situated within the accumulation zone (Aboltins, 1972; 1989;
Aboltins et al., 1988, 1989; Straume, 1979; Zel¢s, Markots, 2004). Along with the
Haanja and Otepai uplands in Estonia, the Zhemaitia and the Telshiai uplands
in Lithuania, the Bezhanitsi and the Sudoma uplands in the Russian Federation,
and some other interlobate uplands in Northern Poland and Germany form a belt
of glacioelevations of isometric shape which are separated by glacial lowlands
(Aboltins, 1972, 1975, 1989; Aboltins et al., 1988, 1989). During the the Late
Weichselian glaciation these uplands were located in the ice mass convergence
zone (Aboltins, Zelds, 1988; Zeles, Markots, 2004). Although in many papers

LEGERD gt

frp
(5] wsutar meswmtmien glaciosinuenmal uplands me

[ Pttt e et sl uslands e teriohate hegres

s B

Figure 1. Location insular accumulative-glaciostructural uplands in Latvia wih
respect to digital elevation model (DEM) derived from SRTM (Shuttle
Radar Topographic Mission). (SRTM, LU GZZF WMS).
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it was misinterpreted as an ice divide zone (Aboltins, 1972, 1975; Raukas,
1978; Raukas, Karukipp, 1979; Aboltins et al., 1977a; 1988, 1989; Straume,
1979). L. Serebrjannij (Serebrjannij, 1978, p.61) pointed out that the imprecise
palaeologlaciological terming of location of these interlobate areas.

The insular accumulative-glaciostructural uplands are located on macro-
elevations of the sub-Quarternary surface (Abolting, 1972, 1975; Aboltin3
et al., 1975, 1975, 1988, 1989; Meirons et al., 1974). These sub-Quaternary
elevations are covered by an increased thickness of the Pleistocene sediments,
mainly of glacial origin (Aboltins, 1972, 1975, 1984; Straume, 1979; Dreimanis,
Zelcs, 1995; Zel¢s, Markots, 2004). Here the Pleistocene sequence is also
stratigraphically most complex (Meirons, 1986; 1992). Modern topography is
dominantly shaped by the Late Weichselian sediments and landforms (Aboltins,
1972, 1989). Most of these sediments have been glaciotectonized by the glacier
ice. The glaciotectonic deformation structures of various types are reflected in
the landscape as composite hills of primary massifs, bases of plateau-like hills,
morainic hummocks, cupola hills and ice marginal formations (Abolting, 1989).
Aboltins (1989, 1995) and Abolting et al. (1988, 1989) has distinguished two
zones with distinct assemblages of the glacial, mainly glaciostructural landforms
in the territory of the insular accumulative-glaciostructural uplands.

The central zone of these uplands is composed of large to medium-sized
glaciostructural hills that form hummocky terrain in different hypsometric
levels (Abolting, 1975, 1989; Aboltin et al, 1988, 1989). The comparatively
lower lateral zone includes mainly marginal formations and their complexes
formed during glacier recession in contact between active and passive ice, and
subsequent stagnant ice features.

1.1. Alaksne Upland

The Aluksne upland is in the farest North and smallest insular accumulative-
glaciostructural upland in Latvia. It covers an area of 887 km?. Furthermore, the
composition, morphology and the formation conditions of it is similar to the
Vidzeme upland (Aboltins et al., 1975; 1976; Straume, 1979; Aboltins, 1989).

Glacial topography reflects variations in distribution of the thickness of
the Pleistocene. The Pleistocene sediment thickness reaches 90 to 100 m in the
highest parts of the Veclaicene and Maliena hummocky areas, but in the upland
marginal zone it decreases up to 30-40 m (Aboltins et al., 1976; Abolting, 1994).
The sub-Quaternary surface peculiarities have also direct reflection in the
contemporary topography to a great extent as elevated hilly areas or depressions
occupied by glacial lakes and mires (Muarnieks, 2002).
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1.2. Vidzeme Upland

The Vidzeme upland can be regarded as a classical pattern of the
accumulative- glaciostructural insular upland (Aboltins, 1972, 1989, 1995;
Aboltins et al., 1975, 1988; Straume, 1979).

The thickness of the Pleistocene sediments for the most part of the upland
exceeds 60-80 m but in the hypsometrically highest part of the Vestiena
hummocky area it exceeds 150 m. Near the foot of the upland, at the Augsgauja
depression, the thickness decreases up to 30-40 m (Abolting et al., 1975; Straume,
1979; Aboltins, 1995, 1998; Juskevics, 2000; Juskevics, Skrebels, 2002).

Hummocky topography of the central zone is very well separated by wide
depressions from the oriented marginal hilly ridges of the lateral zone of the
Vidzeme upland (Aboltin$ et al., 1975; Straume, 1979; Aboltins, 1989). In the
central zone the altitude of the glacial hummocks exceeds 180-200 m a.s.l. The
formation of the glacial landforms, accumulation and disturbance of the glacial
sediments in this zone were controlled to a great extent by the interaction of the
glacier with its bed. The elevated areas of penultimate glaciation influenced in
the dynamics of the ice flows changing their directions and interaction in glacier-
bed interface (Aboltins, 1975). As a result of this, the pressure gradients rose
remarkably, particularly in a horizontal direction. At the glacier recession stage,
when ice thickness was decreasing, glacier bed irregularities enhanced more
intense accumulation of the till and glaciotectonic deformation of previously
deposited glacial sediments. Due to glaciotectonic disturbance these strata were
squeezed and pushed in various types of folds and/or imbricated in scale-like
structures, or displaced as megablocks. It resulted in mega-scale redistribution
of initial thickneses of the glacial deposits, and formation of such landforms
as composite hills of primary massivs, bases of plateau-like hills, cupola
and cone-shaped hills. This area of hummocky topography predominantly
consist of glaciotectonically deformed sediments - brown or reddish brown
till of different facies and dislocated to some extent glacioaquatic sediments,
including sand, graveland silt (Aboltins, 1989). The glaciotectonically disturbed
deposits form the cores of the mentioned above landforms, but just some of
individual hilltops are also formed of the glaciofluvial sediments. In the area
of Ergli, Vestiena, Liezere and Drusti plateau-like hills are positioned on a
hypsometrically lower level (200-240 m a.s.1.). Plateau-like hills in these areas
are 25-30 m high and cover 0.5 km? to 5 km? wide areas with steep, gullied
slopes and quite often flat-topped surface and terraced slopes. These hills are
built up by glaciotectonically deformed glacial sediments covered by 8-10 m
thick layer of the glaciolacustrine clay (Aboltins, Markots, 1995b, Aboltins,
Markots, 1998b).
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1.3. Latgale Upland

The Latgale upland is located on a large rise of the pre-Quaternary surface.
Bedrock elevations range from 100-110 m a.s.l. in the south to 120-135 m a.s.l
in the northern part of the upland (Meirons et al., 1974). The bedrock surface
consists of Upper Devonian sandstone (in the south) and dolostone (northern
part). It is covered by a 40- 100 m thick blanket of Quaternary sediments, pre-
dominantly deposits of the last Pleistocene glaciation (Meirons, 1975). They are
mainly represented by basal and deformation tills, with a thickness of 30-80 m
(Aboltins, 1989). On the peripheral zone of the upland the ice marginal relief
forms include small ridges, hilly ridge systems, ramparts, elongated hills etc.
The landforms are mainly composed of glaciotectonically deformed glacial
deposits, in some cases, large rafts (megablocks) of Upper Devonian dolostone
(Aboltins, 1989).

The central zone of Latgale upland is characterized by glaciostructural
and glaciostructural accumulative relief forms. The largest of these forms are
“primary massifs”: plateau-like, dome-shaped or morainic hills.
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2. PREVIOUS INVESTIGATIONS

The plateau-like hills have been distinguished as a separate type of glacial
landforms since the 1930-ies (Zans, 1936). There are also known as “flat-surface
clay hills”, (Vanaga, 1970), “flat-surface hills” (Lazdane, 1963), “plateau-like
heights” (Danilans, 1965), “flat hills” (Ramans, 1975, Jaunputnin$ 1975), “end
moraine”, “table hills” (Abolting, Straume, Juskevi¢s, 1976), “flat-surface large
size hills with a cover of limnoglacial sediments” (Eberhards, 1977), “flat hills,
plateau-like hills” (Grine, Zel¢s, 1997), “limnoglacial massifs”, “kame plateaus”,
“prairie plateaus”, “table-like heights’, “prairie plateaux” (Slater, 1929), “flat-

» <«

topped moraine plateaus”, “platoo-like hills”, “prairie mounds” (Gravenor, 1955),

»  «

“moraine plateaux” (Stalker, 1960; Prest, 1975), “glaciolimnic kames”, “end-

» o« » o«

moraine plateau”, “aquaglacial plateau-like elevations”, “glacial lake plateaux”
(“o3epHO - nepumxoBble Imaro”), “glacial lake massifs’, “table-like elevations
or glacial lake plateaus”, “zvontsy” (Malahovskiy, Vigdorchik, 1963), “table-
like elevations”, “column-like hills”, “kame plateau”, “zvontsy” (Bitinas, 1994;
Velichko et al., 2004), “flat glaciolacustrine hills with till foundation” (Bitinas,
1994). These terms do not always unequivocally distinguish just these landforms
and their names or name variations often found outside the glacier-covered

territories in various geographical and vertical zonality regions.

A. Stalker (1960) was one of the first researchers who investigated the
plateau-like hills in Alberta, Canada in his study of the ice-pressed drift forms
and their sediments. In his study he described the plateau-like hills or “dead-ice
plateaux”, subdividing them into: a) moraine plateaux and b) plains plateaux.
However, A. Stalker (ibid.) himself mentioned C. P. Gravenor’s (Gravenor, 1955)
publication as his predecessors in the study of these forms in which moraine
plateaux are mentioned, as well as the paper by G. Hoppe (1952)

One of the first researchers in Latvia who has studied the glacial landforms
in insular uplands and emphasised the significant role of “the plateau-like
hills” in the landform complexes of the Vidzeme Central upland (the Vidzeme
upland, according to Straume, 1979) is A. Lazdane (1959). She described and
provided a detailed for that time concept of the formation of the entire upland
and the types of the elementary glacial genetic complexes. A. Lazdane (Lazdane,
1963) has distinguished several types of plateau-like hills. Later characterising
the landform morphometry of the Alaksne upland and the peculiarities of its
development, A. Lazdane (already as A. Vanaga, 1970) used the term “plateau-
like hills” and already presented a comparatively detailed geomorphologic map
in which several types of glacial landforms were shown. Afterwards this map
was modified and a conditionally new designation appears among the landforms
of Latvia - “zvontsy” (Aboltins et al., 1976; Straume, 1979).
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In Latvia these forms were established only in the central zone of the insular
accumulative-glaciostructural uplands where groups of plateau-like hills are
common. In this thesis the term “group” is replaced with a term “area” which
describes more precisely the main peculiarities of spatial distribution of these
landforms. Yet the field research suggests that individual plateau-like hills can be
found also in the interlobate ice zones and also in the highest part of the insular
exaration-accumulative (plinth-type) uplands (termed by O. Abolting, 1972) and
in the Augstroze hilly wall, which has developed in the convergence zone of the
Zemgale and Burtnieki glacial lobes (Strautnieks, 1998; Zel¢s, 1992; 1995).
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3. METHODS AND MATERIALS

This thesis is mainly based on original data obtained in course of analysis and
interpretation of the geospatial cartographic data, and the data acquired during
the long-term field studies. Various geospatial, geological and geomorphological
methods and techniques were applied for aggregating and analysis the data in
order to gain the objectives of this study. For location of the areas of the plateau-
like hills in insular accumulative-glaciostructural uplands see Fig. 2.

LEGEND

®  Studied cutcrops and plateauike hills
[ ] studied uplands

Figure 2. Location of the study areas and studied in details outcrops and plateau-
lihe hills. DEM derived from SRTM.

Integration and analyses of background geological information about the
study area based the reports of field studies and expeditions, as well as geological
maps available in the Geological Fond of the Latvian Environment, Geology and
Meteorology Centre.

As it was not possible to study these landforms in other countries
immediately, a comparative analysis was applied (see Chapter 2) about nearer
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and more distant countries in which similar glacier landforms occur with a
similar history of geological development in the Pleistocene, particularly the last
ice sheet advancement and degradation.

3.1. Acquisition, compilation and analysis of geospatial data

One of the tasks of this thesis was to produce a detailed map of the the
plateau-like hills using a wide range of sources of spatial information, and
analyse the available spatial information in order to analyse both individual
landforms and their complexes on three conditional levels: 1) distribution of the
plateau-like hills in the Latvian insular accumulative-glaciostructural uplands;
2) distribution of the plateau-like hills in individual insular accumulative-
glaciostructural uplands; and 3) spatial arrangement of the plateau-like hills in
the areas of their distribution. Topographic maps at scales 1:10,000 and 1:25,000,
and geomorphological maps at scale 1:50,000 were used to reach mentioned
above tasks.

The ESRI ArcMap 9.3. statistical tools were used for processing spatial data.
Comparison of morphological differences partly were carried out in Microsoft
Office Exel.

Based on the results a plateau-like hills database was prepared consisting of
354 plateau-like hill data (Table 1). The table of plateau-like hills as geometrically
precise shapes or polygon attributes attached to the coordinate space (LKS-92)
contains varied information about the objects of research.

Table 1.  Distribution of plateua-like hills in the insular accumulative-
glaciostructural uplands of Latvia.

Aluksne | Vidzeme | Latgale Total

Upland Upland Upland
Area (km?) 887 4605 6376 11 868
Number of plateau-like hills areas 2 8 5 15
Number of plateau-like hills 24 145 185 354
Area covered by plateau-like hills (km?) 85,06 221,47 2455 566,70
Percentage from the upland area 9,59 4,80 3,85 4,77
Average area of plateau-like hill (km?) 3,40 1,58 1,33 1,62
E?(r;a;)(if plateau-like hill localities 134 855 1365+ 2354
gae;‘;}toyn‘f;’ﬁ;i;u fike hills 0,18 0,17 0,14 0,16

* Without separate plateau-like hills located outside of distinguished areas



65

3.2. Field investigations, and processing of statistical data

In order to complete the advanced tasks, the already approbated glacial
geology and geomorphology methods were applied. Data used in the
palaeogeographical interpretations about the accumulation time of sediments
and the last deglaciation of the Scandinavian ice sheet were borrowed from
investigations carried out by other authors and were available in the latest
publications (Rinterknecht et al., 2006; Kalm, 2006; Raukas et al., 2004; 2010;
Zel¢s et al., 2010, in press).

In the field studies main attention was paid to the internal composition
and morphology of the plateau-like hills and neighbouring glacial hummocks.
The detailed fieldworks comprise the three dimentional determination of
arrangements macrofabric and sediment units in sand, gravel and clay pits, and
mapping of thickness and occurrence of glaciolacustrine deposits by logging
56 hand-drilled boreholes to the depth of 6 m. The measurement data were
processed and plotted by StereoNet.

The morphological case studies included instrumental geometric levelling
of the selected profiles with fixing of boring sites high-precission GPS receiver.
However some profiles were measured by the geological compass.
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4. RESULTS AND INTERPRETATION

The results of this thesis comprise the data of morphological investigations
based on GIS geospatial and statistical analysis, and the data of the Quarternary
geological and geomorphologic field survey on the basis of which the
distribution regularities and spatial arrangement, as well as the peculiarities
and development of the internal composition of the of the plateau-like hills and
their accompanying glacial hummocks, particularly composite hills of primary
massifs are found out in connection with the ice mass dynamics and glacier
deglaciation phases.

In general, the results of investigations allow to make more complete
morphological classification of the plateau-like hills, and to clarify they
occurrence, spatial arrangement and internal structure, and preconditions of
their formation.

4.1. Distribution, spatial arrangement and morphology of the
plateau-like hills

The total area of all the insular accumulative-glaciostructural uplands in
Latvia reaches almost 11 900 km? (Table 1). All plateau-like hill localities covers
an area more than 2300 km? or about 20% of the total area of the uplands. The
total area of the plateau-like hills is approximately 570 km? or 24% of the entire
area of all localities. Maximum their proportion is less than 50% of the total
area of individual locality. This greatest specific weight of these landforms is
encountered in the Savite area, the smallest one locality in the Vidzeme upland
comprising 0.62 landforms/km?.

The main areas of distribution of the plateau-like hills is the Iceniesi and
Strautini in the Alaksne upland, the Drusti, Stepeli, Liezére, Lautere, Savite,
Ergli, Kaibéni and Skujene in the Vidzeme upland, and the Burzava, Razna-
Pilda, Osva, Auleja and Gailisi in the Latgale upland.

The analysis of distribution, spatial arrangement and morphology of
the plateau-like hills are based on the database developed by the author. This
database enables visual comparison and geostatistical analysis of various
parameters, e.g. changes of the shape and morphometrical characteristics within
the area and between areas of the plateau-like hills, clustering of orientation of
the individual landforms their longitudinal axes supplemented with visualised
lines (Fig. 3.B). Data for the three dimentional morphological characteristics
and for processing of topography are derived either from the Latvian Geospatial
Information Agency (LGIA) or the SRTM DEM.
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The plateau-like hills spatially are arranged rather irregularly. Using as an
example the Skujene area of plateau-like hills for a more detailed geospatial
analysis (Fig. 3), the following conclusions can be distinguished:

(1)
2)

©)

(4)

(5)

(6)

(7)

The plateau-like hills of the Skujene area occupy the highest hypsometric
level in the NW corner of the Vidzeme upland;

The plateau-like hills are arranged in five belts. These belts strech from
NW to SE, and coincide with general elongation of the area under
consideration. The belts adjoining the central one on either side are
placed at approximately equal distances.

All five belts can be encountered only in the widest SE end of the area,
and the dimensions of the hills in the outer belts are considerably
smaller, except the Skujene hill on the eastern side of the area (Fig.
3.A). It stands out in the area and all the accumulative-glaciostructural
uplands of Latvia not only with its great parameters (its area — 5.8 km?
and length - up to 3.5 km) but also with the greatest number of terraces.
Here in total five terraced levels can be traced;

In most cases the highest peaks of the hills are not situated in the centre
of the landform (Fig. 3.B). They are often located at the ends of the
landforms (if the landforms are stretched out, or even on the sides;
the hills of a more complicated shape usually have several (2-3) tops,
frequently represented by conically or cupola-like small hummocks,
very close by their altitudes (with 1-2 m differences);

In most cases the crests of the elongated plateau-like hills are also
stretches from NW to SE; only the smallest hills or the marginal hills of
the area have different orientation;

Although, by its absolute dimensions, the central part of this area is
higher, the relative relief of the hills does not correspond to it. Besides,
in the figure, where the relative altitudes are differentiated by colours
(Fig. 2.C.), marked belt appear to be oriented in the NE-SW direction.
In such a way the arrangement of the plateau-like hills is determined
by a transverse component to ice flow direction definitely marking the
formation dynamics of the landforms, including the foundation of the
plateau-like hills, and potential limiting of the accumulation of the
overlapping glaciolacustrine sediments.

Most hills of the Skujene area (21 of 30) have only one terraced level
(Fig. 3.D). Seven hills have two terraces, but three and five terraces are
encountered for others.

Discussed above pattern from view point of the plannar distribution and
spatial arrangement of plateau-like hills is quite common also for other their
areas with exception to hypsometry and local relief characteristics. As a result
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of geospatial analyses it has found that in most cases the plateau-like hills
with maximum elevation appear in the distal part of the corresponding area.
Distribution of the relative height values is rather chaotic.

—2km

Legend

(. Plateau-like hil SRTM wm
. 7 (infiguresA B, C.D)
® The highest paint of hill -
31 Relative height of hill m
I Numbser of terraces 23¢ Maximal height of hill

= Longitudinal axis of the hill

Figure 3. An example of the morphological analysis of the Skujene distribution
areal of the plateau-like hills in the Vidzeme upland.
A - the hypsometric location (on the SRTM relief, SRTM, LU GZZF WMS);
B - maximum altitudes of the hill tops (m), the highest points and orientation
axes; C — the maximum relative altitude of the hills; D - the highest peaks of the
hill tops and the number of terraces.



69

4.2. The characteristics of the sub-Weichselian surface and
thickness of the Late Weichselian sediments in plateau-like
hill areas

The formation of the insular accumulative-glaciostructural uplands and the
complex of glacial mesorelief landforms occurring in their terriotory are the
result of the complicated interaction between the ice masses and glacier bed.
Temporal and spatial aspects of this interaction have been analysed in details by
O. Aboltins (1972, 1975, 1989), O. Aboltin et al. (1987, 1988) and A. Raukas et
al. (2004). It has also been emphasized (ibid.), that this interaction was highly
variable and depended upon the glaciodynamic structure of the peripheral ice
cover (i.e. location and dynamics of distinct ice lobes and glacier tongues), ice
flow pattern and ice mass balance, i.e. advancing or receding of glacier, as pointed
out by O. Aboltins (1972, p.53). Thus these investigations prove the influence of
the subglacial bed topography on the glacier dynamics and on the processes
of glacial sedimentation and landform formation. There is no doubt that the
sub-Weichselian surface (sub-Valdaian or sub-Baltic surface according to the
terminology by Aboltin$ et al. 1975, 1976, Meirons, 1976, Meirons, Straume,
1979; Meirons, Juskevics, 1984) and the composition of the sediments from the
Late Weichselian time were the factors which affected not only the formation of
the glaciotectonic foundation of the plateau-like hills but it is very plausible that
also localisation of the favourable environmental conditions for formation of
these hills particularly in relation to subglacial meltwater storage and discharge,
and water permeability properties of the glacier bed sediments.

Data for construction of the maps of the sub-Weichselian surface and
Weichselian sediment thickness in the plateau-like hill areas are derived from
the maps of the Quaternary deposits at scale 1:50,000, borehole and also
published data by O. Aboltins et al. (1975, 1976) and Z. Meirons (1976) (Fig. 4).
The calculations of the Late Pleistocene sediment thicknes made by the author
do not include valley-like landforms of various origins in the sub-Weichselian
surface. These valley-like landforms and time of their origin can not be detected
for this time because of glaciotectonism and subglacial erosion, and in course
of the Weichselian glaciation, particularly during Last glacial maximum, and
lack in age determination data. The original thickness of the Weichselian glacial
sediments can be changed also by assimilation and rafting of the oldest pre-Late
Pleistocene sediments by the glacier (Ginters, 1984). Similar methodological
problems were discussed more detailed by other authors (Abolting, 1989; Zel¢s,
1993; Zelds, Dreimanis, 1997; Strautnieks, 1998).

Nevertheless incresead cover of the Weichselian sediments in the Aliksne
upland its thickness is lower than in the Vidzeme upland (Fig. 4). In the highest
part of the Veclaicene hummocky area that includes the vicinity of the Délinkalns
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3
mm 130 m
Figure 4. Topography of the sub-Weichselian surface (A1, B1, C1) and thickness
of the Late Pleistocene sediments in distinct insular accumulative-
glaciostructural uplands (A2, B2, C2). Accordingly A1, A2 - Aliaksne
upland; B1, B2 - Vidzeme upland; C1, C2 - Latgale upland. Dotted
contours denote the plateau-like hill areas. The constructed maps are
based on the borehole and geological mapping, and published data by
O. Aboltins et al. (1975, 1976) and Z. Meirons (1976).
Legend: 1 - plateau-like hills areas: 2 — Topography of the sub-Weichselian
surface; 3 — thickness of sediments of the Weichselian glaciation.
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and Sauleskalns composite hills of primary massifs the Late Weichselian sediment
thickness reaches up to 65 m. In the Iceniesi area, and Maliena hummocky area
S of the Aliksne town it does not exceed 40-50 m, but in the southern part of
the Strautini area of plateau-like hills it is only 30-40 m. One can be sure that
the greatest thicknesses are related just with the hypsometrically highest parts
of the upland that includes areas of the plateau-like and composite hills; in the
remaining territory it is about 20 m, the minimal thickness being at the western
margin of the upland. The thickness of the Late Weichselian sediments near the
Lake Alaksne - the largest lake in the upland - considerably increases — from
20 to 40 m in S from the lake depression (Aboltins et al., 1976).

The average thickness of the Late Pleistocene sediments is 60-80 m in the
Vidzeme upland (Fig. 3.). The thickest Late Pleistocene sediment cover occurs
in three most elevated and subparallelly arranged interlobate belts of hummocky
topography. These belts stretch from WSW to ENE. The elongated glacial
depressions occupied during last glaciations by the Upper Gauja, Upper Amata,
Ogre and Tirza glacier tongues locate in between (Zel¢s, Markots, 2004).

The maximum thickness of the Pleistocenes sediments reaches about 200 m
(Zelcs, Markots, 1998) in the southern part of this upland. This part of the up-
land is occupied by the Vestiena hilly area where there are 13 of the 15 high-
est points on the contemporary surface of Latvia (Zel¢s, 1997b), as well as the
Savite and partly the Ergli areas of plateau-like hills. Here in some places only
the Weichselian glacial sediment cover exceeds 120 m (Juskevics, 2000). Maxi-
mum Weichselian glacial sediment thickness is encountered several kilome-
tres SE from the Lake Kanepéni where it is about 140 m. In both remaining
belts of hummocky areas the the Late Weichselian sediments form a thinner
cover. The thickness of the Weichselian glacial sediments in the topographically
highest parts of the Piebalga hilly area, which is located in the middle of the
Vidzeme upland, exceeds 100 m (Abolting, 1975). It is relatively thinner in the
Mezole hilly area (80-90 m), which occupies the northern part of the upland
(Juskevics, 2000).

The Late Pleistocene sediments in the Latgale upland are remarkably thinner
(Fig. 4). Its thickness does not exceed 80 m in the Raznava hilly area, and is less
than that in other upland areas. This increased thickness refers to the Razna-
Pilda area of plateau-like hills. An increased thickness is also common for other
areas of the plateau-like hills in the Latgale upland. It can be noted, that in the
territories with large concentration of lakes or depressions the thickness of the
Weichselian glacial sediments is rather low, comprising 20 m or less. On the
remaining territory occupied by basins of glacier tongues the thickness of the
Late Pleistocene sediments varies from 20 to 40 m, which is still much greater
than in the glacial lowlands adjoining the upland (Juskevics, 2002; Juskevics,
Skrebels, 2003; Meirons, 2004).
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4.3. The internal composition of the plateau-like hills

The relationship of the landform morphology with its internal composition
is one of the most significant keystone of contemporary glacial geomorphology
investigations (Aber et al., 1989; Benn, Evans, 1998; Easterbrook, 1999). The
internal composition is determined by several conditions: glacier dynamics and
changes on the regional and local scales, as well as the character of the subglacial
bed and lithology (Benn, Evans, 1998, Menzies, 2002a; Aboltins, 1989).
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Figure 5. The hypsometric sketch of the Apseskalns plateau-like hill, countour
interval is 5 m (A), the morphological scheme (B) and the geological-
geomorphologic section (C) of the SW slope along the profile line I-II.
The hill is situated in the Liezere area, Vidzeme upland, 2.5 km NNE of
the Liezére village.

Legend: 1 - fine-grained silty clay; 2 - till; 3 - sand; 4 - gravel; 5 - fixed and
supposed bedding contact between till and covering glaciolacustrine sediments;
6 - the profile line; 7- boreholes.

The results of the internal composition are obtained from field investigations.
These investigations are aimed to find out information helping in reconstruction
of the formation conditions of the plateau-like hills. The examination of the
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internal structure of the base of plateau-like hills was mainly based on boreholes
data (Fig. 4.). The topmost part of the base, bedding contacts between base-
forming deposits and capping layer of glaciolacustrine sediments were studied
in details in clay, sand and gravel pits (Fig. 5.). In course of these fieldworks not
only composition of the plateau-like hills, but also accompanying them glacial
landforms - composite hills of primary massifs, cupola hills and conic-shaped
hills has been described.

The main results of these findings have already been published (Aboltins,
Markots, 1995; Aboltins et al., 1995; Markots, Abolting, 1998a, b) or submitted
for publication (Markots, in review). Unfortunately the studies were proceded
with variable success due to the termination of the use of small clay and sandy
gravel deposits from the plateau-like hills and transition to the use of larger clay
and sandy gravel deposits in Latvia (Zel¢s, Markots, 1999a, b). Nevertheless,
overall investigation results allow to draw conventional pattern of the internal
composition of the plateau-like hills and to identify interconnection between
internal structure of the base of these hills and composite hills of primary
massifs. According to O. Aboltin$ (1975), V. Zel¢s and A. Markots (2004) last
ones were formed and freed from ice relatively earlier than plateau-like hills.

In general the base of the plateau-like hills is built-up by glaciotectonic
structure. This glaciotectonic moulding forms up to two thirds of the relative
heigt of hills. The main landforming-structures of individual hills are asymmetric
folds that incline to the direction of the ice flow, or complex of imbricate thrusts
or rafted megablocks of glacial strata with thrust planes dipping upglacier. The
subsequent imbricate scales on the proximal slopes of asymmetric landforming
folds can be observed.

The internal structure of the disturbed glaciofluvial material overlaid
by fragmented till unit in the outcrop of the Svikli gravel pit located in the
middle-upper part of the Tumuzi plateau-like hillslope also suggest subglacial
glaciotectonic deformation (Markots, in review).

A more detailed insight into the relationship between underlying basal till
unit and capping glaciolacustrine sediments of the slopes of the plateau-like
hills can be gained by inspecting a section of the south-western slope of the
Apseskalns hill (Fig. 5.), and the outcrop of the Sauleskalns hill pit (Fig. 6.).

The Apseskalns plateau-like hill is located on the northern margin of the
middle part of the Liezére area of the Vidzeme upland. The maximum elevation
is 219.5 m, and its relative relief reaches approximately 40 m. The hill has steep
W, N and SE slope. The slopes are terraced and gullied. The longitudinal axis of
this hill is weakly pronounced, but in general oriented in the NE-SW direction
(Fig. 5.A, 5.B). The profile lines of the hillslopes were studied using geological
hand-drilling and levelling. It is evidently from the SSW profile line, that the



74

slope is characterised by a step-like profile. Fragments of two terraces reveal
themselves in it comparatively well at the height of 209 m and 204.5 m. The
surface of the hill, including its highest points, is covered with up to 8 m bed
of glaciolacustrine sediments. The thickness of glaciolacustrine sediments is
uneven, but decreases down the slope.
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Figure 6. A picture of the contact zone of the glaciolimnic sediments (the upper

part) and glacigenic sediments in a quarry at the slope of Sauleskalns in
the Alaksne upland.

It is important to note, that in some places, for instance in the outcrop of the
clay pit shown in Fig. 6, the bedding contact between till and clay is very gradual
reflecting a gradual transition from till accretion to glaciolimnic accumulation.

4.4. Palaeogeographical location of the plateau-like hills

Information about the palaeoglaciological location of the territory is
obtained by traditional methods, tested during many decades, which allow to
establish the ice flow directions, and include the determination of the glacial
landform lineation (Punkari, 1997; Boulton et al., 2001; Marks et al., 2003; Zelcs
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et al., 2003; Morawski, 2005: Kalm, 2010), measurements of the glacial striation
(Zans, 1935) and macrofabric orientation (Springis, Konshin, Savvaitov, 1963;
Abolting, 1987; Dreimanis, 1999), examination of glaciotectonic structures
(Dreimanis, 1935; Aber et al, 1989; Aboltins, 1989; Marks et al., 2003; Zel&s
et al., 2003) and micromorphology and dispersion fans of indicatot boulders
(Viiding, 1971; Markots, 1986), which have been supplemented in Latvia since
the 1960-ties with the dating results (see Meirons, Juskévics,1984; Rinterknecht
et al., 2006; Zel¢s et al., in the press for detailed information).

During transgression of the Late Weichselian glaciation in the NW and W
part of the Vidzeme upland the Riga ice stream moved up from NNW and NW
(Fig. 7.). The most of the study territory was under the influence of the Peipsi ice
stream (Fig. 7.). In this territory there was dominating ice flow from NNE and
NE. As the ice lobes filled up the vast depressions of the pre-Weichselian surface
and in response to the macroelevations in the glacier bed, the ice flow pattern
became more complicated, and local directions of ice flow appeared from the
NW, NE and even SE.

As a result the above mentioned ice flows determined the formation of the
main ice mass convergence (collision between the Riga and Peipsi ice streams
(Fig. 7.)). This zone was crossing the highest parts of the Vidzeme and Aluksne
uplands. This zone is marked by distribution of the belt of the composite hills
of primary massifs. Having the interlobate palaeogeographical position these
glacial landforms form the hypsometrically highest level in these and as well as
in the Latgale upland.

The ice mass convergence zone along the Sélija interlobate heigts is
conditional and supposedly originated, as also Z. Meirons et al. (1976) and
J. Straume (1979) remark, only during the Kaldabruna oscillation phase while
the ice masses of both ice streams during the maximum transgression and in the
earliest (Dagda) phase of the deglaciation of the glacier merged together forming
a joint stream in the south central part of Latvia, and the southern sector of the
Fenoscandian ice sheet. It seems that in the Vidzeme upland the convergence
zone of the ice masses existed already in the transgressive phase.

Although also an idea pointed out by O. Aboltins et al. (1972) that its
formation was started at the very beginning of the deglaciation stage, which was
marked by decreasing ice thickness cannot be rejected. V. Zel¢s and A. Markots
(2004) denote this time as the starting stage of deglaciation before the Dagda
oscillation phase.
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Figure 7. Reconstruction of the deglaciation process of the Late Weichselian
glaciation with respect to ice margin oscillations (adopted after
Zel¢s et al., 2010, in press). A - Dagda phase; B - Kaldabruna phase,
C - Gulbene phase; D - ice marginal oscilations during deglaciation of
the last Fennoscandian ice sheet in Eastern Latvia.
Legend: 1 - oscillation limits (A-C); 2 - Dagda phase; 3 — Kaldabruna phase;
4 - Gulbene phase; 4 - Linkuva phase; 5 — Valdemarpils phase;
7 - plateau-like hill areas during deglaciatiation (A-C);
8 - plateau-like hill areas (D); 9 - ice lobes and glacier tongues.

According to these authors (ibid.), during that time the formation of the
subglacial glaciotectonic structures which built-up the composite hills of
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primary massif started in the interlobate environment in the Latgale upland.
The supraglacial meltwaters, which arose in the course of glacier ablation,
escaped along the surface of the hard and water-impermeable ice. Judging by
the opinion of various authors (Aboltins ef al., 1972; Meirons et al., 1976; Zelés
et al., in press), the formation of the subglacial structures of the composite hills
of primary massifs and the glaciotectonic base of the plateau-like hills started
relatively earlier in the highest part of the Latgale upland in comparison to the
Vidzeme and Aluaksne uplands. In the central part of the last both they appeared
by one to two deglaciation phases later.

The glaciotectonic structures that form the base of the plateau-like hills are
situated in a proximal direction of the main ice masses convergence (interlobate)
zone in the Vidzeme upland, and also the interlobate or intertongue zones in the
Latgale and the Alaksne uplands. Thus the spatial location of the plateau-like
hills was determined already in the course of the formation of the glaciotectonic
deformation structures of the interlobate and intertongue zones under subglacial
conditions.

The realized geospatial analysis of the location and spatial arrangement
of the plateau-like hills suggests that formation of the glaciotectonic base and
subsequent deposition of the capping glaciolacustrine sediments were taken
place in several deglaciation phases. As it was stressed by J. Straume (1979), at
the beginning of the deglaciation phase someone or other ice lobe or glacier
tongue had been activated. Each such oscillation has been marked by more
prominent belt of the ice marginal formations (ibid.). Z. Meirons et al. (1976)
and J. Straume (1979) emphasize that the closed-type ice marginal formations
are common for the insular accumulative-glaciostructural uplands in Latvia.
This oscillatory complex was formed in the contact zone between active and
stagnant ice. After each oscillation ice masses had gradually receded on a
narrower or wider territory. The results of this study suggest, the formation of
the glaciotectonic structures forming the base of the plateau-like hills on the
highest part of the Latgale upland has started already before the establishment
of the Dagda marginal formations. Later it continued during ice mass receding
from the Dagda and Kaldabruna ice marginal formations, but in the Burzava
area — also during the active ice margin recession from the ice marginal belt of
the Gulbene phase. In the south-western part of the Vestiena hilly area in the
Vidzeme upland, to W of the valley of the Arona meltwater drainage valley, the
glaciotectonic structures of the plateau-like hills were formed in the course of
the Dagda deglaciation phase when ice masses became stagnant in the highest
part of the interlobate area. On the rest of the territory of this upland and the
areas of the Aliksne upland they formed during the Kaldabruna phase. During
the Gulbene deglaciation phase only marginal formations, the so-called by O.
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Aboltins (1972, 1975) “oriented hilly ridges relief”, have only been developed
in the territory of both uplands. Without excluding a theoretical possibility that
separate plateau-like hills could also be encountered in the course of further
investigations also in the localities of the oriented hilly ridges relief of these
uplands, it can be considered that the formation of plateau-like hills in the
territory of the insular accumulative-glaciostructural uplands was completed
during the Gulbene deglaciation phase. However, the most favourable conditions
for their appearance were in the time of the Kaldabruna deglaciation phase
when the glaciodynamic structure of the glacier was most complicated and,
perhaps, there was the greatest number of the ice tongues and microtongues in
the terminal zone of the glacier.
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5. DISCUSSION

Previous investigations on the formation of the insular accumulative-
glaciostructural uplands of the southeastern sector of the Last Fennoscandian
ice sheet have been carried out in several directions, particularly clarification
of the palaeogeographical location and mechanism of the formation of these
uplands (Aboltins, 1972, 1975, Aboltins, et al., 1976; Aboltins, et al., 1988,
1989), and cognition of the placement of the different type glacial landforms
and examination their composition by using several techniques and methods
(Aboltins et al., 1974, 1976; Meirons, 1976). The introducing methods of the
structural geology by O. Abolting (1989) were a crucial milestone in studies of
the internal structure of glacial landforms. This and previously obtained data are
reflected in the spatial cartographic data of various scales and precision. On the
whole, almost all of them give an idea about the nature of the surface sediments
on the territory, their distribution and relationship to the landform morphology
and genesis.

Considering the results of this thesis the various interpretations of the
genetic conditions determine a necessity to view the morphological peculiarities
of the plateau-like hills in a paleogeographical aspect in its widest sense, i.e.
including the distribution of the plateau-like hills and their accompanying
landforms, their spatial arrangement and spatial variations in the hypsometric
location of individual uplands, as well as their distributions within the areas,
and interrelationships of their morphology and internal structure..

5.1. The paleogeographical consequences of morphology and
internal composition

The determinated location of the plateau-like hills and their remarkable
role among the glacier landforms of the central zone of the accumulative-
glaciostructural uplands confirm their significant place in the set of the glacial
formations. Although the morphology and composition of the plateau-like hills
possess important evidence about the processes and environmental conditions
under which they have been formed, a significant, if not the most significant,
role in the the course of the depositional and landforming processes that shaped
landscape of the plateau-like hills and accompanying glacial landforms belonged
to the palaeogeographical location of their areas in relation to the ice lobes and
glacier tongues during transgression and deglaciation of the last Fenoscandian
ice sheet.

Therefore the analysis of the regularities of the spatial arrangement,
morphology and internal composition of plateau-like hills was carried out in
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correlation with the palaeogeographic conditions and morphogenetic peculiarities
of the formation of the insular accumulative glaciostructural uplands themselves,
on the one hand, and the formation of the glacier landforms that accompany the
plateau-like hills, on the other. As it has been emphasized by many investigators
(Asejev, 1974; Abolting, 1975, 1989; Straume, 1979; Raukas ef al., 1995; Punkari,
1997; Boulton et al., 2001; Zel¢s, Markots, 2004) and shown in Chapter 4.4 of
this thesis, the most significant palacogeographical indicator is the location
of the plateau-like hill areas in relation to the ice convergence (interlobate or
intertongue) zones at the start of the decaying of the Last Fennoscandian ice and
change of this superposition later, during subsequent oscillation and recession
phases of the glacier margin.

The results of the luminescence age determination of the sandy material
from the core of the glaciotectonic structure composing of the Brezgakalns
composite hill of the primary massif (next to the Skujene plateau-like hill
area) suggest that it has been deposited during the Late Saalian time (125+24
OSL kyrs BP, Hel-TL04174). According to Zel¢s et al. (in press) in other places
subglacially disturbed OSL determinations give ages of about 59+10 OSL kyrs
BP (Hel-TL04178), and from 19.6+1.0 OSL kyrs BP until 26.8+1.1 OSL kyrs
BP (Raukas et al., 2010). Lake sediments occurring below the Late Weichselian
basal till in the Vidzeme and Latgale uplands indicate age of 30.00 and 40.34 TL
kyrs BP (Meirons, 1992). Therefore it can be tentatively assumed that waterlain
sediments of the glaciotectonic base of the plateau-like hills have also been
deposited in very different time - beginning with the Late Saalian glaciation
until to transgression of the Last Weichselian ice sheet.

5.2. The formation conditions of the plateau-like hills

As regards the genesis of the plateau-like hills and their place in the
paragenetic set of the glacial landforms, there are several, even opposite views
(Tatarnhikov, 1985; Bitinas, 1990, 1994; Straume, 1979; Aboltins, 1989; Aboltins,
Markots, 1995, 1998b). The most substantial contribution in solving the problem
of formation of the plateau-like hill is done by Bitinas (1990; 1994). A possible
reason for this is the fact that the studies of different glacial landforms are based
on the different content, credibility and interpretation of information about
their internal composition and its application in the interpretations of the origin
of plateau-like hills.

As it was noted by Bitinas (1990) all of the hypotheses describing the
origin of zvonets contain a series of controversial elements because the formation
of the foundation (as interpreted in this research - glaciotectonic base - author’s
note) in the pot-holes of stagnant ice and its crevasses is unlikely, particularly,
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considering the dimensions of zvomnets, which reach several tens of square
kilometers, as well as the thickness of the glacier in its marginal zone during the
stage when it become still.

Bitinas (ibid., p. 22) particularly emphasised that to resolve the genesis of
plateau-like hills one should take into account the fact that these landforms were
situated not simply in the marginal zone of the Last Fennoscandian ice sheet but
in the corner massifs of the ice divide (according to the terminology used by the
author of this work - interlobate or ice convergence) zones. Bitinas concluded
(ibid., p. 24), that formation of the plateau-like hills took place not only during
the deglaciation period of one tongue or lobe but it was a result of much more
complicated processes. He promoted idea (1990) about the formation of the
plateau-like hills as a multi-stage process, and distinguished six successive stages
in the formation of the zvonets, that included initial ice recession, subsequent
activation and final stagnation.

A great importance in the location and origin of the plateau-like hills
Bitinas (1990) allocated to the till base (plinth) and the flat-topped glaciolimnic
sediments. A palacogeographical situation and the sequence of events described
by him (ibid.) are also very possible under certain conditions. However,
as pointed out by Z. Meirons et al. (1976); Straume (1979), there is no a
palaeogeographical and glaciolithomorphological evidence about the the ice
margin retreat and repeated advance in the course of the deglaciation of the
insular accumulative-glaciostructural uplands in Latvia. In contrast to Lithuania,
the territory of Latvia was situated in the inner zone of the peripherial cover of
the Fenoscandian ice sheet where the deglaciation processes took place relatively
later and determined a number of specific lithomorphogenetic peculiarities
(Aboltins, Zelcs, 1988; Aboltins, 1989). Therefore, without declining the zvonets
formation model developed by A. Bitinas (Bitinas, 1990), and on the results of
the current research which reveals differences in the palaeoglaciological and
hypsometric distribution, as well as the arrangement, and particularly in the
composition of the base of the plateau-like hills, there are discussions going
on concerning the formation conditions of the plateau-like hills in Latvia. It
should be stressed that in Latvia the plateau-like hills are located not only in the
interlobe or intertongue territory but also in the marginal zone of the glacier
tongues separated by the ridges of the primary massifs in a distal and a lateral
directions. In these areas the separate composite hills of the primary massifs and
their ridges occupy a hypsometrically higher level producing similarity with the
the final stages of the formation of the plateau-like hills described by A. Bitinas
(1990), and yet creating preconditions for the meltwater ponding without
repeated advancement of the ice margin.
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The spatial arrangement of the plateau-like hills, the morphological
asymmetry and composition of the glaciostructures point at least to two
phenomena connected with the genesis of the plateau-like hills. First of all,
the asymmetric glaciotectonic folds composing the glaciotectonic base which
planes are directed perpendicularly to the ice flow direction have been formed
under the condition of the unilateral compressive ice flow (Markots, in press).
Secondly, the formation of the recessional type imbricate scale complexes that
comprise the glacier bed sediments and locate on the downglacier flanks of
the glaciotectonic folds suggest the gradual calming down of ice mass activity

(Fig. 8.).

The morphological data show that the structures of the glaciotectonic
base have formed in a glacier bed which surface lowers upglacier. According
to O. Aboltins (1975), damping of the ice masses should increase the basal till
accumulation, and, finally, would cause coupling of the glacier with its bed.
When the effective pressure reached its maximum in the bed-glacier interface,
deformation of the bed sediments started (Boulton, 1986). Yet before that,
during the active ice mass advance basal sliding and formation of suglacial
meltwater dominated in the glacier bed depressions under the conditions of a
polythermal ice.

Already in 1981 A. Iken (Iken, 1981) concluded, that in cases when the
surface of the glacier bed was inclined against the glacier and it was enough
rough, this, alongside with the decrease in the thickness of the ice, promoted the
meltwater storage in the bed and an increase in the kriostatic pressure in it. The
subglacial water could accumulate in places where the sites with a low hydraulic
potential to be adjacent on the sites with a relatively high hydraulic potential
(Bennett, Glasser, 1996). The difference in the hydraulic gradients will cause the
flow of water from the sites of a high hydraulic potential to the sites of a low
hydraulic potential. Most likely that with the formation of the glaciotectonic folds
or imbricate scales the subglacial waters escaped above these glaciostructures.
Because of the reduced thickness and weaker dynamic impact there appeared
places of low hydraulic potential over them, particularly in their distal part. The
development of the imbricate scales and related to them faults enhanced the
difference in gradients of the hydraulic pressure between the spots of a high
and a low hydraulic potentials. As a result of this, the erosion capacity of the
meltwater increased, which caused rapid broadening of the crevices created by
faulting and dewatering of the glacier bed. Under the influence of erosion the
glacier bed sediments were eroded and transported along the perpendicular
lines of the equipotential to lakes that gradually appeared on the surface of the
glacier.
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Figure 8. A principal scheme of the thermal conditions of the glacial bed, character
of the ice flow and the dominating processes at the ice-bed interface:
A - during the formation of the primary massif hills; B - during the
formation of plateau-like hills. The vertical exaggeration 1:20.

Legend: 1 - Direction of the ice flow; 2 — pre-Weichselian sediments;

3 - glacioaquatic sediments; 4 - the glacigenic sediments of the Scandinavian
ice sheet; 5 — ice; 6 — crevassed ice; 7 — subglacial meltwater ; 8 — potholes
and moulins; 9 - zone of repeated freezing; 10 - storage of the meltwater;

11 - subglacial water flow direction; 12 - ice tongues I and II.

The thermal conditions of the glacier-bed contact zone: Fig. A: A1 — wet bed;
Bl - a freezing bed; Fig. B: A2 - a thawed bed; B2 - a freezing bed; C2 - a
frozen bed. The character of the ice flow: Fig. A: A1 - basal sliding in combination
with the internal creep; Bl - internal creep with sporadic basal sliding and bed
deformation; Fig. B: A2 - basal sliding in combination with the internal creep;
B2 - internal creep with sporadic basal sliding and bed deformation; C2 -
internal creep. The dominating processes in the glacier bed: Fig. A: Al - accretion
of the basal till; B1 - deformation of the bed sediments by disintegrating of the
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continuous till sheet; Fig. B: A2 — deposition of the basal till; B2 - deformation
of the bed sediments by disintegrating the continuous till sheet; C2 — coupling
of the glacier with its bed.

As it is accented by J. Menzies (2002b, p.112), the imprint of subglacial
hydraulic system is unquestionably one of the most important features of any
glaciated landscape. He particularly stresses that “lying as it does at the interface
between the glacier and its bed, the subglacial system is capable of moving
vast quantities of sediment, of cutting down into bedrock, and already existing
deposited sediment, and thus imparting a critical influence under glaciodynamics
that ultimately dictate geomorphologic “effect” of glaciations (ibid., p.112). J.
Menzies (2002b) pointed out that in glaciers with subpolar thermal conditions
subglacial hydraulic systems may exist in limited areas of the subglacial bed, but
this can be attributed as well to all those cases where zones of variable thermal
conditions of warm and cold-based beds are common. Wherever polythermal
conditions appeared, it was possible that there could exist a discontinuous,
changeable and limited subglacial system which might spatially disappear with
time. Principal basal stress conditions varied according to position beneath
the ice mass and distance from the ice front or over significant topographic
highs and lows on the bed (ibid., p.113). Where no direct connection existed
to the outside atmosphere, it could be expected that meltwater would be under
hydrostatic pressure equal to the ice overburden pressure.

Formation of the subglacial bed occurred in a dynamically changing
conditions, where the topography of the subglacial bed promoted storage of
the subglacial waters (Fig. 8). It was the border zone of deformation and stable
spots where the greatest stresses existed in the body of the glacier causing
the formation of thrusts. During the thrusting the gradient of the hydrostatic
pressure sharply diminished and as a result a fast flow of the subglacial water
arose along the thrusting planes. The internal composition of the individual
overthrusted scales shows that they consist of two layers characterised by
different water permeability. The lower part of the scale is built-up from the
sandy material overlaid by a basal till that forms the upper part. In its turn, the
sandy material of the basal part of the uppermost overthrust lies on flank of the
fold or on the upper till bed of an older scale, and dips against ice flow direction.
Under such circumstances, according to J. Menzies (2002b, p.115), a limited
flow of the subglacial meltwater may arise and move towards low pressure via
advective means.

There is no doubt that a fact gives evidence in favour of the relevant
role of the hydraulic flow of the subglacial meltwater in the deposition of
a glaciolacustrine sediments capping the glaciotectonic base (plinth) of the
plateau-like hills. In the case of continental ice sheets the glacier bed and the
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basal ice layers are the most significant source of the drift while the englacial
and supraglacial layers contain debris in dispersed form or represent layers
of almost pure ice (Drewry, 1986). As many authors remark, e.g. I. Danilans
(1973), V. Kurss and A. Stinkule (1969), the basal till laid down in the glacier
bed and basal ice interface is an important source of glaciolimnic sediments in
Latvia. According to the investigations conducted by I. Danilans (1973), up to
90% of the volume-weight of the till consist of fine-grained fractions (& < 2
mm), but the content of the characteristic silt and clay fractions which form
the glaciolimnic covering of the plateau-like hills in it is respectively 10-30%
and 15-30%. In spite of the presented considerations, more profound studies
of the role of the hydraulic system of the subglacial waters and its dynamics are
necessary within the context of the changing topography caused by glacigenic
processes, including the possible impact of the subglacial hydraulic system upon
the development of gully-like forms on the surface of the plateau-like hills.
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CONCLUSIONS

The results of this study yield several main conclusions about the distribution,
spatial arrangement, morphology, internal composition and palacogeographic
location of the plateau-like hills in relation to the main ice lobes and ice tongues,
and their convergence zones. They form also the basis for the conclusions about
the genesis of the plateau-like hills in the territory of insular accumulative
glaciostructural uplands.

The location of the plateau-like hills in relation to the mesoform types and
their complexes of the adjoining insular accumulative glaciostructural uplands
allow to draw deept-in understanding on dynamics of the glacial landforming
processes and the changes of the environment in the time when plateau-like
hills formed.

The GIS based database contains 354 plateau-like hills. The GIS tools of
spatial and statistical analysis are enabled to find criteria for the determination
of the plateau-like hills and border of their areas. This can also be used to clarify
the territorial link between the plateau-like hill areas and the thickness of the
Weichselian sediments. As a rule, the occurrence of the plateau-like hills and
composite hills of glacial primary massifs marks the localities with increased
thickness of the Late Pleistocene glacial sediments in the insular accumulative
uplands. However, in the Aluksne and Latgale uplands in comparison to the
Vidzeme upland an average thickness of the Late Pleistocene sediment cover is
relatively thinner.

The study results on the arrangement peculiarities of the plateau-like
hills, the composition and age of the glaciotectonic base-forming deposits and
their capping glaciolacustrine sediments make possible a more convincing
and credible argumentation about the morphogenesis of these landforms.
Unfortunately the detailed studies of the internal composition of the plateau-
like hills are restricted.of their impressive dimensions, as well as peculiaties
of their composition. There are very few mining sites of the mineral deposits
associated with them at present. This has further implications that need to be
proved knowledge on interpretation of the age and genesis of the Pleistocene
sediments, and stuctural geology of the built-up them glaciotectonic structures.
Such in-depth studies can give more conclusive evidences on the conditions of
their time transgressive formation.

Although the results obtained in this dissertation leave open the possibility
of the sediment deposition in supraglacial basins within the border of the
stagnant ice fields, they rather suggest the model of the meltwater clayey and
silty sediments accumulation in the subglacial meltwater escape zones. Such
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subglacial meltwater discharge zones could be related to the fault surfaces
of the imbricate scale and megablock structures produced in the migrating
transitional zone between active and passive ice. Here, due to the development
of subglacial pot-holes and subsequent formation of the crevasses in front of
glaciotectonic obstacles in a glacier bed, and because of the different gradients
of the hydrostatic and hydrodynamic pressure, the subglacial meltwaters flew
away transporting also them eroded material to glacier surface. The meltwater
erosinal activity and solar radiation enhanced widening of the crevasses and the
appearance of much broader irrigated areas in the zones of ice lobes and ice
tongues. Lessening of the thickness of the glacier and its coming to a standstill
determined reduction of the hydrostatic pressure of the subglacial waters and
discharge,gradual regressive migration of the active-passive ice transition zone
in a proximal direction and lowering of the lines of the equipotential surface.

The results of the research confirm the working hypothesis about the
formation of the plateau-like hills as a multi-stage process acknowledging at the
same time that the aim of the present research has been reached and the chief
advanced tasks fulfilled.

There is no doubt that the distribution areas of the plateau-like hills promote
through the morphology of their landforms and the style of sedimentation a
variety of landscapes and a biological variety, and determine also the land
use of the territory both in antiquity and in our days. The same factors have
determined the origin of a wide network of the gully erosion creating additional
risks for the use of the territory. At the same time gullies are one of very
certain features for the landform identification since they witness the presence
of glaciolimnic sediments in the upper part of the hills. These circumstances
point to the necessity to continue the study of the plateau-like hills as complexes
of the geographical environment including a much wider profile of land and
environment specialists.
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