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ANOTACIJA

Ozola L., 2013. ,,Holocéna organogénie nogulumi un to uzkrasanas apstaklu
izmainas purvos Ziemelvidzemeé”

Disertacija analizéti piecu Ziemelvidzemes purvu nogulumu pétjjumu
rezultati, kas iegtiti, izmantojot lauka un laboratorijas pétijumu metodes - augu
makroskopisko atlieku, sporu un puteksnu, citu mikroskopisko atlieku, kadras
sadali$anas pakapes un botaniska sastava, nogulumu karsé$anas zudumu analizi,
ka ari nosakot nogulumu absolato vecumu ar *C un AMS "“C metodém.

Pétitajos nogulumos Ziemelvidzemé atpazitas liecibas par batiskam no-
gulumu uzkrasanas apstaklu izmainam visa holocéna laika, kas ietekméjusas
nogulumu sastavu un raksturu, tai skaita noskaidrota auksta 8200 notikuma un
Maza ledus laikmeta, ka ari holocéna termala maksimuma apstaklu ietekme uz
nogulumu uzkrasanos.

Pétito nogulumu sastava izmainas, augu makroskopisko atlieku, sporu un
puteksnu, citu mikroskopisko atlieku, ka ari karsé$anas zudumu analizes rezul-
tati lauj secinat, ka pétito Puikules purva un Pantenes griezumu nogulumos —
kadra un gitija ir atpazistams 8200 notikums. To apstiprina puteksnu spektrus
raksturojosais bérzu un lakstaugu puteks$nu liknes strauj$ un islaicigs kapums
vienlaicigi ar izmainam nogulumu sastava. Lidzigi, bet mazak izteikti, zema
purva diagrammas puteks$nu spektros ir konstatéjams Mazais ledus laikmets. Tas
labak atpazistams augsto purvu nogulumu sporu un putek$nu procentualajas
diagrammas, ka arl uz to norada kadras uzkrasanas intensitates palielinasanas
un sadaliS$anas pakapes samazinasanas, kamér kiidras botaniskaja sastava izmai-
nas $ai laika nav izteiktas.

Veikto pétijumu rezultatd noskaidrotas iespéjas holocéna Ziemelvidzemes
organogéno nogulumu stratificé$ana un definétas robezas starp agro un vidéjo,
ka ari starp vidéjo un vélo holocénu.

Raksturvardi: kadra, gitija, augu makroskopiskas atliekas, puteksni, 8200
notikums.
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IEVADS

Kvartara perioda jaunakaja epoha - holocéna, kas aptver aptuveni pédéjos
11700 gadus (Lowe et al., 2008; Walker et al. 2009; Cohen et al., 2012; Walker
et al,, 2012), daudzviet pasaulé ir veidojusies organogénie nogulumi, tai skaita
korallu rifi, diatomiti, saldidens kalki, gitija, kadra, daléji arl okers un purva
fosfati. To veido$anas laika uzkrajusas augu un dzivnieku atliekas spéj saglabaties
gadu tukstosiem ilgi, tadéjadi sniedzot informaciju par nogulumu uzkrasanas
apstakliem un to izmainam. Sis liecibas vislabak saglabajas gitija un kadra, kas
ir plasi izplatiti kontinentalos apstaklos veidojusies holocéna organogénie nogu-
lumi. Tadéjadi, purvu un biezi vien zem tiem eso$o ezeru nogulumu pétjjumu
rezultati lauj rekonstruét nogulumu uzkraganas vides izmainas holocéna (Aaby,
1986; Barber, Langdon, 2001; Chambers, Charman, 2004; Chambers et al., 2012).

Nemot véra to, ka purvu un ezeru nogulumu slani galvenokart uzkrajas
secigi, jaunakajam parklajot vecako, tie ir sava veida geologisko notikumu lieci-
bu arhivs. To stratigrafija un pagatnes notikumu rekonstrukcija ir nozimiga, lai
izprastu nogulumu uzkraganas geologisko procesus holocéna (Nomals, 1930a;
Mauquoy et al., 2002; Chambers, Charman, 2004).

Pétijuma aktualitate

Vieni no pirmajiem sistematiskiem purvu nogulumu pétijumiem tika veikti
20. gadsimta sakuma Zviedrija, kad L. von Posta vadiba tika veikta purvu ap-
sekosana, geologiska urbsana, paraugu nemsana Zviedrijas dienvidu, vidus un
austrumdalas purvos, noteikta kadras izplatiba un ipasibas (von Post, Granlund,
1926; Schoning, 2012).

Ari Latvija purvu nogulumu pétjjumi aizsakas 20. gadsimta sakuma, kad
1912. gada P. Nomals tika iecelts par Krievijas Zemkopibas ministrijas paklautiba
eso$as Baltijas hidrotehniskas nodalas Purvu pétisanas laboratorijas ierikotaju un
vaditaju. Jau pirms Pirma pasaules kara Latvijas teritorija kiidra tika iegtita 324
purvos, kas liecina par tas pétijumu nepieciesamibu un nozimibu (Snore, 2004).
1919. gada Latvijas Universitates Lauksaimniecibas fakultaté tika nodibinata
Purvu macibu un purvu izmanto$anas katedra, bet sistematiska purvu izpéte
tika uzsakta 1926. gada, kad Latvijas Universitates purvu un kidras pétisanas
laboratorija profesora P. Nomala vadiba ar Zemkopibas ministrijas atbalstu saka
sistematiskas apsekosanas darbus lielakajas kiidras atradnés (Lacis, 2010). Uzsakot
sistematiskos pétijumus, kiidras paraugiem laboratorija noteica botanisko sastavu,
sadaliSanas pakapi, pelnu procentualo saturu un pH (Nomals, 1930b). Pétijumu
rezultati par 149 purviem tika apkopoti tris publikacijas parskatu un kadras fonda
veida: Kurzemes, Zemgales, ka ari Vidzemes un Latgales purvu apskats (Nomals,
1930b; 1936; 1943). So pétijumu rezultati ir nozimigi vél masdienas.

Pilnveidojot purvu nogulumu pétjjumu metodiku, gan Ziemeleiropa, gan
arl Baltijas valstis kopa ar citam kadras analizém saka pielietot ari sporu-pu-
tek$nu analizi. Latvija pirmos nozimigos pétijjumus 20. gadsimta pirmaja pusé



veikusi P. Galenieks un M. Galeniece (Linina), kas savas zinasanas un prasmes
ir papildinajusi, stazéjoties pie ievérojamiem paleobotanikiem Eiropa, ari pie
zviedru purvu pétnieka un puteksnu metodes pamatlicéja un attistitaja L. von
Posta. Vinu pétjjumi par meZu un purvu attistibas vésturi (Galenieks, 1931;
1935; Galenieks, 1936) joprojam kalpo par holocéna nogulumu stratificésanas
pamatu Latvija. Kops ta laika ir veikti daudzi holocéna nogulumu paleobotaniskie
pétijumi, kuru rezultati visbiezak izmantoti nogulumu stratificé$anai, to veido-
$anas apstaklu un vecuma noskaidro$anai, ka ari holocéna vegetacijas attistibas
rekonstruésanai. Ka nozimigi pétijumi, kuri balstas uz paleobotanisko pétijumu
rezultatiem, minami M. Galenieces (Galenieks,1931; 1935), P. Nomala (Nomals,
1936; 1937; 1939; 1943), ka ari I. Danilana (Danilans, 1955; 1957; 1963; 1973),
T. Barto$as (1959; 1976a; 1976b) un V. Seglina (Seglins, 1999; 2001a, 2001b,
2001c) darbi. Tai skaita ka butiski nozimigs minams V. Seglina darbs ,,Latvijas ho-
locéna nogulumu sporu un puteksnu diagrammu katalogs” (Seglins, 2001b), kura
apkopotas lidz 2000. gadam sagatavotas sporu—puteks$nu diagrammas, no kuram
dalai kaut ari ir tikai vésturiska nozime, tomér tas sniedz ieskatu par nogulumu
uzkrasanas laiku un apstakliem konkréta griezuma vieta.

Lidz $im Latvija holocéna geologisko notikumu un paleovegetacijas rekons-
truéSanai izmantoja galvenokart paleobotanisko pétijumu metozu, visbiezak
tiesi sporu—puteksnu analizes rezultatus, kas parada koku un kramu puteksnu
procentualas attiecibas (Galenieks, 1935; Danilans, Stelle, 1971; Danilans, 1995;
Seglins, 1999; Lacis, Kalnina, 1998; Seglin$ et.al., 1999; Pakalne, Kalnina, 2005).
Musdienas pétijumos loti plasi tiek veikta nogulumu vecuma noteiksana, iz-
mantojot radioaktiva oglekla "“C datéSanu, kas kopa ar dazadu analizu datiem
(puteksni, augu makroskopiskas atliekas, diatomejas, u.c.) dod iespéju precizak
noteikt holocéna vides izmainu laiku. Ziemeleiropa pédéjos gadu desmitos
veiktie daudzie holocéna purvu un ezeru nogulumu uzkrasanas apstaklu, sasta-
va izmainu un paleovegetacijas liecibu starpdisciplinari pétijjumi (Veski, 1998;
Seppd, Poska, 2004; Mayewski et al., 2004; Jackson, 2009; Gaillard et al., 2010;
Wanner et al., 2011; Balakauskas, 2012), to rezultatu kopums un dazadas pieejas
to interpretacijai sniedz jaunu informaciju stratigrafiskajos, paleovegetacijas un
paleoklimata pétijumos, lauj parvértét lidzsinéjos prieksstatus par nogulumu
uzkrasanas apstakliem un veikt korekcijas nogulumu stratificésana.

Analizé&jot Latvija agrak veikto nogulumu sporu-putek$nu pétijjumu rezul-
tatus, konstatéts, ka dalai no tiem ir tikai vésturiska vértiba, jo, ka jau to sava
darba mingjis V. Seglin$ (2001b), ievérojamam skaitam puteks$nu diagrammu
nav iespéjams drosi noteikt pétitas vietas geografisko piesaisti. Biezi vien $im
diagrammam nav pietieko$i detala nogulumu apraksta, ir identificéts neliels
puteksnu daudzums viena parauga (100-200), nav veikta nogulumu absolata
vecuma noteik$ana, ka ari biezi vien nav izmantotas citas nogulumu biologiska
sastava analizes. Tadél, lai precizak rekonstruétu purvu nogulumu uzkrasanos
un to sastava izmainas holocéna, promocijas darba tika veikti organogéno



nogulumu pétijjumi, izmantojot vairakas paleobiologiskas metodes (kadras
botaniska sastava, sadaliS$anas pakapes, sporu-puteksnu, citu mikroskopisko
atlieku analizes), kuras iegtito rezultatu kopums Jauj ticamak interpretét iegtitos
rezultatus un atpazit klimata izmainu notikumus holocéna, kas ietekméjusi
organogéno nogulumu daudzveidibu un uzkrasanas apstaklus.

Pétijumam izvéléta Ziemelvidzeme, kas $aja darba ietver Metsepoles
lidzenumu, Limbazu vilpoto lidzenumu, Augstrozes paugurvalni, Burtnieka
lidzenumu un Ergemes pauguraini. Minéta teritorija pétijumam izvéléta tadel,
ka Ziemelvidzemes teritorijas reljefs ir veidojies pédéja apledojuma un ta ku-
$anas udenu dazadas intensitates darbibas rezultata, kas nosaka to, ka ezeru un
purvu ieplakas atrodas dazada hipsometriska limeni. Tas ietekmé organogéno
nogulumu veido$anas sakumu un uzkraganas atrumu, kas var but atskirigi.
Tade] Ziemelvidzemé pétijjuma teritorijas definétajas robezas tika meklétas da-
zadas pétijjuma vietas, lai iegtitu plagaku informaciju par organogéno nogulumu
uzkrasanas apstaklu izmainam holocéna. Pédéjos gadu desmitos holocéna no-
gulumu pétjjumu rezultata konstatéti pieradijumi straujai, salidzino$i islaicigai
(apméram 200 gadu) epizodei ar temperatiiras pazeminasanos saistitam klimata
izmainam pirms holocéna klimatiska optimuma sakuma, kas, iesp&jams, ietek-
méjusi arl purvu attistibas un kadras uzkrasanas procesus. Pieradijumi par $o
notikumu, kas tiek dévéts par 8200 notikumu, konstatéti gan pétot Grenlandes
ledus urbumu serdes (Dansgaard et al., 1993; O’Brien et al., 1995), gan ari atpa-
ziti ezeru un purvu nogulumos (Von Grafenstein et al., 1998; Veski et al., 2004;
Seppai et.al., 2007; Yeloff, et al., 2007).

Planojot pétjjumu, tika nemts véra, ka iegttos datus varés korelét ar Igau-
nijas dienviddala un Latvijas austrumdala veiktajiem detalizétajiem purvu un
ezeru nogulumu pétjjumiem (Sarv, Ilves, 1976; Niinemets, Saarse, 2006; Heik-
kila, Seppa, 2010; Amon et al., 2012; Veski et al., 2012), kas laus precizak atpazit
un rekonstruét organogéno nogulumu sastava un uzkrasanas apstaklu izmainas
ne tikai Ziemelvidzemes purvos, bet laus spriest par to, vai §adas izmainas noti-
kusas ari plagaka regiona.

Promocijas darba meérkis:

Izmantojot paleobiologisko pétijumu rezultatus, raksturot un stratificét
holocéna organogénos nogulumus purvos un noskaidrot to uzkrasanas apstaklu
izmainas Ziemelvidzemé.

Meérka sasnieg$anai izvirzitie galvenie darba uzdevumi:

1) apzinat, analizét un izvértét publicétos un nepublicétos materialus par holo-
céna organogénajiem nogulumiem, to stratigrafisko iedalijumu, nogulumu
sastava un klimata izmainu liecibam purvos, lai izvélétos pétijuma vietas un
darba mérka sasnieg$anai nepiecieSamas pétijumu metodes;

2) veikt organogéno nogulumu pétijumus izvélétajos purvos Ziemelvidzeme,
geologisko un paleobiologisko pétijumu rezultatu apstradi;



3) péc iegutajiem datiem raksturot un stratificét nogulumus purvos, noskaid-
rot to sastava izmainas un purvu attistibas gaitu;

4) noskaidrot, kadas nogulumu uzkrasanas apstaklu izmainas ir ietekméjusas
Ziemelvidzemes purvu geologisko attistibu un nogulumu sastava mainibu;

5) izanalizét, ka iegatie paleobiologiskie dati pétitajos nogulumos lauj atpa-
zit vienlaicigas nogulumu apstaklu izmainas to uzkraganas laika Ziemel-
vidzemé;

6) veikt holocéna Ziemelvidzemes organogéno nogulumu stratificésanu;

7) izanalizét agrakos pétijumos sastaditas putek$nu diagrammas un noveértét to
iespéjamo pielietojumu.

Aizstaveésanai izvirzitas tézes

1. Pétito griezumu nogulumu sastava izmainas un putek$nu spektros ir labi
atpazistams 8200 notikums.

2. Augsto purvu nogulumu sastava un sporu-putekspu spektru izmainas
norada uz vairakam klimata pavésinasanas epizodém vélaja holocéna.

3. Citas mikroskopiskas atliekas (rizopodi, oglites, alges, faunas atliekas) var
tikt izmantotas ka nogulumu uzkrasanas apstaklu indikatori, ipasi gadiju-
mos, ja nogulumos nav saglabajusas sporas, puteksni un augu makroskopis-
kas atliekas.

Péetijuma novitate

Promocijas darba veikti purvos uzkrajusos holocéna organogéno nogulumu
detali pétjjumi, kuru rezultatu kopums lauj raksturot nogulumus un precizak
noskaidrot, ka holocéna klimata izmainas ietekméjusas o nogulumu raksturu
un uzkrasanas gaitu.

Latvija pirmoreiz veikti citu mikroskopisko atlieku pétijumi, kuru rezultati
izmantoti holocéna nogulumu uzkrasanas apstaklu noskaidros$ana, ka ari no-
teikti un raksturoti nogulumu sastavu un uzkrasanas intensitati ietekméjosie
aukstuma un siltuma notikumi holocéna Ziemelvidzeme.

Izmantojot REVEALS modeli, iegats precizaks prieksstats par mezu un
purvu vegetacijas sastava izmainam un izplatibu holocéna Ziemelvidzeme.
Pétijuma rezultatu aprobacija

Pétijumu rezultati apkopoti 7 zinatniskas publikacijas, sniegts 21 zinojums
starptautiskas un 14 zinojumi vietéjas konferencés.

Promocijas darba pétijumi veikti ar Eiropas Savienibas fondu projekta ,,At-
balsts doktora studijam Latvijas Universitaté” finanséjumu un LU Pétniecibas
projekta Nr. 2007.ZP-87 ,,Skandinavijas ledus vairoga dienvidu malas iekséjas
zonas véla Vislas posma deglaciacijas notikumu hronologijas pilnveido$ana’,
LZP projekta Nr. 09.1438, ,,Purvu stratigrafija Latvija: liecibas par leduslaikmeta
beigu posma un holocéna klimata izmainam un kadras uzkrasanos”, NordForsk
projekta ,LANDCLIM 10 000 The past LAND cover - CLIMate Interactions in
Europe over the last 10 000 years” finansialo atbalstu.



1. HOLOCENA ORGANOGENO NOGULUMU
PETIJUMI

Holocéns ir jaunaka kvartara perioda epoha, kas aptver pédéjos 11 700 gadus
(Lowe et al., 2008; Walker et al. 2009; Cohen et al., 2012). Holocéna organogénie
nogulumi, kas uzkrajas seklos ezeros un purvos, veido ar organiskajam vielam
bagatus gitijas un kiidras slanus. Gitija uzkrajusies kop$ holocéna sakuma, tikko
klimatiskie apstakli bija pietiekosi ezeros mitosas floras un faunas intensivai at-
tistibai, bet kadras slani veidojas apstaklos, kad augu biomasas apjoms ir lielaks
par organisko vielu sadali$anos (Nomals, 1930b; Clymo 1965; Malmer 1986).

Musdienas purvu skaits Latvija parsniedz 9600 un tie ir izplatiti visa valsts
teritorija, bet to aiznemtas platibas dazados Latvijas dabas apvidos ir atskirigas
(Lacis, 2010). Lielakie péc platibas ir augsta tipa purvi, kas atrodas Austrumlat-
vijas zemiené, Piejiras zemiené, Viduslatvijas zemiené un Ziemelvidzemes
zemiené. Daudzi purvi ir veidojusies, aizaugot sekliem ezeriem, vecupju me-
andram, bijusajam Litorinas jaras lagiinam, kuras péc jaras limena pazemina-
$anas izveidojas sekli ezeri, kas pakapeniski aizauga, un to teritorijas izveidojas
purvi. Visplasakas parpurvotas teritorijas ir zemienés ar viegli vilnotu reljefu,
kuras kvartara nogulumu segu galvenokart veido malainie nogulumi moréna vai
glaciolimniski mali (Lacis, Kalnina, 1998).

Senakas zinas par purvu nogulumu pétijjumiem Latvija ir no 18. gadsimta
sakuma, kad tika izdoti pirmie raksti par kadras ieguvi un tas izmantosanu
kurinaganai un lauksaimniecibas vajadzibam (Snore, 2004). Ta¢u $ie pétijumi
bija fragmentari. Plasaki purvu nogulumu pétijumi tika uzsakti jau 1912. gada,
kad Latvija ievérojamakais purvu pétnieks un purvu zinatnes pamatlicéjs Péteris
Nomals tika iecelts par Krievijas Zemkopibas ministrijas paklautiba esosas
Baltijas hidrotehniskas nodalas Purvu pétiSanas laboratorijas izveidotaju un
vaditaju. Jau pirms Pirma pasaules kara Latvijas teritorija kadra tika iegita
324 purvos, kas liecina par tas pétijumu nepiecieamibu un nozimibu (Snore,
2004). Tacu pats P. Nomals atzist, ka: ,,Latvijas purvu pétiSanas darbi ir uzsakti
ar 1919. gadu, un purvi ir pétiti visos novados. Lidz 1930. gadam, galvena karta
rekognoscésanas veida, ir izpétiti 557 lielakie purvi, kas ir apméram 40% no vi-
sas Latvijas purvu platibas” (Nomals, 1930b). Uzsakot sistematiskos pétijjumus,
kadras paraugiem laboratorija noteica botanisko sastavu, sadali$anas pakapi,
pelnu procentualo saturu un pH (Nomals, 1930b). Velak, stradajot Latvijas
Universitaté, no 1919. gada lidz 1939. gadam vadot Lauksaimnieciba fakulta-
tes Purvu un kadras izmantoSanas katedru, P. Nomals ir pétijis purvu Kimiju
un stratigrafiju, idens reZimu, nosusinasanas iespéjas, kiidras sastavu, kadras
agrotehniskas un tehnologiskas ipasibas, ka ari purvu un kadras izmanto$anas
problémas vispar, izstradajis pirmo Latvijas purvu karti. P. Nomals 40 gadus
veltfja Latvijas purvu izpétei, kuru laika iegtta informacija par 1149 purviem.
Sava darba ,,Skats Latvijas kiidras rapnieciba’ P. Nomals uzsver: ,,Latvija gandriz



nav neviena pagasta, par novadiem ir nerunajot, kura nebutu kads mazaks
vai lielaks purvs” (Nomals, 1944). Vin$ savu pétijumu rezultatus ir apkopojis
daudzas publikacijas, no kuram ievérojamakas publikacijas: Kurzemes purvu
apskats (Nomals, 1937), Vidzemes un Latgales purvu apskats (Nomals, 1943),
ka ari vina doktora disertacija ,,Udens, mineralvielu un slapekla daudzums un
grupéjums Latvijas purvos” (Nomals, 1930a) ir butisks pamats turpmakajiem
Latvijas purvu nogulumu pétjjumiem. Vélak P. Nomals ir bijis Purvu institata
direktors (1940.-1941. g., 1944.-1946. g.) un LPSR Zinatnu akadémijas Purvu
zinibu institata direktors (1946.-1949. g.). Ari $ai laika vins iesaistijas atsevisku
purvu detala izpété, kas sevi ieklauj topografisku uzmeérisanu, kadras nogulumu
zondé$anu un paraugosanu regulara tikla, laboratorijas darbus, purva nosusi-
nasanas iespéju izpéti. Darbu rezultata tika sagatavoti projekti kadras ieguvei,
pieméram, projekti elektrostaciju bavei uz Sedas un Sarnates purvu bazes
(Nomals, 1944). Vina veiktie un vaditie Latvijas purvu nogulumu pétjjumi ir
svarigi vél musdienas un biezi tiek izmantoti ne tikai ka vésturiska vértiba, bet
ka musdienam atbilsto$s metodisks lidzeklis.

Péc Otra pasaules kara pieauga pieprasijums péc kidras, ko izmantoja
energétikd un lauksaimnieciba, kas noteica jaunu purvu izpéti un iepriekséjo
izpétes datu apkoposanu. 1946. gada februari no Zemes bagatibu pétiSanas
institata Kadras nodalas izveidoja Latvijas PSR ZA Purvu institatu, kura tika
sagatavots Latvijas PSR Kudras fonds, kas ietvéra kadras atradnu aprakstu un
karti. 1962. gada izdotais Kadras fonds ietver informaciju par 5789 atradném
administrativajos rajonos, tai skaita tika izmantota informacija par 844
P. Nomala agrak pétitajam atradném. Kadras fonda tika ievietota informacija
ari par 162 atradném no dazadu izpétes un projektéSanas organizaciju arhiviem,
noradot to atrasanas vietu, laukumu ,nulles” un rapnieciska dziluma (0,9 m)
robezas, kadras dzilumu - lielako un vidéjo, kadras apjomu (m?), zinas par
kadras ipasibam - botanisko sastavu, sadali$anas pakapi (%), pelnu saturu (%),
dabisko mitrumu (%), sausnas siltumspéju (kkal/kg), sausnas iznakumu
(kg/t), pH, atradnes izmanto$anu, noteku, izpétes veidu un gadu (Lacis, 2010).
1980. gada izdotais Kadras fonds tika papildinats ar Latvijas kadras atradnu
shematisko karti méroga 1 : 400 000, ka ari kadras atradnu shematiskam kartém
katram administrativajam rajonam méroga 1 : 100 000 (Lacis, 2010). Velak,
nemot véra izmainas kadras resursu apjoma, 1996. gada Latvijas Geologijas
dienests apkopoja informaciju un izdeva apskatu ,,Rietumlatvijas kudras resursi”
(Lacis, 1996), kuram pievienota karte ,,Rietumlatvijas kiidras atradnes” méroga
1:400 000.

Kop$ 1980tajiem gadiem papildus veiktajiem mekléSanas darbiem katra
rajona kada purva, lai raksturotu kadras iegulu rasanas apstaklus un attistibu,
tika nonemti paraugi sporu-puteksnu analizém, ka ari kadras absolata vecuma
noteiksanai (Lacis, 2010), tadéjadi turpinot Latvijas putek$nu analizes pamat-
licéju Marijas Lininas-Galenieks un Paula Galenieka palinologiskos pétijumus,
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kuri $o metodi apguva stazéjoties pie ievérojamiem palinologiem, tai skaita ari
pie putek$nu metodes pamatlicéja un attistitaja L. von Posta.

Rietumeiropa viens no pirmajiem puteksnu pétniekiem bija zviedru mik-
ropaleobotanikis G.Lagerheims (Lagerheim), kura rezultatus publicéja vairaki
pétnieki H. Vite (Witte), E. Holsts (Holst), J. Samuelsons (Samuelson), J. R. Ser-
nanders (Sernander) un von Posts (von Post). Tiesi izmantojot G. Lagerheima
rezultatus, zviedru botanikis un kiadras pétnieks Lenarts von Posts saskatija
mikroskopisko fosiliju analizes pielietojumu stratigrafija un 1916. gada lika
pamatus $ai kvantitativajai putek$nu analizei Skandinavijas zinatnieku sanaksmeé
Oslo, iepazistinot ar pirmo moderno procentualo (kvantitativo) puteksnu ana-
lizi (von Post, 1916). Tas rezultati lava nosaciti datét un korelét dazada sastava
(mineralos, organogénos) un genézes (ezera, purva, jiras, upju) nogulumus.

Laika gaita dazadi pétnieki ir centusies iedalit holocénu noteiktos posmos,
izmantojot dazadus hronostratigrafiskos terminus. Ta 1974. gada J. Mangeruds
(Mangerud et al.,1974) ieteica Ziemelvalstu un daléji arl Ziemelrietumeiropas
kontinentalas teritorijas holocéna hronostratigrafisko iedalijumu, saglabajot Blit-
ta-Sernandera zonas un noteica radioaktiva oglekla gadus katras hronozonas ro-
bezai. Tomér vélak J. Birks un H. Seppa (Birks, Seppd, 2010) ir ieteikusi turpmak
Blitta-Sernandera shému neizmantot, ta vieta lietot nogulumu absolita vecuma
datéjumus. Liela dala Latvija veikto pétijumu rezultatu interpretésana ir balstita
uz Posta puteksnu zonu iedalijjumu (Danilans, Stelle, 1971; Danilans, 1973) un
Blitta-Sernandera shému (Segling, 2000; 2001a,b), tadeé] ta ir izmantojama, tikai
analizéjot agrak veiktos pétfjumus.

Pagreiz INQUA pétnieku grupa (Walker et al., 2012) piedava izmantot ho-
locéna jedalijuma robezas, kas pamatotas ar tas raksturojosiem datiem globala
stratotipa Grenlandes NGRIP1 ledus urbuma:

« agra - vidéja holocéna robezu noteikt 8200 kal. g.p.m. un

+ vidéja - vela holocéna robezu 4200 kal.g.p.m. limeni.
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2. PETIJUMU TERITORIJAS RAKSTUROJUMS

Pétijumam izvéléta Ziemelvidzeme, kas $aja darba ietver Metsepoles lidze-
numu, Limbazu vilpoto lidzenumu, Augstrozes paugurvalni, Burtnieka lidzenu-
mu un Ergemes pauguraini. Pétijumu vietas atrodas viena geobotaniskaja rajona
dazadas reljefa formas un dazados dabas apvidos Ziemelvidzemé:

o Zieme]vidzemes zemiené, Burtnieka lidzenuma ziemeldala Rajas paze-

minajuma, sena Burtnieka aizaugus$aja ziemelu lici - Pantenes purva.

o Idumejas augstiené — Puikules purvs starp Alojas-Puikules paugurvalni

un Metsepoles lidzenumu.

o Baltijas ledus ezera akumulacijas un abrazijas lidzenuma uz robezas

starp Piejiiras zemienes ziemeldalu un Viduslatvijas ziemeldalu - Kalna,
Zilais un Keru purvs.

Darba pétitie Kalna, Keru un Zilais purvs atrodas Vidzemes piekrastes
teritorija Baltijas ledus ezera akumulacijas un abrazijas lidzenuma starp Baltijas
ledus ezera Bgl I un Bgl IT krasta linijam. Baltijas ledus ezera Bgl I krasta linijas
augstums mainas no 40 m vjl., pie Kalna purva lidz 32 m vjl,, pie Kirbiziem (Jus-
kevi¢s et al., 2008). Sie purvi pétijumam izvéléti tadél, ka organogéno nogulumu
uzkrasanas tajos ir sakusies tikai vélaja holocéna, apméram pirms 4000 gadiem.
Nogulumu uzkrasanas ir bijusi salidzino$i intensiva, tadé] bija sagaidams, ka bus
labi atpazistamas vegetacijas izmainas un tas ietekméjosie islaicigie notikumi,
pieméram, Mazais ledus laikmets.

Promocijas darba pétitajam vietam karté pievienots purva nosaukums, bet
agrak palinologiski analizétie griezumi atziméti atbilsto$i V. Seglina ,Latvijas
holocéna nogulumu sporu un putek$nu diagrammu katalogs” (Seglins, 2001b)
dotajiem numuriem: 23. Kuivizu purvs I (Grinbergs, 1957); 24. KuiviZu purvs
IT (Cerina, 1972); 25. Salacgriva 1, zondéjums 858 (Tracevskij et al., 1967);
26. Salacgriva 2, zondéjums 855 (Tracevskij et al., 1967); 27. Ruduskojes ezers
(Sergejeva et al., 1987); 28. Svétupe (Drille, 1977); 29. Angas purvs (Medne,
1976); 30. Brinkmana purvs (Brikmana (Laru) purvs) (Cerina, 1972); 31. Tollu
purvs (Galeniece, Eglitis, 1964); 32. Raku ezers (Rakis) (Braksh, et al., 1967);
33. Danezers (Svétupes purvs) (Ilves, Medne, 1979); 34. Katvaru ezers (Braksh
et al, 1967); 35. Raku purvs (Bambergs, 1962); 36. Madie$énu purvs (Tracevskij
et al., 1965); 37. Lielezers (Braksh et al., 1967); 38. Bisenieku purvs (Galeniece,
Eglitis, 1964); 39. Rujienas purvs, zondé&jums 2599 (Tracevskij et al., 1965);
40. Rajas purvs, 2604. zondéjums (Tracevskij et al., 1965); 41. Rijienas purvs,
2601. zondéjums (Tracevskij et al., 1965); 42. Keizaru purvs (Galenieks, 1935);
43. Lielrullu-Airites (Aizupites) purvs, 2839.zondéjums (Tracevskij et al., 1965);
44. Rikandas upes ieleja (Bruders, 1977); 45. Sedas purvs (Bruders, 1977); 46.
Taures purvs (Busa, 1984); 47. Valmieras purvs (Bambergs, 1962); 48. Marsnénu
3 (Purmalu) purvs (Braders, 1977); 49. Marsnénu purvs 2, 2838.zond&jums
(Tracevskij et al, 1965); 50. Marsnénu purvs 1 (Bambergs, 1956); 51. Salainis
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(Salasnis), ezers (Braksh et al., 1967); 54. Muiznieki, 919.zondéjums (Tracevskij
et al., 1964); 55. Rudaci, zondéjums 917 (Tracevskij et al., 1964); 56. Kaulezera
purvs (Braders, 1977).

Pantenes purvs atrodas Burtnieka ezera ziemelrietumu dala, Ziemelvi-
dzemes zemiené, Burtnieka lidzenuma, Burtnieka drumlinu lauka vidusdala.
Pantenes purvs ir dala no viena no Burtnieka paleoezera senajiem liciem un
atrodas Rjas pazeminajuma, Burtnieka lidzenuma ziemelaustrumu dala. Urbu-
mi Cerini-2007, Cerini-2009, Cerini-2011, ka ari Pantene-BrauksasI-2006 veikti
Brivpurva rietumu mala pie Pantenes ciemata ,,Cerinu” maju tuvuma, no ka ari
veidoti urbumu nosaukumi.

Puikules purvs atrodas Limbazu vilpotaja lidzenuma, dienvidos un dien-
vidaustrumos to norobezo Idumejas augstienes Augstrozes paugurvalnis, kas ir
viena no Salacas upes baseina Gdensskirtném, savukart rietumos purvs robezojas
ar Puikules - Alojas valni, aiz kura sakas Viduslatvijas zemienes Metsepoles
lidzenums. Uz austrumiem atrodas Burtnieka drumlinu lauks, ko dienvidrietu-
mu mala Skérso Briedes upe. Puikules-Tévgarsas purva, kura kopéja platiba ir
2200 ha, attistibu dazadas ta dalas ir ietekméjusi atskirigi apstakli. Ta rezultata
purva ieplakas austrumdala 1591 ha platiba ir izveidojies zemais purvs, bet purva
rietumdala ir bijusi labvéligi apstakli augsta purva attistibai, kas misdienas aiz-
nem 609 ha (Kadras fonds, 1980).
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2.1. attéls. Promocijas darba pétito vietu un agrak palinologiski analizéto griezumu
atra$anas vietas Ziemelvidzemeé
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3. MATERIALS UN METODES

Pétijuma sakotnéja posma tika apzinati un izanalizéti publicétie un nepub-
licétie materiali gan par pétijjumu teritorijas geologisko uzbuvi un tas veido$a-
nos, gan ari par dazadam organogéno nogulumu pétisanas metodém. legtitas
informacijas analizes rezultata tika izvélétas pétijumu vietas un pétjjuma meérka
istenosanai atbilstosakas metodes.

Ziemelvidzeme pétijjumam izvéléta vairaku iemeslu dél:

o Ziemelvidzemes teritorijas reljefs ir veidojies pédéja apledojuma un ta
kusanas adenu dazadas intensitates darbibas rezultata, tadé] organo-
géno nogulumu uzkrasanas sakums un uzkrasanas atrums ir atskirigi,
kas savukart var sniegt liecibas par vegetacijas un lidz ar to ari klimata
apstaklu izmainam nogulumu uzkrasanas laika;

o pétijuma teritorijas definétajas robezas tika mekléti nelieli purvi ar péc
iespéjas biezaku kadras slani, pienemot, ka, jo intensivaka ir kadras
uzkrasanas, jo lielakas iespéjas iegut plasaku informaciju par nogulumu
sastava un uzkrasanas apstaklu izmainam;

o tika pienemts, ka péc platibas nelielu augsto purvu pétijumu rezultati
lauj korektak rekonstruét purvu attistibu un kadras uzkrasanas apstaklu
izmainas vélaja holocéna, jo tajos nav veidojusies kupoli, un tadel, ie-
spéjams, nav notikusi kadras slanu plisana un slidésana, un tie atrodas
in situ’,

Pétijumiem Ziemelvidzemeé tika izvélétas vietas ar lielaku nogulumu uzkra-
$anas intensitati, jo tas lauj konstatét un atpazit islaicigus notikumus. Griezumos,
kur nogulumu uzkrasanas intensitate ir maza, ir grati konstatét tadus islaicigus
notikumus ka 8200 notikums vai Mazais ledus laikmets. Detalizétakiem péti-
jumiem tika izveéléti tie$i dazadu purvu un aizaugosu ezeru nogulumi, jo tajos
par vegetacijas sastava un klimata izmainam liecina gan augu makroskopiskas
atliekas (séklas, lapas, zari), kas parasti ir ,in situ”, gan arl mikroskopiskas
atliekas, kas var bt gan vietéjas (augu $tnas, lakstaugu puteksni, sporas), gan
ari regionalas (koku puteksni) izcelsmes. Turklat pétijjumu vietas tika izvélétas
arl nemot véra to, lai batu pétiti gan augsto purvu nogulumu griezumi, kas
veidojusies, parpurvojoties mineralajiem nogulumiem purva ieplakas pamatné,
gan zemo purvu nogulumi, kas veidojusies aizaugot adenstilpém. Augstie purvi
izveléti, jo to uzkradanas atruma dé| varétu but labak izsekojamas liecibas par
aukstuma periodiem pédéjo 2000 gadu laika, ka ari lai batu parstavéti ezeru
nogulumi, kuros atrastas augu atliekas sniedz liecibas par apstakliem nogulumu
uzkrasanas laika.

Lai salidzinatu autores iegttos datus ar agrakajiem pétijumiem Zieme]-
vidzeme, tika apzinatas un izpétitas 32 Ziemelvidzemes putekénu procentualas
diagrammas no Latvijas putekSpu diagrammu kataloga (Seglins, 2001b, c)
(3.1. att.).
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Pétijumi veikti ¢etros augsta tipa un viena zema tipa purva (3.1. att.), kur

darba mérka sasnieg$anai nepiecieSama informacija tika iegtita, veicot nogulumu
zondé$anu, urb$anu un paraugu nemsanu pétijumiem laboratorija. Nogulumi
pétiti, veicot kudras botaniska sastava un sadaliSanas pakapes, sporu-puteksnu
analizes, augu makroskopisko atlieku un fosilo mikroorganismu analizes un
karsésanas zudumu analizi.

Pétijuma veiktas $adas analizes:

1.

Kuadras sadalis$anas pakapes noteik$ana, kas raksturo attiecibas starp hu-
musa saturu un visas kitdras masu (Tjuremnovs, 1976). Sadalisanas pakapi
nosaka ar mikroskopisko metodi, kad nosaka attiecibas starp tumsas masas
(humusa) laukumiem un kopéjo parauga redzes lauku. Lai noteiktu viena
parauga sadali$anas pakapi, izdara 10 redzes lauku novértéjumus viena pa-
rauga 3 preparatiem. Vidéjo sadaliS$anas pakapi rékina ka vidéjo aritmétisko
no 30 datiem.

Kuadras botaniska sastava analize ir svariga, lai precizi noskaidrotu kadras
veidu un purva augu segas attistibas dinamiku (Tjuremnovs, 1976; Mak-
simov, 1995). Kudras botaniska sastava noteik$ana notiek, pamatojoties uz
kadras makroskopiskajam un mikroskopiskajam pazimém, noskaidrojot
galvenos augus, kas veido kadras nogulumu parauga sastavu (Maksimov,
1995). Augi - kadras veidotaji tiek noteikti, izmantojot dazadus augu ma-
kroskopisko atlieku noteicéjus (Katz et al., 1977; Istomina, 1938).

Putek$nu un sporu analize tika veikta péc K. Benneta un K. Vilis metodikas
(Bennet, Willis, 2001). Parauga tika saskaititi vismaz 400 puteksni, nenemot
véra adensaugu puteksnu skaitu. Veidojot putek$nu procentualo diagram-
mu, par pamatsummu (100%) piepem visu putek$nu summu, iznpemot
tdensaugu puteksnus, ka arl sporas, oglisu puteklus (lidz 25 p) un alges
(Berglund, Ralska-Jasiewiczowa, 1986). Sporas un puteksni tika noteikti,
izmantojot vairakus putek$nu noteicéjus (Erdtman, 1954; Faegri, Iversen
1989; Moore, Webb. 1978; Nilsson et al. 1977; Traverse, 2008; von Beug,
2004). Sporu un puteks$nu datu apstradei tika izmantota datorprogramma
TILIA (Grimm, 1990).

Citu mikroskopisko atlieku identificé$ana. Paraléli sporu un puteksnu
noteikdanai tika noteikti ari dazadas citas augu un dzivnieku mikrosko-
piskas atliekas, pieméram, rizopodi - saldiidens viensiinas mikroskopiskas
atliekas — ameébas, kuriem ir plans apvalcin$, kas ieslédz citoplazmu
(Hooghiemstra, 2012). Mikroorganismi labi saglabajas sfagnu kadra un
to jutigi reagé uz hidrologisko apstaklu izmainam kadras uzkrasanas laika
(Tolonen, 1966). Sie organismi ir biezi izplatiti saldiiddens nogulumos ar
sikgraudainu granulometrisko sastavu, bet jo ipasi biezi atrodami kiidra, un
tos var precizi identificét (Warner, 1999). Tomér janem véra, ka sagatavojot
paraugu putek$nu analizei, dala mikroskopisko atlieku nesaglabajas un
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lai veiktu pilnigu mikroskopisko atlieku analizi, atkariba no mérka atrast
konkrétas atliekas (oglites, hironomidas, kladoceras), butu javeic nogulumu
analizes péc atbilsto$as metodikas. Citas mikroskopiskas atliekas un to
uzkrasanas apstakli tika identificéti, izmantojot Tolonen (1966), van Geel
(1998), Charman et al. (2000), Clarke (2003), Barthelmes (2006), Mazei,
Tsyganov (2006), Booth (2008), Booth et al. (2008), Glime (2012). Alges
tika noteiktas, izmantojot noteicéjus (Piterans, et al., 1957; Katz, et.al., 1977;
Jankovska, Komarek, 2000).

Augu makroskopisko atlieku analize sniedz vértigu informaciju par loka-
lajam paleovides izmainam ezera. Vislielaka vértiba augu makroskopisko
atlieku datiem ir, ja urbumu, monolitu vai atsegumu slankopu paraugiem
tiek veikta ari puteksnu analize, tadéjadi savienojot makroskopisko atlieku
datus ar citiem paleoekologiskajiem indikatoriem (Warner, 1990). Paraugu
skalo$ana un frakcionésana tiek veikta péc H. Birks (Birks, Birks, 1980).
Karsé$anas zudumu analize — organiskas vielas un karbonatiska satura pro-
centuala daudzuma noteiksana ir balstita uz paraugu secigu dedzinasanu
mufelkrasnis. Metode tiek veikta péc Heiri et al. (2001).

Radioaktiva oglekla datéjumu kalibracija. Lai holocéna nogulumu ra-
dioaktiva oglekla datéjumus varétu piesaistit kalendarajiem gadiem, tie ir
jakalibré. Dziluma-vecuma modeli tiek veidoti, lai, balstoties uz ierobezotu
skaitu datétu dzilumu un pienémumiem par to, ka nogulumi uzkrajusies
starp $iem dzilumiem, aprékinatu nogulumu kalendaro vecumu (Blaauw,
2010). Radioaktiva oglekla datéjumu kalibracijai tika izmatota programma
CLAM (Blaauw, 2010), jo ta lauj aprékinat katra centimetra vai katru 5 cm
uzkrasanas laiku.

Puteks$nu datu izmanto$ana modelésana - REVEALS modelis tika pielietots,
jo tas lauj precizak rekonstruét regionalas vegetacijas izmainas salidzinaju-
ma ar putek$nu procentualajam diagrammam. Modela parametri ietver pu-
tek$nu produktivitati katrai sugai, kriSanas atrumu katram puteks$nu veidam
un véja atrumu (Sugita, 2007). REVEALS v. 4.1.9 modelis (Sugita, 2007)
tika izmantots katrai vietai atseviski, nemot véra visas pieejamas puteksnu
kopas.
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4. REZULTATI UN TO INTERPRETACIJA

4.1. Pantenes purvs

Pantenes purva un ta apkartné urbsanas darbi un paraugu iegtsana tika
veikta vairakkart. 2006. gada Pantenes purva pie Brauksu I apmetnes tika veikta
geologiska urbsana ar meérki iegat pilnu holocéna nogulumu griezumu. Veélak
tika nemti paraugi ari *C datésanai.

Balstoties uz 6 radioaktiva oglekla datéjumiem, CLAM programma (Blaauw,
2010) ir izveidots dziluma vecuma modelis (4.1.att.), kura redzams, ka nogulu-
mu uzkraganas visa griezuma bijusi Joti vienmériga, bet visstraujak uzkrajusies
lidz 9500 kal. g. p. m., kad baseina uzkrajusies mali ar atrumu 0,50-0,90 mm
gada. Sakot uzkraties gitijai pirms aptuveni 7000 kal.g.p.m. nogulumu uzkra-
$anas intensitate samazinas 0,30-0,50 mm gada. Purva veidoSanas sakuma
stadija kadras uzkrasanas intensitate ir bijusi lielaka ka musdienas. Ja pirms
5000 kal.g.p.m. ta bijusi 0,38 mm gada, tad masdienas ta ir 0,31 mm gada.

= 4 Pantenes purvs
Urbums "Cerini-09"

Dzilums, cm
300 200
|

400

12000 10000 2000 G000 4000 2000 ]
Kal.g.p.m.

4.1. attéls. Urbuma ,,Cerini-2009” nogulumu dziluma-vecuma likne
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Nosakot nogulumu vecumu, izmantojot augu makroskopiskas atliekas,
un, salidzinot iegtitos rezultatus, tika konstatéts, ka sauszemes augu vecums
Burtnieka ezera nogulumu absolata vecuma datéjumos ar AMS *C metodi ir
6600-6800 kal.g.p.m (1,65-1,75 m dziluma). Savukart iegremdétie idensaugi
no $1 pasa dziluma ir par 500-1000 gadiem vecaki par sauszemes augiem, kas
norada uz Burtnieka ezera baseina Gidens sastava ietekmi uz augu atlieku vecu-
ma datéjumiem, kas tika nemts véra, interpretéjot iegtito analizu rezultatus.

Balstoties uz geologisko urbumu un zondéjumu datiem, tika izveidots
Pantenes purva geologiskais griezums, kura ir novérojama tendence, ka virziena
uz Rajas upi, kas plast cauri Pantenes un Brivpurvam, kudras slanis klast pla-
naks - ja purva mala tas ir lidz 2,70 m, tad pie Rijas upes neparsniedz metru
(4.2. att.). Savukart gitijas slana biezums mainas no 0,30 m purva rietumu dala
lidz 1,00 m purva austrumu mala. Gitijas slanis izveidojies laika, kad pazemi-
najas adens limenis Sena Burtnieka Ziemelu lici, kas pakapeniski aizauga un
izveidojas labi sadalijusies zalu un koku-zalu kadra. Sena Burtnieka li¢a rietumu
mala gitija sakusi uzkraties pirms aptuveni 10 570 kal.g.p.m., ja nem véra rezer-
vuara efektu, tad pirms 9570-10 070 kal.g.p.m., savukart kadra sakusi uzkraties
pirms aptuveni 8590-9090 kal.g.p.m. Purva austrumu mala Rdjas upes tuvuma
kadra sakusi uzkraties aptuveni 2000 gadus vélak - pirms 6800 kal.g.p.m. Udens
limenis purva ir bijis Joti mainigs, par ko liecina kadras botaniskais sastavs, kad
zalu kadras slani mijas ar koku-griglu vai koku-zalu kadru.

Pantenes purva veiktie nogulumu pétijumu rezultati lauj secinat, ka aptuve-
ni pirms 9400-10 560 kal.g.p.m. neliela daudzuma atrasti bérza, karkla, kadika
un pundurbérza puteksni, tomér domingjosie ir graudzalu un grislu puteksni,
liecinot par atklatu ainavu. Saja dziluma atrastas Gdensrozu atliekas un dazada
veida alges — Gloeotrichia zilalges parasti atrodamas baribas vielam nabadzigos
adenos, savukart Pediastrum boryanum, Pediastrum simplex, Pediastrum angu-
losum, liecina par pakapenisku baribas vielu pieaugumu, stavosiem udeniem
un udenstilpes aizaug$anu (Jakubovska, 1996). Atrastas ari sfériskas dalinas —
aptuveni 15-25 mikronus lielas organogénas vai minerogénas izcelsmes melnas
lodites, kuru klatbitne holocéna sakuma nogulumos ir maz pétita. Holocéna
sakuma Pantenes purva sférisko dalinu daudzums ir koreléjams ar algu izpla-
tibu, savukart 8200 notikuma laika alges nav konstatétas, bet ievérojami pieaug
mineralo dalinu daudzums, tadéjadi noradot, ka $i laika sfériskas dalinas varétu
bt arl minerogénas izcelsmes.

9400-9800 kal.g.p.m. augu atliekas uzkrajusas seklda un parpurvota ezera
piekrasté. Konstatéts, ka putek$nu sastava $aja nogulumu intervala dominé
priedes puteksni, ievérojami samazinas graudzalu puteks$nu daudzums. Liela
daudzuma atrastas paparzu sporas, ka ari sastopamas zalalges un branalges. Loti
liels adens augu - vilkvalisu (Typhaceae), adensrozu dzimtas (Nymphaeaceae)
augu puteks$nu un algu (Cosmarium) skaits.
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Aptuveni pirms 8900 kal.g.p.m. loti strauji palielinas bérzu puteksnu
daudzums (lidz 50%), pazad lazdas puteksni, un péc §1 bérzu maksimuma sak
pieaugt platlapju daudzums, kas ir tipiskas 8200 notikuma pazimes. So notiku-
mu raksturojoso putek$nu spektra sastava izmainu agra paradi$anas putek$nu
diagramma iespé&jams skaidrojama ar rezervuara efektu, jo nogulumu datésanai
tika nemti liela apjoma paraugi no karbonatiskas gitijas un kadras ar molusku
un ostrakodu ¢aulam. Ari karsé$anas zudumu rezultati urbumam Cerini-2009 $i
vecuma nogulumiem uzrada butiskas izmainas nogulumu sastava. Lidz 4,80 m
dzilumam (10 000 kal.g.p.m.) uzkrajusies smil$aina gitija, kura mineralvielu
daudzums ir gandriz 90%. 4,25 m dziluma (9750 kal.g.p.m.) tas samazinas
lidz 20% un ievérojami pieaug organisko vielu daudzums, kas skaidrojams ar
labvéligakiem apstakliem augu biomasas daudzuma pieaugumam (klast siltaks).

Atkartoti mineralo dalinu daudzums palielinas (lidz 45%) pirms
9200 kal.g.p.m. (4,00 m), kas, iespéjams, norada, ka apstakli vairs nav bijusi
pieméroti augu izplatibai, veicinot mineralvielu iepladi baseina no ezera pie-
krastes. Kopa ar mineralo dalinu pieaugumu palielinas ari karbonatisko vielu
daudzums nogulumos (25%), kas ar gruntsideniem vai upju Gdeniem ieska-
lots ezera nogulumos un, mainoties temperatiirai un spiedienam, vélak ari ir
izgulsnétas. Pirms 8700 kal.g.p.m. organisko vielu daudzums atkal palielinas,
noradot uz stabilas vegetacijas segas izveidoSanos apkartéja teritorija. Intere-
santa iezime ir paparzu sporu izzu$ana 8200 notikuma laika. Tas ievérojama
skaita atrastas gan pirms gan péc §1 notikuma.

Lai ari urbuma Pantene/Brauksas I-2006 nogulumi nav datéti, tomér labi
atpazistamais 8200 notikums nosaciti lauj datét §i griezuma nogulumus un,
iespéjams, norada, ka gitija $aja senaja Burtnieka licl sakusi uzkraties pirms
8000 gadiem. Sis netiesais datéjums lauj domat, ka dalu no 7,6 m dzila griezuma
(4,00-7,60 m) veido leduslaikmeta beigu posma nogulumi — mali un aleiriti, ku-
ros no makroskopiskajam atliekam atrodami Characeae oogoniji, ostrakodu un
molusku caulas, driades un pundurbérza makroskopiskas atliekas, kas norada,
ka nogulumi uzkrajusies periglaciala ezera apstaklos. Aptuveni 4,00 m dziluma
sakusi uzkraties aleiriti. Udensaugu putek$ni un kosas (Equisetum) sporas no-
rada uz sekla ezera apstakliem malu sedimentacijas laika. Ari putek$nu spektra
$aja dziluma intervala ir atrasti gan pundurbérza, gan driadu puteksni. Putek$nu
diagramma $aja perioda domineé priedes un bérza puteksni. Vélak holocéna sa-
kuma dominé priedes un lakstaugu puteksni. Péc priedes putek$snu maksimuma,
to daudzumam samazinoties un strauji kapjot bérzu puteksnu liknei, atpazis-
tams jau pieminétais 8200 notikums (3,50 m dziluma). Saja laika uzkrajies plans
malaina aleirita slanitis, kura nav konstatétas ne makroskopiskas atliekas, ne ari
mieturalges, moluski un ostrakodi, kas liela daudzuma nogulumos ir sastopami
gan pirms §i notikuma, gan péc ta (Ozola et al., 2010). Pantenes purva rietumu
mala (urbums Cerini-2007) $aja laika jau uzkrajusies zema tipa koku-grislu
kadra.
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Péc 8200 notikuma islaicigi pieaug grislu un zalaugu puteksnu skaits,
liecinot par islaicigu adens limena cel$anos. Tac¢u jau driz péc tam loti strauji
krit putek$nu koncentracija un ievérojami pieaug erodétu paparzu sporu un
sporangiju skaits. Neliela skaita atrasti vien priedes puteksni, no kuriem daudzi
ir erodéti. Tas, ka sporas ir erodétas varétu noradit uz loti sausiem apstakliem
un eroziju isi pirms platlapju liknu kapumiem (HTM).

Sakot no aptuveni 8800 kal.g.p.m. (nemot véra rezervuara efektu 500-
1000 gadi — pirms 7800-8300 kal.g.p.m.) puteksnu diagramma joprojam domi-
né priedes, ievérojami palielinas alk$nu, lazdu un platlapju putek$nu daudzums.
Sis pazimes liecina par HTM sakumu. Siltakais HTM posms novérojams pirms
5900 kal.g.p.m., kad platlapji sasniedz savu maksimalo izplatibu: goba 20%,
liepa 20%, ozols 5%, osis 5%.

Aptuveni pirms 4000 kal.g.p.m. platlapju puteksnu daudzums samazinas,
nepartrauktu likni sak veidot bérzs, ievieSas mitru plavu augu puteksni, ka ari
kultivétie augi. Pirms 700 kal.g.p.m.novérojams otrs mineralo dalinu daudzu-
ma palilinadanas periods, kur§ turpinas lidz masdienam. Si ipatniba varétu biit
skaidrojama ar intensibu laiksaimniecibu uz Pantenes drumlina, ka rezultata
purva tiek iepiistas mineralas dalinas.

4.2. Zilais purvs

Zila purva ziemelu dala veikti 3 zondéjumi un viens urbums. Veikta ari no-
gulumu vecuma "“C daté$ana etriem paraugiem. Sie datéjumi tika kalibréti un,
balstoties uz tiem, CLAM programma ir izveidots dziluma-vecuma sakaribas
modelis, kura redzama nogulumu uzkrasanas intensitate, kura purva veidosanas
sakuma lidz aptuveni 1000 kal.g.p.m., ir bijusi 0,5-1 mm gada. Straujaka nogu-
lumu uzkrasanas novérojama pédéjos 1000 gados: 1-2 mm gada.

Apkopojot un interpretéjot Zilaja purva iegato analizu rezultatus, tika re-
konstruéti purva veido$anas un nogulumu uzkraganas apstakli (4.1. tab.). Zilais
purvs veidojies, kad pirms aptuveni 3100 kal.g.p.m. salidzinosi siltos klimatis-
kos apstaklos saka aizaugt sekla adenstilpe un, Gdens limenim pazeminoties,
nosaciti sausos apstaklos saka uzkraties labi sadalijjusies zema tipa koku-zalu
kadra. Klimatiskajiem apstakliem pasliktinoties, aptuveni pirms 2500 kal.g.p.m.
udens limenis celas un saka uzkraties niedru kadra ar gitijas starpkartinam. Péc
500 gadiem (pirms 2000 kal.g.p.m.) idens limenis atkal pazeminajas, un saka
uzkraties gri§lu-koku kadra un vietam ari sfagnu kidra. Lidz 1400 kal.g.p.m.
turpinas zema purva pakapeniska pareja augstaja purva. Sakotnéji augstaja
purva dominé fuskuma sfagnu kadra, un pirms aptuveni 500 kal.g.p.m. kad-
ras sastava sak paradities spilves un palielinas kadras sadaliSanas, kas pirms
300 kal.g.p.m. pieaug lidz 30%, tomér jau aptuveni péc 100 gadiem kadras
sastava atkal sak dominét sfagni. Putek$nu sastavs, kudras botaniskais sastavs
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un citas mikroskopiskas atliekas liecina, ka, sakot no 3000 kal.g.p.m., klimats
pasliktinas un ir véss un mitrs.

4.3. Kalna purvs

Purva ieplakas pamatne ir nelidzena, un ta mainas no 37 m lidz 40 m vjl.
Ieplakas dzilakaja dala to veido zilganpeléks mals ar saldidens kalkiezi, oliem
un maziem gliemezvakiem, bet virziena uz purva malu to nomaina smalka labi
$kirota smilts (4.4. att.). Purva centralaja dala veiktaja 5,40 m dzilaja urbuma
virs zilganpeléka mala tika konstatéts 0,5 m biezs tumsi brunas kadrainas gitijas
slanis, ko savukart parsedza kadras slani.

Péc datéjumu rezultatiem tika sastadits dziluma vecuma modelis, kura
rezultati Jauj secinat, ka aptuveni lidz 3500 kal.g.p.m. nogulumi uzkrajusies ar
intensitati 0,8 mm/gada, péc $i laika lidz 1800 kal.g.p.m. nogulumu uzkrasanas
intensitate ievérojami pieaug lidz 1,25-2 mm/gada. Péd&jos 1000 gados uzkrasa-
nas intensitate samazinas lidz 1mm/gada.

Analizéjot urbuma ,,Kalna-07” nogulumus, tika veiktas botaniska sastava,
sporu-puteksnu, citu makroskopisko atlieku analizes. Analizu rezultati tika
salidzinati, un rekonstruéta purva veido$anas un attistibas gaita (4.2. tab.).

DR sw A NE
myjl. masl mvjl.masl.  Augsta tipa kiidras
Raised bog peat
Kainu07  Z:3 - Fuskuma sfagnu
14 Sphagnum fuscum

Spilvju-sfagnu
13 = | Cotton grass-Sphagnum
Dazadu sfagnu

S | Different Sphagnum

Parejas tipa kidra
Transitional mire peat

| Sfagnu-grisju
Sphagnum-sedge

Limniskie nogulumi
Limnic sediments

- Gitija, kidraina
Gyttja, peaty
v 5| Mals ar oliem un molusku ¢aulam
Clay with pebbles and mollusc shells
m Smilts ar organiskajam vielam
Sand with organic matter
Kalnu-07 - urbuma vieta / coring place

241, Z-2, Z-3 zondgjumu vietas 1515 - kal.g.p.m.
m 5 100 150 200 250 300 350 400 m {eiting corings cal. yr BP

38

37

4.4. attéls. Kalna purva austrumu dalas geologiskais $kérsgriezums
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4.4. Keru purvs

Keru purva zondéjumi tika veikti 3 vietas ziemelaustrumu dala. Neskatoties
uz to, ka purva daudzviet ir neparejamas lamas, kas zinama méra norada uz to,
ka $ajas vietas kudras slani varétu but plisusi, tomér, rapigi novértéjot zondéju-
mos iegutos rezultatus, netika konstatéti slanu parravumi, un ari robezas starp
dazada botaniska sastava slaniem bija pakapeniskas, kas liecina, ka $is izmainas
notikusas vides apstaklu izmainu rezultata (Kalnina, et al., 2008a, e).

Konstatéts, ka Keru purva ieplakas gultne pétitas teritorijas dala ir salidzi-
nosi lidzena, un nogulumu uzkrasanas ir bijusi lidziga visa purva ieplaka. Tas
dzilakaja dala 2,75-3,00 m dziluma pirms aptuveni 1980 kal.g.p.m. uzkrajusies
rupja smilts ar organiskajam vielam, virs kuras 2,40-2,75 m dziluma pirms ap-
tuveni 1750-1430 kal.g.p.m. ir uzkrajusies tumsi briina smilsaina gitija ar augu
atliekam un smalkas smilts starpslanisiem (1-0,5 cm), kas liecina par mainigiem
apstakliem $§is seklas Gdenstilpes hidrologiskaja rezima un aizaugsanas sakumu
(4.3. tab.).

Aptuveni pirms 1300-1430 kal.g.p.m. dziluma intervala 2,25-2,40 m virs
gitijas uzkrajusies labi sadalijusies (30-40%) zema tipa grislu-zalu kadra ar giti-
jas starpslaniSiem, kas liecina par to, ka Gdenstilpé tas aizaug$anas laika ir bijusi
mainigi mitruma apstakli un tdens limenis, ka rezultata aizaugusas udenstilpes
teritorija atseviskos laika posmos Gidens ir parsedzis zema tipa kiidras slani un,
mainoties vides apstakliem, virs kiidras ir uzkrajies plans (1-2 cm) kadrainas
gitijas slanitis. Tacu griSlu-zalu kadras salidzino$i augsta sadaliSanas pakape
liecina par to, ka parsvara ir bijusi sausa klimata apstakli, kad gruntstidens
limenis ir bijis zems un atmirusie augi varéja labi sadalities. Griezuma augstak
1,90-2,25 m dziluma pirms 1000-1300 kal.g.p.m. uzkrajusies labi sadalijusies
(25-35%) tums$i brana parejas tipa sfagnu-koku kadra. Dziluma intervala
1,55-1,90 m pirms 770-1000 kal.g.p.m. uzkrajusies augsta tipa sfagnu-spilvju
kiidra ar gaidaku un tumsaku branu slanidu miju. Sis kidras slanis ir mazak
sadalijies salidzinajuma ar zem ta iegulo$o parejas tipa kadru, kuras sadali$anas
pakape ir vidéja (15-20%). Keru purva augs$éjo 1,55 m biezo nogulumu slani
veido gai$i brana sfagnu kadra. Dziluma intervala 0,60-0,80 m laika pirms 230-
330 kal.g.p.m. sfagnu kadras sastava dominé Magelana sfagna atliekas. Kadras
sadalidanas pakape mainas no 5% lidz 10%. Sis maz sadalijies magelansfagna
kadras slanis ir veidojies laika no 290 lidz 300 gadiem, iespéjams, Maza ledus
laikmeta apstaklos.

4.5. Puikules purvs

Puikules purva tika veikti vairaki zondéjumi, lai atrastu vietu, kur ir uzkra-
jusies gan gitija, gan péc iespéjas daudzveidigaki kadras slani, jo tas lautu péc
nogulumu sastava un péc tajos esosajam paleoekologiskajam liecibam spriest
par vides izmainam nogulumu uzkrasanas gaita. Tapat bija svarigi, lai urbums
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batu purva kupola augstakaja dala, kur kadras slani ir mazak traucéti. Ta ka bija
planots izmantot ari iepriekséjo pétjjumu materialus, tad bija svarigi urbuma
vietu izvéléties uz jau agrako pétijjumu profila linijas (Vetrennikovs, Golubecs,
1989). Piemeérota vieta urbumam tika izvéléta uz kupola, kas atrodas uz profila
linijas rietumos no Puikules ezera, kur zond&jumos tika konstatéts, ka nogulu-
mu slani nav sajaukti.

Geologiska urbuma veik$anas vieta pirms purva izveido$anas, iespéjams,
agrak pastavéjusi atklata, sekla tdenstilpe, kura uzkrajusies tdeni no apkar-
téjam, hipsometriski augstakam teritorijam. Par to, ka ezers pirms aptuveni
8400 kal.g.p.m. bijis oligotrofs (baribas vielam nabadzigs), liecina nogulumu
apakséja slani atrastas alges Pediastrum kawraiskyi. Sads ezers, iespéjams, pa-
stavéjis islaicigi, jo vienlaicigi nogulumod vérojams strauja citu algu daudzuma
palielinasanas (Pediastrum boryanum, Pediastrum integrum), kas ieviesusas,
klimatiskajiem apstakliem uzlabojoties un ezera tdenim klastot bagatakam ar
baribas vielam. Strauj$ bérza putek$nu liknes kapums pirms 8400 kal.g.p.m.
liecina par 8200 notikumu (4.4. tab.). Velak HTM laikam atbilsto$ajos nogu-
lumos nav atrasti mitruma indikatori — amébas un alges, iespé&jams, liecinot
par sausiem apstakliem. Sporadiska mitrumu vai sausumu raksturojosu dazadu
amébu sastopamiba sakot no 5,50 m dziluma (pirms 4200 gadiem) nogulumos
liecina par periodiskam gruntstdens limena fluktuacijam purva attistibas laika.

Kadras botaniska sastava rezultati parada, ka virs 5 cm plana gitijas slanisa
jau pirms aptuveni 8000 kal.g.p.m. sakusi uzkraties zema tipa zalu-griglu kad-
ra. Arl zema tipa purvs ir pastavéjis tikai aptuveni 100 gadus. Pirms aptuveni
7900 kal.g.p.m virs zema tipa kadras saka uzkraties parejas tipa kidra, ko péc
1400 gadiem nomaina augsta tipa kadra, kas liecina par to, ka nogulumu uzkra-
$anas apstakli ir batiski mainijusies. Pédéjos 7900 gadus purva turpina uzkraties
dazadas augsta tipa kadras - spilvju-sfagnu, sfagnu-spilvju, fuskuma sfagnu vai
spilvju kadras.

Augsta tipa kadras uzkraganas visstraujak notikusi pirms 4500-
2500 kal.g.p.m., kad 2000 gadu laika uzkrajies pat 2,20 m biezs kiidras slanis ar
mazaku sadaliS$anas pakapi, kas liecina par vésakiem un mitrakiem apstakliem,
kad augu atlieku noardiSanas un sadaliSanas ir apgruatinata.
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5. DISKUSIJA

Apzinot, izanalizéjot un izvértéjot publicétos un nepublicétos materialus
par holocéna organogéno nogulumu sastava un uzkradanas apstaklu izmainu
liecibam purvos holocéna Latvija un Igaunija, ka ari izvélétajas pétijumu vietas
Ziemelvidzemé veikto nogulumu paleobiologisko pétijumu rezultatus iegati pie-
radjjumi par mainigiem nogulumu uzkrasanas apstakliem holocéna. Pétijuma
iegatie rezultati tika salidzinati ar Dienvidigaunijas purvu pétijumu datiem: Ni-
gulas purvu (Sarv, Ilves, 1976), Parikas purvu (Niinemets et al., 2002), Verijarva
ezeru (Niinemets, Saarse 2006), ka arl Hanjas augstiené pétitajiem purviem
(Saarse, Rajamae, 1997) un Latvijas centralaja (Kangur et al., 2009; Terasmaa et
al., 2013) un austrumdala veiktajiem pétjjumiem (Heikkila, 2010).

5.1. Pétito purvu attistiba un nogulumu uzkrasanas apstaklu
izmainas

Pétijuma jegtito datu analize lauj secinat, ka pétitie purvi ir sakusi attistities
dazada laika holocéna. Rapigi izanalizéjot lauka un laboratorijas pétijumos
iegtto informaciju par Kalna, Keru un Zilo prvu un veicot atkartotas detalas
nogulumu paleobotaniskas analizes, tika secinats, ka visticamak minéto pétito
purvu ieplakas starp Baltijas ledus ezera krasta linijam péc Baltijas ledus ezera
regresijas ir bijusas sausas un nogulumi nav uzkrajusies. Hipsometriski zemaka-
jas purva ieplakas (Zila purva ieplaka 34,5 m vjl., Keru purva ieplaka 35.4 m vjl.)
ezera nogulumi ir uzkrajusies uz rupjas vai vidéji rupjas smilts, bet Kalna purva
ieplaka, kas atrodas 39,5 m vjl, tie sakusi veidoties uz gaisi pelékzilas parskalo-
tas malainas karbonatiskas morénas (Kalnina et al., 2008a, e; Ozola et al., 2012).
Visos tris minétajos purvos virs mineralajiem nogulumiem ieplaku dzilakajas
vietas ir uzkrajies apméram 0,5 m biezs smilSainas un kadrainas gitijas slanis.
Purva ieplakas malas laika, kad purva jau sakusi uzkraties augsta tipa kaidra un
purvs audzis ari horizontali, kiidrai veidojoties virs mineraliem nogulumiem,
kur izveidojusies partmitri apstakli, pieméram, Keru purva.

Salidzinot pétito purvu ieplaku hipsometriska augstumu, konstatéts, ka
Zila un Keru purvu ieplakas atrodas apméram 38 m vjl,, bet Kalna 44 m vjl.).
Tomér gitija Zila un kalna purva ieplakas sakusi uzkraties gandriz vienlaicigi.
Visagrak gitija sakusi veidoties Zilaja purva (3460 kal.g.p.m.), bet Kalna pur-
va — pirms 3350 kal.g.p.m. Keru purva gitija sakusi uzkraties ievérojami vélak
(2600 kal.g.p.m.), kad Zila purva un Kalna purva ieplakas seklas adenstilpes jau
bija aizaugusas un tur uzkrajas parejas vai augsta tipa kadra. Minéto purvu zem
kidras iegulo$o nogulumu sastava, sporu-puteksnu un augu makroskopisko at-
lieku analizes rezultati lauj secinat, ka gitijas uzkrasanas laika seklajos baseinos ir
augusi adensaugi, ka ari atrastas alges un vézveidigo faunas (Cladocera) atliekas,
kas liecina, ka adens ieplaka nav bijis tikai sezonali. Ezeru nogulumu datéjumu
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rezultati un vecuma-dziluma modelu informacija lauj secinat, ka seklie baseini
pétito purvu ieplakas ir eksistéjusi apméram 500 gadus Zilaja un Kalna purva
un apméram 1200 gadus Keru purva ieplaka, un, ka organogénie nogulumi $o
purvu ieplakas ir veidojusies tikai vélaja holocéna.

Sporu un puteksnu spektri atspogulo vegetacijas attistibu vélaja holocéna
Ziemelvidzemé, kur ieziméjas vairaki siltaki un aukstaki periodi. Zila un Kalna
purva nogulumu putek$nu diagrammu apakséja dala ir vérojama alk$nu un
platlapju, it seviski liepu putek$nu liknu kapums, kas liecina par salidzinosi
siltiem un mitriem vides apstakliem. Nogulumos, kas uzkrajusies pirms
2600-2800 kal.g.p.m., konstatéts lielaks bérzu un lakstaugu puteksnu daudzums
un platlapju un citu siltummilo$o augu puteksnu daudzuma samazinasanas, kas
lauj atpazit aukstuma epizodi minétaja laika posma. Uz lidzigam izmainam ve-
getacijas sastava un vides apstaklos norada ari paleobiologiskie dati, kas ieguti,
analizéjot nogulumus, kas uzkrajusies laika posma pirms 290-600 kal.g.p.m.,
kas, savukart, lauj secinat, ka $is izmainas vegetacijas sastava un lidz ar to ari
nogulumu uzkrasanas apstaklos izraisija Maza ledus laikmeta klimats. Keru
purva spektros $im laika posmam nodalamas divas aukstuma epizodes, kuru
vienu no otras atdala egles maksimums, ko pavada platlapju putek$nu liknu
neliels kapums. Sos notikumus var nosaciti salidzinat ar Maza ledus laikmeta
fluktuacijam, kur ieziméjas divas aukstuma epizodes, kuru vienu no otras atdala
islaiciga siltaka epizode pirms 380-410 kal.g.p.m. (Bradley et al., 2003).

5.2. Nogulumu uzkrasanas atruma izmainas holocéna

Lidz $im ir uzskatits, ka visintensivaka kadras uzkrasanas norisinajusies
atlantiskaja laika, tatad vissiltakaja un mitrakaja holocéna posma (Bambergs,
1997; Segling, 2001a). Analiz&jot pétljuma iegitos rezultatus un aprékinot kadras
pieauguma atrumu, izmantojot CLAM modeli, tika konstatéts, ka visintensivaka
kadras uzkrasanas ir notikusi pédéjo 2500 gadu laika (5.1. tabula). Tomér janem
veéra, ka aprékinatas veértibas ir aptuvenas, jo balstas uz nelielu skaitu datéjumu
un parsvara datéjumi ir interpoléti, izmantojot CLAM vecuma-dziluma modeli,
kaa ri nav pemts véra nogulumu blivums.

Novértéjot iegutos rezultatus, redzams, ka Puikules purva HTM laika
viena gada laika kadras slanis pieaudzis par 0,7 mm (5.1.tab.), savukart visin-
tensivaka kadras uzkraganas sakusies péc HTM, kad gada laika kadras mak-
simala uzkrasanas intensitate bijusi 1,4 mm/g, kas konstatéta laika posma no
1500-2500 kal.g.p.m.

Kalna purva maksimalais kiidras slana palielinasanas atrums konstatéts
pirms 1000-2500 kal.g.p.m., turklat Saja laika posma sacis veidoties Keru purvs.
Ja HTM buatu silts un mitrs, tad $is laiks batu vispiemeérotakais, lai veidotos
jauni purvi, tomér pétijuma rezultati to neapstiprina. Kalna un Zilais purvs sacis
veidoties tiesi HTM beigas, kas, iespéjams, norada uz to, ka HTM tomer ir bijis
sausaks klimats un purvi sakusi veidoties, palielinoties nokri$nu daudzumam,
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paaugstinoties gruntsidens limenim un izveidojoties parmitriem apstakliem,
kas savukart veicinaja intensivu kaidras uzkrasanos.

5.1. tabula. Nogulumu uzkrasanas intensitates salidzinajums pétijuma vietas

Pantenes Puikules Zilais Kalna Keru
purvs purvs purvs purvs purvs
Kal.g.p.m. mm/g mm/g mm/g mm/g mm/g
0-100 0,31 1,1 2 1 2
100-500 0,31 1,1 1,4-2 1 2
500-1000 0,31-0,32 1,1-1,25 1-1,4 1-1,25 1,4-2
1000-1500 0,32 1,25-1,4 0,8-1 1,25-2 1,1-1,4
1500-2000 0,32 1,4 0,6-0,8 2 1,1
2000-2500 0,32 1,4 0,6 1,1-2
2500-3000 0,33 1,25 0,56 0,8-1,1
3000-3500 0,30-0,33 1,1 0,56 0,8
3500-4000 0,30 0,9-1,1 0,56 0,8
4000-4500 0,30-0,36 0,8-0,9
4500-5000 0,36-0,37 0,7
5000-5500 0,37-0,38 0,7
5500-6000 0,38-0,4 0,6
6000-6500 0,4 0,6
6500-7000 0,4 0,6
7000-7500 0,4-0,5 0,6
7500-8000 0,5 0,6
8500-9000 0,6-0,7 0,6
9000-9500 0,7-0,8
9500-10000 0,8
10000-10500 0,9
10500-11000 0,9
11000-11700 0,9

Lai noskaidrotu, vai kidras uzkraganas intensitate ir bijusi lielaka vélaja ho-
locéna, neka HTM, un vai ta ir bijusi lokala vai regionala rakstura, tika analizéti
dati no tuvako un datéto Igaunijas purvu pétijumiem (Sarv, Ilves, 1976; Niine-
mets, Saarse, 2002). Parikas purva Igaunijas dienvidaustrumu dala visintensiva-
ka kadras uzkrasanas 1,5-1,6 mm/gada notikusi sakot no 1600 kal.g.p.m. lidz
musdienam, savukart vislénak - 0,4 mm/gada kiadra uzkrajusies laika aptuveni
pirms 5800-7600 kal.g.p.m. Ka iemeslu salidzino$i nelielajai kaidras intensitatei
atlantiskaja laika, kad klimats kopuma bijis silts un mitrs, E.Ninemets (Niine-
met, 2002) min gruntsidens limena pazeminasanos. L.Sarse (Saarse) un S.Ha-
risons (Harrison) (Saarse, Harrison, 1992), rekonstrugjot ezera limena izmainas
Austrumbaltijas regiona, konstatéjusi, ka pirms 6500-7500 kal.g.p.m. ievérojami
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pazeminajies idens limenis Igaunijas ezeros. Savukart lielais kiidras pieaugums
virséjos slanos daléji tiek skaidrots ar nelielu kadras sablivésanos un to, ka
klimats vismaz pédéjos 150 gados kluvis mitraks (Niinemets, Saarse, 2002).
Puikules purva kadras uzkrasanas dinamika ir bijusi lidziga. Visléenak kadra
uzkrajusies no 4500-8000 kal.g.p.m. - 0,6 mm/gada, bet labveéligaki apstakli,
lai straujak uzkratos kadra, iestajusies nedaudz atrak ka Parikas purva — pirms
2500 kal.g.p.m - 1,4 mm/gada. Tomér Sie aprékini ir aptuveni, jo nav nemta véra
nogulumu sablivésanas, kas ietekmé dzilakos kadras slanus (von Posts, 1924;
Nomals, 1930b; Markots et al., 1993).

Pantenes purvs ir zemais purvs, un kadra taja ir uzkrajusies léenak ka aug-
stajos purvos, tomeér ari $aja purva novérojamas pieauguma atruma izmainas.
Atskiriba no autores pétitajiem augstajiem purviem, Pantenes purva nedaudz
intensivaka kadras uzkraganas notikusi tiesi HTM: 0,3-0,5 mm. Lidziga kadras
uzkra$anas intensitate konstatéta ari dazos citos zemajos purvos, kas veidojusies
starppauguru ieplakas, pieméram, Taurenes purva (Silamikele, 2010).

Augsto purvu nogulumu pétjjumos iegutie rezultati un to analize lauj se-
cinat, ka HTM laika kadras sadaliSanas un aprékinata uzkrasanas intensitate ir
bijusi mazaka neka vélaja holocéna, kas norada, ka klimats ir bijis sauss un silts.

5.3. Holocéna nogulumu stratifikacija

Latvija holocéna nogulumu stratifikacija 20. gadsimta galvenokart bija pa-
matota putek$nu analizu datiem. Kop$ M.Galenieces 1935. gada publicéta darba
par Latvijas purvu un mezu attistibu pécleduslaikmeta (Galenieks, 1935) tika
pienemts L. von Posta unificéto regionalo shému, kuru vins bija izstradajis pa-
matojoties uz Gotlandes purvu pétijumiem, izmantot arl Latvija (Seglins, 2000).
Si shéma balstas uz putekinu spektru izmainu likumsakaribam, ki ari kadras
sastava un sadali$anas pakapes izmainam.

20. gadsimta pédéjas desmitgadés daudz plasak izmantoja Blitta-Sernandera
shému, jo ta Java pécleduslaikmetu iedalit isakos hronostratigrafiskos periodos,
tadéjadi kalpojot ari ka netiesa vai nosacita datésanas metode (Birks, Seppa,
2010). Attistoties holocéna nogulumu pétijumu metodikai, palielinas iespéja
iegat precizakus datus, ieziméjas nesakritibas starp Blitta-Sernandera shému un
peédéjas desmitgadeés pienemtajiem uzskatiem par holocéna klimata izmainam
un ietekmi uz geologiskajiem procesiem. Birks un Seppd (Birks, Seppd, 2010)
uzsver, ka Blitta-Sernandera shéma vairs neatbilst miasdienu uzskatiem un tas
galvenajiem elementiem - ar siltu un sausu subborealu, siltu un mitru atlantisko
laiku. Sobrid pétijumos loti plasi tiek pielietotas radioaktiva oglekla datésanas
metodes, kas kopa ar dazadu analizu datiem (puteksni, augu makroskopiskas
atliekas, diatomejas, u.c.) dod iespéju precizi noteikt holocéna vides izmainu
laiku.
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5.3.1. Agrais holocéns

Lai salidzinatu putek$nu procentualas vértibas ar blakus teritorijam, tika
izmantoti jaunakie pétijumu dati no Igaunijas (Niinemets, Saarse, 2006, 2009)
un Latvijas dienvidaustrumos veiktajiem pétjjumiem (Heikkild, 2010, Heikkila,
Seppi, 2010).

Holocéna sakuma organogénie nogulumi konstatéti tikai Pantenes purva,
un tos parstav gitija. Saja laika Burtnieka ezera senaja lici uzkrajas kalkaina
gitija. Burtnieka ezera apkartnes nogulumu griezumu putek$nu diagrammas
agro holocénu raksturojosie putek$nu spektri, norada uz plasu priedes, bérza un
zalaugu izplatibu (Ozola et al., 2010 a, b). Lidziga rakstura vegetacijas sastavu
atspogulo ari Kurjanovas ezera nogulumu putek$nu pétijumi (Heikkild, Seppa,
2010). Nelielas vértibas sasniedz alksnu (1,7%), karklu (2%) un egles (1%) pu-
tek$nu skaits. Egles putek$ni un atvarsnites liecina par to, ka egle Austrumbal-
tijas regiona augusi jau kops augséja driasa (Heikkild et.al., 2009), tomeér agraja
holocéna tas puteksnu daudzums ir mazs vai ari to nav vispar. Kurjanovas ezera
(Heikkila et.al., 2009), Verijarves ezera (Niinemets, Saarse, 2007) nogulumos,
ka ari autores pétitaja Pantenes purva nogulumu griezuma atrasti ari gobas un
lazdas, osa puteksni.

Putek$nu sastavs nogulumos, kuri Ziemelvidzemé uzkrajusies laika pos-
ma no 8200-9200 kal.g.p.m., liecina, ka vegetacija joprojam dominé priede
(40-50%) un subdominante ir bérzs (34%), pakapeniski palielinas ari platlapju
daudzums. Kurjanovas ezera nogulumu puteksnu spektru sastava bérza puteks-
nu daudzumam ir lielakas vértibas (45-55%) neka Ziemelvidzemeé.

5.3.2. Liecibas par aukstuma periodu pirms 8200 kal.g.p.m.

8200 notikums (Alley et al. 1997; Overpeck, Cole 2006) ir aukstuma periods
pirms 8200 kalendarajiem gadiem (von Grafenstein et. al., 1998; Yeloft et al.,
2007), kura strauji pazeminajusas temperataras isi pirms klimatiska optimuma
sakuma. Baltijas regiona pirms 8200 gadiem bija izplatiti alksni, lazdas un gobas,
priedes, bérzi un egles - $ada vegetacija, kas jutigi reagé uz aukstakam ziemam
un vélakiem pavasariem, ieziméjas arl Baltijas regiona putek$nu diagrammas
(Heikkila, Seppd, 2010). Ari Ziemelvidzemes puteksnu diagrammas $is aukstu-
ma periods ir skaidri izteikts ar bérzu procentuala daudzuma palielinasanos un
meéreno koku sugu putek$nu (alk$nu un lazdu) (Veski et al. 2004; Niinemets,
Saarse 2007; Seppad et al. 2007) un platlapju (gobu un liepu) puteksnu skaita
samazina$anos. Promocijas darba pétitajos griezumos 8200 notikums konstatéts
3 dzilakajos urbumos.

Liela dala V. Seglina izstradatajas Latvijas dabas apvidu holocéna vidéjo
putek$nu diagrammas (Seglins, 2002) 8200 notikuma pazimes ir konstatétas
preboreala vai boreala. Preboreala bérzu puteksnu liknes pieaugums konstatéts
Vidzemes piekrastes, Zemgales lidzenuma, Ziemelkursas un Austrumkursas aug-
stiené, Piejuras zemienes, Taurkalnes lidzenuma, Latgales augstienes, Aliaksnes
augstienes un Andzeles pacéluma holocéna vidéjas putek$nu diagrammas.
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Savukart boreala bérzu puteks$nu liknes strauj$ pieaugums konstatéts Metsepoles
lidzenuma, Rigavas lidzenuma, Vadakstes lidzenuma, Pieventas lidzenuma,
Limbazu vilpota lidzenuma, Burtnieka lidzenuma, Viduslatvijas nolaidenuma,
Vidzemes augstienes, Trapenes lidzenuma, Sélijas paugurvalna, Aknistes no-
laidenuma, Lubana lidzenuma un Abrenes nolaidenuma holocéna nogulumu
vidéja putek$nu diagrammas. Gan viena, gan otra gadijuma bérzu puteksnu
liknes kapumam seko strauj$ platlapju puteksnu liknu kapums.

Puikules purva 8200 notikums gitijas nogulumos ieziméjas ar bérza puteks-
nu daudzuma strauju pieaugumu lidz 60% un nelielu egles putek$nu daudzuma
palielinasanos, zalaugu putek$nu daudzums sasniedz 10%. Péc 8200 notikuma
sak uzkraties zalu-sfagnu kiidra un strauji pieaug lazdas putek$nu daudzums, un
sak pieaugt platlapju daudzums. Sis notikums lauj ari parbaudit “C datéjumu
precizitati: 8,00-7,75 m dziluma, kur atrodami bérza puteksni, nogulumi ir
datéti 8300-8200 kal.g.p.m, laujot secinat, ka $I intervala nogulumu datéjumi
ir precizi. Pretéja situacija ir novérojama Pantenes purva nogulumos, kur
8200 notikuma pazimes novérojamas 3,70 m dziluma ka strauja bérza puteksnu
daudzuma palielinasanas (no 20% zemak eso$aja intervala lidz 50%), lazdas
liknes partraukums, Gdensaugu daudzuma samazinasanas un algu daudzuma
palielinaganas. Tomér datéjumu rezultati liecina, ka $is dziluma intervals atbilst
aptuveni 8900 kal.g.p.m. Nemot véra to, ka rezervuara efekts Burtnieka ezera
nogulumiem noteikts ka 500-1000 gadi, tad domajams, $is pazimes tomér varé-
tu noradit uz 8200 notikumu.

Pantenes purva iegiitaja urbuma Pantene/Brauksas I-2007 nogulumu grie-
zuma ari ir novérojamas 8200 notikuma pazimes. 3,25 m dziluma strauji pieaug
bérzu putekinu daudzums (lidz 40%). Sim bérzu maksimumam seko platlapju
putekdnu liknu kapumi. Si notikuma konstaté$ana nogulumos maina ieprieks
veikto pétijjumu rezultatu interpretaciju (Ozola et al., 2010a, b), kad $im laikam
atbilstosais dzilums tika noteikts ka atbilsto$s atlantiska laika vidusdalai. Savukart
purva rietumu dala urbuma Cerini-2011 4,00 m dziluma pirms 9200 kal.g.p.m
mineralo dalinu daudzums palielinas (lidz 45%), kas, iespéjams, norada uz augaja
samazinaanos un augsnes erozijas intensificésanos, kas arl veicinaja mineral-
vielu iepladi baseina no ezera piekrastes. Tapat palielinas ari karbonatisko vielu
daudzums nogulumos, kas ar gruntsideniem vai upju Gdeniem ieskalots ezera
nogulumos un, mainoties temperattirai un spiedienam, vélak ari ir izgulsnétas.
Sim laikam atbilstosajos nogulumos izzad algu izplatiba un, lidz ar mineralvielu
pieplidi, palielinas sférisko dalinu daudzums (4.1. att.). Sis pazimes varétu liecinat
par 8200 notikumu, tomér tas konstatétas ievérojami agrak (1000 gadus) par
8200 notikumu. To varétu skaidrot ar rezervuara efekta radito novirzi radioaktiva
oglekla daté&jumos, jo nogulumi daté$anai tika nemti no karbonatiskas gitijas
slana. Rezervuara efekts Burtnieka ezeram noteikts ka 500-1000 gadi. Iespéjams,
lidzigas pazimes konstatétas ari citos griezumos, pieméram, Parikas un Nigulas
purvos. Parikas purva (Igaunijas centralaja dala Vortsjarva ezera ziemelrietumu
dala) nogulumu puteks$nu procentualaja diagramma (Niinemets et al., 2002) ari
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atrodamas 8200 notikuma pazimes. Lidzigi ka Zieme]vidzemes purvos, ari Pa-
rikas purva §is pazimes konstatétas daudz vecakos nogulumos - aptuveni pirms
10 200 kal.g.p.m.

Nigulas purva nogulumu puteks$nu procentualajas diagrammas Nigula I un
Nigula II 8200 notikuma pazimes konstatétas pirms aptuveni 9000 kal.g.p.m.,
kad bérza putek$nu daudzums (no kopéja koku puteksnu daudzuma) sasniedz
gandriz 90%. Aptuveni pirms 8400 kal.g.p.m. strauji pieaug gobas (10%), alk$na
(50%) un lazdas (25%) puteksnu likne, péc tam kapj ari paréjo platlapju pu-
teksnu liknes. Vidzemes augstiené Kazu ezera (Kangur et al., 2009) nogulumos
bérza putek$nu straujam kapumam seko visu platlapju putek$nu daudzuma
palielinasanas, tomer ari $Is iezimes konstatétas pirms 9500 **C gadiem.

Puikules purva nogulumu bérza puteks$nu liknes apakséjais maksimums
konstatéts aptuveni pirms 8200 kal.g.p.m., kas lauj domat, ka ari citur Ziemelvi-
dzemeé $i klimata pasliktinaganas ir notikusi un novirze laika, kad $is notikums
ir konstatéts, varétu but skaidrojama ar rezervuara efektu, kas ietekmeé datéjumu
rezultatus.

Lai noskaidrotu, vai 8200 notikums ir novérojams ne tikai autores pétito
nogulumu griezumu diagrammas, bet ari paréjas Ziemelvidzemes diagrammas,
tika apzinatas 32 Ziemelvidzemes puteksnu diagrammas Latvijas puteksnu
diagrammu kataloga (Seglins, 2001b). Gan autores, gan ieprieks veikto pétijumu
vietas, kuras konstatéts 8200 notikums, paraditas karteé.

Tika secinats, ka 19 no 32 agrak sastaditajam Ziemelvidzemes diagrammam
un 2 autores putek$nu procentualajas diagrammas, kuras puteksnu spektri
raksturo apstaklus kops holocéna sakuma, ir novérojams holocéna pirmais
aukstuma periods jeb 8200 notikums. Ta¢u dala diagrammu sakas ar platlapju
maksimumu, kas nozimé, ka tas neietver nogulumu uzkraganos 8200 notikuma
laika vai ari ietver tikai pasu holocéna sakumu. Diagrammas tika mekléts bérzu
liknes maksimums tie$i pirms platlapju puteksnu liknu pieauguma (kapuma).

5.3.3. Videéjais holocéns

Agra-vidéja holocéna robezu iezimé 8200 notikums, péc kura strauji pieaug
platlapju puteksnu daudzums, savukart priezu daudzums samazinas un vidéji ir
20%, kas ir vairak neka konstatéts Kurjanovas ezera apkartné un ir vairak lidzigs
situdcijai Verijarves ezera apkartné, Igaunijas dienvidu dala (Niinemets, Saarse,
2009).

Savukart eglu daudzums ir lidzigs tam, kads tas bijis Kurjanovas ezera
apkartné (10-15%) (Heikkild, Seppd, 2010). Egle bijusi izplatita visa holo-
céna, Ziemelvidzemeé tas daudzums sacis palielinaties pirms aptuveni pirms
7700 kal.g.p.m. un vienu no saviem maksimumiem sasniedz pirms 3700-4200
kal.g.p.m., kad teritorija samazinas platlapju daudzums.

Kurjanovas ezera apkartné holocéna vida bérza un priedes puteksnu vérti-
bas ir loti zemas (~10-15%). Lidziga situacija novérojama Pantenes purva, kad
bérzu likne neparsniedz 10% atzimi, tomér priedes vértibas svarstas 20-30% ro-
bezas. Citas Ziemelvidzemes puteks$nu diagrammas, pieméram, no Taures purva
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(Seglins, 2001), Rajas purva, Pantenes purva bérzu liknes svarstas 20-30% ro-
bezas, bet priede 20-25% robezas. Ari Igaunijas (Niinemets, Saarse 2007, 2009)
un Lietuvas (Kabailiene, 1998) diagrammas tik zemas vértibas nav novérojamas.
Seglin§ (2002) norada, ka kopéja putek$nu spektra visbiezak dominé priede,
kuras daudzums tikai retos gadijumos samazinas vairak par 40%, bet bérzu pu-
tek$nu daudzums parasti mainas 10-20% robezas. Tomér ir janem véra atskiriga
pieeja putek$nu analizes veik$ana, jo lidz 1980tajiem gadiem bija pienemts, ka
jaskaita tikai 200 koku puteksnu. Kop$ ta laika stratigrafiskajos pétijjumos tiek
skaititi vismaz 400 puteksnu. Atskiriga ir arl procentualo attiecibu aprékinasana.
Ja agrak 100% sastadija gan koku, gan lakstaugu, gan ari sporu grupas, tad kop$
1980tajiem gadiem par 100% jeb pamatsummu tiek pienemta visu putek$nu
summa, iznemot tdensaugu puteksnus, kam ir lokala nozime.

Autores pétito nogulumu griezumu putek$nu diagrammas vidéjo holocénu
jeb HTM raksturo $adas pazimes:

1) HTM apakséjo dalu gan Puikules purva, gan ari Pantenes purva nogulu-
mu putek$nu diagramma pirms aptuveni 6700-7000 kal.g.p.m. raksturo
izteikts lazdas puteks$nu liknes kapums un maksimums (20-30%), kas
strauji palielinas péc 8200 notikuma.

2) Puikules purva nogulumu putek$nu diagramma S$o maksimumu
partrauc strauj$ islaicigs bérza putek$nu liknes kapums (45%) pirms
6200 kal.g.p.m. Lidzigas izmainas putek$nu spektros konstatétas arl
Malmutas griezuma Lubana ezera apkartné (Seglin$ et al., 1999).

3) Autores pétito nogulumu griezumu diagrammas platlapju liknes
sasniedz savus maksimumus HTM beigu dala. Liepa pétito griezumu
diagrammas kulminé apmeéram pirms 5500 kal.g.p.m., bet Verijarves un
Kurjanovas ezeru putek$nu diagrammas liepas puteksnu likne ir augsta
visu HTM laiku un kulminacija nav izteikta, tomér viens no maksimu-
miem arl ieziméjas $aja laika.

Lai gan Tollu purva nogulumiem nav noteikts absolatais vecums, izmantojot
puteksnu datus, var tos nosaciti datét. Puteks$nu spektrs, kas atbilst atlantiskajam
laikam, lauj secinat, ka laika, kad platlapji sasniedza savu maksimalo izplatibu
(lidz 10%), alks$nu izplatiba sasniedza 20%, bérza vidéji 30%, bet egles puteksnu
likne sasniedz savu otro maksimumu (48%). Raksturigi, ka egles vértibas ir
neparasti augstas visa griezuma — vidéji 20-50%. Kiadras slana biezums atlantis-
kaja laika sasniedz tikai 1,3 m, salidzindgjumam - péc platlapju maksimuma lidz
misdienam 3,70 m. Neliela nogulumu uzkrasanas intensitate varétu noradit uz
sausu klimatu.

5.3.4. Velais holocéns

Véla holocéna laika klimata parmainu rezultata pétitajos purvos uzkra-
jusies dazada tipa kaidra ar mainigu botanisko sastavu un kadras sadaliS$anas
pakapi. Purvos, kas veidojusies vélaja holocéna, virs gitijas slana ir uzkrajusas
labi sadalijusas (35-45%) dazadas zema tipa kadras. Kalna purva véla holocéna
sakuma posma uzkrajusies zema tipa niedru-grislu, Keru purva grislu-zalu,
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Zilaja purva koku-zalu un koku-gri§lu kiidra. Kaut ari Sie purvi atrodas sali-
dzinosi tuvu viens otram, tomér to pareja no zema tipa uz augsto ir notikusi
atkirigos laika intervalos. Visagrak vaji sadalijusies augsta tipa fuskuma-sfagnu
kadra sakusi uzkraties Kalna purva pirms 2100 gadiem, bet Zilaja purva pirms
1400 kal.g.p.m.. Visvélak no apskatitajiem purviem augsta tipa purvs ir izvei-
dojies Keru purva, kur vaji sadalijusies augsta tipa spilvju-sfagnu kadra pirms
1000 gadiem uzkrajusies uz parejas tipa sfagnu-koku kadras.

Veéla holocéna apakséja robeza Puikules un Pantenes purva, ka arl Kurja-
novas ezera (Heikkild, Seppd, 2010) un vairakas puteks$nu diagrammas Lietuva
(Gaidamavicius, et al., 2011) ieziméjas ar egles puteksnu liknes kapumu pirms
apmeéram 4700-4200 kal.g.p.m. un platlapju liknu kritumu, kas atbilst ar Val-
kera grupas (Walker et al.,, 2012) piedavatajai vidéja — véla holocéna robezai.
Sads egles putekinu liknes kapums (lidz 30%) novérojams ari Parikas purva
nogulumu putek$nu procentualaja diagramma (Niinemets et al., 2002) pirms
aptuveni 4800 kal.g.p.m. Sada ipatniba novérojama ari Puikules purva putekinu
procentualaja diagramma (Ozola, Ratniece, 2013), kad pirms 4500 kal.g.p.m
egles puteksnu daudzums sasniedz 40%. Ari Nigulas purva putek$nu procen-
tualaja diagramma (Sarv, Ilves, 1976) egles likne strauji kapj pirms aptuveni
4800 kal.g.p.m. Egles ievérojamais puteksnu ipatsvars un platlapju putek$nu
liknes pakapeniska samazinasanas, iespéjams, liecina par klimatisko apstaklu
pasliktinasanos aptuveni pirms 4600 kal.g.p.m., kas iezimé robezu starp HTM
un vélo holocénu.

Diagrammas véla holocéna laikam atbilstosaja intervala nodalami divi egles
puteksnu maksimumi. Izteikts apakséjais egles maksimums ir konstatéts pirms
900-1100 kal. Puikules un Keru purva diagrammas, bet augséjais egles mak-
simums atpazistams diagrammas intervala, kas attiecinams uz laiku apméram
pirms 350-400 kal.g.p.m. Gan promocijas darba pétitajos griezumos, gan ari
Verijarves un Kurjanovas ezeru nogulumu puteksnu diagrammas véla holocéna
laikam atbilsto$aja intervala joprojam, kaut ari neliela skaita, ir sastopami plat-
lapju puteksni, kas veido gandriz nepartrauktas liknes, kas liecina par So koku
klatbatni.

Aptuveni pirms 2700 gadiem palielinas bérzu un eglu putek$nu ipatsvars, ka
arl paradas labibas putek$ni un pieaug graudzalu procentualais daudzums, kas
kopuma norada uz antropogéno ietekmi. Kurjanovas ezera apkartné §i ietekme
konstatéta pirms 2500 kal.g.p.m. Keru purva nogulumos kultivéto zemju augu
puteksnu ir maz. Atseviski labibas un kanepju puteksni atrasti Keru purva nogu-
lumos, kas veidojusies pirms 500-400 kal.g.p.m., bet Kalna purva miezu, kviesu
un kanepju puteksni atrasti nogulumos, kuru veidosanas laiks noteikts pirms
600-400 kal.g.p.m.

Nogulumos, kas uzkraju$ies pirms aptuveni 2600-2800 kal.g.p.m., kon-
statéts lielaks bérzu un lakstaugu puteksnu daudzums un platlapju un citu
siltummiloso augu puteksnu daudzuma samazinasanas, kas lauj atpazit klima-
tisko apstak]u pasliktinaganos minétaja laika posma. Uz lidzigam vides apstaklu
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izmainam norada ari paleobiologiskie dati no nogulumiem, kas uzkrajusies
laika posma pirms aptuveni 290-600 kal.g.p.m. Keru purva puteksnu spektros
$im laika posmam nodalamas divas aukstuma epizodes, kuru vienu no otras
atdala egles puteksnu liknes maksimums, ko pavada priedes un platlapju pu-
tek$nu daudzuma palielinasanas. Ari Kalna purva augséjo bérza maksimumu
ta vidusdala partrauc priedes liknes kipums. Sidas puteksnu sastiva izmainas,
domajams, ir ietekméjusas Maza ledus laikmeta klimata fluktuacijas, kur iezi-
méjas divas aukstuma epizodes, kuru vienu otras atdala islaiciga siltaka epizode
pirms 380-410 kal.g.p.m. (Bradley et al., 2003).

Koku putek$nu summas samazinasanas, sikkramu un lakstaugu liknu
kapumi un ogli$u puteklu daudzuma palielinasanas skaidrojama ar klimatisko
apstaklu pasliktinaganos, kas, iesp&jams, norada uz mazo leduslaikmetu. Sis pa-
zimes ir labak izteiktas augsto neka zemo purvu nogulumu putek$nu diagram-
mas, kas lauj secinat, ka, iespéjams, kiidra, strauji uzkrajoties un maz sadaloties,
labak saglaba liecibas par vegetaciju un vides apstakliem.

5.4. REVEALS modela izmanto$ana paleovegetacijas
rekonstrukcijas

Apkopojot un interpretéjot piecu purvu nogulumu sporu-putek$nu analizu
datus, tika rekonstruéta Ziemelvidzemes vegetacijas attistiba holocéna (Ozola,
Ratniece, 2012). Ziemelvidzemé, tapat ka visa Baltijas austrumu regiona, holo-
céna sakuma bija izplatiti priezu un bérzu mezi un plavas. Putek$nu proporciju
rekonstrukcija parada meZza un plavu izplatibu attiecigi ka 72% un 28%. Mezi
savu maksimalo izplatibu 96% sasniedza pirms 5200-5700 kal.g.p.m., kad do-
minéja platlapji un pret énu izturigi koki - liepa (Tilia) un goba (Ulmus), kas
$aja laika sasniedza savu maksimumu. Péc tam (700-5200 kal.g.p.m.), mezi klaja
85-90% no teritorijas. Puteksnu procentualas attiecibas norada, ka pédéjos 100
gados mezi klaja 72%, bet plavas, ganibas, aramzemes un purvi tikai 28% no
Ziemelvidzemes (Ozola et al., 2012).

Miusdienas Puikules purva vegetacija nozimigu dalu aiznem stinas, virsi un
purva priedites. Savukart talakas teritorijas aiznem jauktu koku mezi un ganibas.
Puteks$nu spektri diagramma liecina, ka apkartné vajadzétu dominét priedém
(46%), bérziem (23%), virSiem (13%) un alk$niem (12%), bet graudzalém bitu
jaaiznem tikai 2% no apkartéjas teritorijas. Salidzinot puteksnu diagrammas da-
tus ar REVEALS modela aprékiniem un musdienu vegetacijas segu, jasecina, ka
REVEALS dati tomér vairak atbilst realajai situacijai. Pretéja situacija masdienu
vegetacijai ir novérojama holocéna sakuma (10 200-9200 kal.g.p.m.). Modelé-
$anas rezultati liek secinat, ka 72% teritorijas klaja plavas, bet mezos dominéja
bérzi un priedes.

Ka liecina putek$nu spektru sastavs 8700-9200 kal.g.p.m. plavu augu pro-
porcija samazinas, un sak izplatities pret énu izturigie vasarzalie koki, ka ari
skujkoki. So procesu var izskaidrot ar klimata pasiltinaganos. Laika posms pirms
8200-8700 kal.g.p.m. ieziméjas ar strauju bérzu pieaugumu, kas klaja 30% no
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teritorijas. Taja pasa laika skujkoki sedza 22%, un plavu izplatiba samazinajas
lidz 39%. Saja laika vegetacijas sastava ieviesas ari virsi (2%). Si strauja vegeta-
cijas maina ir skaidrojama ar 8200 notikumu, kad visa ziemelu puslodé notika
klimata pasliktinasanas (Alley et al., 1997).

Pirms 7700-8200 kal.g.p.m. bérza izplatiba samazinajas lidz 17%, dodot
vietu lazdai, kas $aja laika sasniedza savu maksimalo izplatibu un pret énu iz-
turigo koku izplatiba turpinaja pieaugt. Laika no 7200-7700 kal.g.p.m. énmilu
platlapju koku (liepa, goba, osis) daudzums samazinas, jo pieaug skujkoku un
plavu izplatiba. Vélak 7200-5700 kal.g.p.m. énmilu koku daudzums palielina-
jas, un tie sasniedza savu maksimalo izplatibu (gandriz 25%). Plavas attiecigi
teritorija aiznéma loti mazu dalu (8%), noradot uz slégtu ainavu. Sis izmainas
var skaidrot ar holocéna termalo maksimumu, kad klimats bija silts un sauss
(Hammarlund et al, 2002). Latvijas dienvidu dala $aja laika temperatara bija par
~2,5-3,5 °C augstaka ka musdienas (Heikkild, Seppd, 2010). Platlapju izplatibas
maksimumam sekoja strauja plavu izplatiba.

Pirms 4700 kal.g.p.m. meZu struktiira strauji mainijas, jo pieauga eglu
daudzums un samazinajas platlapju daudzums, kuru vértibas tomeér saglabajas
pietiekosi augstas (20%). Egles pieaugums atbilst HTM beigu posmam. Egle
savu maksimumu sasniedza pirms 3700-4200 kal.g.p.m., kad mezu sastava
ta aiznéma 85%. Velak mezu izplatiba pakapeniski samazinajas lidz 65-75%.
Kad temperataras kluva tadas, ka tas ir masdienas, mainijas ari mezu sastavs.
Sakot no 700 kal.g.p.m. saka izplatities plavas, klajot 50% no Ziemelvidzemes
teritorijas.

REVEALS modela aprékini par Ziemelvidzemi tika salidzinati ar REVEALS
modela rezultatiem par Dienvidigauniju (Sugita et al., 2008). REVEALS mode-
lésanas rezultati Jauj secinat, ka Ziemel]vidzemé priede puteksnu diagrammas
sasniedz krietni lielakas vértibas, pieméram, Ziemelvidzemes vegetacijas re-
konstrukcija pirms 9200-9700 kal.g.p.m. REVEALS aprékini norada, ka priedes
daudzums sasniedz 15%, savukart puteksnu procentualas vértibas 46%. Ari citas
pétijumu vietas Ziemelu- un Centraleiropa priedes izplatiba ir parak augstu no-
vértéta (Marqer et al., 2011). Ziemelvidzemé priede savu maksimumu sasniedz
9200-9700 kal.g.p.m. Dienvidigaunija priedes maksimalas vértibas paradas jau
daudz agrak - pirms 10 500 kal.g.p.m. Minimalas vértibas priedei novérojamas
no 7700-2200 kal.g.p.m, kas daléji sakrit ar HTM. Gan Igaunijas dienvidu dala,
gan Ziemelvidzemé priede pasas zemakas veértibas sasniedz HTM maksimuma
laika no 6000-7000 kal.g.p.m.

Autores veiktie detalie puteksnu dati kopa ar “C oglekla datéjumiem un
REVEALS modelé$anu sniedz vél vienu vegetacijas rekonstrukciju, kura augu
savstarpéjas procentualas attiecibas ir precizak noteiktas. Tomér janem véra, ka
joprojam pétijjumos parsvara tiek izmantotas procentualas putek$nu diagram-
mas, tadé] turpmak pétijjumos vajadzétu izmantot abus vegetacijas attistibas
rekonstrukcijas veidus.
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SECINAJUMI

Promocijas darba ietvaros veikto pétijumu rezultati lauj izdarit vairakus
nozimigus secinajumus un iegat padzilinatu prieksstatu par holocéna organo-
génajiem nogulumiem, to uzkrasanas apstaklu izmainam purvos un nogulumu
stratificéSanu piecos purvos Ziemelvidzeme.

Agraja holocéna Puikules un Pantenes purvu ieplakas, eitroficéjoties seklam
udenstilpém, veidojas gitija, kuras sastava konstatéta liela algu dazadiba: zalalges
Pediastrum duplex, Pediastrum integrum, Pediastrum boryanum, Pediastrum
angulosum, ka ari brinalges — Botryococcus un zilalges — Gloeotrichia. To sastavs
un organisko vielu daudzuma palielinasanas nogulumos liecina par klimata
uzlabosanos.

Agra holocéna beigas nogulumos vérojama strauja mineralo dalinu un
karbonatu daudzuma palielinasanas, kas, iespéjams, norada uz augaja samazina-
$anos, augsnes eroziju, veicinot mineralvielu iepladi baseina no ezera piekrastes.
Vienlaicigi ar mineralo dalinu daudzuma palielinasanos pieaug ari karbonatisko
vielu daudzums nogulumos, kas ar gruntsiideniem vai virszemes tdeniem ie-
skalots ezera un, mainoties temperatiirai un spiedienam, vélak ari ir izgulsnéts
un uzkrajies nogulumos.

Robezu starp agro un vidéjo holocénu jeb holocéna termalo maksimumu
iezimé 8200 notikums ar izteiktu un islaicigu bérza putek$nu daudzuma ievéro-
jamu palielinaganos un bérzu puteks$nu liknes kapumu procentualajas putek$nu
diagrammas, organisko vielu samazinasanos nogulumos un makroskopisko at-
lieku izzu$anu un aukstumu milo$u algu sugu (pieméram, Pediastrum kawraisky
ieviesanos.

Péc 8200 notikuma pétitajas vietas novérojama Gdenstilpju intensiva aizaug-
$ana un zema tipa kadras veido$anas, kuras botaniskais sastavs, augu makrosko-
pisko atlieku un puteksnu analizes dati norada uz klimata apstaklu uzlabosanos,
kas lauj novilkt robezu starp agro un vidéjo holocénu.

Aukstais 8200 notikums ir labi atpazistams Ziemelvidzemes un Igaunijas
purvu nogulumos un puteksnu spektros, tai skaita ari agrak pétitajos griezumos,
kuru nogulumiem nav absolato datéjumu.

Holocéna termala maksimuma sakumam atbilsto$a intervala pirms platlap-
ju liknu kapuma vairakas puteksnu diagrammas ieziméjas strauj$ islaicigs priezu
putek$nu un papardes (Polypodiaceae) sporu daudzuma pieaugums. Lielaka
dala So putek$nu un sporu ir sapléstas un erodétas, kas vienlaicigi ar paréjo
puteksnu skaita strauju samazinasanos vai pat izzu$anu, iesp&jams, norada uz
loti sausiem apstakliem, kuru rezultata puteksni un sporas ir nokluvusas tiesa
saules ietekmé un paklautas erozijai.

Holocéna termala maksimuma laika Puikules purva ir uzkrajusies labi sada-
lijusies augsta tipa, bet Pantenes purva zema tipa kiidra, liecinot par sausiem un
siltiem apstakliem, kas veicinajusi intensivu kadras veidojoso augu sadalisanos.
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Nogulumos atrasti siltummilosu augu puteksni un augu makroskopiskas atlie-
kas, ka arl nav konstatétas par vésiem un mitriem apstakliem liecinosas citu
mikroskopisko fosiliju atliekas.

Neskatoties uz to, ka nogulumu uzkrasanas apstakli holocéna termala mak-
simuma laika kopuma ir stabili, tomér Puikules griezuma puteks$nu diagramma
holocéna termalajam maksimumam raksturigo platlapju un lazdas puteksnu
sastavu pirms 6200-6400 kal.g.p.m. nomaina strauja un Islaiciga bérza un
lakstaugu putek$nu daudzuma palielinasanas un to liknu kapumi, kas norada uz
islaicigu klimata pasliktinaganos.

Robeza starp holocéna termalo maksimumu un vélo holocénu ir vajak
izteikta neka starp holocéna termalo maksimumu un agro holocénu. Ta pétito
griezumu diagrammas noteikta limeni atbilstosi 4800 kal.g.p.m., kur krit plat-
lapju un kapj egles puteksnu liknes, paradas uz mitriem apstakliem noradosas
amébas (Amphitrema flavum, Assulina muscorum u.c.). Nogulumos ta ieziméjas
ar straujaku kadras uzkrasanos jau esosajos purvos (Puikules un Pantenes pur-
vi) un jaunu purvu (Kalna, Keru, Zilais purvs) veidosanos.

Analizgjot pétijuma iegttos rezultatus un aprékinot kidras pieauguma atru-
mu, konstatéts, ka dazada tipa purvos nogulumu uzkrasanas holocéna ir dazada.
Augsta tipa purvos visintensivaka kadras uzkraganas (2 mm gada) ir notikusi
vélaja holocéna pédéjo 2500 gadu laika, bet zema tipa purvos holocéna termala
maksimuma laika, uzkrajoties lidz 0,8 mm biezam kadras slanim.

Izvértéjot noguluma sastava un paleobotanisko pétijumu rezultatus un
tos interpretéjot, ka ari nemot véra, ka Blitta-Sernandera shéma vairs neatbilst
miusdienu uzskatiem, var secinat, ka holocénu var iedalit agraja, vidéja un vélaja
holocéna, ka to piedava INTIMATE grupa (Walker et al., 2012), tomér labi at-
pazistama un koreléjama regiona ir tikai agra un vidéja holocéna robeza, kameér
vidéja un véla holocéna robeza ir neizteikta.

Izvértéjot agrakos pétijumos sastaditas sporu-putek$nu diagrammas un
salidzinot tas ar promocijas darba pétijuma iegiitajiem rezultatiem, secinats, ka
neskatoties uz to, ka lielakajai dalai no tam nav absoliito datéjumu, ir atskiriga
datu apstrade un diagrammu sastadiSanas metodika, tomér koku puteksnu
sastava izmainas, liknu kapumi un kritumi ir salidzinami ar jaunako diagrammu
puteks$nu spektriem, pieméram, daudzas diagrammas bérza liknes kulminacija
pirms platlapju liknu kapuma ir atpazistama ka 8200 notikums. Arl sporu sasta-
va savstarpéjas izmainas pietiekosi labi atspogulo tendences un ir salidzinamas
ar jaunakajam diagrammam, kamér lakstaugu puteksnu iekséjas attiecibas
un savstarpéjas izmainas ir parspilétas un var tikt izmantotas tikai atseviskos
gadijumos.

REVEALS modelis lauj rekonstruét precizakas augu savstarpéjas procen-
tualas attiecibas, tomér janem veéra, ka joprojam parsvara tiek izmantotas pro-
centualas putek$nu diagrammas, tadé] turpmak pétijjumos vajadzétu izmantot
abus vegetacijas attistibas rekonstrukcijas veidus.
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Pétijuma rezultati ir apstiprinajusi aizstavés$anai izvirzitas tézes:

L.

Ziemelvidzemes organogénajos nogulumos atrodamas vegetacijas
liecibas norada uz mainigiem dabas apstakliem holocéna Ziemelvidze-
me, ietverot gan aukstakus un mitrakus, gan ari siltakus un sausakus
apstaklus, ko labi parada nogulumu sastava paleobiologiskas analizes,
kas lauj atpazit 8200 aukstuma notikumu, Mazo ledus laikmetu un silto
holocéna termalo maksimumu.

Mazais ledus laikmets un vairaki citi iespéjamie aukstuma notikumi ir
labi izsekojami augsto purvu nogulumos, kas veidojusies vélaja holoce-
na, ka ar putek$nu diagrammas. Tie ne vienmeér drosi nodalami zemo
purvu nogulumos.

Citas mikroskopiskas atliekas sniedz papildus informaciju par tdens
limena svarstibam un dazadu augu klatbatni. Tas var tikt izmantotas ka
viens no nogulumu uzkrasanas apstaklu indikatoriem, ipasi gadijumos,
ja nogulumos nav saglabajusas sporas, putek$ni un augu makroskopis-
kas atliekas.

Dotaja pétijuma izvirzitie uzdevumi ir izpilditi un darba meérkis ir sasniegts.
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PATEICIBAS

Vispirms vélos izteikt pateicibu savai darba vaditajai Asociétajai profesorei
Dr. geogr. Laimdotai Kalninai vispirms jau par ieve$anu purvu pasaulé, bet vis-
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ANNOTATION

Ozola I, 2013. “The Holocene organogenic deposits and changes of their
formation conditions in mires of Northern Vidzeme”

In this doctoral study, the Holocene vegetation changes have been deter-
mined by tracing their evidence in the organogenic deposits in the selected five
mires in Northern Vidzeme. Field and laboratory research methods were used,
such as plant macroscopic remain, spore and pollen, non-pollen, peat decompo-
sition degree and botanical composition, and loss-on-ignition analyses, as well
as determination of the absolute age of the deposits with the *C conventional
and AMS "C methods.

In the organogenic sediments investigated, vegetation changes during the
Holocene have been recognised, which indicate changes in nature conditions
in Northern Vidzeme during the Holocene, including colder (the event 8.2 and
the Little Ice Age) and warmer (the Holocene Thermal Maximum) conditions.

The changes in deposit composition, as well as the complementary results
of pollen and plant macroscopic remain and microscopic remain composition
analyses allow to recognise the event 8.2 in the deposits of the investigated sec-
tions of Puikule Mire and Pantene Mire. This is confirmed by a rapid short-term
rise of the birch and herb pollen curve in the pollen diagram, accompanied by
changes in deposit composition. The Little Ice Age is identified similarly - alt-
hough to a less pronounced extent and not always with a reliable mark - in the
pollen spectra from fens. This event is more recognisable in the pollen spectra
of raised bog pollen diagrams as well as from the increase in peat accumulation
intensity and decrease in decomposition degree, while changes in peat botanical
composition are not pronounced.

Possibilities for the Holocene organic deposit stratification at Northern
Vidzeme were clarified and boundaries between the Early and Middle, as well
as, between the Middle and Late Holocene were defined.

Key words: peat, gyttja, plant macroscopic remains, pollen, event 8.2.
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INTRODUCTION

During the Holocene, which is the latest epoch of the Quaternary period
and covers approximately the last 11,700 years (Lowe et al., 2008; Walker et al.
2009; Cohen et al., 2012; Walker et al., 2012), organogenic deposits have formed
in many parts of the world. These deposits include coral reefs, diatomaceous
earth, freshwater limestone, gyttja, peat, and partly also ochre and bog phos-
phates. Plant and animal remains accumulated in organogenic deposits during
the time of their formation are preserved there for thousands of years, thereby
providing information on deposit accumulation conditions and changes in these
conditions. These remains are best preserved in gyttja and peat - widespread
organogenic deposits that have formed in continental conditions during the
Holocene period. Thus, the results of studying mire deposits, as well as lake
deposits often found underneath them, allow precise reconstruction of deposit
accumulation environment and climate changes in the Holocene (Aaby, 1986;
Barber, Langdon, 2001; Chambers, Charman, 2004; Chambers et al., 2012).

Given the fact that mire and lake deposit layers mainly accumulate succes-
sively, by later layers covering the older ones, they can be considered as archives
of geological events. The stratigraphy of deposit layers and reconstruction of
past events is fundamental for understanding the geological processes of deposit
accumulation in the Holocene (Mauquoy et al., 2002; Chambers, Charman,
2004).

Relevance of the study

Among the first systematic studies of mires were those conducted in early
20™ century Sweden by L. von Post, who was then the leading mire specialist
of the Swedish Geological Service. Under these studies, mire surveys and geo-
logical drilling and sampling were performed in mires in the southern, central
and eastern parts of Sweden, determining peat spread and properties (von Post,
Granlund, 1926; Schoning, 2012).

Mire deposit studies in Latvia likewise began in the early 20* century, spe-
cifically in 1912, when P. Nomals was commissioned to establish and head the
Mire Study Lab of the Baltic Hydrotechnical Department under the Ministry of
Agriculture of Russia. Already before the World War I, peat was extracted in 324
mires in the territory of Latvia, and this fact is indicative of the necessity and
importance of peat studies (Snore, 2004). In 1919, the Mire Study and Utilisa-
tion Department was founded at the Faculty of Agriculture of the University
of Latvia, and systematic studies of mires started in 1926, when the University
of Latvia Mire and Peat Research Lab, headed by Professor P. Nomals, with the
support from the Ministry of Agriculture began systematic survey (research)
work in major peat extraction sites (Lacis, 2010). In these first systematic
laboratory studies, such factors as peat botanical composition, decomposition
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degree, ash content (%), and pH were investigated (Nomals, 1930b). The study
results on 149 mires were compiled in three publications in the form of reviews
and the peat found: Survey of mires in Kurzeme, Zemgale, as well as Vidzeme
and Latgale (Nomals 1930b, 1936, 1943). The results of these studies are still
relevant even today.

Mire deposit research methodology was improved in Northern Europe and
the Baltic countries via introduction of the spore-pollen analysis along with
other methods of peat analysis. In Latvia in the first half of the 20" century, the
first important studies were those of P. Galenieks and M. Galeniece (Linina),
who have improved their knowledge and skills by doing fieldwork with promi-
nent palaeobotanists in Europe as well as with the Swedish mire researcher and
founder and developer of the pollen method - L. von Post. Their studies on for-
est and mire formation history (Galenieks, 1931; 1935; Galenieks, 1936) are still
considered as foundational for Holocene deposit stratification in Latvia. Since
then, there have been numerous palaeobotanical studies of Holocene deposits,
the results of which have mostly been used for deposit stratification, identifica-
tion of their formation conditions and age, as well as reconstruction of Holocene
vegetation development. Some noteworthy studies based on palaeobotanical
research results are those of M. Galeniece (1931; 1935), P. Nomals (1936; 1937;
1939; 1943), as well as 1. Danilans (1955; 1957; 1963; 1973), T. Bartosa (1959;
1976a; 1976b), and V. Seglins (2000; 2001a, 2001b, 2001c). Of crucial impor-
tance among these, one can mention V. Segling® work Latvian Holocene spore
and pollen diagram catalogue (Seglins, 2001), which compiles the spore-pollen
diagrams drawn up in Latvia until 2000. Although part of those diagrams has
only a historical significance, they still provide insight into the deposit build-
up time and circumstances at the sites where the respective sections have been
made.

So far in Latvia, reconstruction of Holocene geological events and pal-
aeovegetation has mainly been performed using palaeobotanical research meth-
ods - most often spore-pollen analysis — reflecting tree and shrub pollen per-
centage ratios (Galenieks, 1935; Danilans, Stelle, 1971; Danilans, 1995; Seglins,
2000; Lacis, Kalnina, 1998; Seglins, 2000; Seglin$ et al., 1999; Pakalne, Kalnina,
2005). In today’s research, radioactive carbon dating techniques are widely used,
which, together with various analytical data (pollen, plant macroremains, dia-
toms, etc.), make it possible to determine the times of Holocene environmental
changes with considerable precision. The many interdisciplinary studies of
Holocene mire and lake deposit formation conditions, composition changes and
palaeovegetation evidence carried out in Northern Europe in recent decades
(Veski, 1998; Seppd, Poska, 2004; Mayewski et al., 2004; Jackson, 2009; Gaillard
et al., 2010; Wanner et al., 2011; Balakauskas, 2012), their cumulative results and
a variety of approaches to the interpretation of these results give important new
information with respect to stratigraphy, palaeovegetation and palaeoclimate,
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and provide an opportunity to reassess the previous theories of deposit accumu-
lation conditions and to make corrections in deposit stratification.

Analysing the results of past spore-pollen studies of deposits in Latvia, it
was concluded that most of these studies are only of a historical value, since, as
V. Seglin$ (2001) has already conceded, for a great number of pollen diagrams, it
is impossible to determine exactly the geographical location of the studied site.
Moreover, the diagrams often lack a sufficiently detailed description of deposits,
have a rather small amount of pollen identified in a sample (100-200), are short
of the absolute age dating of deposits and other analyses of deposit biological
composition, etc. Therefore, to accurately reconstruct the formation of mire de-
posits and changes in their composition during the Holocene period, research of
organogenic deposits has been performed in this doctoral thesis, using several
palaeobiological methods (peat botanical composition, decomposition degrees,
spore-pollen and other microfossil analyses), the cumulative results whereof
allow to make a more plausible interpretation of these results and identification
of climate change events in the Holocene that have shaped the diversity and
accumulation conditions of organogenic deposits.

The region of Northern Vidzeme was selected for the study, in particular
Metsopole plain, Limbazi undulating plain, Augstroze interlobate hilly ridge,
Burtnieks plain and Ergeme hilly area. This region was chosen for the study
because the topography of the territory of Northern Vidzeme has formed as a
result of activities of varying intensity of the last ice cover and its meltwater, due
to which the lake and mire low-lying areas are situated at different hypsometric
levels. These factors affect the beginning times of organogenic deposit formation
and their accumulation rate, which may vary. Therefore, within the study area
boundaries in Northern Vidzeme, different study sites were looked for in order
to obtain maximally comprehensive information about the organogenic deposit
formation and changes in their accumulation conditions in the Holocene. In
the recent decades, evidence has been found by the Holocene deposit studies
for a rapid, relatively short (about 200 years) episode of climate change related
to decrease in temperature before the beginning of the Holocene climatic opti-
mum, which probably also affected the peat formation processes. Evidence of
this occurrence, which is called the event 8.2, has been found not only in the
Greenland ice drilling cores (Dansgaard et al., 1993; O’Brien et al., 1995) but
also in lake and mire deposits (Von Grafenstein et al., 1998; Veski et al., 2004;
Seppi et.al., 2007; Yeloff, et al., 2007).

Moreover, when planning the study, the possibility of correlating the data
obtained with the detailed studies on mire and lake deposits conducted in the
southern part of Estonia and eastern part of Latvia was considered (Sarv, Ilves,
1972; Niinemets, Saarse, 2006; Heikkila, Seppé, 2010; Amon et al., 2012; Veski
et al., 2012), allowing not only for more precise recognition and reconstruction
of organogenic deposit composition and changes in accumulation conditions
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in the mires of Northern Vidzeme but also for inferring whether such changes
have also occurred in Estonian mires.

The objective of the doctoral thesis:

Using the results of palaeobiological research, to characterise and stratify
the Holocene organogenic deposits in mires and ascertain changes in their
accumulation conditions in Northern Vidzeme.

The key tasks for achieving the objective:

1.

To identify, analyse and evaluate published and unpublished materials
on Holocene organogenic deposits, their stratigraphic classification,
deposit composition and climate change evidence in Holocene mires for
the purpose of selecting the study sites and research methods necessary
for achieving the study objective;

To conduct organogenic deposit research in the selected mires of
Northern Vidzeme; to process the geological and palaeobiological rese-
arch results;

Using the data obtained, to characterise and stratify mire deposits and
to reconstruct their composition changes and mire formation process;
To find out what kinds of changes in deposit accumulation conditions
have affected the geological formation of Northern Vidzeme mires and
deposit composition variability;

To analyse how the palaeobiological data collected from the studied
deposits allow to distinguish simultaneous deposit condition changes
during their accumulation in Northern Vidzeme;

To carry out stratification of the Holocene deposits in Northern Vidze-
me;

To analyse pollen diagrams drawn up in earlier studies and to evaluate
their possible use.

Theses proposed for defence:

1)
2)

3)

The event 8.2 can be clearly recognised in the composition changes and
pollen spectra in the deposits of the studied cross-sections;

Changes in raised bog deposit composition and spore-pollen spectra
are indicative of several climate cooling episodes in the Late Holocene;
Other microfossils (rhizopoda, charcoal, algae, fauna remains) can be
used as indicators of deposit accumulation conditions, especially if spo-
res, pollen and plant macroremains are not preserved in the deposits.
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Novelty of the study

The doctoral thesis reflects detailed studies of Holocene organogenic de-
posits accumulated in mires, the cumulative results whereof make it possible to
characterise the deposits and to define more exactly how the Holocene climate
changes have affected the properties and accumulation process of these deposits.

The cold and warm events in Northern Vidzeme during the Holocene that
had affected the deposit composition and accumulation intensity are determined
and characterised, as well as, analysis of other microscopical remains have been
carried out, which research results used in reconstructing the Holocene deposit
accumulation conditions for the first time in Latvia.

Using the REVEALS model, a more accurate picture of forest and mire
vegetation composition changes and distribution in the Holocene has been
obtained.

Approbation of the study results: the results of the study have been sum-
marised in 7 scientific publications; 21 reports have been given at international
conferences and 14 reports — at local conferences.

Investigations in the frame of dissertation elaboration have been supported
by the European Social Fund within the project “Support for Doctoral Stud-
ies at University of Latvia™ No. 2009/0138/1DP/1.1.2.1.2./09/TPIA/VIAA/004,
as well as, project No 2007/ZP-87 at the University of Latvia ,Developing an
Improved Event Chronology of the Late Weichselian Deglaciation of the Inner
Zone of the Southern Margin of the Scandinavian Ice Sheet”, Project of Latvian
Council of Science No. 09.1438. ,Stratigraphy of peatlands in Latvia: evidence
of Lateglacial and Holocene climatic change and peat accumulation’, NordForsk
project LANDCLIM 10 000 ,,The past LAND cover — CLIMate Interactions in
Europe over the last 10 000 years”
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1. HOLOCENE ORGANOGENIC DEPOSIT STUDIES

Holocene is the latest Quaternary epoch covering the past 11,700 years
(Lowe et al., 2008; Walker et al. 2009, Cohen et al., 2012). Holocene organogenic
sediments that accumulate in shallow lakes and marshes form gyttja and peat
layers rich in organic matter. Gyttja has accumulated since the beginning of
the Holocene, as soon as the climatic conditions were sufficient for intensive
development of flora and fauna dwelling in the lakes, whereas the peat layers
are formed under conditions when the volume of plant biomass exceeds the
decomposition of organic matter (Nomals, 1930b; Clymo 1965; Malmer 1986).

At present the number of bogs in Latvia exceeds 9600 and they are distrib-
uted throughout the country, whereas the areas they occupy in various natural
areas of Latvia differ (Bear, 2010). Bogs situated in the eastern part of Coastal
Lowland, lowlands of the middle part of Latvia and Northern Vidzeme are
the largest in area. Many types of mire are formed by overgrowing of shallow
lakes, oxbow meanders, former Littorina Sea lagoons, where after the sea level
drop shallow lakes have formed, which gradually became overgrown and bogs
formed on their territory. The most extensive mire territories are in lowlands
with slightly wavy terrain, in which the quaternary sediment blankets are mainly
composed of clayey silt moraine or glaciolimnic clays (Lacis, Kalnina, 1998).

The earliest information on the bog sediment studies in Latvia is dated
from the beginning of the 18th century, when the first articles were published
on peat extraction and its use for heating and agricultural purposes (Snore,
2004). However, these studies were fragmented. More extensive marsh sediment
studies were started already in 1912, when the most outstanding researcher of
Latvian bogs and marshes and science founder Péteris Nomals was appointed
founder and manager of the Laboratory tor Research of Bogs of the Baltic
Hydro-Technical Department under the auspices of the Ministry of Agriculture
of Russia. Already before World War I peat was extracted from 324 bogs on the
territory of Latvia, which confirms the necessity and importance of its study
(Snore, 2004)). However, P. Nomals himself admits that: ‘Latvian bog research
has started from 1919 and bogs have been studied in all regions. Up to the 1930
mainly in the manner of exploration 557 major bogs have been researched,
which is approximately 40% of all the area of the bogs in Latvia’ (Nomals,
1930b). When systematic studies were commenced, the botanical composition,
the degree of decomposition, the ratio of ash content and pH of peat samples
was determined in the laboratory (Nomals, 1930b). Later, when working at the
University of Latvia as the Head of the Laboratory for Bog and Peat Utilisation
of the Faculty of Agriculture from 1919 to 1939, PNomals researched bog stra-
tigraphy and chemistry, water regime, drainage opportunities, peat composition,
agrotechnical and technological properties of peat, as well as the problems of
utilisation of bogs and peat in general, he developed the first Latvian bog map.
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P. Nomals led the research of the bogs of Latvia for 40 years, during which the
information was obtained on 1149 bogs. In his work “The Prospects of Latvian
Peat Industry” P. Nomals emphasizes that: ‘in Latvia there is almost no rural
district, not to mention the regions, where there would not be a smaller or larger
bog’ (1944). He has summarised the results of his research in numerous publica-
tions, of which the most significant ones include: The Survey of Courland Bogs
(1937), The Survey of Vidzeme and Latgale Bogs (1943), his doctoral theses on
“The Amount and Grouping of Water, Mineral Substances and Nitrogen in the
Bogs of Latvia’ (1930a) constitutes an important foundation for future Latvian
bog sediment studies as well. Later P. Nomals was the Director of the Institute
for Bogs (from 1940 to 1941, from 1944 to 1946) and Latvian SSR Academy of
Sciences Institute of Bog Studies (from 1946 to 1949). Also during this time he
involved in the detailed research of bogs including topographical survey, peat
sediment probing and sampling on regular mesh, laboratory work, and mire
drainage feasibility study. As the result of the work peat extraction projects such
as the projects for construction of power plants on the basis of Sarnate and Seda
bogs were created (1944). Latvian marsh sediment studies under his leadership
are still important today and are often used not only as a historical value, but as
a methodical aid adequate for the present time.

After the Second World War, the demand for peat, which was used in en-
ergy and agriculture, increased, which determined research of new bogs and
summarizing of previous research data. In February of 1946 the Peat Institute
of the Academy of Science was established from the Department of Peat of
the Natural Resource Research Institute of the Latvian SSR, in which Latvian
SSR Peat Stock was prepared, which included a description and map of peat
deposits. The Peat Stock was published in 1962 and it contains information
on 5789 deposits in administrative districts, including the information on 844
deposits earlier studied by P. Nomals. The Peat Stock also contains information
on 162 deposits from the archives of different research and design organizations,
including their location, indicating their location, area within the limits of zero’
and industrial depth (0.9 m), the depth of the peat: the largest and the average,
peat volume (m?), peat properties: botanical composition, degree of decomposi-
tion (%), ash content (%), natural humidity (%), dry contents calorific value
(kcal/kg), dry contents outcome (kg/t), pH, utilisation of the deposit, spilllway,
research method and year (Bear, 2010). The Peat Stock published in 1980 was
supplemented with a schematic map of peat deposits in Latvia with the scale of
1 : 400,000, as well as peat deposit schematic maps for each municipality with
the scale of 1: 100,000 (Lacis, 2010). Later, in the light of changes in the volume
of peat resources, in 1996 The Agency of Geology of Latvia summarised the
information and issued an overview on ‘Western Latvia Peat Resources (Lacis,
1996), which is supplemented with a map ‘Western Latvia Peat Deposits’ with
the scale of 1 : 400,000.
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From the eighties of the last century additionally to the exploration work in
a bogs of each district, in order to describe the conditions and development of
the emerging of peat deposits, spore-pollen analysis were sampled, as well as in
order to determine the absolute age of peat (Lacis, 2010), thus continuing the
work of the founders of analyses of pollen in Latvia Marija Linina-Galenieks
and Pauls Galenieks, who mastered this method in 1920-30 in Sweden, during
internship with L. von Post.

In Western Europe, one of the first pollen researchers was a Swedish
micropaleobotanist G. Lagerheim, whose results were published by a number
of researchers H. Witte, F. Holst, J. Samuelson, J. R. Sernander and von Post.
Specifically by using the results obtained by G. Lagerheim, the Swedish botanist
and peat researcher Lennart von Post discovered the application of microfossil
analysis in stratigraphy and in 1916 laid the foundation for the quantification of
pollen analysis at the meeting of Scandinavian scientists in Oslo by introducing
the first modern rating (quantitative) analyses of pollen (von Post, 1916). The
results allowed relatively dating and correlating different composition (mineral,
organogenic) and genesis (lake, marsh, sea, and river) sediments.

Over the years, various researchers have tried to divide the Holocene into
specific phases with the help of different chronostratigraphical terms. Thus
already in 1974 J. Mangerud (Mangerud et al., 1974) recommended Holocene
chronostratigraphical breakdown for the Nordic Countries and part of the
North-West European continental territory, retaining Blytt-Sernander zones
and established radiocarbon years for the limits of each chronozone. How-
ever ].Birks and H.Seppa (Birks, Seppé, 2010) have suggested not to use Blytt
Sernander scheme in the future, using instead the absolute age dating of the
sediments. The interpretation of results of a major part of the research carried
out in Latvia is based on the pollen zone division by Post (Danilans, Stelle 1971;
Danilans, 1973) and Blytt-Sernander scheme (Seglins, 2000, 2001a, b); therefore
it is applicable only for the analysis of research carried out earlier.

At present the INQUA group of researchers (Walker et al, 2012) are propos-
ing to use the Holocene boundary set, which is based on the data characterizing
them in the global stratotype Greenland NGRIP1 ice drill: determining the early
to Middle Holocene boundary at 8200 cal. yr BP and mid to Late Holocene
boundary at 4200 cal. yr BP level.
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2. CHARACTERIZATION OF STUDY AREA

The Latvian territory of Northern Vidzeme was chosen for the study, in par-
ticular covering Metsopole Plain, Limbazi Undulating Plain, Augstroze Interlo-
bate Hilly Ridge, Burtnieks Plain and Ergeme Hilly area. Study sites are located
in one geobotanical region in different relief forms and in different nature areas
of Northern Vidzeme (Fig. 2.1.):

o Northern Vidzeme lowland; Raja depression in the northern part of
Burtnieks plain; Pantene Bog, by the overgrown northern inlet of old
Burtnieks,

o Idumeja highland: Puikule bog between Aloja-Puikule ridge and Met-
sepole plain;

o Baltic Ice Lake accumulation and abrasion plain on the border between
the northern part of coastal lowlands and northern part of middle Lat-
via - Kalna, Zilais and Keru mires.

The studied bogs — Kalna, Keru and Zilais - are located in the coastal area
of Vidzeme, on Baltic Ice Lake accumulation and abrasion plain between Baltic
Ice Lake Bgl I and Bgl II shorelines. The height of the Baltic Ice Lake shoreline
Bgl I vary from 40 m above sea level by Kalna Mire to 32 m above sea level by
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Figure 2.1. Study sites and other palynologically investigated geological
cross-sections in Northern Vidzeme
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Kirbizi (Juskevi¢s et al., 2008). These mires were chosen for study because the
accumulation of organogenic sediments there began only in the late Holocene,
about 4000 years ago. Deposit accumulation there has been relatively intense, so
it was expected that vegetation changes and short-term events, such as the Little
Ice Age, would be well recognisable.

Names for studied sites in this work is added on map, but earlier studied
palynologically analysed sections are marked by numbers according them in the
publication of V. Seglins ,Catalogue of the Holocene spores and pollen diagrams
from Latvia” (Segling, 2001b): 23. Kuivizu bog I (Grinbergs, 1957); 24. Kuivizu
bog II (Cerina, 1972); 25. Salacgriva 1, sounding 858 (Tracevskij et al., 1967);
26. Salacgriva 2, sounding 855 (Tracevskij et al., 1967); 27. Ruduskojes ez-
ers (Sergejeva et al., 1987); 28. Svétupe river (Drille, 1977); 29. Angas mire
(Medne, 1976); 30. Brinkmana bog (Brikmana (Laru) purvs) (Cerina, 1972);
31. Tollu bog (Galeniece, Eglitis, 1964); 32. Raku lake (Rakis) (Braksh, et al.,
1967); 33. Dunezers lake (Svétupes purvs) (Ilves, Medne, 1979); 34. Katvaru
lake (Braksh et al, 1967); 35. Raku bog (Bambergs, 1962); 36. Madie$énu bog
(Tracevskij et al., 1965); 37. Lielezers lake (Braksh et al., 1967); 38. Bisenieku
bog (Galeniece, Eglitis, 1964); 39. Rijienas mire, sounding 2599 (Tracevskij
et al., 1965); 40. Rajas bog, sounding 2604 (Tracevskij et al., 1965); 41. Rajienas
mire, sounding 2601 (Tracevskij et al., 1965); 42. Keizaru bog (Galenieks, 1935);
43. Lielru]lu-Airites (Aizupites) purvs, sounding 2839 (Tracevskij et al., 1965);
44. Rikanda river valley (Braders, 1977); 45. Seda mire (Bruders, 1977); 46. Tau-
res purvs (Busa, 1984); 47. Valmieras purvs (Bambergs, 1962); 48. Marsnénu
3 (Purmalu) purvs (Braders, 1977); 49. Marsnénu purvs 2, 2838.zond&ums
(Tracevskij et a.l, 1965); 50. Marsnénu purvs 1 (Bambergs, 1956); 51. Salainis
(Salasnis) lake (Braksh et al., 1967); 54. Muiznieki, 919.zondéjums (Tracevskij et
al,, 1964); 55. Rudaci, zondéjums 917 (Tracevskij et al., 1964); 56. Kaulezera bog
(Bruders, 1977).

Pantene Mire is located in the north-western part of Burtnieks Lake,
in Northern Vidzeme Lowland, Burtnieks Plain, in the middle of Burtnieks
drumlin field. Pantene Mire is part of one of the old bay of Burtnieks palaeolake
and is situated in Raja depression, in the north-eastern part of Burtnieks Plain.
Boreholes Cerini-2007, Cerini-2009, Cerini-2011, as well as Pantene-Brauksas
I-2006 were made in near Pantene settlement, by “Cerini” homestead (the bore-
holes were named accordingly).

Puikule Mire is located in Limbazi Undulated Plain. On the south and
southeast sides it borders with Idumeja Highland’s Augstroze Interlobate Hilly
ridge, which is one of the Salaca River basin watersheds, while on the west side
the bog borders with Puikule-Aloja ridge, behind which Metsepole Plain of
Middle Latvia Lowland begins. To the east lies Burtnieks Drumlin field, crossed
by the Briede River on the southwest side. The total area of Puikule-Tévgarsa
Mire is 2200 ha, of which 1591 ha is fen and 609 ha - raised bog.
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3. MATERIALS AND METHODS

A variety of published and unpublished materials about the geological
structure of the study area and its formation, as well as about various methods
of sediment research have been collected and analysed. In view of the infor-
mation gathered, the study sites and research methods that are most fitting for
accomplishing the study objective were chosen.

Northern Vidzeme area was chosen for the study for the following reasons:

o  Firstly, the topography of Northern Vidzeme was formed as a result
of activities of varying intensity of the last ice-cover and its meltwater.
Therefore, the beginnings of organogenic sediment formation and
deposition rates are different. This factor, in turn, can give evidence on
changes in vegetation and hence also in climatic conditions during the
time of sediment deposition.

o It was assumed that the more intensive is the formation of peat, the
higher the chance to get more information on sediment composition
and deposition conditions, basing on this assumption small bogs with a
thick layer of peat where chosen.

o It was assumed that small bogs can provide more appropriate recons-
truction of mire development and deposit formation conditions in Late
Holocene, because there not developed high bog domes and peat layers
have not been breaking and are located ,,in situ’.

Sites with a higher sediment accumulation rate, allowing identification and
recognition of short-term events, were chosen for study in Northern Vidzeme.
It is difficult to establish such short-term events as, for example, the event 8.2 or
the Little Ice Age in sections where sediment accumulation rate is low. For more
detailed studies, sediments of various bogs and overgrown lakes were chosen,
because there the composition of vegetation and climate changes can be inferred
from both plant macro-remains (seeds, leaves, twigs), which are usually found
in situ, as well as micro-remains, which can be both of local (plant cells, pollen,
spores) as well as of regional (pollen) origin. In addition, the study sites were
selected with a view of possibility to study both raised bog sediment sections
that have formed from bogged-up mineral deposits at bog depression bases and
lowland mire sediments that have formed due to overgrowing water bodies.
Raised bogs were chosen because deposition rates there would make possible
better traceability of cold periods over the last 2000 years as well as because
of better representation of lake sediments, containing plant remains that give
evidence about climatic conditions during the sediment accumulation time. The
study sites are located in a single geobotanical area with different terrain forms
and different nature areas in Northern Vidzeme.

In order to compare obtained results with previous study results from
Northern Vidzeme 32 pollen percentage diagrams from Latvian pollen diagram
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catalogue (Seglins, 2001b,c) (Fig.2.1.) were selected and analysed. Field works
were carried out in 4 rised bogs and in one fen, where sounding, coring and
sampling were performed.

Following analyses were applied:

1)

2)

3)

4)

Peat decomposition degree describes the relationship between humus con-
tent and total peat mass. Degree of peat decomposition can be determined
both on field and in laboratory using several methods visual, microscopic
and centrifugal method (Tjuremnovs, 1976). The microscopic method is
also used for determining the decomposition degree, assessing the rela-
tionship between the dark mass (humus) areas and the total field of view of
the sample. In order to determine the degree of decomposition of a single
sample, 10 assessments of the field of view are made for 3 preparations of
that sample.

Peat botanical composition is primarily used to determine the type of peat
on the basis of its microscopic and macroscopic properties, identifying
the peat-forming plant composition. Determination of the botanical com-
position of peat is important for studying the development dynamics of
bog vegetation cover over certain periods of time and for identifying the
composition of peat-forming plants — which, in turn, often affects the peat
properties — as well as for reconstructing the palacoecological conditions
during peat accumulation time (Tjuremnovs, 1976; Maksimov, 1995).
Peat botanical composition is determined on the basis of its macroscopic
and microscopic properties, identifying the main plants forming the peat
sediment sample composition. Peat-forming plants are determined using
a variety of plant macro-remain determinants (Katz et al, 1977; Istomina,
1938).

Pollen analysis was performed according to Bennet, Willis (2001). At least
400 pollen grains were counted per sample (without aquatic plant pollen).
Basic sum (100%) for pollen percentage calculations is based on sum of all
pollen, except aquatic plant pollen, as well as, spores, charcoal dust (up to
25 p) and algae (Berglund, Ralska - Jasiewiczowa, 1986). Several pollen
atlases and identification keys were used for pollen identification Faegri,
Iversens (1989), Moore, Webb (1978); Nilsson et al (1977); Traverse (2008),
Beug (2004). For spore and pollen data processing computer program
TILIA was used (Grimm, 1990).

Non-pollen palynomorph identification. Parallel to identification of pollen
and spores variety of non-pollen palynomorphs were identified, for example,
rhizopoda - single-celled freshwater microorganisms or amoeba with a thin
membrane enclosing the cytoplasm (Hooghiemstra 2012). Microorganisms
are best preserved in sphagnum peat, and their most important function is
response to changes in hydrological conditions during peat accumulation,
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5)

6)

7)

8)

although they can also serve as indicators of chemical composition chan-
ges in bog waters (Tolonen, 1986) These organisms are also prevalent in
freshwater sediments with fine-grain size composition, but especially often
found in peat and they can be accurately identified (Warner 1999). However,
it should be taken into account that during the preparation of samples for
pollen analysis some of microscopic residues do not persist, and to obtain a
complete microscopic residue (charcoal, chironomids, cladoceras) analysis,
appropriate methodology should be applied. Non-pollen palynomorphs
were identified according to Charman et al. (2000), Clarke (2003), Mazei,
Tsyganov (2006), Tolonen (1966), Booth (2008), Booth et al. (2008), Glime
(2012), Barthelmes (2006), van Geel (1998). Algae were identified using
determinants (Katz et al, 1977; Piterans, et al. 1957; Jankovska, Komarek,
2000).

Analysis of macro-remains provides information on changes in palaeoeco-
logical conditions during the lake development process in the direct vicinity
of sediment sampling. The plant macrofossil data are most valuable if the
samples of drillings, monoliths or outcrop of sediment layers are also subject
to pollen analysis, thus linking macrofossil data with other palacoecological
indicators (Warner, 1990). Sediment samples were sieved and fractioned by
Birks, Birks (1980).

Loss on ignition (LOI) analysis is widely applied to calculate the amounts
of organic substances, carbonates and mineral particles in sediments. LOI
analysis was performed according to Heiri et al. (2001).

Radioactive carbon dating calibration. To convert Holocene sediment radio-
active carbon dating to calendar years they have to be calibrated. Age-depth
models are created to calculate the sediment calendar age based on a limited
number of dated depths and assumptions regarding the sediment accumu-
lation between these depths (Blaauw, 2010). CLAM software was used for
radioactive carbon dating calibration (Blaauw, 2010), because it provides
information on every centimetre or every 5 cm of accumulation time.

Use of pollen data in modelling. The REVEALS model was used because
it allows for more precise reconstruction of regional vegetation changes
compared to pollen percentage ratio charts. The parameters of the model
include pollen productivity for each species, fall rate for each type of pollen
and wind speed (Sugita, 2007). The REVEALS v. 4.1.9 model (Sugita, 2007b)
was used for each site separately, taking into account all available pollen
sets.
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4. RESULTS AND INTERPRETATION

4.1. Pantene Mire

Coring and sampling was repeated several times in Pantene Mire and its
vicinity. In 2006 coring was done in order to obtain compleate Holocene sedi-
ment cross section of Pantene Mire. Later coring was done to obtain samples for
C dating.

Based on six radiocarbon dates, within CLAM program (Blaauw, 2010)
an age-depth model has been developed (Fig. 4.1.), which shows that sedi-
ment accumulation has been very smooth, whereas the fastest accumulation
was taking place until 9500 cal. yr BP when the accumulation rate of clay was
0.50-0.90 mm/yr. Before 7000 cal. yr BP accumulation rate decrease to 0.30—
0.50 mm/yr due to the gyttja deposition. At the beginning of mire formation be-
fore 5000 cal. yr BP peat increment was 0.38 mm/yr; nowadays it is 0.31 mm/yr.

= 7 Pantene

Depth {crm
300 200 100
] ] ]

400

12000 10000 8000 6000 4000 2000 0
cal BP

Figure 4.1. Age-depth model for core ,,Cerini-2009” sediments

The dating results of terrestrial plants, namely, the depth interval from
1.60 m to 1.75 m are dated from 6600 to 6800 cal. yr BP. The submerged or
aquatic plants in turn are by 500-1000 years older than terrestrial plants from
the same depth, which also points to the reservoir effect of Burtnieks Lake
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during this period. This fact was taken into account when interpreting results
of different analysis.

On the basis of geological coring and test coring results geological cross-
section of the Pantene Mire has been created. Towards to the river Raja that flows
through Pantene Mire and Brivpurs Mire peat layer becomes thinner - at the
western edge it is up to 2.70 m but in eastern part it does not exceed 1 m. Gyttja
layer thicknes varies from 0.30 m at the western part of the bog to the 1 m at the
eastern part. Gyttja layer formed at the time when water level in the northern
bay of Ancient Burtnieks Lake falled and lake gradually became overgrown and
well decomposed grass and wood-grass peat formed. At the western part of the
bay gyttja started to deposit before ~ 10 570 cal. yr BP. Takking into account re-
servior effect 500-1000 years beginning of gyttja formation apper later - before
9570-10 070 cal. yr BP. Peat started to deposit before 8590-9090 cal. yr BP. At
the eastern edge peat started to form 2000 years later — before 6800 cal. yr BP.
Changes in peat botanical composition (grass peat, wood-grass and wood-sedge
peat) indicates changing water level in the mire.

Results from the Pantene Mire sediments suggest that before 9400-
10 560 cal. yr BP grass and sedge pollen are dominating, in smaller quantities
birch, willow, juniper and dwarf birch pollen has been found indicating an open
landscape. Different algae has been found in the sediments — Gloeotrichia, Pedi-
astrum boryanum, Pediastrum simplex, Pediastrum angulosum indicating gradual
increase in nutrients, standing waters and owergrowth of the lake (Jakubovska,
1996). Also spheroidal fly ash particles — 15-25 microne black spheres has been
found. Very little studies exist on prescence of these particles in Early Holocene
sediments. In particular study these particles can be corelated with the amount
of algae. Only diference is observed during 8.2 event when algae dissapear but
amount of spheroidal particles increase along with minerogenic matter, indicat-
ing both organogenic and minerogenic origin of the particles.

Before 9400-9800 cal. yr BP plant macroremains accumulated on the shal-
low and paludified lake shore. Pine pollen are dominating in pollen spectra,
considerably decrease amount of grass pollen. Significant values of fern spores,
different type algae and aquatic plant remains.

Approximately 8900 cal. yr BP ago birch pollen amount increased rap-
idly (up to 50%), hazel pollen disappeared and after the mentioned birch peak,
broadleaf amount starts to increase, which are typical features of an 8.2 event.
The premature onset of the event in the pollen diagram is explained by the
reservoir effect, because for the section dating of the sediment bulk sediment
samples were collected from the carbonate gyttja and peat with the shells of
molluscs and ostracods. Loss-on-ignition results also show significant changes
in sediment composition. Up to 4.80 m (10 000 cal. yr BP) sandy gyttja formed
with mineral particle content 90% and decrease to 20% in depth 4.24 m when
rapidly increase content of organic matter due to the more favourable condi-
tions for vegetation development and climate amelioration.
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Repeatedly mineral matter content increase (up to 45%) before
9200 cal. yr BP in the depth 4.00 m indicating that conditions were not favour-
able for plant distribution promoting mineral matter influx from lake shores.
Together with mineral matter increase, amount of carbonated matter increase
(25%) that more likely were flushed into the lake with surface waters and later
due to the changes in the temperature and pressure they were sedimented.

During 8.2 event fern spores dissapears, although spores are observed
both — before and after 8.2 event. Before 8700 cal. yr BP amount of organic
matter increase again indicating that persistent vegetation cover in the vicinity.
Starting from about 8800 cal. yr BP (3.50 m) sedge fen formation commenced.
During this time in pollen diagram is dominated by broad-leaved trees, with
dominance of linden.

Although sediments from core Pantene/Brauksas I-2006 are not dated
8.2 event is recognizable and therefore it can be concluded that gyttja in this
ancient inlet of the Burtnieks Lake started to accumulate before 8000 cal. yr BP.
It can also be assumed that part (4.00-7.60 m) of the 7.60 m deep sediment se-
quence consist of Late Glacial sediments - clay and silt that contains Characeae
oogoniums, shells of ostracodes and moluscs, macroremains of dwarf birch and
dryades indicationg that sediments deposited in a oligotrophic lake. Aquatic
plant pollen and spores of horsetail (Equisetum) indicates shallow lake condi-
tions during the time when clay accumulated. Birch and pine pollen dominates
in pollen spectra. At the beginning of the Holocene pine and grass pollen domi-
nants. Then after the pine pollen maxima 8.2 event can be recognized (3.50 m).
During the birch pollen maxima thin layer of clayey silt accumulated where any
plant macroremains or any fauna remains has been found, but they are present
both before and after the 8.2 event (Ozola et al., 2010). At the western edge of the
Pantene Mire (Cerini-2007) already tree-sedge peat started to form (Fig. 4.2.).

After 8.2 event temporary increase the amount of sedge and grass pollen
indicating rise of water lewel. Then sharply decrease pollen concentration in the
sediments and increase amount of eroded fern spores indicating very dry condi-
tions and erosion shortly before rise of broad-leaved tree pollen curves (HTM).

Before 8800 cal. yr BP (taking into account reservior effect — before
7800-8300 cal. yr BP) pine pollen are dominating in pollen spectra, inctease
amount of alder, hazel and broad-leaved tree pollen point to warmer climatic
conditions - HTM. The warmest period of the HTM was before 5900 cal. yr BP
when broad-leaved tree pollen reached their maxima: elm 20%, linden 20%, oak
5%, ash tree 5%.

Aproximately before 4000 cal. yr BP amount of broad-leaved tree pollen
decrease, birch pollen start to form constant curve; prescence of wet meadow
plant pollen and cultivated plant pollen. Before 700 cal. yr BP until present sec-
ond increase in mineral matter can be observed more likely due to the mineral
matter influx into the bog during intensive agriculture activites on the Pantene
Drumlin.
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4.2. Zilais Mire

Three test corings and one coring was made in the central part of the Zilais
Bog. To four sediment samples *C age was determined. On the basis of '*C dat-
ing results age-depth model was created using CLAM computer programme.
Results of shows that at the beginning of bog formation until 1000 cal. yr BP
was 0.5-1 mm/yr. It increased in last 1000 cal. yr BP - 1-2 mm/yr.

After summarizing and interpreting results of analysis implemented to the
Zilais mire sediments bog formation and sedimentation conditions were recon-
structed (Table 4.1.). Zilais Bog formed approximately before 3100 cal. yr BP
under relatively warm climatic conditions when shallow basin was overgrown
and due to the low water level and relatively dry climatic conditions well decom-
posed fen type wood-sedge peat formed. When climatic conditions deteriorated
approximately before 2500 cal. yr BP water level increased and reed peat with
gyttja lenses formed. After approximately 500 years (before 2000 cal. yr BP)
water level decreased and sedge-wood peat formed and in some places already
sphagnum peat started to form. Until 1400 cal. yr BP fen transition to rised
bog takes place. At first Sphagnum fuscum peat dominate, later — before ap-
proximately 500 cal. yr BP in peat composition cotton grass appear and peat
decomposition degree increase and before 300 cal. yr BP it increase up to 30%
but after 100 years in peat composition Sphagnum fuscum again dominante and
peat decomposition degree decrease. Pollen spectra, botanical composition and
other microscopic remains indicate that climate before 3000 cal. yr BP deterio-
rate and is cool and moist.

4.3. Kalna Mire

Bottom of the mire depression is uneven and varies from 37 m to 40 m a.s.l
and consists of bluish grey clay and freshwater lime, pebbles and small shells,
but on the direction to the bog edge from good sorted sand. Coring was carried
out in the central part of the bog and results indicates that above the clay layer
0.5 m thick peaty gyttja layer formed and later was covered by different peat
layers (Fig. 4.4.).

Age-depth model results indicate that approximately until 3500 cal. yr BP
sediments accumulated with the intensity 0.8 mm/yr, later until 1800 cal. yr BP
accumulation rate increase up to 1,25-2 mm/yr. In last 1000 years accumulation
rate decrease to 1 mm/yr.

Taking into account analysis that were made to core ,,Kalna-07” sediments —
botanical composition, spore-pollen and other microscopic remain analysis, bog
formation and development was reconstructed (Table 4.2.).
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Figure 4.4. Geological cross section of the eastern part of Kalna Mire

4.4. Keru Mire

Soundings were made in 3 places in the north-eastern part of Keru Mire.
Despite the fact that there are many impassable bog pools, that indicates that
peat layers may have fractured, results of soundings did not reveal fractures of
the peat layers and the boundaries between layers of different botanical compo-
sition were gradual (Kalnina et al., 2008).

Depression of Keru Mire and surroundings in the researched area is rela-
tively flat and deposit accumulation has been similar in entire mire area. In the
deepest part of the depression above the coarse sand with organic matter dark
brown gyttja with plant remains and fine sand laminas (1-0.5 cm) accumulated,
which indicates changing conditions in the hydrological regime of the shallow
basin at the beginning of overgrowing, which according to the age-depth model
may be estimated as taking place before approximately 1900 cal. yr BP.

Well decomposed (30-40%) fen type sedge-grass peat with gyttja laminas
has accumulated above gyttja layer in the depth range of 2.25 to 2.4 m. This
indicates that approximately 1,200 to 1,500 years ago during the time, when the
basin was overgrowing moisture conditions and water levels were fluctuating. As
a result of which in the area of the overgrown lake during some periods water
has covered the fen peat layer and under alterations in the environmental condi-
tions, a thin (1-2 cm) layer of peaty gyttja has accumulated over the peat layer.
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However, the relatively high degree of sedge grass peat decomposition indicates
that the climate conditions have mostly been dry with low ground water levels
and good conditions for plant decomposition (Table 4.3.).

Transition type Sphagnum-wood peat with good decomposition (25-40%)
is accumulated higher in the section, whereas above it in the depth range of
1.9 m to 1.55 m raised bog type Sphagnum-cotton grass peat with alteration
of lighter and darker brown laminas accumulated 750-990 years ago. Peat in
this interval is less decomposed and (15-20%) in comparison with underlying
transition type peat. The upper part of Keru Mire is represented by 1.55 m thick
raised bog type Sphagnum peat. At the depth interval 0.60-0.80 m remains of
Sphagnum Magellanicum is dominated in peat botanical composition formed
before 230-330 cal. yr BP. Peat decomposition is very low and changes from 5%
to 10%. The formation of this low decomposed layer of Sphagnum Magellanicum
has been established before 290 to 300 years, possibly during the coldest part of
the Little Ice Age.

4.5, Puikule Mire

Several corings have been made in Puikule Mire in order to find a place
where both gyttja and widest variety of peat has been accumulated in order to
track changes in the sediment accumulation conditions. Also it was important
that sediment samples are from the highest part of the bog dome where peat
layers are less disturbed. Since it was intended to use the results of previous
studies (Vetrennikovs, Golubecs, 1989), it was important to choose the coring
place on one of the profile lines from earlier studies. Suitable place was found on
the bog dome on the profile line to the west of Purezers Lake.

At the beginning of Puikule Mire development most likely an open, shallow
basin may have existed previously, accumulating the surrounding waters, from
hypsometrically higher areas. The fact that the lake before 8400 cal. yr BP was
oligotrophic (nutrient-poor) is witnessed by the presence of algae Pediastrum
kawraiskyi found at the bottom of the sediment layer. The lake existed in such
condition for a very short time, because a sharp increase in other algae (Pedi-
astrum boryanum, Pediastrum integrum), which propagate under improved cli-
matic conditions and with lake water becoming richer in nutrients is observed
simultaneously.

Lake overgrowth possibly progressed very rapidly. The results of the
botanical composition indicate that grass-sedge peat formed on the thin gyttja
layer already before 8400 cal. yr BP. Also fen existed very short time period —
approximately 100 years. Transitional mire peat started to accumulate before
approximately 7900 cal. yr BP, which after 140 years was covered with raised bog
peat. Mostly from 6500 cal. yr BP up to the present day different raised bog type
peats (cotton grass-Sphagnum, Sphagnum-cotton-grass, Sphagnum fuscum or
cotton grass peat) continue to accumulate (Table 4.4.).
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Bog type peat accumulation was fastest in the period starting from
4500-2500 cal. yr BP, when during 2000 years thick peat layer with a lower
degree of decomposition in cool and wet conditions accumulated even up to the
thickness of 2.20 m, because under cool and wet conditions the decomposition
of plants occurred more slowly, resulting in relatively quick accumulation of
poorly decomposed bog peat.

Birch pollen curve before 8400 cal. yr BP reaches its maximum, indicat-
ing 8.2 event. Later during HTM any moist condition indicators - testing
amoebae or algae have not been found indicationg dry conditions. Sporadic
moisture and drought indicator amoeba presence in the sediments starting
from 4200 cal. yr BP tells of periodic groundwater level fluctuations during the
development of the bog.
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5. DISCUSSION

Identifying, analysing and evaluating published and unpublished infor-
mation on the composition of the Holocene organic sediments and records on
changes in deposition conditions in the bogs of Latvia and Estonia, as well as the
results obtained from palaeobiological studies at the selected investigation sites
in Northern Vidzeme, provide evidence of changing Holocene sediment accu-
mulation conditions. The results of this study were compared with the results of
studies carried out in mires in Southern Estonia: Nigula Bog (Sarv, Ilves, 1976),
Parika Mire (Niinemets et al., 2002), Verijarv Lake (Niinemets, Saarse 2006),
as well as bogs in the Hanja Upland (Saarse, Rajamae 1997) and the central
(Kangur et al., 2009; Terasmaa et al., 2013) and eastern parts of Latvia (Heikkil,
2010 Losan, 2004).

5.1. Development of mires and changes in deposit formation
conditions

The mires studied in the doctoral thesis began to develop at different times
in the Holocene. Careful analysis of the data of field and laboratory studies and
information obtained by repeated palaeobotanical analyses allow to conclude
that the depressions of the studied mires located between the Baltic Ice Lake
shorelines after the Baltic Ice Lake regression most likely were dry, and deposits
were not accumulated there. In the hypsometrically lower mire depressions
(Zilais Mire — 34.5 m above the sea level, Keru Mire — 35.4 m above the sea
level), peat was accumulated on lake sediments, represented by coarse to me-
dium-grained sand. In the Kalna Mire depression, located 39.5 meters above
the sea level, peat formation started on light grey-blue, washed-out, clayey cal-
careous till (Kalnina et al., 2008; Ozola et al., 2012). In all three mires, an about
0.5 m thick sandy and peaty gyttja layer has formed over mineral deposits in the
deeper parts of the depressions. When raised bog peat started to form and the
mire started to grow horizontally as well, peat started to form also on sand, as
seen, for example, in Keru Mire.

The depressions of Zilais Mire and Kalna Mire are located at different
elevations above the sea level. However, gyttja in both depressions started to
accumulate almost simultaneously. In Zilais Mire, gyttja started to form earlier,
i.e. around 3460 cal. yr BP in Kalna Mire - before 3350 cal. yr BP, whereas in
Keru Mire it started to accumulate significantly later, i.e., about 2600 cal. yr BP,
when the shallow basins in the depressions of Zilais Mire and Kalna Mire had
already been completely overgrown and the transition type or raised bog peat
had already been forming. The results of the spore-pollen and plant macrosco-
pic remain analysis allow to conclude that aquatic plants and algae grew in the
shallow basins during the accumulation; in addition, remains of the crustacean
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fauna (Cladocera) were found. This suggests that water filled the depression not
only seasonally. The results of sediment dating and the depth-age model data
suggest that the shallow pools of the studied bog depressions have been there
for about 500 years in Zilais Mire and Kalna Mire, whereas the shallow basin
in the depression of Keru Mire - for about 1,200 years. The results of the study
indicate that the organogenic deposits in these mire depressions have formed
only during the Late Holocene.

The spore and pollen spectra reflect the development of the Late Holocene
vegetation in Northern Vidzeme, allowing to recognise a number of warmer
and cooler periods. In the lower part of the pollen diagrams from Zilais Mire
and Kalna Mire, the deposits reflect a rise in alder and broad-leaved tree
(linden in particular) pollen curves, suggesting a relatively warm and humid
environmental conditions. In the sediments that have accumulated before the
2600-2800 cal. yr BP, in turn, a larger quantity of birch, and herb pollen was
detected, while broad-leaved and other warm-loving plant pollen decreased in
quantity, allowing the identification of a cooling episode during that period.

Similar changes in the vegetation composition and environmental condi-
tions are also evidenced by the palaeobiological data obtained by analysing the
deposits accumulated during the period of the 290-600 cal. yr BP, which can
be identified as records reflecting changes in vegetation caused by the Little Ice
Age events. In the pollen spectra of this time from the deposits of Keru Mire,
two cold episodes can be distinguished that are separated from each other by a
spruce peak, accompanied by rising broad-leaved pollen curves in the diagram.
These events are relatively comparable with the climate fluctuations of the Little
Ice Age, which is marked by two cold episodes that are separated from one
another by a brief warmer episode before cal. yr BP 380-410 (Bradley et al.,
2003).

5.2. Changes in deposit accumulation rate in the Holocene

Until now, it was considered that the most intense peat accumulation took
place during the Atlantic Time, which was the warmest and most humid Holo-
cene time span (Bambergs, 1997; Segling, 2001a). Analysis of the study results
and the calculation of peat growth rate using the CLAM model in R program
indicate that the most intense peat accumulation took place over the last 2500
years (Table 5.1). However, it should be noted that the calculated values are
approximate, because they are based on a small number of dating that are for
the most part interpolated using the CLAM age depth model.

The assessment of the results show that the peat layer at Puikule Mire
(Table 4.1) had been increasing by 0.7 mm per year during the HTM, while
the most intense peat accumulation began after the HTM, the maximum peat
accumulation rate reaching 1.4 mm / y in the period of 1500-2500 cal. yr BP.
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Table 5.1. Comparison of deposit accumulation intensity

from calculated data of study sites

Pantene Mire | Puikule Mire | Zilais Mire | Kalna Mire | Keru Mire
Cal. yr BP mm/yr mm/yr mm/yr mm/yr mm/yr
0-100 0,31 1,1 2 1 2
100-500 0,31 1,1 1,4-2 1 2
500-1000 0,31-0,32 1,1-1,25 1-1,4 1-1,25 1,4-2
1000-1500 0,32 1,25-1,4 0,8-1 1,25-2 1,1-14
1500-2000 0,32 14 0,6-0,8 2 1,1
2000-2500 0,32 14 0,6 1,1-2
2500-3000 0,33 1,25 0,56 0,8-1,1
3000-3500 0,30-0,33 1,1 0,56 0,8
3500-4000 0,30 0,9-1,1 0,56 0,8
4000-4500 0,30-0,36 0,8-0,9
4500-5000 0,36-0,37 0,7
5000-5500 0,37-0,38 0,7
5500-6000 0,38-0,4 0,6
6000-6500 0,4 0,6
6500-7000 0,4 0,6
7000-7500 0,4-0,5 0,6
7500-8000 0,5 0,6
8500-9000 0,6-0,7 0,6
9000-9500 0,7-0,8
9500-10000 0,8
10000-10500 0,9
10500-11000 0,9
11000-11700 0,9

The highest detected rate of peat growth in Kalna Mire took place in
1000-2500 cal. yr BP. During this period, Keru Mire also started to develop. If
the HTM were warm and humid, that would be the best time for new mires to
form; albeit, the study does not confirm this. Zilais Mire and Kalna Mire began
to form right in the end of the HTM, which is a possible indication that the
HTM climate was drier after all, and mires began to develop owing to increasing
rainfalls, rising of the groundwater level and formation of rather wet conditions
that promote intense peat accumulation and mire formation.

In order to determine whether the peat accumulation rate was significantly
higher during the Late Holocene compared to the HTM and whether this accu-
mulation was of a local or regional nature, analysis of the data from the studies
of closest Estonian mires with deposit dating was performed (Sarv, Ilves 1976;
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Niinemets, Saarse, 2002). Data from the Parika Mire in the south-eastern part of
Estonia show that the most intense peat accumulation (1.5 to 1.6 mm / year) has
occurred from 1600 cal. yr BP until nowadays and the slowest (0.4 mm / year) -
from about 5800 to 7600 cal. yr BP. The reason for relatively low peat accumu-
lation intensity during the Atlantic Time, when the climate was generally warm
and humid, according to E. Niinemets (2002), is the lowering of groundwater
level. L. Saarse and S. Harrison (Saarse, Harrison, 1992) have reconstructed the
lake level changes in the Eastern Baltic region and found that the water level
in the lakes in Estonia significantly lowered before 6500-7500 cal. yr BP. The
noticeable increase of peat growth rate in the upper layers of mires, in turn, can
be partly explained by a minor peat compaction and the fact that the climate for
at least the last 150 years has become wetter (Niinemets, Saarse, 2002).

The peat accumulation dynamics in Puikule Mire was similar. The slowest
peat accumulation rate was from 4500-8000 cal. yr BP - 0.6 mm / year, but
favourable conditions for rapid accumulation of peat occurred there slightly ear-
lier than in Parika Mire, i.e. before 2500 cal. yr BP, with the rate of 1.4 mm / year.
However, these calculations are approximate as they do not take into account
the deposit compaction, which affects the deeper layers of peat (von Posts, 1924,
Nomals, 1930b; Markots et al., 1993).

Pantene Mire is a fen, and peat had been accumulating there slower than in
raised bogs. Nevertheless, peat growth rate changes can be observed also in this
mire. In comparison with the studied raised bogs, in Pantene Mire, more intense
peat accumulation occurred during the HTM and reached 0.3-0.5 mm per year.
Similar peat accumulation rates were observed in some other fens that formed
in the depressions of the morainic relief, like Taurene Mire (Silamikele, 2010).

The investigation results from the raised bog deposits and their analysis
suggest that the peat decomposition and estimated accumulation rate during the
HTM was lower than in the late Holocene, indicating that the climate was dry
and warm.

5.3. Stratification of the Holocene deposits

Holocene sediment stratification in Latvia during the 20" century was
mainly based on the pollen analysis data. Since the work of M. Galeniece about
Latvian bog and forest development in the Post-glacial age published in 1935
(Galenieks 1935), the unified regional scheme developed by L. von Post, which
he had drawn up on the basis of mire studies in Gotland, was also used in Latvia
(Seglins, 2000). This scheme relies on pollen spectrum changes, as well as on
peat botanical composition and decomposition level changes.

In the last decades of the 20" century, the Blytt-Sernander scheme was
widely used, because it allowed for subdividing the Post-glacial age into more
detailed hronostratigraphical zones, thus serving as an indirect or relative dating

78



method (Birks, Sepp4, 2010). The development of the Holocene sediment inves-
tigation methodology increased the possibility to obtain more precise data, and
a discrepancy emerged between the Blytt-Sernander scheme and the modern
views of Holocene climate changes and their impact on geological processes.
Seppéd and Birks (Birks, Seppd, 2010) emphasise that the Blytt-Sernander sche-
me does not correspond with the current knowledge of the climatic condition
of the relevant period - warm and dry Subboreal period and warm and humid
Atlantic Time.

At present, radiocarbon dating techniques are widely used in research, whi-
ch, together with various analytical data (pollen, plant macroremains, diatoms,
etc.), make it possible to define the Holocene environmental change timeline
with considerable precision. Comparison of the Holocene stratigraphic division
proposed by various scientists, taking into account the time scale and its subdi-
vision in 'C years and calendar years before the present, is shown in Table 4.2.

5.3.1. The Early Holocene

In order to compare the pollen data of this study with the data obtained
in adjacent areas, the latest research data from studies in Estonia (Niinemets,
Saarse 2006, 2009) and south-eastern part of Latvia (Heikkild, 2010, Heikkil,
Seppd, 2010) were used.

Organic sediments accumulated in Pantene Mire in the beginning of the
Holocene are represented by gyttja. In the old shallow bay of Burtnieks Lake,
in turn, calcareous gyttja was formed during that time. The pollen spectra cha-
racterising the Early Holocene in the pollen diagrams of the sediment transects
from the vicinity of Lake Burtnieks indicate a wide distribution of pine, birch
and grass (Ozola et al., 2009; Ozola et al.,, 2010 a, b). A vegetation composition
of a similar character is also reflected in the Lake Kurjanova sediment pollen
composition (Heikkild, Seppd, 2010). Low values are represented by alder
(1.7%), willow (2%) and spruce (1%) pollen. Spruce pollen and stomata indi-
cate that spruce has grown in the Eastern Baltics region since the Upper Dryas
(Heikkild et al, 2009); however, these pollen values are low or non-existent
for the period of the Early Holocene. Elm, hazel and ash pollen was found in
the sediments from Kurjanova Lake (Heikkild et al, 2009) and Verijarv Lake
(Niinemets, Saarse, 2007), as well as in those from the transects of Pantene bog
researched by this author. Admittedly, there is no clear evidence of the presence
of elm and ash in the forest composition of that period.

The pollen content in the sediments that had accumulated in Northern Vi-
dzeme during the period from 8200 to 9200 cal. yr BP indicates that vegetation
then was still dominated by pine (40-50%) and subdominated by birch (34%);
in addition, broad-leaved trees were gradually increasing as well. Birch pollen
has higher values (45%-55%) in the composition of Kurjanova Lake sediment
spectra than in those from Northern Vidzeme.
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5.3.2. Evidence of cold event before 8200 cal. yr BP

An 8.2 event (Alley et al. 1997, Overpeck, Cole 2006) is a cold period 8200
calendar years ago (von Grafenstein, et al., 1998; Yeloff, et al., 2007), during
which the temperature rapidly decreased just before the start of the climatic op-
timum. In the Baltic region 8200 years ago, alder, hazel and elm, pine, birch and
spruce were widespread. This kind of vegetation is sensitive to colder winters
and later onsets of spring, and it is present also in the pollen diagrams of the
Baltic region (Heikkild, Seppa, 2010). Also in the pollen diagrams of Northern
Vidzeme, this cold spell is clearly expressed by the increase in the pollen per-
centage for birch and temperate tree (alder and hazel) species (Veski et al.2004;
Niinemets, Saarse 2007; Seppa et al. 2007) and the reduction in broad-leaved
tree (elm and lime) pollen. In the transects researched in the dissertation, the
8.2 event was detected in three boreholes. It was not detected in the other three
boreholes, because the sediments there are not that old.

Features of the 8.2 cold event related to the Preboreal or Boreal periods
have been identified in a great deal of the Holocene mean pollen diagrams
developed by V. Seglin$ for Nature Areas of Latvia (Seglins 2002). Rise of the
birch pollen curve for this interval appears in the mean pollen diagrams from
the Vidzeme coastal area, Zemgale Plain, Northern Kursa and Eastern Kursa
Uplands, Coastal Lowland, Taurkalne Plain, Latgale Upland, Altksne Upland
and Andzele Rise. Furthermore, a sharp increase in the birch pollen curves
for the Boreal period was found in the Holocene mean pollen diagrams of the
Metsepole Plain, Rigava Plain, Vadakste Plain, Pieventa Plain, Limbazi Undulat-
ing Plain, Burtnieks Plain, Middle Latvia gentleness, Vidzeme Upland, Trapene
Plain, Selia interlobate hilly ridge, Aknistes gentleness, Lubans Plain and Abrene
gentleness. In both of the latter cases, the rise of birch pollen curves is followed
by a sharp rise in broad-leaved tree pollen curves.

In Puikule Mire, the 8.2 event is marked by a rapid increase of birch in gyttja
sediments — up to 60%, and a small rise in the spruce pollen quantity, whereas
the amount of grass pollen reaches 10%. After the 8.2 event, grass-sphagnum
peat started to accumulate, and the amount of hazel pollen in the diagrams
accordingly increases rapidly, and the amount of broad-leaved tree pollen also
starts to increase. This event also provides for an opportunity to verify the
accuracy of “C dating in the depth of 8.00 m to 7.75 m, where birch pollen
is present. The sediments are dated from 8300 to 8200 cal. yr BP, suggesting
that the dating of the sediments of this interval are accurate. The opposite situ-
ation is observed in the Pantene Mire sediments, where the 8.2 event features
are observed at the depth of 3.70 m in the form of a rapid increase in birch
pollen (from 20% in the lower interval to 50%), hazel curve discontinuation,
reduction in the amount of aquatic plants and increase in the amount of algae.
However, the dating results show that this depth interval corresponds to ap-
proximately 8900 cal. yr BP. Given the fact that the reservoir effect of Burtnieks
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Lake sedimentation is defined at 500 to 1000 years, these features, however, may
still indicate the 8.2 event.

In the coring Pantene/Brauksas I-2007 done in Pantene Mire close to Stone
Age settlement Brauksas I, records of the 8.2 event were observed in the depth
of 3.25 m, where the birch pollen quantity rapidly increased (up to 40%). This
birch peak is followed by the rise of broad-leaved birch pollen curves. This event
changes the interpretation of the previous sediment research results (Ozola et al.,
20104, b), where this corresponding depth was identified with the middle Atlan-
tic Time. Furthermore, in the west part of the mire, the borehole Cerini-2011,
at the depth 4.00 m dated before 9200 cal. yr BP, shows an increase in mineral
particles of up to 45%, which possibly indicates a decrease in vegetation and
intensification of soil erosion, which also contributed to the leaching of minerals
into the basin from the lake coastal area.

Similarly, there was an increase in the volume of carbonatic matter in the
sediment composition, washed into the lake with groundwater or river water
activities and then accumulated due to changes in temperature and pressure.
In the sediments corresponding to this time, algae disappear and the amount
of spherical particles increases with the supply of minerals. These records could
indicate the 8.2 event; however, they are dated significantly before (1000 years)
the 8.2 event. This could be explained by a radiocarbon dating deviation due
to the reservoir effect, as the sediment samples were taken from the carbonatic
gyttja layer. According to the results of the study, the Burtnieks Lake reservoir
effect was defined as 500-1000 years. Similar features have been found in other
sections, for example, in those from Parika Mire (the central part of Estonia, the
north-western part of Lake Vortsjarv) and Nigula Mire. In the pollen percentage
diagram from the Parika Mire deposits (Niinemets et al., 2002), the features of
the 8200 cold event also have been found. Similarly to the Northern Vidzeme
mires, these features in Parika Mire have been found in much older sediments —
about 10,200 cal. yr BP.

The features of cold 8.2 event in Nigula Mire pollen percentage diagrams
Nigula I and Nigula II (Sarv, Ilves, 1976) have been recognized approximately
before 9000 cal. yr BP, when amount of birch pollen reaches almost 90% from
the total number of tree pollen. Approximately before 8400 cal. yr BP sharp
increase in elm (10%), alder (50%) and hazel (25%) pollen volume, followed
by rise in curves of other broadleaved pollen was established. Sharp birch
pollen curve rise followed by increase in number of broadleaved pollen was
established in pollen percentage diagram from Kazi Lake deposits at Vidzeme
Upland (Kangur et al., 2009), however these features are also found before
9500 “C yr BP.

The lowest maximum of birch pollen curve in Puikule Mire diagram has
been stated approximately before 8200 cal. yr BP, what allow to consider, that
this climate deterioration took place also in elsewhere in Northern Vidzeme
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and decline in time of this event could be explained by reservoir effect, what
influenced results of deposit dating.

There were analysed 32 pollen diagrams from Catalogue of Pollen diagrams
from Latvia compiled by V. Seglin$ (Seglins, 2001) with aim to clarify whether
8.2 event is recognised not only in diagrams from sections investigated by
author, but also in other diagrams from Northern Vidzeme. It was found that
8.2 event was established 2 pollen diagrams from studied sections by author
and in 19 diagrams from earlier studies from Northern Vidzeme, where pollen
spectra reflect vegetation since the beginning of the Holocene. Although, part
of studied diagrams are star\darted just with maximum of broadleaved pollen
and they do not reflect conditions during the 8.2 event or diagrams include just
very beginning of the Holocene. The birch curve maximum exactly before rise
of broadleaved pollen curve rise in diagrams was reached in this survey.

5.3.3. The Middle Holocene

The boundary between the Early and Middle Holocene in studied is marked
by cold 8.2 event, after which expressed increase in amount of broadleaved pol-
len is observed, while number of pine pollen decrease. These changes are less
pronounced in Lake Kurjanova pollen diagram. Such changes in pollen amount
are more similar to pollen diagram from Lake Verijarv from the southern part
of Estonia (Niinemets, Saarse, 2009).

Whereas amount of spruce is similar those from Lake Kurjanova pollen
diagram (10-15%) (Heikkild, Seppd, 2010). Presence of spruce pollen suggest
it distribution entire the Holocene, but in Northern Vidzeme pollen data show
increase of it approximately before 7700 cal. yr BP. The maximum distribution
according pollen data spruce pollen reaches during 3700-4200 cal. yr BP, along
the decrease of broadleaved amount.

According pollen data from the Lake Kurjanova studies values of birch and
pine pollen is very low (~10-15%) during the middle of the Holocene. Similar
situation is observed also in Pantene Mire pollen diagrams, where birch pollen
curve do not exceed 10%, while pine pollen values are in boundaries 20-30%.
In other Northern Vidzeme pollen diagrams (Seglins, 2001), for example from
Taure Mire, Rija Mire and Pantene Mire birch pollen curves varies 20-30%, but
pine 20-25%. In Estonian (Niinemets, Saarse 2007, 2009) and Lithuanian (Ka-
bailiene, 1998) pollen diagrams so low values are not observed. Seglin$ (2002)
point to that in total pollen spectra pine pollen is dominated most often. Only
in rare cases number of pine pollen decrease below 40%, while values of birch
pollen usually are in boundaries of 10-20%. Although, it should be taken in
account diverse approach to pollen analysis, because until 1980ties it was stated
to count 200 tree pollen per sample. Since that time at least 400 pollen have
been counted for sample. Different approach is also used for calculation of pol-
len percentages. In earlier studies 100% was based on pollen sum of each group,
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both 100 % for tree and shrub pollen, 100% for herb pollen and 100% for spores.
Since 1980ties basic sum or 100% is assumed sum of all pollen, exclude aquatic
plant pollen, which are of local significance.

In pollen diagrams deposit sections studied by author the Middle Holocene
is characterised by such features:

1) The lowest part of HTM both Puikule Mire and Pantene Mire pollen
diagrams during 6700-7000 cal. yr BP is characterised by expressed
rise of hazel pollen curve rise and maximum (20-30%), which increase
after 8.2 event.

2) In pollen diagram of Puikule Mire deposits maximums of hazel has
been interrupted by sharp birch pollen curve raise (45%) during
6200 cal. yr BP. Similar changes in pollen spectra have been found also
in pollen diagram of Malmuta section at the Lake Lubans (Seglins$ et al.,
1999).

3) The highest values of broadleaved pollen in diagrams from sections
studied by author are characteristic for last part of HTM. Linden is cul-
minating approximately before 5500 cal. yr BP, but in pollen diagrams
from Verijarv and Kurjanova Lake sediments linden tree pollen curve is
high during the entire HTM and culmination is not expressed, however
one of maximum can be observed at this time.

Although for deposits from Tolli Mire are not dated, pollen data can be
used for estimating of their relative age. Pollen spectra, which can be correlated
to the Atlantic Time, allow to conclude, that during the time when broadleaved
tree pollen reaches their highest values (to 10%), alder pollen reaches 20%, birch
pollen mean values 30%, but spruce pollen curve reaches it second maximum
(48%). High spruce pollen values are characteristic for whole section varies
20-50%. Peat During that time only 1.3 m thick peat layer was accumulated
in comparison 3.7 m since after broadleaved maximum until present. Low peat
accumulation intensity probably can point on dry climate.

5.3.4. The Late Holocene

Peat of changing botanical composition and decomposition degree of differ-
ent types has been accumulated in the studied mires during the Late Holocene
in the results of climatic changes. In mires formatted during the Late Holocene
usually well decomposed (35-45%) fen type peat is accumulated on the gyttja
layer. Fen type reed-sedge peat has been formatted in Kalna Mire, sedge-grass
peat in Keru Mire and wood-grass and wood-sedge peat in Zilais Mire during
the earlier stage of the Late Holocene. These mires are located close to each
other, although their changes from fen type to raised bog stage occur during
different time intervals. Earliest low decomposed raised bog Fuscum-Sphagnum
type peat started to accumulate before 2100 years in Kalna Mire, but in Zilais
Mire before1400 years. The most latest raised bog formation among the studied
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mires took place in Keru Mire, where low decomposed raised bog type cotton
grass-sphagnum peat was accumulated on transition mire type Sphagnum ob-
served um-wood peat before 1000 years.

The lower boundary of the Late Holocene in pollen diagrams of Puikule
and Pantene Mire, as well as, that of Kurjanova Lake (Heikkild, Seppd, 2010)
and in several diagrams of Lithuanian sites (Gaidamavicius, et al., 2011) is
marked by spruce pollen curve rise and fall in broadleaved pollen curves be-
fore approximately 4700-4200 cal. yr BP, what conforms with boundary of the
middle - Late Holocene proposed by scientists of Walker group (Walker et al.,
2012). Such spruce pollen curve raise (up to 30%) has been observed also in
Parika mire deposit pollen percentage diagram (Niinemets et al., 2002) before
approximately before 4800 cal. yr BP. Such peculiarity has been recognised also
in pollen percentage diagram of Puikule Mire deposits (Ozola, Ratniece, 2013),
where at the level of 4500 cal. yr BP value of spruce pollen reaches 40%. Also
in Nigula Mire pollen percentage diagram spruce pollen curve sharply rise
before approximately 4800 cal. yr BP (Sarv, Ilves, 1976). Significant proportion
of spruce pollen and gradual decrease of broadleaved pollen probably indicate
of some climatic deteoration approximately before 4600 cal. yr BP and mark
boundary between HTM and the Late Holocene.

Two spruce pollen maxima can be dividend in the intervals of pollen
diagrams corresponding to the Late Holocene of investigated sites. Expressed
lower spruce maximum has been established at level of 900-100 cal. yr BP in
Puikule and Keru Mire deposit pollen diagrams, but upper spruce maximum
is recognised in the diagrams in the interval related to time approximately
before 350-400 cal. yr BP. Both studied deposit section in this work and pollen
diagrams from the Verijarv and Kurjanova Lake deposit in the Late Holocene
interval broadleaved pollen still present, however in small numbers, which in
diagrams form low, but still almost interrupted pollen curves give proof of pres-
ence of these trees.

Proportion of birch and spruce pollen increase approximately before 2700
years. During this time pollen of Cereals appear, as well as an increase of grass
pollen proportion, which probably point on anthropogenic impact. In the
sediments from Kurjanova lake this impact can be recognised in pollen spectra
showing conditions before 2500 cal. yr BP. In Keru Mire deposits number of cul-
tivated plant pollen is low. Only several Cereal and hemp (Cannabis) pollen were
found deposits of Keru Mire which have been formed during 500-400 cal. yr
BP, while in Kalna Mire deposits barley (Hordeum), wheat (Triticum) and hemp
pollen were found in peat accumulated before 600-400 cal. yr BP. Large amount
of birch and grass pollen and decrease in broadleaved and other warm demand-
ing plant pollen number have been found. Such changes in pollen composition
and values allow to recognize deterioration of climate during that time. On
similar changes in environmental conditions point also data of palaeobiological
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analyses of sediments formed during 290-600 cal. yr BP. In Keru Mire deposit
section pollen spectra in diagram for this time allow to subdivide to cold event
episodes, which one from other has been separated by spruce pollen maximum
along to increase in values of pine and broadleaved pollen. In Kalna Mire the up-
per birch pollen maximum in its’ middle part has been disturbed by rise of pine
pollen curve Such changes in pollen composition probably is caused by climate
fluctuations during Little Ice age, where two cold phases are marked separated
by short-term warm episode before 380-410 cal. yr BP (Bradley et al., 2003).

Decrease of tree pollen total sum, rise of dwarf shrub and herb pollen
curves and increase in charcoal dust volume probably can be explained with
climate deterioration, which possibly point on Little Ice Age. These features are
better expressed in investigated raised bog pollen diagrams than in fen pollen
diagrams.

5.4. Application of REVEALS model in palaeovegetation
reconstructions

Reconstruction of vegetation development during the Holocene at North-
ern Vidzeme has been done according survey and interpretation of spore-pollen
data from sediment sequences from five investigated mires (Ozola, Ratniece,
2012).

In Northern Vidzeme, like in the entire eastern Baltic region pine (Pinus),
birch (Betula) forests and grasslands were distributed in the Early Holocene.
Reconstruction from pollen proportions shows the distribution of forest and
grasslands as ~72% and ~28% respectively. Forests reached their maximal
expansion (~96%) before 5200-5700 cal. yr BP, when broadleaved trees domi-
nated and shade-tolerant trees Tilia and Ulmus reached their maximum. Before
700-5200 cal. yr BP, forests covered 85-90% of the territory. Pollen percent-
age diagrams suggest that, in the last 100 years, forests covered 72% of North
Vidzeme and meadows, pastures, crop fields and mires - just 28% (Ozola et al.,
2012).

For the beginning of the Holocene (10,200-9200 cal. yr BP), the model
shows a completely opposite situation to what is observed nowadays — for grass-
land distribution than in the vegetation reconstruction from pollen percentages:
they covered 72% of the territory. Pine and birch dominated in the forests.

Before 8700-9200 cal. yr BP, the grassland proportion decreased, and
shade-tolerant summer green trees as well as conifers spread out. This process
can be explained by climate amelioration. Due to the 8.2 event - cooling in
the Northern Hemisphere (Alley et al., 1997) during the next five hundred
years (8200-8700 cal. yr BP) - there was a sharp increase in the distribution
of Betula, covering almost 30% of the territory that can be explained with 8.2
event (Alley et al., 2005). At the same time, conifers covered 22% and grasslands
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decreased to 39%. Calluna vulgaris appear in territory covering ~2% of area.
Before 7700-8200 cal. yr BP, the distribution of Betula decreased to 17%, giving
space to Corylus that reached its maximum density of 13%, and shade-tolerant
summer green trees in general became increasingly prevalent in the landscape.
Before 7200-7700 cal. yr BP, the distribution of shade-intolerant broadleaved
trees declined - at the expense of conifer and grassland expansion. During the
period 7200-5700 cal. yr BP, shade-tolerant trees continued to increase, reach-
ing their maximum (almost 25%) in the time window 5200-5700. Consequently,
grassland values in this period were strikingly low (~8%), pointing to a more
closed landscape. These changes in vegetation proportions can be explained by
the Holocene Thermal Maximum (HTM), when climate was warm and dry and
temperatures in the southern Latvia rose ~2.5-3.5°C higher than present-day
temperatures (Heikkild and Sepp4, 2010). Following that, broadleaved spreading
sharply decreased and grasslands expanded.

Before 4700 cal. yr BP, the forest structure started to change due to the
increase of Picea and decrease of broadleaved trees, although the values of
the latter still remained high (~20%). Increase of Picea corresponds to the
end of HTM. Picea reached its maximum (65%) in the next time window of
3700-4200 cal. yr BP, when forest distribution had its maximum of 85%. Then,
the forest distribution gradually decreased to 65-75%. When temperatures be-
gan to approach those of today, forests changed correspondingly. Starting from
700 cal. yr BP, grasslands expanded, covering 50% of Northern Vidzeme.

The estimates of the REVEALS model from Northern Vidzeme have been
compared with results from Southern Estonia (Sugita et al., 2008). The results
of allow to conclude that in in pollen percentage diagrams from Northern
Vidzeme pine pollen values are overestimated, for example, in palaeovegetation
reconstruction of Northern Vidzeme before 9200-9700 cal. yr BP REVEALS
show that pine value reaches 15%, whereas, pollen percentage values in diagram
reaches 46%. It was find that pine distribution and values are overestimated also
in other study sites in Northern and Central Europe (Marger et al., 2011). Pine
its’ maximum in Northern Vidzeme reaches during 9200-9700 cal. yr BP. In
Southern Estonia maximal values of pine pollen appear significantly earlier -
before 10 500 cal. yr BP. Usually low values of pine pollen have been find during
7700-2200 cal. yr BP, which partly coincide with HTM. Both in Southern Esto-
nia and Northern Vidzeme the lowest values of pine have been reached during
the maximum of HTM before 6000-7000 cal. yr BP.

Detailed pollen data together with C datings and REVEALS modelling
allow to reconstruct more correct vegetation composition and distribution pat-
terns in comparison with the results obtained from pollen percentages, however
it should be taken in account that percentage diagrams is still used in many
investigations, therefore both types of pollen data interpretations should be used
for vegetation development reconstruction.
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CONCLUSIONS

The results of the studies undertaken in the frame of the thesis permit
several important conclusions, and provide a deeper understanding of Holocene
organogenic deposits and the changes of depositional conditions in wetlands,
facilitating the stratification of deposits in five bogs of Northern Vidzeme.

In the depressions of Puikule and Pantene Bogs, gyttja formed during the
Early Holocene as a result of the eutrophication of shallow water-bodies. The
composition of the gyttja shows a great diversity of faunal and floral remains,
including a range of algae: the green algae Pediastrum duplex, Pediastrum
integrum, Pediastrum boryanum, Pediastrum angulosum, as well as the brown
algae Botryococcus and the blue-green algae Gloeotrichia. An increase in organic
matter in the deposits is also observable, indicating climatic amelioration.

The deposits from the end of the Early Holocene show a rapid increase in
mineral matter and carbonates, possibly reflecting a reduction in the vegetation
cover and soil erosion, leading to the influx of mineral matter into the basin
from the lakeshore. Along with the increase in mineral matter, there is also an
increasing quantity of carbonaceous matter in the deposits, washed into the lake
by groundwater or surface waters and subsequently deposited as a result of a
change in temperature and pressure.

The boundary between the Early and Middle Holocene, or Holocene
Thermal Maximum, is marked by the event 8.2, with a pronounced, short-lived
significant increase in the quantity of birch pollen and a rise in the birch pollen
curve in percentage pollen diagrams, a fall in the organic matter in deposits
and the disappearance of macroscopic remains, along with the appearance of
cold-loving algae species (such as Pediastrum kawraisky).

After the event 8.2, intensive overgrowing of water-bodies is observed at the
study sites, with the development of fen peat. The botanical composition, plant
macrofossil analysis and pollen data indicate climatic amelioration, permitting a
boundary to be drawn between the Early and Middle Holocene.

The 8200 cold event has been recognised in the bog deposits and pollen
spectra of Northern Vidzeme and Estonia, including sequences studied earlier,
in cases where there are no absolute dates for the deposits.

In the interval corresponding to the initial part of the Holocene Thermal
Maximum, before the rise in the curves for broadleaved trees, a rapid, short-
lived increase in pine pollen and fern (Polypodiaceae) spore is observable in
several pollen diagrams. Most of the pollen grains and fern spores are broken
and eroded, which, along with the rapid reduction or even disappearance of the
rest of the pollen, may indicate very dry conditions, as a result of which the
pollen and spores were directly exposed to sunlight and subjected to erosion.

At the time of the Holocene Thermal Maximum, well-decomposed mire
peat accumulated in Puikule Bog, whereas fen peat accumulated in Pantene
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Bog, indicating dry and warm conditions that promoted intensive decomposi-
tion of the plants forming the peat. Pollen and macro-remains of warmth-loving
plants are present in the deposits, whereas microscopic fossil remains of plants
indicating cool and wet conditions have not been found. This is the Holocene
Thermal Maximum.

Even though the conditions of deposition are generally stable during the
Holocene Thermal Maximum, nevertheless in the Puikule pollen sequence at
6200-6400 cal. BC, in place of the broadleaved and hazel pollen characteristic
of the Holocene Thermal Maximum, there is a rapid and short-lived increase
in birch and herb pollen and a rise in these curves, indicating brief climatic
deterioration.

The boundary between the Holocene Thermal Maximum and the Late
Holocene is less pronounced than the boundary between the Holocene Thermal
Maximum and the Early Holocene. The former has been identified in the pol-
len diagrams examined in this study at the level corresponding to 4800 cal. BC,
when the curve of broadleaved pollen falls and the curve of spruce pollen rises,
along with the appearance of amoebae (Amphitrema flavum, Assulina muscorum
etc.) indicative of wet conditions. This change is expressed in more rapid peat
deposition in the already-existing mires (Puikule and Pantene Mires) and the
development of new bogs (Kalna, Keru and Zilais Mires).

Analysis of the results obtained in the study and calculation of the rate of
peat accumulation shows that the rate of peat accumulation varies in different
types of bogs during the Holocene. In raised bogs the most intensive peat ac-
cumulation (2 mm per annum) has occurred in the Late Holocene, during the
last 2500 years, whereas in fens peat accumulation was up to 0.8 mm per annum
during the Holocene Thermal Maximum.

Assessing and interpreting the results of the study of peat composition and
palaeobotanical study, and taking into account that the Blytt-Sernander scheme
no longer corresponds to current thinking, we may conclude that the Holocene
can be divided into the Early, Middle and Late Holocene, as proposed by the
INTIMATE group (Walker et al., 2012), although only the Early/Middle Holo-
cene boundary is clearly recognisable and may be regionally correlated, while
the Middle/Late Holocene boundary is poorly expressed.

Evaluation of the spore-pollen diagrams compiled in earlier studies and
comparison of these with the results obtained in the doctoral study leads to the
conclusion that the majority have no absolute dates, and there is variation in the
methods of data processing and diagram compilation. Nevertheless, the changes
in tree pollen composition, and the rises and falls in the curves are comparable
with the pollen spectra of the latest diagrams. For example, in many diagrams
the culmination of the birch curve before the rise in broadleaved tree pollen
is recognisable as the event 8.2. The changes in spore composition also reflect
these trends quite well and are comparable with those observed in the latest
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pollen diagrams, while the internal relationships and changes observable within
the herb pollen have been exaggerated and can only be utilised in particular

cases.

The results of the study have confirmed the ideas that were to be defended:

1)

2)

3)

The vegetation evidence from organogenic deposits in northern Vi-
dzeme indicates changing natural conditions during the Holocene in
this region, including colder and wetter, as well as warmer and dryer
conditions, seen clearly in palaeobiological analysis of the composition
of deposits, permitting identification of the 8200 cold event, the Little
Ice Age and the warm Holocene Thermal Maximum.

The Little Ice Age and several other possible cold events can be traced
clearly in the raised bog deposits deposited in the Late Holocene, as well
as in the pollen diagrams. These events are not always clearly distin-
guishable in the fen deposits.

Fossil micro-organisms provide additional information concerning
water-level fluctuations and the presence of various plants. They can
serve as one of the indicators of the conditions of deposition, especially
in cases where spores, pollen or plant macro-remains are not preserved.

The tasks set out in the study have been accomplished and the aim of the
work has been achieved.
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