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SAISINAJUMI

RS - regionalais stavs

GDL - Galvenais devona lauks

XRD - rentgendirfraktometriska analize
TOC - kopéja oglekla satura analize
XRF - rentgenfluorescences analize

F - facija

FA - faciju asociacija



1. IEVADS

Augséja devona Plavinu regionala stava nogulumiezi ir plasi izplatiti
Latvijas teritorija un pieejami pétijumiem vairakos desmitos dabigu atsegumu
un karjeru sienu. Tie ir aprakstiti iepriek$ veiktos plasos sedimentologiskos,
paleontologiskos un mineralogiskos darbos (Gravitis, 1967; Liepin’sh, 1963,
Sorokin, 1978, Stinkulis, 1998, u.c.). Vienlaikus ar Daugavas regionalo stavu,
Plavinu regionalais stavs ir tipisks ar to, ka taja izsekojamas K. Grevinga (1861)
nodalitas zonas (tolaik, facijas): Velikajas zona austrumos ar dominéjosiem
kalkakmeniem, Daugavas zona Latvijas centralaja dala ar dolomitu dominanci
un Kurzemes zona rietumos ar malainiem dolomitiem, dolomitmergeliem un
maliem (Stinkule, Stinkulis, 2017). Sis nogulumiezu izplatibas likumsakaribas,
ka ari organismu atlieku skaita un daudzveidibas samazinasanas no austru-
miem uz rietumiem norada, ka sedimentacijas baseins bija savienots ar atklatu
baseinu austrumu virziena (Brangulis et al., 1998). Plavinu regionalais stavs ari
atbilst pirmajam karbonatu sedimentacijas laikposmam Baltijas devona baseina
kops ilgstosas domingjosas siliciklastisko nogulu veidosanas agraja devona lidz
véla devona sakumam (Luksevics, Stinkulis, 2018). Plavinu regionala stava
nogulumiezu detalizéti sedimentologiski pétijumi ir batiski kopéjai izpratnei
par karbonatisko nogulu veido$anas likumsakaribam Baltijas devona baseina.
Promocijas darba veicamo pétijjumu aktualitati nosaka ari tas, ka iepriekséjie
Franas stava karbonatiezu sedimentologiskie pétijumi (Gravitis, 1967; Liepin’sh,
1963, Sorokin, 1978, 1981, u.c.) ir veikti pirms 40-60 gadiem. Tie bija detalizéti
un plasi, tacu balstijas uz ciklostatigrafijas principiem, neizmantojot masdienas
aktualo faciju analizi. So seklidens epikontinentala baseina (Luksevics et al.,
2012) veidojusos nogulumu pétijumos btitu svarigi izmantot ari $adiem basei-
niem izmantojamo faciju zonu iedalijumu (James, Jones, 2016), kas atskiras
no tradicionala iedalijuma, ko pielieto karbonatu nogazém un karbonatu
platformam. Karbonatiezu faciju un faciju asociaciju nodali$ana ir butiska, lai
turpmakos pétijumos izveidotu Plavinu svitas nogulumu datormodeli, lidzigi
literatara atrodamiem epikontinentalu baseinu nogulumiezu piemériem
(Warnecke, Aigner, 2019).

Karbonatisko nogulumu veido$anas apstaklu interpretacija miasdienas ir
apgrutinata bez stabilo izotopu geokimijas un citu analitisko metoZzu pielieto-
juma, kas Latvijas devona karbonatieziem lidz $im izmantotas loti ierobezota
apmeéra.

Pétijuma rezultati ir izmantojami karbonatu sedimentologiem ari citur
pasaulé saistiba ar Plavinu svitas karbonatiezu dokumentaciju saméra plasa
teritorija, kas var palidzét citu sekladens epikontinentalo karbonatu baseinu
faciju analizeé.

Pétamie Plavinu regionala stava iezi ir gandriz pilniba dolomitizéti. To
sakotnéjo veidosanas apstaklu noskaidro$ana ir aktuals jautajums un vienlaikus



zinams izaicinajums, jo dolomitizacija sena Baltijas paleobaseina ietvaros
palielinas virziena uz dienvidrietumiem (Luksevics et al., 2012). Baltijas valstu
teritorija praktiski visi Franas stava karbonatiezi ir dolomiti, kuros saglabajas
tikai neliela dala iezu sakotnéjo teksturu, t. sk. organogéno, kuras layj interpretét
sedimentacijas apstaklus.

Promocijas darba mérkis ir noskaidrot karbonatisko nogulu uzkrasanas
apstaklus Franas laikmeta devona Baltijas paleobaseina, Plavinu regionala stava
nogulumiezu veido$anas laikposma, pamatojoties uz detalizétu faciju analizi un
laboratorijas pétijumu metozu kompleksu.

Promocijas darba mérka sasnieg$anai tika izvirziti $adi darba uzdevumi:
1) veikt ieprieksgjo pétljumu analizi par sedimentacijas apstakliem devona

Franas laikmeta, Baltijas devona paleobaseina;

2) veikt masdienu literatras avotu analizi par karbonatu sedimentologiju un
karbonatisko nogulu uzkraganos seklas epikontinentalas jtras;

3) analizét karbonatiezu tekstiiras un veikt to paleontologisku raksturojumus

4) veikt geologisko griezumu dokumentaciju un analizi karjeros un atsegumos

Baltijas valstu teritorija, konkréti Latvija un Igaunijas dienvidaustrumos;
5) izdarit pétito geologisko griezumu savstarpéju korelaciju un nodalit §is

svitas ridas tajos;

6) veikt atlasitu karbonatiezu paraugu analizi ar XRD, XRF, TOC, Biomarker,
oglekla un skabekla stabilo izotopu metodém;

7) nodalit facijas un to asociacijas, ka ari veikt sedimentacijas vides interpre-
taciju, gan laika, gan pétijumu teritorija;

8) izveértét sedimentacijas apstaklus ietekméjosos faktorus un to izmainas;

9) nodalit Baltijas Franas laikmeta karbonatu sedimentacijas baseina masdienu
un senos analogus.

1.1. leskats devona karbonatieZu pétijumu vésture Latvija

Jau pirms 150 gadiem bija iegtiti visparéji prieksstati par facialam izmai-
nam aug$éja devona karbonatiezos Latvija un tuvakajos kaiminregionos.
Pirmie pétijjumi datéjami ar 1861. gadu - tos veicis K. Grevings (K. Grewingk).
Talakie apjomigie dati par $o karbonatisko iezu un organismu kompleksu ir
iegliti un pétijumi veikti laika posma no 1920. lidz 1940. gadam. Tos veicis
N. Delle, E. Krauss (E. Kraus), H. Bilensteins (H. Bielenstein) u.c. Sie pétijumi
lielakoties ir par $is karbonatisko iezu slankopas stratigrafisko iedalijumu un
ta precizéjumiem.

Taja pasa laika perioda augséja devona karbonatiezus Latvija pétijusi ari
A. Matulis, N. Delle un I. Mamantovs (I. Mamantov). Sie pétijumi tika veikti, lai
noskaidrotu dazadu veidu dolomitu izplatibu, ka ari praktiskas ieguves iespé&jas
un potencialo izmantosanu bavmaterialu razosanai.

Latvijas aug$éja devona nogulumiezu sastavam, stratigrafiskajam iedaliju-
mam un faciju zonalitatei plasa méroga darbi tika veikti 1960. gados. Tos veica



tadi pétnieki ka P. Liepins, J. Abolkalns, V. Gravitis, V. Sorokins, L. Savvaitova
u.c. So pétijumu ietvaros tika sastaditas vairaku svitu litologiski facialas kartes,
ka ari geologiskie griezumi.

Velakos pétijumos (Stinkulis, 1998) netika atrasts pamatojums dolomitu
sedimentogénai izcelsmei un izdarits piepémums, ka Latvijas devona dolomiti
ir veidojusies agrinos un vélinos nogulu un iezu izmainu procesos.

V. Sorokins vairakos savos pétijumos (Sorokin, 1978, 1981, u.c.) plasi un
detalizéti analizéjis Franas stava un dazadu tas dalu sastavu, izplatibu un
veido$anos Austrumeiropas platformas ziemelrietumu dala. Vin$ secinajis, ka
Latvijas devona karbonatiezos sastopami divi dolomita veidi - viens ir sedimen-
togéni — diagenétisks, savukart otrs, pécsedimentacijas dolomits, kas veidojies,
magnija savienojumiem migréjot ar tdeniem caur zemak iegulosiem vai ari
parsedzosiem dolomitiem.

V. Sorokina publikacijam pievienotas ari detalizétas litologiski paleogeogra-
fiskas kartes dazadiem Franas laikmeta posmiem, ka ari geologiskie griezumi,
ieskaitot savstarpéji korelétus kopgriezumus. Pétijumos kombinétas sedimen-
tologiskas un paleontologiskas pétijumu metodes, ka ari liela vériba pievérsta
ciklostratigrafijai. V. Sorokins sava 1978. gada monografija (Sorokin, 1978)
pauz viedokli, ka Plavinu svita kopuma izsekojami 14 ritmi. Tos vins$ nodalija
ka X pakapes ritmus un tie visticamak salidzinami ar masdienas nodalitajiem
“metru biezuma cikliem” - 5. pakapes cikliskumam (Catuneanu, 2006).

Plasi un ilgstosi pétijumi par devona Franas stava karbonatiezu sastavu,
uzbavi un veido$anas apstakliem ir veikti arl Igaunijas un Lietuvas teritorija.
Daudzus no tiem veica tie pasi autori, kas atziméti jau ieprieks. Viena no péde-
jiem plasajiem apkopojumiem par Igaunijas geologiju atziméts, ka pasreizéja
Igaunijas teritorija — Galvena devona lauka zieme]rietumu dala - Franas laik-
meta sakuma no austrumiem (Maskavas sineklizes virziena) pakapeniski sakas
juras transgresija (Teedumae et al., 2006).

Pédéja desmitgade tiek pausti viedokli, ka ir problematiski noteikt Plavinu un
Daugavas laikposmu baseinu savienojuma virzienu ar pasaules okeanu. Ieprieks
minétas norades par norobezota baseina pareju uz atklatu jaru (Sorokin 1978;
Brangulis, 1998) virziena no rietumiem uz austrumiem neatbilst virzienam, kur
okeans atrodas vistuvak $im baseinam - uz dienvidrietumiem, tagadéja Polijas
virziena (Luks$evic¢s et al., 2012). Salidzinot Franas stava nogulumiezu sastavu
ar datiem par devona klimata izmainu likumsakaribam ir izteikts ari viedoklis
par klimata aridizacijas un humidizacijas ietekmi uz nogulu sastavu Baltijas
devona baseina (Luks$eviés et al., 2012).

1.2. Latvija sastopamo Plavinu svitas karbonatieZzu
lidzSin€jo sedimentologisko pétijumu rezultati

Augséja devona Franas stava Plavinu svita ir izplatita gandriz lielakaja
Latvijas teritorijas dala. Plavinu svita sastopami galvenokart dolomiti ar mergelu,



smilSakmenu, aleirolitu, kalkakmenu un mala starpkartam, nereti sastopamas
ari planas gipsa starpkartinas. Plavinu svitas karbonatiezi uzgul Amatas svitas
ieziem saskanigi, konkordanti, tomér vietam konstatéti sedimentacijas patrau-
kumi (Brangulis et al., 1998).

Auggéja devona nogulumiezi ir dala no Baltijas devona baseina karbona-
tiezu slankopas, kam kopuma ir liels biezums un ievérojama laterala izplatiba.

Plavinu regionala stava nogulumiezi ir plasi izplatiti ne tikai Latvija, bet ari
visa Austrumreiropas platforma, vienlaikus Galvenaja devona lauka (GDL) -
to ietekméja Plavinu laikposma transgresija (Sorokin, 1978). Plavinu svitai un
tas ridam Igaunija un Krievijas ziemelaustrumos ir analogi — Snpetnaja Goras,
Pleskavas un Cudovas svitas, vai vismaz to dalas. Virziena uz austrumiem pie-
aug kalkakmenu un mergelu ipatsvars. Kopuma V. Sorokins norada, ka virziena
uz austrumiem bijusi normala saluma juras apstakli, kas ir labvéligi organismu
eksistencei (Sorokin, 1978).

Ieprieks sedimentacijas apstaklu izmainas Baltijas devona baseina nav tiku-
$as analizétas un interpretétas no klimata izmainu un temperataras fluktuaciju
viedokla. Iespéjams, parak liela nozime pieskirta vietéja méroga lokaliem un ari
globaliem tektoniskajiem procesiem.
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1. attéls. Plavinu svitas litologiski faciala shema (modificéta péc: T. Arharovas un
L. Birgeres, 1979, shematiska)

Apziméjumi: Litologiski facialie kompleksi: 1 — dolomiti (80-95%); 2 — dolomiti (40-75%) un
kalkakmeni (20-45%); 3 - dolomiti (50-75%) un dolomitmergeli (20-35%); 4 — dolomiti (75-85%)
un dolomitmergeli (lidz 15%); 5 - dolomiti (lidz 65%) un mali (10-30%) ar gip$a piejaukumu; 6 —
dolomiti (50-60%), dolomitmergeli (lidz 20%), smilsakmeni un mali (lidz 30%). 8 - Plavinu svitas
musdienu izplatibas laukuma robeza; 9 - robeza laukumam, kura ietvaros Plavinu svita ir izplatita
pilna apjoma; 10 - litologiski facialo kompleksu robeza; 11 — dominéjosais sanesu plismas virziens.
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Atsegumi, kuros parstavéta Plavinu svita, ir sastopami Abavas, Daugavas,
Dubnas, Gaujas, Palsas, Riezupes, Radzupites un Ventas krastos. Visvairak
Plavinu svitas atsegumu ir Daugavas upes krastos no Rigas lidz Livaniem.
Plavinu svitas raksturigakie atsegumi ir Plavinas, Daugavas labaja krasta.
Jaatzimé gan, ka péc Plavinu HES celtniecibas lielaka dala no $iem atsegumiem
ir appladinati. Latvijas sedlienes dala Plavinu svitas maksimalais biezums
sasniedz 50 metrus (pie Rigas — Pleskavas kaples). Virziena uz ziemelrietumiem
un rietumiem biezums samazinas lidz 20 metriem. Vismazakais biezums ir
Latvijas — Lietuvas ieliecé — ap 11 lidz 15 metriem ziemelu dala un maksimums
27,4 metri dienvidaustrumu dala, netalu no Skaistkalnes (Brangulis et al., 1998).

Péc karbonatiezu sastava, cikliskas uzbiives pétijumiem un organismu kom-
pleksa atskiribam Plavinu svita tiek iedalita Cetras ridas. Plavinu svita iesakas ar
Kokneses ridu, kas sastav no dolomitmergeliem, maliem, malainiem dolomitiem
un dolomitiem, ka ari smilsakmeniem. Tai seko Sélijas, Atzeles un Apes ridas -
tajas lielakoties dominé metasomatiskie dolomiti. Metasomatiskie dolomiti tiek
saukti arl par aizvieto$anas dolomitiem. Atzeles ridas karbonatieZi ir atbilstosi
maksimalajai jaras transgresijai véla devona epoha (Brangulis et al., 1998).

Plavinu svitas dolomiti satur stromatoporu, brahiopodu, gliemezu, galvkaju,
jaras liliju, algu un korallu fosilijas, onkolitus un stromatolitus. Nereti ir véroja-
mas ari zivju fosilijas, bet retakos gadijumos ir iespéjams atrast paroglotas augu
atliekas (Luksevics, Stinkulis, 2018a). Sie organismi ir mitusi normala saluma
jara, nereti bijusi ari nosaciti saldadens apstakli (neliela ta pieplade).

Plavinu svita, netalu no Apes, sastopami rupjkristaliski dolomiti, tie ir
parkristalizéti un tos médz saukt par “apitiem”, jo tie konstatéti tikai Apes ridas
ietvaros un pirmoreiz tie$i Apes ciema apkartné. Tie veido lécveida kermenus,
kuru izplatibas laukuma platums ir 30 km, garums - 80 km, bet biezums vietam
sasniedz pat 5,0 lidz 5,5 metrus. Pétnieki pielauj, ka “apiti” ir veidojusies Plavinu
laikposma, maza méroga regresiju epizodés. “Apiti” vairs neveidojusies, kad
saku$as jaunas transgresijas (Brangulis et al., 1998).

Plavinu laikposma Baltijas devona baseina teritorija izveidojas epikonti-
nentala jira, kas bija sameéra sekla. Taja krasi samazinajas drupu materiala, ka
ari saldudens piepladums no Baltijas vairoga puses. Laika gaita $aja baseina
izveidojas Ipasa faciju zonalitate — no austrumiem uz rietumiem, ka ieprieks
aprakstits, mainijas nogulumu sastavs un fosiliju daudzums, un sugu skaits.
Si faciju zonalitate at3kiras no iepriek$éjo devona laikposmu baseinu facijam.
Iepriekséjie pétijumi uzrada, ka virziena uz Latvijas galéjiem austrumiem
palielinas normalam jaras salumam atbilstosas izcelsmes bezmugurkaulnieku
daudzveidiba - atrodamas brahiopodu, gliemenu, gliemezu, jaras liliju un stro-
matoporu atliekas (Stinkulis, 1998). Péc V. Sorokina viedokla, $is fakts apstiprina
to, ka epikontinentalais un seklais baseins bija tdenstilpne, kas bija savienota ar
atklatu jaru, kura atradas austrumos (Sorokin, 1978 un 1981).

Tiek pielauts, ka virziena uz rietumiem baseins butiski sasaurinajas un
epizodiski, nedaudz pieauga tidens salums. Saja baseina dala dominé dolomiti.
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Domajams, ka Latvijas rietumu dala eksistéja lagaina vai sekls, vienmériga
dziluma jaras licis. Seit atklatas jiras ietekme ir praktiski jau nemanama un
veidojas mali ar dolomita starpkartam, dolomiti un dolomitmergeli. Ari orga-
nismu atliekas to apstiprina — sastopamas alges, augu atliekas, brahiopodu un
zivju atliekas (Sorokin, 1981; Stinkulis, 1998).

Plavinu laikposma jira, kura bija normals Gdens salums, uzvirzijas plasiem
Austrumeiropas platformas regioniem. Par to liecina kalkakmeni ar daudz-
veidigam bezmugurkaulnieku atliekam, kas raksturigas jaram. Plavinu svitas
Atzeles ridas apaks$éja dala (ridas transgresiva dala) atbilst maksimalai véla
devona juras transgresijai (Sorokin, 1978, 1981; Stinkulis, 1998). Atzeles rida
visa Latvijas teritorija ir dolomiti ar daudzveidigam organismu atliekam, kas
norada uz normala saluma baseina veido$anos praktiski visa Latvijas teritorija
(Luksevics, Stinkulis, 2018b).
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2. MATERIALI UN METODES

Kopuma tika pétiti 14 geologiskie objekti — Latvija un Igaunijas dienvidaus-
trumu dala (2. attéls). Papildus pasa autora pétitajiem geologiskajiem objektiem tika
izmantoti aridati par pieslippiem no Kristapa Seila bakalaura darba par Vizulu iezi.

Ka liecina promocijas pétijuma izstrades gaita guta pieredze, liela izméra
slanu virsmas un ieksienes teksttras saglabajas labak neka mikrotekstiras un
sakotnéjas struktiiras. So iemeslu dé] galvena uzmaniba tika pievérsta tiesi
slankopu dokumentés$anai geologiskajos griezumos un zagétu, pulétu makro-
paraugu (pieslippu) pétijumiem. Lauka darbu laika tika izstradati ar1 geologiskie
griezumi pétitajiem intervaliem, veiktas to savstarpéjas korelacijas, ka ari deta-
lizéti pétiti un aprakstiti nogulumiezu saguluma apstakli, un aprakstitas, ka ari
analizétas tekstiras tajos.

.

Apziméjumi

, Pétijuma autora
pétitie Plavinu RS
Geologiskie objekti

», Galvena devona

““lauka robeza

A._ Geologiska
s griezuma linija

2. attéls. Galvena devona lauka (GDL) shéma (modificéta péc: Meskis, 2013) ar
pétijuma objektu izvietojumu Baltijas valstu teritorija.

Apziméjumi: Autora pétitie Plavinu RS geologiskie objekti: 1. Randatu klintis (57°26'54.1"N
26°20'47.7"E); 2. Grubes dolomita atsegums (57°31'35.0"N 26°46'44.3"E); 3. Marinovas karjera
atsegums (57°44'26.0"N 27°31'21.6"E); 4. Riezupes atsegumi (56°59'16.7"N 22°02'40.7"E); 5. Ventas
rumbas atsegums (56°58'04.7"N 21°58'40.2"E); 6. Ivandes adenskritumu atsegumi (57°04'05.0"N
22°17'43.0"E); 7. Darzciema dolomita atradne (57°29'32.9"N 26°25'7.0"E); 8. Apes pamesta dolomita
atradne (57°31'52.6"N 26°4121.9"E); 9.Laucinu (Césu) bijusi dolomita atradne (57°19'4.6"N
25°19'0.3"E); 10.Kalkahju (Peetri) atsegums (57°32'48.9"N 26°34'49.7"E). Aizgutie Plavinu RS
geologiskie objekti: 11. Tlaku iezis (57°13'28.2"N 25°13'32.8"E); 12. Vizulu iezis (57°13'31.9'N
25°1325.3"E); 13. Kalamecu un Markuzu gravas atsegumi (57°32'30.6"N 26°26'40.1"E).
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No dalas nonemto karbonatiezu paraugu tika izgatavoti pieslipni (mezo-
paraugi) ar galveno mérki noteikt tekstiiras, lai interpretétu $o nogulumiezu
sakotnéjos sedimentacijas apstaklus.

Péc pétijumiem lauka apstaklos, geologisko griezumu analizes un pie-
slipéjumu pétijumiem tika izvélétas tris etalonslankopas (Randatu klintis un
Riezupes atsegumi, ka ari Ilaku ieza), kuriem péc autora domam biitu nepiecie-
$ami detalizétaki sedimentacijas apstaklu pétijumi ar analitiskam laboratorijas
pétijjumu metodém. Karbonatieziem no diviem (Randatu klintis un RieZupes
atsegumi) iepriek§ minétajiem atsegumiem, pamatojoties uz morfologiskam
un citam pazimém, tika veikta izvéléto karbonatiezu paraugu talaka analize
mikromeéroga.

Detalizéti pétijumi ar XRD, XRF, Biomarker un TOC metodém tika veikti
diviem geologiskajiem objektiem vienas stratigrafiskas vienibas ietvaros, bet
dazadas vietas Latvija, lai varétu noteikt Baltijas devona paleobaseina centralas
dalas sedimentacijas apstaklu Ipatnibas un atskiribas.

Oglekla un skabekla stabilo izotopu analizes tika veiktas 46 paraugiem
no 7 atsegumu griezumiem. Paraugi §im analizém tika ievakti no Darzciema
dolomita atradnes atseguma, Marinovas dolomita atradnes atseguma, Ivandes
tdenskritumu klintim, Kalkahju (Peetri) atseguma, Randatu klintim un Apes
pamestas dolomita atradnes atseguma. Paraugu ievaksanas invervali bija no
0,1 metra (Apes pamestaja dolomita atradné) lidz 1,0 metriem (Darzciema
dolomita atradné).

2.1. Paraugu sagatavosana XRD, XRF, Biomarker, TOC analizém
un oglekla un skabekla stabilo izotopu analizém

Paraugu sagatavo$ana XRD, XRF, Biomarker, TOC un oglekla un skabekla
stabilo izotopu analizém tika veikta Vines Universitates Zemes zinatnu, geo-
grafijas un astronomijas fakultaté, Geodinamikas un sedimentologijas centra,
sadarbiba ar prof. Dr. geol. Mihaelu Vagraihu (Michael Wagreich) un asoc. prof.
Dr. geol. Suzannu Giru (Susanne Gier).

Iesakuma, no katra liela parauga LU Dabaszinatnu akadémiska centra Iezu
pétijjumu laboratorija tika atzagéti izméros mazaki karbonatiezu paraugi.

Vispirms katrs paraugs tika sasmalcinats (pulverizéts) smalka, nestrukturéta
pulveri (kristaliti ir haotiski izkartoti) ar graudu izméru 10 1idz 20 mikroni (um).
Pulverizé$ana tika veikta Vines Universitaté, Geodinamikas un sedimentologijas
centra, izmantojot planetaro dzirnavu iekartu Retsch RS 200, ka ari Fritsch
Vibrating Cup Mill Pulverisette 9 planetaro dzirnavu iekartu.

Paraugu pulverizésanai iekartas vadibas paneli tika izvéléti sekojosi para-
metri: apgriezienu skaits minité — 1000 rpm; programmas laiks - 3 mindtes. Sie
parametri bija visoptimalakie un pilniba pietiekami katra karbonatiezu parauga
pulverizésanai lidz nepiecie$amajai pulvera frakcijai.
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2.2. Rentgendifraktometriska (XRD) analize

XRD analizes metode promocijas pétijuma darba tika izmantota, lai, pama-
tojoties uz rentgendifrakcijas ainam, varétu identificét karbonatiezos esosos
mineralus un varétu precizét $o nogulumu sedimentacijas apstaklus.

XRD analizes tika veiktas paraugiem no trim pétijuma autora izvélétiem
geologiskiem etalongriezumiem - Randatu klintim, Ilaku ieza un RieZupes
atsegumiem. Kopuma ar XRD analizes veidu tika analizéti 23 karbonatiezu
paraugi. Pa vienam paraugam tika nonemts no katra identificéta, nodalita
atseguma slana.

Visi paraugi sakotnéji tika sagatavoti strukturéti, pulverizéta veida. Paraugi
XRD analizei tika sagatavoti Vines Universitates, Geodinamikas un sedimento-
logijas centra, izmantojot Halten 5 cm diametra turétaju 2-70° ar padzilinajuma
diametru 16 mm.

Lauka pétijumos nonemto Plavinu regionala stava (Riezupes atsegumi,
Ilaku iezis un Randatu klintis) karbonatiezu paraugu XRD analizes tika veik-
tas Vines Universitates, Geodinamikas un sedimentologijas centra, izmantojot
rentgenstaru difraktometru Panalytical X’pert Pro.

Rentgenstaru difrakcijas ainas tika uznemtas ar CuKa radiaciju, 2-70°
40 posma ar ekspozicijas laiku 5 sekundes un sola garumu 0,0167°. Uzsakot
skenésanu, programma X Pert Data Collection tika izvéléts ari spriegums 40 kV
un stravas stiprums 40 mA. Rentgenstaru difraktometrs aprikots ar augstas
izSkirtspéjas goniometru un daudzkanalu PIXcel staru detektoru.

Rentgenstaru difraktogrammu apstrade un mineralo fazu kvantitativa, un
kvalitativa analize tika veikta, izmantojot datorprogrammu X’Pert High Score
Plus, ka ari balstoties uz Ritvelda (no anglu val. - Rietveld refinement method)
metodi.

2.3. Rentgenfluorescences (XRF) analize

XRF analizes metode promocijas pétijjuma tika izmantota, lai, pamatojoties
uz tas rezultatiem, varétu identificét karbonatieZu sastava eso$os mikroelemen-
tus un galveno elementu oksidu koncentracijas (Azami et al., 2021).

XRF analizes tika veiktas 7 izvélétajiem paraugiem no Ilaku ieza. Tika
noteikta Ca, Mg, Si, Al, Mn, Ti, Zr u.c. mikroelementu koncentracija ppm
izteiksmé. Kopuma janem veéra, ka iekartas klada var bat aptuveni 1-3% robeZas.
Tika veikta ari karbonatiezu sastava eso$o galveno elementu oksidu koncentra-
ciju noteik$ana - MgO, Al,O3, SiO2, P20Os, K;0, CaO, TiOz, MnO un Fe;O:s.

XREF analizes tika veiktas ar Bruker Tracer IV rokas tipa iekartu.
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2.4. TOC analize

TOC, jeb kopéja organiskas izcelsmes oglekla (t.i., organiska oglekla)
analize (no anglu val. - total organic carbon) ir metode atlikusas organiskas
vielas koncentraciju noteik$anai nogulumiezos. TOC analizes tika veiktas
5 karbonatiezu paraugiem, kuros organoleptiski, péc krasojuma pazimém tika
novérots vislielakais organiskas vielas saturs. 3 paraugi bija no Randatu klintim,
bet 2 paraugi no Riezupes atsegumiem. TOC analizes pétijuma autors veica
Vines Universitates Vides geozinatnu departamenta, Zemes zinatnu centra. Tika
izmantota iekarta Multiphase Carbon Determinator RC-612. Paraugu apstrades
temperatira ir 550 °C.

2.5. Biomarker lipidu analize

Biomarker lipidu analizes karbonatiezu paraugiem tika veiktas Vines
Universitates Geodinamikas un sedimentologijas centra. Ar §o metodi tika
analizéti tie pa$i 5 paraugi, kas tika analizéti ar TOC metodi. Biomarker
lipidu metode tika izmantota, lai no karbonatiezu paraugiem ekstrahétu viegli
$kisto$as organiskas vielas (t.s. bitumenu) (El-Shafiey et al., 2014). Mérijumiem
tika izmantota gazes hromatografijas — masu spektrometrijas iekarta (no anglu
val. - GC-MS) un gazu hromatografijas iekarta ar liesmu jonizacijas detektoru
(no anglu val. - GC-FID).

Pirms ekstrakcijas procesa, pulverizétajam karbonatieza paraugam tika
pievienoti 40 ml dihlormetana:metanola (attieciba 3:1). Ekstrakcija tika veikta
ar mikrovilpu tipa iekartu CEM MARS X. Karsésanas laiks bija 15 mindates pie
80 °C temperatiiras un 600 W jaudas. Sakara ar to, ka organiskas vielas saturs
ir Joti mazs, $§is metodes rezultati neuzradija nozimigas vértibas (tas bija loti
zemas), kas lidz ar to nav izmantojamas pétijuma (Aderoju, Bend, 2018) un
talaka interpretacija.

2.6. Oglekla un skabekla stabilo izotopu analize

Latvijas Universitates lezu pétijumu laboratorija (LU DAC, Jelgavas iela 1,
Riga) sakotnéji tika veikta pulverveida paraugu nodaliSana no katra izvéléta
karbonatieza parauga.

Oglekla un skabekla stabilo izotopu analizes tika veiktas Tallinas Tehnologiju
universitates Geologijas instittita, Igaunija, sadarbiba ar Dr. geol. Tonu Martma
(Tonu Martma). Oglekla un skabekla stabilo izotopu analizes paraugiem tika
veiktas no septiniem pilniem griezumiem - no Apes pamestas dolomita atradnes
atseguma un Laucinu (Césu) dolomita atradnes, Marinovas dolomita atradnes
atseguma, Ivandes adenskritumu klintim, Kalkahju (Peetri) atseguma, Randatu
klintim un Apes pamestas dolomita atradnes atseguma. Nonemto un analizéto
karbonatiezu paraugu nonemsanas intervali bija no 0,1 metra lidz 1,0 metriem.
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Kopuma autors sagatavoja stabilo izotopu analizei sagatavoja 46 karbona-
tiezu paraugus. Izotopu analizes tika veiktas ar iekartu GasBench II Preperation
Line. Si iekarta savienota ar masu spektrometra iekartu Thermo Scientific Delta
V Advantage. legutie stabilo izotopu rezultati ir sniegti pienemta § izteiksme,
ka novirze promilés no VPDB vértibu standarta (no anglu val. - Vienna Peedee
Belemnite).
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3.1. Rentgendifraktometriskas analizes (XRD)
rezultati un to interpretacija

Rentgendifraktometriskas analizes rezultati dolomitiem no RieZupes atse-
gumiem (4. attéls) liecina, ka, ka jau sagaidams, dominé minerals dolomits ar
nelielu kvarca un mala minerala illita piejaukumu. Kvarcs visticamak parstav
siliciklastisko materialu - smilti vai aleiritu —, ko makroskopiski neizdevas kon-
statét. Mala piejaukums, savukart, tika novérots ari atsegumos. Vérojams ari,
ka visi 8 analizétie paraugi no Riezupes abiem atsegumiem uzrada loti lidzigas
kvantitativas liknes un nav vérojamas praktiski nekadas mineralu koncentraciju
izmainas.
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4. attels. Rentgendifraktometrijas (XRD) analiZu apvienotais grafiks paraugiem
no Riezupes atsegumiem. Mineralu nosaukumi pievienoti to galvenajiem
(intensivakajiem) atstarojumiem

Karbonatiezu paraugu rentgendifraktometrijas analizu rezultati no Randatu
klinu atsegumiem (5. attéls) ari apliecina pienémumu, ka izteikti dominé dolo-
mits ar nelielu kvarca un kalcita, ka ari nelielu mala minerala (illita) piejaukumu.

Kvarcs visticamak ir saistits ar siliciklastisko piejaukumu - smilti vai alei-
ritu. Illits parstav mala piejaukumu, ko izdevas konstatét ari makroskopiski
atseguma. Kalcits visticamak ir sekundars, jo Randatu klintis neatrodas dolo-
mitizéto kalkakmenu izplatibas apgabala (Brangulis u.c., 1998, Stinkulis, 1998).

Visi 8 analizétie karbonatiezu paraugi no Randatu klintim uzrada |oti lidzi-
gas kvantitativas liknes un ari $ajos paraugos, tapat ka paraugos no Riezupes
atsegumiem, nav novérojamas praktiski nekadas mineralu koncentraciju
izmainas.
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5. attéls. Rentgendifraktometrijas (XRD) analiZu apvienotais grafiks paraugiem no
Randatu klin$u atseguma

Augstais dolomita saturs rentgendifraktometrijas aina sakrit ar pétito atse-
gumu un pieslipnu pétjjumu datiem par izteikti dominéjosu dolomitu pétito
karbonatiezu slankopas. Kvarca piejaukums norada uz siliciklastiska materiala
klatbuatni, bet kalcits apliecina sekundaras kalcitizacijas nelielu ietekmi uz
pétitajiem karbonatieziem (Azami et al., 2021).

3.2. Rentgenfluorescences spektroskopijas (XRF)
analiZu rezultati un to interpretacija

Péc iegiitajiem rentgenfluorescences spektroskopijas (XRF) analizu datiem,
secinams, ka pétitie dolomitu paraugi ir bagati ar CaO (50,21-59,17 masas %),
MgO (17,36-28,28 masas %) un SiO; (7,52-21,26 masas %). Savukart pretéji
tam, dolomitu paraugos ir zems saturs Al,O3 (3,69-7,92 masas %), Fe;O3
(1,25-2,42 masas %), K,O (1,38-4,07 masas %), TiO, (0,16—0,45 masas %), P,Os
(0-0,16 masas %), MnO (0,09-0,12 masas %).

Kalcija un magnija oksidi ir saistiti ar dolomitu ka iezi un mineralu, silicija
un aluminija oksidi raksturo smilts-aleirita un mala piejaukumu. Samera lielais
dzelzs oksida daudzums visticamak ir saistits ar piejaukumiem starp kristaliem,
ka ari poras un kavernas. Ka redzams atsegumos un makroparaugos, dolomiti
biezi ir sarti un iedzelteni, kas atbilst dzelzs savienojumu noteiktajai krasai.
Lidzigi var izskaidrot arl mangana oksida izcelsmi un izplatibu - vietam dolo-
mitos var novérot melnus mangana oksidu un hidroksidu uzsubéjumus. Kalija,
titana un fosfora uzkrasanas iezos var notikt gan sedimentacijas, gan agrinos
un vélinos pécsedimentacijas procesos.
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Dolomita paraugos tadu elementu, ka Zr (14-45 ppm), Cu (21-30 ppm),
Zn (18-28 ppm), Ni (4-9 ppm), Cr (6-32 ppm) un Mo (0-5 ppm) daudzums
ir mazs. Ari Sr (61-121 ppm) koncentracija ir mazaka neka parasti izteikts
mariniem karbonatieziem - 80-900 ppm (Vincent et al. 2006; Li et al., 2015).
Dolomiti parasti satur mazak Sr, salidzinot ar kalkakmeniem, jo dolomita kris-
talrezgl var ietilpt mazaks §1 elementa daudzums. Neskatoties uz to, dolomiti,
kuri ir veidojusies normala sa]Juma baseinos, satur Sr 470-550 ppm daudzuma,
bet evaporitu baseinu dolomiti - 500-700 ppm daudzuma (Qing, Mountjoy,
1989; Veizer 1983; Land 1991 - citéts: Li et al. 2015). Plavinu svitas dolomitos
eso$ds Sr samazinatas vértibas, domajams, var skaidrot 1idzigi ka to darijusi
Li et al. (2015) - dolomiti ir attirijusies no mazak izplatitiem elementiem par-
kristalizé$anas rezultata - pécsedimentacijas procesos.

Procentualas vértibas (no masas %) tris parstavétakajiem oksidiem (CaO,
MgO un SiOy) tika korelétas ar retak sastopamo elementu koncentracijam: CaO
(50,21-59,17 masas %), MgO (17,36-28,28 masas %) un SiO; (7,52-21,26 masas %).
Pétijuma gaita netika novérotas korelacijas So elementu daudzumiem.

Tomeér secinats, ka Ilaku griezuma karbonatiezu paraugos paaugstinatas
MnO/CaO un Fe;03/CaO attiecibu vértibu atskiribas norada uz pécsedimen-
tacijas izmainam (De Winter, Claeys, 2016), lidzigi ka samazinatais stroncija
daudzums. Savukart paaugstinatas MnO un Fe,Os koncentracijas apvienojuma
ar pavisam nelielam Sr/CaO koncentracijam, varétu liecinat par palielinatu
paleovides aktivitati (Richardson et al., 2004).

3.3. Skabekla un oglekla stabilo izototopu
analiZu rezultati un to interpretacija

Oglekla un skabekla stabilo izotopu analizes kopuma ir veiktas 46 dolomita
paraugiem.

O13C vertibas pétitajiem dolomitiem varié no —4,82%o 1idz 0,73%o, savukart
O180 vértibas pétitajiem dolomitiem varié no —8,57%o lidz —3,09%o.

Karbonatu platformu dolomitiem dominé §adas C un O stabilo izotopu
veértibas: §13C —3-+3%o; bet 8180 —10-+3 (Land 1980). Vidéjas §13C veértibas
fanerozoja marinajiem karbonatieziem ir —1%o0-4%o, devona ap, vidéji 2%
(Mackensen, Schmiedl 2019). Sie dati kopuma sakrit ar promocijas darba iegii-
tajiem rezultatiem, apliecinot nogulumiezumarinu izcelsmi.

Pétitajos objektos, ieskaitot Getlinu un Gaujienas urbumus, oglekla izotopu
vertibas ir lidzigas, tacu tas ir zemakas (parsvara —2-—4%o) Ivandes, RieZupes un
Getlinu objektos (pétijumu teritorijas centrala dala - rietumi), bet augstakas, ap
1%o0 Apé (pétijumu teritorijas ziemelaustrumu dala). Iespé&jams, $o paradibu var
izskaidrot ar zinamu saldudens piepludi baseina rietumu dala (Amthor et al.,
1993), tadu tas ir japarbauda turpmakos pétijumos ar plasaku datu kopu.
Saldtdens pieplide marinos baseinos samazina 613C vértibas (Colombie et al.,
2010).
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Promocijas darba pétijuma iegttas dolomitu skabekla izotopu vértibas ir
zemakas neka parasti konstatétas marinas izcelsmes nogulumiem (Land, 1980).
To var izskaidrot ar atmosféras iidenu ietekmi pécsedimentacijas procesu gaita.
Skabekla izotopu vértibas pécsedimentacijas procesos mainas daudz atrak neka
oglekla izotopu vértibas, jo skabekla izotopu vértibu izmainam ir nepiecie$ama
ievérojami mazaka tidens/ieza attieciba neka oglekla izotopu vértibu izmainam
(Sharp, 2017). Sameéra ievérojama ir 880 vidéjo vértibu samazinasanas no
aptuveni —4 1idz —6%o virziena no rietumiem uz austrumiem, kas, domajams,
saistama ar pécsedimentacijas procesu at$kiribam - lielaku atmosféras tdenu
ietekmi pétijumu apgabalu austrumu dala. Tas gan, domajams, neattiecas uz
notikumiem Plavinu laikposma, bet vélakos laika posmos.

Visticamak pétitie nogulumi kopuma nav veidojusies baseina ar palielinatu
adens salumu, t. sk. evaporitu baseina, jo tajos ir pazeminatas §13C vértibas
(Warren, 2018).

Iegitie oglekla un skabekla stabilo izotopu attiecibu rezultati apstiprina to,
ka Plavinu svitas karbonatiezi ($aja gadijuma, dolomiti) ir ievérojami mainijusies
pécsedimentacijas procesos.

Visticamak, 8§13C vértibu amplitidas dolomitos no Marinovas, varétu
noradit ari uz nelielu saldidens ietekmes palielinasanos laika gaita.

Relativi liela starpiba starp 8180 vértibam varétu liecinat ari par vélinu
dolomita kristalizaciju. §13C nedaudz mainigie lielumi - nelielas negativas un
pozitivas vértibas — var noradit uz vaji izteiktu jiras tidenu un atmosféras (nok-
ri$nu) tdenu sajauksanos (Immenhauser et al., 2003 un Wendte, Uyeno, 2005).

Darzciema dolomita atradnes dolomitos ogekla un skabekla stabilo izotopu
vértibas mainas minimali, kas norada uz nosaciti stabiliem sedimentacijas aps-
takliem. Parsvara bijusi normala saluma jaras apstakli (Colombie et al., 2010).

Oglekla stabilo izotopu 813C vértibas Ivandes idenskritumu atseguma
samazinas no —2,07 atseguma apaksdala lidz —4,82%o virziena uz atseguma
augddalu. Pasa atseguma augsdala (paraugs I-5), oglekla stabilo izotopu vértibas
krasi pieaug, lidz —0,23%o. Kopuma oglekla stabilo izotopu vértibu samazina-
$anas laika gaita, liecina par pakapenisku saldiidens piepliidi marina baseina.
Savukart, novérotais krasais oglekla vértibu palielinajums pédéja atseguma slani,
norada uz dolomita veido$anos vidé, kur strauji ir palielinajies adens salums
baseina, jeb bijusi mazaka saldidens pieplade no kontinenta vai atmosféras
udeniem (Kleesment et al., 2013).

Kalkakmenos no Kalkahju (Peetri) atseguma, oglekla stabilo izotopu verti-
bas, lidzigi ka Ivandes tidenskritumu atseguma paraugos, ir zemakas atseguma
apakidala, bet virziena uz auggu tas pieaug lidz —0,68 un —1,39%o. Sie rezultati
liecina par evaporitu baseina attistibu laika gaita — Gidens salJums tideni ir palie-
linajies un bijusi mazaka atmosféras adenu ietekme uz tiem (Kleesment et al.,
2013).

Randatu klintis stabilo oglekla analizu vértibas pétitajos dolomitos mainas
loti minimali, un ir tuvu nullei (parsvara, nedaudz negativas vértibas). Sadi
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rezultati norada uz maz mainigiem marinajiem apstakliem. Dazbrid konstatétas
pozitivas vértibas (attiecigi, 0,09, 0,01 un 0,73%o) liecina par nedaudz palieli-
natu tdens salumu baseina Sajos konkrétajos laika posmos, kad norisinajusies
karbonatisko nogulu sedimentacija (Warren, 2018).

Izteikti mainigas oglekla stabilo izotopu §13C vértibas (Riezupes abos atse-
gumos tas varié no —3,82 lidz 1,85%o) norada uz dolomita veido$anos vidé, kur
marinie juras ddeni periodiski sajaukusies ar atmosféras tideniem (nokri$ni)
(Kleesment et al., 2013). Bijis mainigs adens salums. Lidzigi sedimentacijas
apstakli bijusi ari dolomitos no Ivandes Gdenskritumu atseguma, daléji, ari
Kalkahju (Peetri) atseguma karbonatiezu paraugos.

3.4. TOC analiZu rezultati un to interpretacija

Kopéja organiska izcelsmes oglekla daudzuma (TOC, no anglu val. - total
organic carbon) analizes uzrada nozimigus datus sakotnéja organiska materiala
apjoma novértésanai pétitajos karbonatiezu paraugos.

Divos paraugos ar vizuali novértéto augstako organiskas vielas saturu no
Randatu klintim, organiskas izcelsmes oglekla daudzums varié no 0,524%
5. parauga lidz 0,419% 9b parauga.

Savukart tris paraugos ar vizuali novértéto augstako organiskas vielas
saturu no RieZupes atseguma, organiskas izcelsmes oglekla daudzums parauga
R-0 ir 0,449%, parauga R-2 ir 0,388%, bet parauga R-3 ir 0,409%.

Iegiitie analizu rezultati veiktajiem karbonatiezu paraugiem no Randatu
klintim un Riezupes atsegumiem uzrada, ka sedimentacijas gaita nav bijusi
anoksiski apstakli (Da Silva, Boulvain, 2004). Tas liek domat, ka sedimen-
tacijas gaita un pécsedimentacijas procesos organiskas vielas ir oksidétas
vai izskalotas. Tomér tas iezimé ari sakotnéjo organiskas vielas daudzuma
apmeéru, tas ir, ka organiskas vielas sakotnéji $ajos slanos bijis vairak ka citos.
Tadeé] secinams, ka sedimentacijas vide ir bijusi oksiska — bijusi oksiski seklas
jaras gultnes apstakli un vidéja organiska aktivitate, jeb oligotrofi apstakli
(Da Silva, Boulvain, 2004).

3.5. Fosilijas un ihnofosilijas pétitajos karbonatiezos

Fosilijas Baltijas devona paleobaseina centralaja dala galvenokart ir vaji
lidz slikti saglabatas, lidz ar to precizi organismu atliekas nav bijis iespéjams
noteikt. Pétijumu gaita darba autors ievéroja, ka objektos Latvijas rietumu dala
gan fosilijas, gan iezu teksttiras ir vaji saglabajusas dolomitizacijas, iespéjams,
dolomita parkristalizésanas rezultata.

Savukart virziena uz Latvijas ziemelaustrumiem un Igaunijas dienvidaus-
trumu dala bija iespéjams vérot vairak sakotnéjas tekstiiras, organismu atliekas
un dazviet ari ihnofosilijas, kuras nebija nosakamas lidz gintij, tomér bija iespéja
noteikt piederibu tipam, klasei vai apaksklasei.
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Ka butisks sedimentacijas vidi reksturojoss elements ir jaatzimé Plavinu
svitas karbonatiezos sastopamas stromatoporu atliekas.

Stromatoporu diametrs pétijumu objektos varié no 2 cm lidz pat 30 cm.
Parsvara atliekas vai to $kiSanas vieta eso$as kavernas ir sfériskas formas.
Lielakajai dalai (gadijumos, kad varéja noteikt formu) pétito stromatoporu ir
raksturiga sipolveida, jeb ieapala (no anglu val. - bulbous; skatit 6. attélu) forma
(Garland, 1997), tacu ieapalo formu var izskaidrot ari ar neatrasanos dzives
pozicija un parskalosanu. Gandriz visos gadijumos konstatéts, ka stromatoporas
ir parvietotas, dazbrid pat apveltas uz saniem, jeb apgaztas. Stromatoporu karbo-
natiezi (F5) nav konstatéti Kokneses ridas karbonatieZos, jo péc autora ieskatiem,
$aja laikposma islaicigi bijis arids klimats un biezi ari subaerali sedimentacijas
apstakli, lidz ar to, nelabveéligi dzives apstakli $iem organismiem, ar palielinatu
adens salumu. Sélijas ridas karbonatiezos stromatoporas (to fosilijas, biezak
kavernas izskidu$u stromatoporu vietas) sastopamas 15% Ivandes idenskritumu
atseguma (ieapalas formas kavernas $kidusu stromatoporu vietas, lidz 6 cm
diametra, izkartotas kédités), 22% Randatu klintis (nenosakamas formas un
izmeri), ka ari 31% apméra Kalamecu un Markuzu gravas atseguma (kavernas
$kidus$u stromatoporu vietas, lidz pat 10 cm diametra, ieapalas formas). Atzeles
ridas karbonatiezos stromatoporu slani, kas iedaliti ka facija F5, konstatéti tikai
pétijumu teritorijas galéjos ziemelaustrumos: 27% Kalamecu un Markuzu gravas
atseguma (kavernas $kidusu stromatoporu vietas, maza lidz pat liela izméra — ap
20 cm diametra, ieapalas formas), 25% Gribes dolomita atseguma (ieapalas
formas, lidz 30 cm diametra, haotiski izkartotas) un 23% Marinovas dolomita
atradnes atseguma (nenosakamas formas un izméra). Apes ridas karbonatiezos
facija F5 sastopama 25% Ventas rumbas atseguma (maza izméra, ieapalas formas
kavernas, izkartotas kédités), 13% Laucinu (Césu) dolomita atradnes atseguma
(konstatétas tikai atseguma 7. slani - 1idz 15 cm diametra, sfériskas, iepalas for-
mas), 14% Randatu klintis (nenosakamas formas un izméri), 51% apjoma Apes
pamestas dolomita atradnes atseguma (izméros no 1 cm diametra (1. slanis)
lidz 7 cm diametra, iepalas formas; 7. slani stromatoporu atliekas izkartotas
kédités) un 100% apmeéra Gribes dolomita atseguma (konstatéts blivs ieapalu
stromatoporu sakopojums, lidz 5 cm diametra, izkartotas haotiski).

Gandriz visos pétijjumu objektos stromatoporas sastopamas kopa ar citam
organismu atliekam, tadam ka - gliemezi, brahiopodi, alges u.c.. Jaatzimé Ventas
rumbas, Césu (Laucinu) atradnes un Ivandes tdenskritumu atsegums, kur visa
griezuma, dazados ta intervalos, tika konstatétas tikai un vienigi stromatoporu
atliekas. Pieméram, Grubes atseguma, stromatoporu atliekas konstatétas kopa
ar citam organismu atliekam, iznemot atseguma 7. slani, kur pétitas tikai stro-
matoporu atliekas. Apes pamestas dolomita atradnes atseguma, gandriz visos
griezuma slanos, sastopamas tikai stromatoporu atliekas, iznemot 3. slani, kur
konstatétas ari brahiopodu fosilijas. Ari konstatétas brahiopodu atliekas visos
gadijumos ir vai nu izkartotas kédités, vai haotiski, kas norada uz parskalosanu
un varbutéju vilnu darbibas ietekmi.
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6. attéls. Stromatoporu fosiliju forma devona Plavinu svitas karbonatieZos:
(A) ieapalas formas, (B) laminaras formas (modificéta péc: Kershaw, Motus, 2016)

Ari brahiopodu un gliemezZu atliekas galvenokart bijusas parskalotas, biezi
sastopams $o organismu atlieku detrits. Liela dala pétijumu objektu organismu
atliekas izkartotas “kédités”. Izméri verié no 0,5 cm lidz aptuveni 4-5 cm.
Viena gadijjuma (Marinovas atradnes atseguma 5. slani) konstatéts ari jiiras
liliju katinu sakopojums, kura uzbave ari liecina par $o dzivnieku atlieku par-
skalo$anu. Viena no Darzciema dolomita atradnes atseguma slaniem (4. slanis)
konstatétas ari Chaetocladus algu atliekas. Sis pasas gints algu atliekas atklatas
ari Vizulu ieza 4. slani.

Bioturbacijas pazimes (pédu fosilijas) konstatétas Darzciema dolomita
atradnes atseguma, gandriz visos ta slanos - ejas 1 1idz 2 mm platuma, tas ir
parsvara vertikalas, neviendabigas uzbuves, nelielas un Joti traucétas, konkrétu
piederibu nav izdevies noteikt. Lidziga rakstura (gan tads pats eju platums, gan
uzbuive) bioturbacijas pazimes konstatétas ari Ilaku ieza 1. slani, Vizulu ieza
divos slanos (5. slanis un 7. slanis), Kalemecu un Markuzu gravas atseguma
aug$dala (9. slanis, 13. slanis un 14. slanis), ari Ivandes adenskritumu atseguma
1. slani, 2. slani, 2. slani un 5. slani. Visos iepriek§ minétajos pétijuma objektu
slanos nav izdevies noteikt ihnofosiliju piederibu. Bioturbacija konstatéta ari
Kalkahju (Peetri) atseguma 12. slani (Saja gadijuma tika noteiktas Chondrites
pédu fosilijas) un Darzciema dolomita atradnes vairakos slanos - 1. slani, 3. slani,
4. slani, 5. slanj, 6. slani un 9. slani (visos gadijumos noteiktas Planolites pédu
fosilijas). Planolites pédas noteiktas ari Kalamecu un Markuzu gravas atseguma
1. slani. Chondrites pédas veidojusas blivas karbonatiskas nogulas, kopuma
bijusi mieriga sedimentacijas vide (zema vilnu energija), sekls jaras baseins
un nereti ari $o vidi ietekméjusas plidmainas (Meskis, 2013). Ari Planolites ir
tarpveidigie organismi, kas dzivojusi un veidojusi ejas seklos adenos un nereti
ari pladmainu darbibas zona (Meskis, 2013).
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4. DISKUSIJA

Si promocijas pétijuma rezultati apstiprina iepriekséjo pétijumu (Gravitis,
1967; Sorokin, 1978; Stinkulis, 1998; Pontén, Plink-Bjoérklund, 2009; un citi)
datus par to, ka devona Plavinu laikposma bijusi mainigi, parsvara seklas jiras
apstakli, tacu adens dzilums vairakkart ir mainijies, bijusas pat subaeralas
atsegSanas epizodes.

Plavinu laikposma sedimentacijas baseins, $aja gadijuma, Baltijas paleo-
baseina centrala dala, iepriekséjos pétijumos ticis interpretéts ka sekla jira
(Gravitis, 1967; Sorokin, 1978).

Promocijas darba pétijuma iegutie dati apliecina, ka Latvijas rietumu un zie-
melaustrumu un Igaunijas dienvidaustrumu dalai atbilsto$a Plavinu laikposma
baseina teritorija, péc masdienu zinatniskaja literatira noraditas karbonatiezu
platformu klasifikacijas, visticamak atbilst epikontinentalai karbonatu plat-
formai, mazaka iespéjamiba, ka ta ir bijusi epikontinentala karbonatu nogaze
(James, Jones, 2016).

Gan epikontinentalai karbonatu nogazei, gan epikontinentalai karbonatu
platformai ir raksturigas divas pat simtiem kilometru platas zonas, kuras ir
mierigs hidrodinamiskais rezims: 1) pareja starp sauszemi un baseinu, noro-
bezotos apstaklos; 2) pareja starp baseinu un atklatu okeanu. So zonu starpa
ir desmitiem kilometru plasa zona, kura ir aktivs hidrodinamiskais rezims, ko
galvenokart nosaka plidmainu un ari vilpu darbiba (James, Jones, 2016).

Pétijumi, kas veikti par Bahamu salu arhipelagu un Floridas pussalas pie-
krastes muisdienu karbonatu sedimentacijas arealu iek$éjam dalam, kas ir uzska-
tami par seno epikontinentalo karbonatu sedimentacijas baseinu analogiem,
apliecina, ka karbonatisko nogulu uzkrasanas vide kopuma ir bijusi mieriga un
vilnu, ka ari pladmainu ietekme uz karbonatisko nogulu sedimentacijas proce-
siem ir pavisam minimala. Sajos areilos sedimentacijas procesus galvenokart
ietekmé tikai saméra retas vétru epizodes (Tucker, Wright, 1990).

Tomeér viedokli par iespéjamo pladmainu ietekmi senajas un plasajas epi-
kontinentalajas platformas at$kiras - Irvins savos pétijjumos apliecina, ka to
ietekme ir nieciga (Irwin, 1965), savukart citi pétnieki uzskata, ka ta ir bijusi
liela un pat plasi jatama (Pratt, James, 1986). Domajams, tas atkarigs no baseina
atra$anas vietas un savienojuma ar pasaules okeanu.

Vairakos disertacijas pétijuma gaita dokumentétajos geologiskajos griezu-
mos karbonatiezus ar vaji saglabatam organismu atliekam, cikliski nomaina
laminiti un/vai malaini nogulumiezi, kur vairakos pétijjumu objektos ir atklatas
plidmainu pazimes.

Pladmainu ritmiti konstatéti Ilaku iezi, Vizulu iezi un, ari Kalkahju (Peetri)
atseguma, Darzciema dolomita atradnes atseguma, ka ari Kalamecu un Markuzu
gravu atseguma. Pétijuma gaita izdevies gut liecibas par plidmainu ritmitiem
ari Randatu klinsu atseviskos intervalos (2. slanis, 5. slanis, 7. slanis un 8. slanis).
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Ari Marinovas atradnes atseguma 2. slani pétiti karbonatiezi, kur konstatétas
“putna acs” tekstiiras, jeb fenestras, kas ir tipiskas vidéjas pladmainu zonas
pazime (Tucker, Wright, 1990).

Dazas no izplatitakajam un autora novérotajam pladmainu ritmitu pazi-
mém Plavinu svitas nogulumiezos ir:

o mikrita un mala mineralu joslinas vai slani$i uz kartainajiem

karbonatieziem;

o pladmainu kopas (no anglu val. - tidal bundles), kas norada uz pero-
diskam ilgtermina izmainam (sezonalas) un nedélas ilguma izmainam,
kas saisitas ar méness un saules gravitacijas ietekmi;

» reaktivacijas virsmas, divvirzienu slipslanojums, kapjosais ripsnojums,
kas slanojuma uzrada dazadus straumju virzienus;

o karbonatiska un klastiska materiala mija, veidojot vilnotu slanojumu
(Guangquan, Lidong, 2021) - Ilaku ieza 1. slani;

o pladmainu ritmiti malainajas slankopas u.c.

Baltijas véla devona klastiskas sedimentacijas baseinos daudzos pétiju-
mos ir plasi atziméta pladmainu ietekme (Pontén, PlinkBjoérklund, 2009;
Luksevics et al., 2011; Vasilkova et al., 2012).

Disertacijas pétijuma gaita izteiktakie vétru slani tika atklati un aprak-
stiti Atzeles rida Marinovas atradnes atseguma augsdala, Igaunija. Tomeér
nav izslégts, ka krietni vajakas un mazas vétras, to izraisita vidéja un stipra
vilnosanas, ietekméja stromatoporu, brahiopodu, jiras liliju katinu un gliemezu
parskalosanu, fragmentaciju, organismu atlieku detrita parskalosanos, ka ari
haotiskas uzbuves slanveida koncentraciju veido$anos, kada tika plasi novérota
daudzos no 14 pétjjumu objektiem, konkréti Sélijas un Atzeles ridas, it ipasi tajos
objektos, kas atrodas pétijumu teritorijas centralaja un ziemelaustrumu dalas,
kur péc autora uzskatiem bijusi karbonatu platformas Z un Y zonas.

Visos disertacijas pétijjuma objektos ir izdevies izveidot piesaisti konkrétam
Plavinu svitas ridam, konstatéta gan Kokneses rida, gan ari Sélijas, Atzeles un
Apes rida. Vispilnakie griezumi, kas aptver visas Cetras ridas pétiti Darzciema
dolomita atradnes atseguma un Randatu klintis. Vairakos no pétijuma objektiem
konstatéta tikai pati aug$éja Plavinu svitas rida — Apes rida (Ventas rumbas atse-
guma, abos Riezupes atsegumos un Apes pamestas dolomita atradnes atseguma)

Autora dazviet konstatétie “metru biezuma cikli” ir raksturigi karbonatu
platformam (Tucker, Wright, 1990), ka ari par to veido$anas iemesliem citos
pétijumos uzskata pladmainu lidzenumu progradaciju (Pratt, James, 1986),
eistatiskas Gdens limena svarstibas un pat regionalus tektoniskos procesus
(Tucker, Garland, 2010).

Izteikts cikliskums vérojams Kalamecu un Markuzu gravas atseguma, ka
ari Darzciema dolomita karjera atseguma griezuma. Vajak izsekojami cikli
konstatéti arl Kalkahju (Peetri) atseguma. Katrs cikls iesakas ar dolomitiem (ar
fosilijam, ooidiem, bez subaeralas atseg$anas pazimém), kas veidojusies atklata
tipa baseina, savukart beidzas ar laminitu veida kartainiem dolomitiem un biezi

32



vien ar subaeralas atseg§anas pazimém - za$anas plaisam u.c. tekstaram. Ciklu
biezumi varié no 0,5-0,8 m Darzciema dolomita atradné, savukart Kalamecu un
Markuzu gravas atseguma to biezumi mainas no 0,5 lidz pat 1,5 m biezumam.
Ari Kalkahju (Peetri) atseguma Igaunija, konstatéti cikli, kas ir vél planaki —
aptuveni 0,2-0,4 metru biezuma. Ja nav mainijies dens limenis, cikla biezums
ir tuvs adens dzilumam (Immenhauser, 2009). Tas liek domat, ka baseins bijis
izteikti seklaks virziena uz ziemeliem, nosaciti ari ziemelaustrumiem.

Pétijuma gaita atklats, ka gandriz visos pétijumu objektos atrodamas
stromatoporu atliekas vai kavernas stromatoporu atlieku $kisanas vietas.
Stromatoporas norada uz seklu, siltu ideni un aktivu hidrodinamisko rezimu
(Tosolini et al., 2012), bet brahiopodi un gliemezi ari ir sekltidens jiru iemitnieki.
Vietam vérojamie slaniski izkartotie fosiliju un to detrita sakopojumi liecina par
organismu atlieku un to drupu materiala parskalo$anu, tadél, domajams, norada
uz nogazi, kas vérsta pret padzilinajumu baseina (Shen et al., 2008; Fliigel, 2004;
Machel, Hunter, 1994). So nogazi gan nevar interpretét ka visas karbonatu
platformas nogazi virziena uz atklato jaru, jo pétitie nogulumi ir veidojusies
seklas epikontinentalas juras iek$éja dala (Brangulis et al., 1998). Iespéjams, ka
organismu atlieku parskalosana ir notikusi vétru ietekmé (Gutteridge, 1989).
Parskalotas augu un dzivnieku atliekas un to detrits gan var bt sastopams ari
pladmainu lidzenumos (Laya, Tucker, 2012), tomér tas nav viennozimigs raditajs
sedimentacijas vides raksturo$ana.

Svéta krusta kalnos Polija (Luczynski, 1998), vairakos apkartnes karjeros,
devona stromatoporas galvenokart ir konstatétas dzives pozicija, nevis parska-
lotas, ka Baltijas devona paleobaseina, kas liecina, ka tagadéjas Polijas dienvidu
dala bijusi nosaciti seklas jaras apstakli, tomér mierigi un bez izteiktam strau-
mém, pladmainu un vilpu darbibas ietekmes, kas liecina par rifa aizmugures
(no anglu val. — back-reef setting) apstakliem. Tikai viena atsevi$ka gadijuma
konstatéts, ka stromatoporas bijusas parskalotas - t.i., vétru ietekmétas.

Stromatoporas autora pétitajos objektos gandriz visos gadijumos ir apgaztas,
apveltas vai parvietotas un nav dzives pozicija (kad to var identificét). Gandriz
vienmeér tas izkartotas “kédités”, krietni retak tas ir izkartotas haotiski (Garland,
1997 un Tucker, Wright, 1990). Vatkins sava pétijuma (Watkins, 1975) par silara
brahiopodiem un stromatoporam Visbijas sala (Baltijas juras regions, Zviedrija),
noradijis, ka biezi vien brahiopodu atliekas un to detrits ir izvietots starp citam
organismu atliekam, haotiski, bet ne starp stromatoporam. Tas apstiprina autora
ideju par vilpu darbibas ietekmétu sedimentaciju. Ka norada polu paleontologs
Gzegoss Rackis (Racki, 1993), brahiopodu kopas galvenokart mit seklas jaras, tai
skaita, lagainu apstaklos, savukart stromatoporas nedaudz dzilaka baseina dala,
bet ari sekla jira. Saja gadijuma Racka secinajumi izdariti par stromatoporam
dzives pozicija, kas ir pretéji autora pétitajam Plavinu svitas karbonatiezos, kur
tas nav sastopamas dzives pozicija. Promocijas pétijuma gaita konstatéts, ka
biezi vien stromatoporas ir loti maza izméra - vietam tikai 1 cm lidz 7 cm
diametra. Sélijas ridas karbonatiezos Ivandes udenskrituma atseguma tas ir
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mazas, lidz 6 cm diametra un izkartotas kédités; Atzeles ridas karbonatiezos
Ventas rumbas atseguma tas ir mazas, lidz 2-3 cm diametra, izkartotas kédités;
Apes ridas karbonatiezos Apes pamestas dolomita atradnes atseguma tas ir
1 lidz 7 cm diametra, izkartotas kédités un Grabes dolomita atseguma tas ir
lidz 5 cm diametra, izkartotas haotiski. Ka norada Rackis, nelieli stromatoporu
izméri liecina par augstu mirstibu jaunu organismu vida, konkréti tiek noradita
dzive augsta stresa apstaklos, ko var izraisit — cikliskas vides apstaklu izmainas
(pieméram, baseina dziluma izmainas un udens saluma izmainas) (Racki, 1993),
ka rezultata nav bijusi iespéja tam augt lielakam un attistities. Pamatojoties uz
$o, autors var izdarit pienémumu, ka izméros mazas stromatoporu atliekas (lidz
aptuveni 7 cm diametra), domajams mitusas lagtinas apstaklos, kur periodiski
samazinajies iidens limentis, ka rezultata palielinajies jiiras iidens salums. Sizona
atbilst Z zonai péc Irvina klasifikacijas (Irwin, 1965) un pret krastu vérstai rifa
nogazei, kas atbilst parejai uz Y zonu. Savukart lielaka izmeéra stromatoporas
(no 8 cm lidz pat 30 cm diametra), mitusas rifa nogazé, kas vérsta pret atklatu
baseinu (Y zona). Visos gadijumos, neatkarigi, no iedalijuma zonas, bijusas
periodiskas vétru vai stipras vilno$anas epizodes, ka rezultata ieapalas formas
(no anglu val. - bulbous) stromatoporas ir apgaztas, nereti arl parvietotas. To
dazkart apstiprina ari kartotie karbonatiezu slanisi, kas norada uz sekla baseina
apstakliem - gadijumos, kad konstatétas maza izméra stromatoporu atliekas.
Tomeér $aja gadijuma nav bijusi izteikta pladmainu ietekme uz sedimentaciju -
bijusi bimodala jaras-krasta virziena vérsta vilnu darbiba, ddens straumes
(Luczynski, 2008). Iespéjams, ka stromatoporas autora pétitajos karbonatiezos ir
izkartotas zemakas vietas starp karbonatisko nogulu sékliem, kas bijusi paraléli
vai subparaléli krasta linijai.

Garlande (Garland, 1997) norada, ka sipolveida (ieapalie) stromatoporati
ir raksturigi lagtinu (t.s., aizrifa) apstakliem, bet rifa, jeb Y zonas apstaklos
parasti ir tabulari vai kupolveida stromatoporati (Garland, 1997). Disertacijas
pétijuma objektos no aug$éja devona konstatéts, ka izméros lielakas sipolveida
stromatoporu atliekas izkartotas ari rifa nogazé, kas vérsta pret atklatu jaru (ari
Y zona, péc: Irwin, 1965).

Izvértéjot visus pétijuma gaita iegitos rezultatus secinams, ka teritoriala
mainiba pétijuma objektos ir diezgan maza, kas apstiprina to, ka Baltijas paleo-
baseina centralaja dala Plavinu laikposma bijusi epikontinetala platforma.

Interpretéjot iegiitos oglekla un skabekla stabilo izotopu rezultatus dolo-
mitiem no Plavinu regionala stava, un salidzinot tos ar citiem pétijumiem, gan
Baltija, gan citviet (Kleesment et al., 2013; Amthor et al., 1993; Colombie et al.,
2010; Wendte, Uyeno, 2005 u.c.), secinats, ka, visticamak, oglekla izotopu (§13C)
vértibas galvenokart pétijumu teritorija ietekméjusi periodiska saldiidens un
marino adenu sajauk$anas, domajams, nokri$nu rezultata (atmosféras adeni).
Jaatzimé ari iespéjama saldtidens pieplade no dienvidrietumu, dienvidu virziena,
ko apstiprina stabilo izotopu rezultati. Izvértéjot datus par skabekla izotopu
vértibam (8!80), konstatéts, ka tas biezi vien ir paaugstinatas — tas varétu noradit

34



uz palielinatu atmosféras tdenu ietekmi pécsedimentacijas procesos. Ka norada
Sarps (Sharp, 2017), oglekla izotopu avots galvenokart ir tikai pasi karbonatiezi,
organiskas vielas un CO,, savukart skabekla izotopu avots ir gan karbonata
jons, gan udens (HO). Lidz ar to, pietiek ar daudz mazaku adens un ieZa sav-
starpéjo attiecibu, lai mainitos skabekla izotopu vértibas, salidzinot ar oglekla
izotopu vértibam. Lai varétu spriest par $o faktoru ietekmi plasakos meérogos,
nepieciesams veikt turpmakus pétijumus, izmantojot apjomigaku datu kopu.

Ari rentgenfluorescences spektrometrijas analizes (XRF) rezultati liek seci-
nat, ka Plavinu svitas dolomitos samazinatas Sr vértibas varétu noradit uz to,
ka pétitie dolomiti ir attirijusies no mazak izplatitiem kimiskajiem elementiem
pécsedimentacijas procesu gaita (Li ef al., 2015), tomér jebkura gadijuma, Sr klat-
butne norada uz mariniem apstakliem.Visi pétijuma objekti, kas atrodas talakaja
pétijumu areala ziemelaustrumu dala (Darzciema dolomita karjers (Sélijas un
Azeles ridas), Apes pamesta dolomita atradne (Apes rida), Kalamecu un Markuzu
grava (Kokneses, Sélijas un Atzeles ridas), Kalkahju (Peetri) atsegums (Kokneses
un Sélijas ridas) u.c.), izcelas ar izteikti lielu laminitu daudzumu (facijas F1, F2
un F3), kas liek domat, ka $aja virziena, tas ir, uz tagadéjas Latvijas teritorijas
ziemelaustrumiem, bijusi epikontinentalas platformas Z zona (atbilstosi James,
Jones, 2016 un Irwin, 1965), kas ir lagiinas un plidmainu lidzenuma apstaklu
analogs $elfa jaru karbonatu platformas. Jasecina, ka vislielakais laminitu dau-
dzums konstatéts pétijumu teritorijas ziemelaustrumu dalas atsegumu Sélijas
un Atzeles ridu karbonatiezos.

Ari Vija Hodireva sava promocijas darba (Hodireva, 1997) norada, ka
Apes un Darzciema atradnés ir liels kartaino (sikslanoto) dolomitu daudzums,
pie tam $o iezu slani griezuma cikliski atkartojas. Sie dolomiti atbilst autora
pétitajiem laminitiem.Kopuma epikontinentalas platformas Z zona apliecina
izvirzito hipotézi par pladmainu lidzenuma tipa sedimentaciju.

No veéla karbona lidz agrajam permam musdienu Kinas ziemelos veidojas
plasa epikontinentala jara (Ordosas baseins) ar platibu aptuveni 280 000 km2,
kur uzkrajas karbonatiskas nogulas, mijoties ar klastisko materialu. Tur ir atkla-
tas pladmainu pazimes (Guangquan, Lidong, 2021). liels. Ipasi izcelama tiesi
karbonatiskas pamatmasas un klastiska materiala savstarpéja mija ar vilpotu
slanojumu, kada promocijas darba pétijuma tika konstatéta Plavinu svitas Sélijas
rida - Ilaku ieza 1. slani.

Citviet pasaulé, pieméram, Kinas dienvidos, Maojingas provincé, devona
Franas stava slankopas apaksdala sastav pasvara tikai no rifu veidojo$ajiem
organismiem - tie ir tiri organogéni karbonatiezi. Tikai virziena uz aug$u pieaug
tiru karbonatiezu, ar retam organismu un augu atliekam, ipatsvars (Shen et al.,
2017).

Ari Afrikas kontinenta, Libija, Sirtes (SIRT) baseina, paleogéna veidojusas
visai plasas seklas jaras karbonatu platformas, vietam sasniedzot pat 300 km?
platibu. Sirtes karbonatu baseina izméri kopuma sasniez gandriz 230 000 km?2.
Izgulsnéjusas biezas karbonatiezu slankopas, jo sedimentacijas gaita notikusi ari
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transgresijas procesi. Japiebilst, ka §1 baseina izpleSanas (gan vertikali, gan late-
rali) notikusi tektonisku procesu iespaida, laika posma no krita lidz pat eocéna
epohai. Seit galvenokart sastopami kalkakmeni un karbonitiskas izcelsmes
slanekli. Saja pétijuma, papildus masdienu standarta karbonatiezu pétijumu
metodém, pielietota ari seismiska izpéte, ar mérki nodalit seismiskas facijas
(Abdalla et al., 2023). Laika, kad notikusi karbonatisko nogulu sedimentacija
$aja baseina (paleocéns lidz vidéjais eocéns), bijusi saunas (no anglu val. - hot-
house) tipa klimatiskie apstakli, lidzigi, ka devona Plavinu laikposma. Tomeér
svarigi minét, ka Sirtes baseina, sedimentacijas gaita notikusi gan transgresija,
gan arl pakapeniska karbonatu platformas grims$ana tektonisku procesu ietekmeé
(Abdalla et al., 2023). Lidz ar to jasecina, ka Sie sedimentacijas apstakli nav
analogi devona Plavinu laikposmam.

Ari vidéja krita perioda, Iranas dienvidu dala, pétita (Xu et al., 2023)
plaga karbonatu platforma. Si, Kenomenas (no anglu val. - Cenomanian)
karbonatu platforma atrodas Zagrosas kalnu masiva un ir veidota no rifu
organismiem - hermatipiskajiem koralliem, lidzigi, ka masdienu karbonatu
platformas Bahamas, Lielaja Barjerrifa u.c. Vidéja krita laikposma, Kenomenas
karbonatu platforma, veidojusies karbonatiskajam nogulam uzkrajoties,
galvenokart, sekla jira un lagiinas tipa séklos (Xu et al., 2023), kas ir lidzigi
apstakli Plavinu laikposmam Baltijas devona paleobaseina centralajai dalai.
Tomer konstéta butiska atskiriba, kas nelauj to salidzinat ar Plavinu laikposma
baseinu - Plavinu laikposma epikontinentala baseina karbonatiezos disertacijas
autors nav noverojis izteiktas pazimes tik plasiem rifu veidojumiem, konkréti,
barjerrifiem. Konstatéti tikai reti organogeéni slani, kurus iespéjams klasificét,
ka rifu veidojumus — Marinovas atradnes atseguma (Atzeles ridas augs$dala), ka
arl Apes pamestas atradnes atseguma augs$dala, ta 6. slani (Apes rida).

Ka viens nozimigs un tuvs analogs Baltijas devona paleobaseinam
epikontinentalajai platformai ir jamin Euklas (no anglu val. - Eucla basin)
epikontinentala platforma Australijas dienvidu dala (O’Conell, et al. 2012),
kur izplatiti saméra lidzigi karbonatiezi un to facijas (gan laminitiski, gan ari
bagati ar organismu atliekam u.c.), kadi pétiti Plavinu svita. Svarigi pieminét, ka
Euklas baseina epikontinentala platforma (platiba 120 000 km?2) péc izmériem
ir lidziga masdienu Lielajam barjerrifam un ievérojami lielaka neka masdienu
Bahamu baseins (78 000 km2). Euklas karbonatu platformas nogulumiezos
sastopami galvenokart subtropiskos apstaklos veidojusies kalkakmeni, kas ir
maz parveidoti vai nav vispar parveidoti dolomitizacijas procesos, kas atvieglo
sedimentacijas procesu interpretaciju, kas ir pretéji autora pétitajiem Plavinu
laikposma karbonatieziem.

Si disertacijas pétijuma rezultati nav tiesi attiecinami uz citiem karbonatu
sedimentacijas baseiniem pasaulé, jo, lai gan devona perioda vairakus kontinen-
tus klaja epikontinentalas juras, tomér ir zinami ari visai atskirigi pieméri. Ta,
pieméram, Apalacu baseina (no anglu val. - Appalachian Basin), devona perioda
Franas laikmeta bijusi galvenokart dziladens apstakli ar retiem iznémumiem
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baseina austrumu dala, kur bijusi seklaka jira un vérojama ari neliela izméra
masu izmir$anas epizode (Bush et al., 2015).

Pétijuma gaita, apskatot citu karbonatiezu sedimentologisko pétijumu datus,
ka ari izvértéjot iegutos rezultatus, autoram izdevies izveidot Plavinu laikposma
(Baltijas paleobaseina centrala dala) karbonatiezu sedimentacijas modeli ar
nodalito faciju izvietojumu plakné (7. attéls), ka ari sadalijumu péc aptuveniem
karbonatisko nogulu sedimentacijas dzilumiem seklas epikontinentalas jiras
baseina.

Mérogs
Zzona Y zona X zona
pladmainu lidzenums, lagina | séklis : karbonatu nogaze } atklata jara
\/WW\/JI\/\/\,]’\/\/\/\/\/\/\F/\/\/}S—"‘
NVB -

F1 karbonatieZi ar vilnotu sikslanojumu —————————— }
un vilpu ripsnojumu ]
(2] atieti ar regularu un neregula C 3 - VB —|
sikslanojumu
&} atiedi ar traucétu sikslanoj — =
F4 karbonatieZi ar organismu detritu _
FS stromatoporu karbonatiezi I ]
F6 karbonatiezi ar dazadam organismu L ) Apziméjumi
atliekam un bioturbaciju
F7 ooidu karbonatiezi — NVB -vilnu baze
F8 karbonatieZi ar klastiska materiala e —) normalos apstaklog
un dolomita miju VVB- vétru vilnu baze
F9 karbonatieZino dazada izméra un —
noapalotibas litoklastiem
F10 paleokarsta karbonatieZi — —
F11 karbonatieZi ar malainu nogulumu starpkartam 1 —
F12 malaini karbonatie?i — ]

7. attels. Karbonatiezu sedimentacijas divdimensionals modelis ar nodalito faciju
novietojumu Plavinu laikposma epikontinentalajam baseinam (Danefelds, Meskis,
2024: izdevnieciba)

Promocijas darba gaita veiktajos pétijumos ir noskaidrots, ka visvairak kar-
taino dolomitu un laminitu, ka ari lokalas pladmainu pazimes un vilnu darbibas
pazimes, ir sastopamas pétijuma teritorijas ziemelu un ziemelaustrumu dala
Sélijas un Atzeles rida, savukart dolomitu ar organismu atliekam un viendabigo
dolomitu ir salidzino$i vairak pétijumu teritorijas rietumu dala.

Kokneses ridas karbonatiezi pétijumu teritorija konstatéti tikai ziemelaus-
trumos, Darzciema dolomita atradnes atseguma apaksdala, Randatu klinsu
apaks$dala, Kalamecu un Markuzu gravas atseguma apaks$dala un Kalkahju
(Peetri) atseguma apaks$dala. Galvenokart konstatéti malaini karbonatiezi, nereti
arlar halita pseidomorfozém, kas norada uz arida klimata apstakliem. Kokneses
ridas karbonatiezi klasificéjami, ka Z zonas tipa (péc Irwin, 1965).

Sélijas laikposma iesakusies baseina transgresija, lidz ar to, pakapeniski
palielinas karbonatiezu slankopu biezumi (gan ciklu, gan atsevisku slanu),
ka arl organismu daudzveidiba baseina. Jamin, ka kartaini dolomiti un
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laminiti (bez organismu atliekam, vai to minimalu daudzumu un daudzveidibu)
biezak sastopami pétijjumu teritorijas ziemelaustrumu dala, savukart biezaki
slanisi, rietumu virziena, kur ari pieaug organismu daudzveidiba un daudzums.
Sélijas laikposma karbonatiezos vietam (pieméram, Kalamecu un Markuzu
gravas atseguma, Sélijas rida, un citviet) manams cikliskums, kas iezimé
pakapenisku, periodisku pladmainu procesu ietekmi uz sedimentaciju. Sélijas
laikposma karbonatiezos nodalita Z zona (ziemelaustrumu virziens) un X zona
(rietumu virziens). Cikliskums un pladmainu ietekme (t.sk. pladmainu ritmiti)
uz karbonatu sedimentaciju, novérota tiesi pétijumu teritorijas ziemelaustrumu
dala). Par to, ka savienojums ar atklato okeanu atradies ziemelaustrumos un
norobeZots baseins rietumu virziena liecina laminiti (Irwin, 1965).

Konstatéts, ka karbonatiezi ar organismu atlieku detritu ir biezak izplatiti
virziena uz dienvidrietumiem un pétijumu teritorijas centralaja dala - Vizulu
iezi (Sélijas rida), cikliski ari Randatu klintis (Atzeles rida). Sis teritorijas atbilst
lokalai Y zonai (Irwin, 1965). Parskalotais materials liecina par rifa nogazi, kas
vérsta pret atklatu jaru, kas atradusies rietumu virziena. Savukart izteikti vétru
slani, tadi ka konglomerati vai brekc¢ijas, konstatéti pétijumu teritorijas ziemel-
austrumu dala, ka ari viena gadijuma, rietumu dala, tas ir, Marinovas atradnes
atseguma augsdala (atbilst Atzeles laikposma noslégumam) un Ilaku ieZa vidus-
dala (atbilst Sélijas laikposma vidum). Kopsakaribas starp Vizulu iezi konstatéto
organismu detritu un Ilaku iezi sastopamo vétru slani (brekéiju), norada uz
to, ka Sélijas laikposma $aja apvida bijusi Y zona (Irwin, 1965), kas vérsta pret
atklatu jaru. Tas gan neliecina par rifu, jo nav konstatétas rifa raksturojosas
pazimes - izteikti organogéni karbonatiezi. Visticamak, $o lokalo pacélumu var
klasificét ka karbonatisku nogulu sékli, ta nogazi, kas vérsta pret atklatu jaru.
Interpretéjot Marinovas atradnes aug$dala pétito konglomeratu, var secinat, ka
Atzeles laikposma nosléguma, $aja apvida bijis lokals, neliels rifs, kas klats ar
karbonatiskam nogulam (organogénie karbonatiezi ir bagati ar stromatoporu,
gliemezu, barhiopodu, korallu, jaras liliju u.c. organismu atliekam). To pierada
tas, ka konglomerats ir veidots no noapalotiem kalkakmens atliizu fragmentiem.
Ir novérojams ari gradacijas slanojums, kur litoklastu izméri pieaug virziena uz
leju (jaatzimé ari tas, ka litoklasti uzgul uz iepriekséja slana virsmas). Marinovas
atradnes atseguma augs$dala pétitie konglomerati norada uz izteiktu Y zonas tipa
sedimentaciju — bijusi rifa nogaze ar augstu hidrodinamisko rezimu.

Vietam Atzeles ridas apaksdala (pétijumu teritorijas ziemelaustrumos)
sastopami biezaki, masiva dolomita slani, kuros ir mazak organismu atlieku, kas
sakrit ar senaku pétijjumu secinadjumiem par to, ka Atzeles laikposma sakuma
bijusi véla devona maksimala transgresijas epizode (Sorokin, 1978; Sorokin,
1981), kas acimredzami izpaudusies ar lokalu raksturu. Ka iznémums, autora
ieskata, jamin Marinovas apkartne, kur bijis jau ieprieks darba minétais lokala
tipa rifs.

Domajams, ka Ilaku ieza un Vizulu ieza apkartné Sélijas laikposma epizo-
diski ir attistijusies ooidu sekli (Li et al., 2019), par ko liecina vietam atrodami
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bagatigi ooidu sakopojumi. Saja pat laikposma (Sélijas rida), Kalamecu un
Markuzu gravas atseguma konstatétas brek¢ijas, kas liek domat par iespéjamu
paleokarsta izplatibu $aja apvidil - §ie procesi norisinas vietas, kas ir paklautas
straujakam tGdens limena izmainam baseina — tdens limenis krities (domajams,
ari bijusi ooidu sékli vai pladmainu lidzenumi). Atzeles laikposma karbonatie-
zos ari nodalita Z zona un X zona, $o zonu iedalijums dalgji sakrit ar Sélijas
laikposma karbonatiezu zonéjumu, atbilstosi Irvina klasifikacijai (Irwin, 1965).

Apes laikposma sedimentacijas apstakli bijusi mierigi (nav konstatéts nedz
organismu atlieku detrits, nedz vétru slani u.c. aktivu hidrodinamisko vidi
raksturojosas tekstiiras), bet laika gaita baseina ir mainijies tidens dzilums,
uz ko norada kartaino karbonatiezu izplatiba dazviet, gan pétijumu teritorijas
galéjos ziemelaustrumos (Apes pamestas dolomita atradnes atsegums), gan ari
rietumos (Riezupes klin$u mazaja atseguma).

Ka noradits vél salidzinosi nesenos literattiras datos par devona nogulu-
mieziem Latvija (LukSevics, Stinkulis, 2018b; Pontén, Plink-Bjérklund, 2007),
tobrid veél nebija skaidras tdens apmainas Ipatnibas starp Baltijas devona epi-
kontinentalo baseinu un paréjo pasaules okeanu.

Promocijas darba secinats, ka kartainie dolomiti un tiem lidzigie nogu-
lumi (FA1) atbilst Z zonai (péc Irwin 1965), kas ir vérsta iek§zemes virziena no
aktiva hidrodinamiska rezima zonas (Y zonas, péc Irwin 1965). Organismiem
bagatigo (galvenokart, FA2) karbonatiezu izplatiba kopuma pieaug virziena uz
rietumiem un dienvidrietumiem, kas klasificégjuma, ka karbonatu platformas
X zona. Lidz ar to, pretéji, ka to savos pétjjumos pagajusaja gadsimta minéjis
Sorokins un Brangulis (Sorokin, 1978 un 1981; Brangulis, 1998), ir secinams, ka
baseina savienojuma aktlata dala ar pasaules okeanu Plavinu laikposma Sélijas
un Atzeles periodos ir atradies pétijumu teritorijas dienvidrietumu virziena.
Jau 2012. gada Prof. Dr. Ervins Luksevic¢s ar kolégiem (Luksevics et al., 2012)
noradijis uz iezimém, kas liecina par savienojuma ar pasaules okeanu atrasanos
dienvidrietumu un dienvidu virziena (tagadéja Polijas teritorija). Promocijas
darba pétijuma autora iegutie rezultati un izdarita datu interpretacija to
apstiprina.
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5. SECINAJUMI

Apkopojot promocijas darba pétijuma iegutos rezultatus par sedimentacijas
apstakliem un to ipatnibam Plavinu laikposma Baltijas paleobaseina centralaja
dala, pétijuma laika iegtatie dati un rezultati lauj izdarit sekojosus secinajumus:

Organismu asociacijas, ihnofosilijas, ka ar1 oglekla un skabekla stabilo
izotopu dati norada, ka Plavinu svitas karbonatiezi Latvija un Igaunijas
dienvidaustrumu dala ir veidojusies marinos apstaklos.

Pétitie Kokneses ridas un Sélijas ridas apaksdalas nogulumiezi ir vei-
dojusies vidéja un aug$éja plidmainu zona. Saja laika baseina piepliida
liels malaina materiala daudzums un vismaz Kokneses laikposma
iesakuma bijis arids klimats, par ko liecina halita pseidomorfozes.
Sélijas ridas aug$éjas un vidéjas dalas, un Atzeles ridas nogulumu
veido$anas laika sedimentacijas apstakli bijusi mainigi, tacu dominéja
apakséjas pladmainu zonas apstakli. Tas norada, ka Sélijas laikposma
sakas un Atzeles laikposma sakuma turpinajas neliela Gdens limena
cel$anas baseina, ko uzrada ciklu biezuma palielinasanas Kalamecu
un Markuzu gravas atseguma geologiskaja griezuma, ka ari Darzciema
dolomita atradnes griezuma.

Apes ridas nogulumiezu veidosanas laika sedimentacijas apstakli
bijusi mierigi, bijusi galvenokart atklatas jaras apstakli, domajams,
ka attistijusies periodiska rakstura baseina transgresija, kas iesakas jau
Sélijas laikposma un turpinajas Atzeles laikposma, bet ta bijusi mazaka
apmeéra, jo maksimala transgresijas epizode norisinajas tiesi Atzeles
laikposma sakuma.

Sedimentacijas procesus Plavinu laikposma pétjjumu teritorija perio-
diski ietekméja vétru darbiba, tomér bijusi galvenokart mierigi lidz
sameéra aktivi sedimentacijas apstakli. Izteiktakais vétru slanis kon-
statéts Marinovas atradnes atseguma augsdala, kur veidojies konglo-
meratisks vétru slanis (tempestits) — §i lokala teritorija atbilst Y zonai
atbilstosi Irvina (Irwin, 1965) klasifikacijai.

Sedimentacijas procesus Plavinu laikposma ietekméjusas ari isas subae-
ralas atseg$anas epizodes, kad veidojusas zG$anas plaisas u.c. tekstaras,
kas to apstiprina.

Pétijumu teritorijas ziemelaustrumu dala novérotais nogulumu ciklis-
kums Plavinu laikposma liecina par tidens dzilumu lidz aputveni 1,6 m.
Cikli visticamak ir veidojusies karbonatu platformas dalu progradacijas
rezultata, jo paréja baseina dala nav pazimju par cikliskuma saistibu ar
udens limena svarstibam.

Pétitajos karbonatiezos konstatétas ieapalas stromatoporu fosilijas,
to izmérs, novietojums, norada uz sedimentaciju laginas, jeb aizrifa
apstaklos (mazaka izméra stromatoporu atliekas), vai rifa nogazes, kas
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vérsta pret atklatu jaru apstaklos; abos gadijumos tas ir apgaztas vai
apveltas un izvietotas kédités, citviet ari haotiski, kas liecina par vilpu
(nereti, arl vétru epizozu) darbibas ietekmi uz sedimentaciju.
Dolomitizacijas procesi un dolomita parkristalizé$anas ir butiski ietek-
méjusi pétito karbonatiezu sakotnéjas tekstiras, struktaras, kimisko
un mineralo sastavu, ko apstiprina ne tikai lauka pétijjumu gaita
novérotais, bet arl XRD, XRF un oglekla un skabekla stabilo izotopu
analizu rezultati.

Sedimentacijas procesa gaita Plavinu laikposma baseina ir bijusi oksiski
seklas jaras gultnes apstakli un vidéja organiska aktivitate (oligotrofi
apstakli). Pétita Randatu klinsu vidusdalas un augsdalas dolomita sla-
nos, ka ari Riezupes liela atseguma visa geologiska griezuma dolomita
slanos sakotnéji, bijis augstaks organisko vielu saturs, bet tas samazi-
najies oksidacijas rezultata.

Sélijas un Atzeles laikposma virziena uz ziemelaustrumiem ir atra-
dusies norobezota baseina dala, bet tas neizslédz to, ka norobeZota
dala baseinam varéja bt ari dienvidrietumu virziena. Tomér virziena
uz dienvidiem un dienvidrietumiem izteikti pieaug atklata baseina
pazimju daudzums (dolomiti ar organismu atliekam u.c.).
NogulumieZzu sastavs, tekstiiras un tajos sastopamie organismu
kompleksi kopuma maz mainas to izplatibas laukuma, kas liecina par
to, ka Baltijas paleobaseina centralaja dala Plavinu laikposma bijusi
epikontinetala platforma.

Sélijas, Atzeles un Apes ridas nogulumu veido$anas apstaklus ir batiski
ietekméjusi pladmainu procesi.
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RS - Regional stage

MDF - Main Devonian Field

XRD - X-ray diffractometric analysis
TOC - Total Carbon Content analysis
XRF - X-ray fluorescence analysis

F - facies

FA - facies associations
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1. INTRODUCTION

Sedimentary rocks of the Upper Devonian Plavinas Regional Stage are wide-
spread in Latvia and are available for study in dozens of natural exposures and
quarry walls across the state. They have been described in extensive sedimen-
tological, paleontological, and mineralogical studies (Gravitis, 1967; Liepin'sh,
1963; Sorokin, 1978; Stinkulis, 1998, etc.). In parallel with the Daugavas Regional
Stage, the Plavinas Regional Stage is typical in that it traces the zones (at that
time, namely facies) distinguished by K. Greving (1861): the Velikaja zone in
the east with dominant limestones, the Daugava zone in central Latvia with
dolomite dominance, and the Kurzeme zone in the west with clayey dolomites,
dolomitic marls, and clays (Stinkule, Stinkulis, 2017). These patterns of sediment
distribution, as well as the decrease in the number and diversity of remains from
east to west, indicate that the sedimentary basin was connected to an open basin
to the east (Brangulis et al., 1998). The Plavinas Regional Stage also corresponds
to the first period of carbonate sedimentation in the Baltic Devonian basin since
the continued dominance of siliciclastic sediments in the early Devonian to early
Late Devonian (Luksevics, Stinkulis, 2018). Detailed sedimentological studies of
the Plavinas Regional Stage sediments are essential for the overall understanding
of the patterns of carbonate sedimentary environments in the Baltic Devonian
basin. The relevance of the research to be carried out in this thesis is also deter-
mined by the fact that previous sedimentological studies of the Frasnian Stage
carbonate rocks (Gravitis, 1967; Liepin'sh, 1963; Sorokin, 1978, 1981, etc.) were
carried out almost 40 to 60 years ago. They were detailed and extensive, but
based on the principles of cyclo-stratigraphy, without the use of facies analysis
currently available. In the study of sediments formed in these shallow-water
continental basins (Luks$evics et al., 2012), it would also be important to use
the facies zonation for such basins (James and Jones, 2016), which is different
from the traditional zonation used for carbonate slopes and carbonate platforms.
To create a computer model of the sediments from the Plavinas Formation that
is comparable to examples of sediments from epicontinental basins found in
the literature, future research must separate the carbonate facies and facies
associations (Warnecke, Aigner, 2019).

Interpreting the formation conditions of carbonate sediments is difficult
without the use of stable isotope geochemistry and other analytical methods that
have been applied to the Latvian Devonian carbonate rocks to a very limited extent.

The results of the study are useful for carbonate sedimentologists elsewhere
in the world in the documentation of carbonate rocks of the Plavinas Formation
over a relatively wide area, which may help in the facies analysis of other shallow
water epicontinental carbonate basins.

The rocks of the Plavinas Regional Stage are almost completely dolomitized.
The determination of their original sedimentary conditions is a topical issue
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and, at the same time, a certain challenge, as dolomitization within the ancient
Baltic palaeobasin increases towards the southwest (Lukseviés et al., 2012). In
the Baltic area, all Frasnian carbonate rocks are dolomitic, preserving only
a small part of the original rock structures, including organogenic ones, which
allows the interpretation of sedimentary conditions.

The aim of the doctoral thesis is to clarify the conditions of carbonate
sedimentary environments in the Frasnian in the Devonian Baltic Palacobasin,
during the period of sedimentation of the Plavinas Regional Stage based on
a detailed facies analysis and a complex of laboratory research methods.

To achieve the aim of the thesis, the following tasks were set:

1) analyze previous studies on sedimentation conditions in the Devonian

Frasnian and Baltic Devonian palaeobasin;

2) analyze the current literature on carbonate sedimentology and car-

bonate deposition in shallow continental seas;

3) analyze carbonate rock structures and paleontologically characterize

them;

4) document and analyze geological sections in quarries and exposures in

the Baltic States, particularly in Latvia and southeastern Estonia.

5) correlate the geological sections studied and distinguish between

the Members of Plavinas Formation;

6) analyze selected carbonate rock samples by XRD, XRF, TOC, Biomarker,

carbon, and oxygen stable isotope methods.

7) distinguish facies and their associations and interpret their sedimentary

environments both in time and in the study area.

8) assess the factors influencing sedimentary environments and their

changes;

9) distinguish modern and ancient analogues of the Baltic Frasnian car-

bonate sedimentary basin.

1.1. An insight into the history of Devonian
carbonate rock research in Latvia

As early as 150 years ago, a general picture of facies changes in the Upper
Devonian carbonate rocks in Latvia and its neighboring regions had already been
established. The first study dates to 1861 by Grewingk. Further extensive data on
this complex of carbonate rocks and organisms was obtained, and studies were
conducted between the 1920s and the 1940s. These studies were performed by
N. Delle, E. Kraus, and H. Bielenstein, among others. These studies mainly focused
on the stratigraphic subdivision and refinement of this carbonate rock assemblage.

During the same period, Upper Devonian carbonate rocks in Latvia were
studied by Matulis et al. These studies were conducted to determine the dis-
tribution of different types of dolomites as well as the practical possibilities of
extraction and their potential use to produce building materials.
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Extensive work on the composition, stratigraphic subdivision, and facies
zonation of Upper Devonian sediments in Latvia was conducted in the 1960s.
They were carried out by researchers such as P. Liepins, J. Abolkalns, V. Gravitis,
V. Sorokins, L. Savvaitova, and others. Within the framework of these studies,
lithological and facies maps of several formations, as well as geological sections,
were drawn.

Later studies (Stinkulis, 1998) found no support for a sedimentogenic ori-
gin of the dolomites and suggested that the Latvian Devonian dolomites were
formed by early and late sedimentary and rock alteration processes.

V. Sorokin in several of his studies (Sorokin, 1978, 1981, etc.), has exten-
sively and in detail analyzed the composition, distribution, and formation of
the Frasnian Stage and its various parts in the northwestern part of the East
European Platform. He concluded that two types of dolomites occurred in
the Devonian carbonate rocks of Latvia: sedimentogenic-diagenetic and
post-sedimentary dolomite, formed by the migration of magnesium compounds
with water through underlying or overlying dolomites.

Sorokin's publications are accompanied by detailed lithological and palae-
ogeographical maps for the different stages of the Frasnian as well as geological
sections, including correlated cross sections. These studies combined sedimento-
logical and paleontological research methods and focused on cyclo-stratigraphy.
V. Sorokin, in his monograph of 1978 (Sorokin, 1978), expresses the opinion that
14 rhythms can be traced in the Plavinas Formation. He distinguished them as
rhythms of degree X and they are most likely comparable to the "meter-thick
cycles" of today-cyclicity of fifth degree (Catuneanu, 2006).

Extensive long-term studies on the composition, structure, and formation
of carbonate rocks from the Devonian Frasnian Stage have also been conducted
in Estonia and Lithuania. Many of these studies were conducted by the same
authors, as noted above. One of the most recent comprehensive compilations
of Estonian geology notes that in the present territory of Estonia, in the north-
western part of the Main Devonian Field, marine transgression gradually started
from the east (towards the Moscow syncline) at the beginning of the Frasnian
(Teedumae et al., 2006).

Over the last decade, it has been argued that it is problematic to deter-
mine the direction of connection of the Plavinas and Daugavas basins to
the world ocean. The above-mentioned indications of a west-to-east transition
of the enclosed basin to the open sea (Sorokin 1978; Brangulis 1998) do not cor-
respond to the direction where the ocean is closest to the basin-to the southwest,
towards present-day territory of Poland (Luksevics et al., 2012). Comparison
of the composition of the Frasnian sediments with data on the patterns of
Devonian climate change has also suggested the influence of climate aridiza-
tion and humidification on sediment composition in the Baltic Devonian basin
(Luksevics et al., 2012).
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1.2. Results of sedimentological studies of carbonate
rocks of the Plavinas Formation in Latvia

The Upper Devonian Frasnian Plavinas Formation is distributed over most
of Latvia. The Plavinas Formation consists mainly of dolomites with interbeds
of marls, sandstones, siltstones, limestones, and clays, with occasional thin
interbeds of gypsum. The carbonate rocks of the Plavinas Formation overlie
the Amata Formation in a coherent, concordant manner, although intermittent
sedimentation has been observed in some places (Brangulis et al., 1998).

The Upper Devonian sedimentary rocks are part of the Baltic Devonian car-
bonate rock assemblage, which is generally thick and of considerable lateral extent.

The sedimentary rocks of the Plavinas Regional Stage are widespread not
only in Latvia, but also throughout the Eastern European Platform and, at
the same time, in the Main Devonian Field (MDEF), influenced by the Plavinas
transgression (Sorokin, 1978). The Plavinas Formation and its Members have
analogs in Estonia and northeastern Russia - the Snetnaya Gora, Pskov, and
Chudovo Members, or at least parts of them. The proportions of limestones and
marls increases towards the east. In general, Sorokin pointed out that towards
the east, there are sea conditions of normal salinity, which are favorable for
the existence of organisms (Sorokin, 1978).

g 9 em et 10 Sa—

Figure 1. Lithological-facies scheme of the Plavinas Formation (modified after: T.
Arharova and L. Birger, 1979, schematic)

Legend: Complexes of lithofacies: 1 — dolomites (80-95%); 2 — dolomites (40-75%) and limestones
(20-45%); 3 - dolomites (50-75%) and dolomitic marls (20-35%); 4 - dolomites (75-85%) and
dolomitic marls (till 15%); 5 - dolomites (till 65%) and clays (10-30%) with gypsum admixture;
6 — dolomites (50-60%), dolomitic marls (till 20%), sandstones and clays (till 30%). 8 - boundary of
the present distribution area of the Plavinas Regional Stage; 9 — boundary of the Plavinas Regional Stage
in full thickness; 10 - boundaries of lithofacies complexes; 11 - dominant sediment influx direction.
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Changes in sedimentary conditions in the Baltic Devonian Basin have
not been previously analyzed and interpreted in terms of climate change and
temperature fluctuations. Perhaps too much importance has been attached to
local and global tectonic processes.

Exposures representing the Plavinas Formation can be found on the banks
of the Abava, Daugava, Dubna, Gauja, Palsa, Riezupe, RadZupite, and Venta
rivers. The most numerous exposures of the Plavinas Formation can be found
on the banks of the Daugava River from Riga to Livani. The most characteristic
exposures of the Plavinas Formation are near the village of Plavinas, on the right
bank of the river Daugava. It should be noted, however, that most of the expo-
sures have been flooded after the construction of the Plavinas hydroelectric
station. In the saddle part of Latvia, the maximum thickness of the Plavinas
Formation reaches almost 50 meters (near the Riga-Pleskava saddle). Towards
the northwest and west, the thickness decreases to 20 m. The lowest thickness
is in the Latvian-Lithuanian bend, approximately 11-15 m in the northern part
and a maximum of 27.4 meters in the southeastern part near the village of
Skaistkalne (Brangulis et al., 1998).

The Plavinas Formation is divided into four Members, based on the compo-
sition of carbonate rocks, studies of cyclic structure, and differences in the com-
plex of organisms. The Plavinas Formation starts with the Koknese Member,
which consists of dolomitic marls, clays, clayey dolomites, and dolomites, as well
as sandstones. This is followed by the Sélija, Atzele, and Ape Members, which are
mostly dominated by metasomatic dolomites. Metasomatic dolomites are also
known as replacement dolomites. The carbonate rocks of the Atzele Member are
consistent with the maximum marine transgression during the Late Devonian
(Brangulis et al., 1998).

The dolomites of the Plavinas Formation contain stromatoporoids, brachi-
opods, gastropods, cephalopods, crinoids, algal and coral fossils, oncoliths, and
stromatolites. Fish fossils are rarely observed, but in fewer cases, it is possible to
find charred plant remains (Luksevics, Stinkulis, 2018a). These organisms live
in seas with normal salinity, often with relatively freshwater conditions (low
freshwater inflow).

Coarse crystalline dolomites occur in the Plavinas Formation, near the vil-
lage of Ape; they are recrystallized and are called "Apites" because they were
found only within the Ape Member and for the first time in the vicinity of
the village of Ape. They form lenticular bodies with a surface area of 30 km,
a length of 80 km, and a thickness of up to 5.0 to 5.5 meters. The researchers
suggest that the "Apites” were formed during the Plavinas period, in episodes
of small-scale regressions. The "Apites” ceased to form when new transgressions
began (Brangulis et al., 1998).

During the Plavinas time, a relatively shallow epicontinental sea formed in
the Baltic Devonian Basin. The influx of debris and freshwater from the Baltic
Shield was drastically reduced. Over time, a particular facies zonation developed
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in the basin, with changes in sediment composition, fossil abundance, and
species from east to west, as described above. Compared to the facies of earlier
Devonian basins, this facies zonation is distinct. According to earlier research,
the diversity of invertebrates with normal marine salinity increases toward
the easternmost part of the Latvia. This includes gastropods, brachiopods,
bivalves, crinoids, and stromatoporoids (Stinkulis, 1998). According to Sorokin,
this confirms that continental and shallow basins are bodies of water connected
to the open sea to the east (Sorokin, 1978 and 1981).

It is assumed that the basin narrowed considerably towards the west, with
occasional slight increases in water salinity. This part of the basin was dominated
by dolomite. Lagoons, or shallow sea bays of uniform depth, are thought to have
existed in western Latvia. Here, the influence of the open sea was practically
invisible, and clays with dolomite interbeds, dolomites, and dolomitic marls were
formed. The remains of organisms, such as algae, various plants, brachiopods,
and fish, also confirm this (Sorokin, 1981; Stinkulis, 1998).

During the glacial period, the sea, which had normal salinity, moved
towards the large regions of the Eastern European Platform. This is evidenced
by limestones containing a variety of invertebrates that remain typical of the sea.
The lower part of the Atzele Member of the Plavinas Formation (the transgres-
sive part of the Atzele Member) corresponds to the maximum Late Devonian
marine transgression (Sorokin, 1978, 1981; Stinkulis, 1998). The Atzele Member
contains dolomites with diverse remains of organisms throughout the territory
of Latvia, indicating the establishment of a normal salinity basin practically
throughout the territory of Latvia (Luksevics, Stinkulis, 2018b).
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2. MATERIALS AND METHODS

Fourteen geological sites in Latvia and southeastern Estonia were studied
(Fig. 2). In addition to the geological objects studied by the author of the doc-
toral thesis, data from the bachelor’s thesis of Kristaps Seilis on the Vizuli Rock
were also used.
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Figure 2. Schematic map (modified after: Meskis, 2013) of the Main Devonian Field
(MDF) with distribution of study objects.

Geological objects of Plavinas RS studied by the author: 1. Randati cliffs (57°26'54.1 "N 26°20'47.7 "E);
2. Griibe dolomite exposure (57°31'35.0 "N 26°46'44.3 "E); 3. Marinova quarry exposure (57°4426.0 "N
27°3121.6 "E); 4. Riezupe exposures (56°59'16.7 "N 22°02'40.7 "E); 5. Venta falls exposure (56°58'04.7
"N 21°58'40.2 "E); 6. Ivande waterfalls exposure (57°04'05.0 "N 22°17'43.0 "E); 7.9 "E); 9.Laucini (Césis)
abandoned dolomite quarry (57°19'4.6 "N 25°19'0.3 "E); 10. Kalkahju (Peetri) exposure (57°32'48.9 "N
26°34'49.7 "E); 11. Tlaki cliff (57°13'28.2 "N 25°13'32.8 "E); 12. Vizuli cliff (57°13'31.9 "N 25°13'25.3 "E);
13. Kalameci and Markuzi ravine exposures (57°32'30.6 "N 26°26'40.1 "E).

55



Experience during the development of this study showed that the layer
surfaces and structures are better preserved than the microstructures and
original textures. Therefore, the focus was on documenting the layers in geo-
logical exposures and studying sawed and polished macro sample slabs. During
the fieldworks, geological sections were also drawn for the studied exposures,
correlations were made between them, the conditions were studied and described
in detail, and the structures within them were described and analyzed.

From some of the carbonate rock samples collected, slabs (meso samples)
were created with the main aim of determining the structures to interpret
the original sedimentary conditions.

After field studies, geological section analysis, and macro studies, three
reference exposures (Randati cliffs and Riezupe exposures, as well as Ilaki
cliff) were selected, which in the author's opinion would require more detailed
studies of the sedimentary environments using analytical laboratory methods.
Carbonate rocks from the two exposures mentioned above (Randati cliffs and
Riezupe exposures) were further analyzed on a micro-scale based on the mor-
phological and other characteristics of the selected carbonate rock samples.

Detailed X-ray diffraction (XRD), X-ray fluorescence (XRF), Biomarker and
Total organic carbon (TOC) analyses were carried out on two geological objects
within the same stratigraphic unit but in different locations in the territory
of Latvia to determine the peculiarities and differences in the sedimentary
conditions of the central part of the Baltic Devonian paleobasin.

Carbon and oxygen stable isotope analyses were performed on 46 samples
from seven exposure sections. Samples for these analyses were collected from
the exposure of the Darzciems dolomite quarry, the exposure of the Marinova
dolomite quarry, the rocks of the Ivande falls, the Kalkahju (Peetri) exposure,
the Randati cliffs, and the exposure of the abandoned Ape dolomite quarry.
Sampling intervals ranged from 0.1 m (Ape abandoned dolomite quarry) to
1.0 m (Darzciems dolomite quarry).

2.1. Sample preparation for XRD, XRF, Biomarker, TOC analysis
and carbon and oxygen stable isotope analysis

Sample preparation for XRD, XRF, Biomarker, TOC, and carbon and oxygen
stable isotope analyses was carried out at the University of Vienna, Faculty
of Earth Sciences, Geography, and Astronomy, Centre for Geodynamics and
Sedimentology, in collaboration with Prof. Dr. Geol. Michael Wagreich, Assoc.
Prof. Dr. Geol. Prof. Susanne Gier.

Firstly, smaller carbonate rock samples were cut from each larger sample
at the Rock Research Laboratory of the Academic Center for Natural Sciences
at the University of Latvia.

After that, each sample was ground (pulverized) into a fine, unstructured
powder (the crystallites are chaotically arranged) with a grain size of 10 to 20
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microns (um). Pulverization was performed at the Center for Geodynamics and
Sedimentology, University of Vienna, using a Retsch RS 200 planetary mill and
a Fritsch Vibrating Cup Mill Pulverisette 9 planetary mill.

The following parameters were selected in the control panel of the machine:
1000 rpm and a program time of 3 minutes. These parameters were optimal and
sufficient for pulverizing each carbonate rock sample to the required powder
fraction.

2.2. X-ray diffractometric (XRD) analysis

XRD analysis was used in this doctoral thesis to identify the minerals
present in carbonate rocks based on X-ray diffraction patterns and to refine
the sedimentary environments of these rocks.

XRD analyses were performed on samples from three geological reference
sections selected by the author of the study: Randati cliffs and Riezupe expo-
sures, and Ilaki cliff. A total of 23 carbonate rock samples were analyzed using
XRD methodology. One sample was obtained from each identified and separated
exposed layer.

All the samples were initially prepared in a structured, powdered form.
Samples for XRD analysis were prepared at the Center for Geodynamics and
Sedimentology, University of Vienna, using a Halten 5 cm diameter holder 2-70°
with a recess diameter of 16 mm.

XRD analyses of carbonate rock samples from the Plavinas Regional Stage
(Randati cliffs and Riezupe exposures and Ilaki cliff) collected during the field
studies were performed at the Centre for Geodynamics and Sedimentology,
University of Vienna, using a Panalytical X'pert Pro X-ray diffractometer.

X-ray diffraction images were taken with CuKa radiation at step 2-70° 40
with an exposure time of 5 seconds and a step length of 0.0167°. When starting
each scan, a voltage of 40 kV and a current of 40 mA were selected in X'Pert
Data Collection. The X-ray diffractometer was equipped with a high-resolution
goniometer and a multichannel PIXcel beam detector.

X-ray diffractogram processing and quantitative and qualitative analyses of
the mineral phases were performed using X'Pert High Score Plus software and
the Rietveld refinement method.

2.3. X-ray fluorescence (XRF) analysis

The XRF analysis method was used in a doctoral thesis study to identify
the trace element and oxide concentrations of key elements in carbonate rocks
based on the results (Azami et al., 2021).

XRF analyses were carried out on 7 selected samples from the Ilaki cliff.
The concentrations of Ca, Mg, Si, Al, Mn, Ti, Zr, and other trace elements in ppm
were determined. In general, it should be noted that the error of the equipment
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may be in the range of 1-3%. The oxide concentrations of the main elements
present in the carbonate rocks were also determined: MgO, Al;O3, SiO2, P,20s,
K,0, CaO, TiO,, MnO un Fe,0s.

XRF analyses were performed on a Bruker Tracer IV handheld device.

2.4. TOC analysis

TOC, or total organic carbon, analysis is a method for determining
the concentrations of residual organic matter in sedimentary rocks. TOC anal-
yses were conducted on five carbonate rock samples that showed the highest
organic matter content organoleptically by coloration determination. Three (3)
samples were from the Randati cliffs and two (2) samples from the Riezupe
exposures. The TOC analyses were performed by the author at the Department
of Environmental Geosciences, Center for Earth Sciences, University of Vienna.
A Multiphase Carbon Determinator RC-612 was used. The sample processing
temperature was 550° C.

2.5. Biomarker lipid analysis

Biomarker lipid analyses of the carbonate rock samples were performed at
the Center for Geodynamics and Sedimentology at the University of Vienna.
The same five samples analyzed using TOC were also analyzed using this
method. The Biomarker lipid method has been used to readily extract soluble
organic matter (i.e., bitumen) from carbonate rock samples (El-Shafiey et al.,
2014). Gas chromatography-mass spectrometry (GC-MS) and gas chromatog-
raphy with flame ionization detection (GC-FID) were used.

Before the extraction process, 40 ml of dichloromethane:methanol (3:1
ratio) was added to the pulverized carbonate rock sample. The extraction was
performed using the CEM MARS X microwave-assisted extraction method.
The heating time was 15 min at 80° C and 600 W. Because of the very low
organic matter content, the results of this method did not show significant values
(they were very low), which are therefore not applicable to this study (Aderoju,
Bend, 2018) and further interpretation.

2.6. Carbon and oxygen stable isotope analysis

Powdered samples were separated from each selected carbonate rock sample
at the University of Latvia, Rock Research Laboratory (LU DAC, Jelgavas iela 1,
Riga).

Carbon and oxygen stable isotope analyses were performed at the Institute
of Geology, Tallinn University of Technology, Estonia, in collaboration with Dr.
Geol. Tonu Martma. Carbon and oxygen stable isotope analyses were carried out
on samples from seven complete sections: the Ape abandoned dolomite quarry
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and the Laucini (Césis) dolomite exposure, the Marinova dolomite exposure,
the Ivande falls exposure, the Kalkahju (Peetri) exposure, the Randati cliffs and
the Ape abandoned dolomite quarry. The sampling intervals of the carbonate
rocks sampled and analyzed ranged from 0.1 m to 1.0 m.

In total, the author prepared 46 carbonate rock samples for stable isotope
analysis. The isotope analyses were performed using a GasBench II Preparation
Line. The equipment was coupled to a Thermo Scientific Delta V Advantage
mass spectrometer. The stable isotope results obtained are presented in terms of
the accepted § as a deviation in ppm from the standard VPDB values (Vienna
Peedee Belemnite).
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3. RESULTS
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Based on macroscopic studies of exposure documentation, as well as mac-
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roscopic studies of rock slabs in the Rock Research Laboratory, the author has
distinguished 12 facies and 3 facies associations in the carbonate and clayey

sediments of the Plavinas Formation.
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3.1. X-ray diffractometric (XRD) analysis
results and interpretation

X-ray diffractometric analysis of dolomites from the RieZupe exposures
(Fig. 4) shows that, as expected, the dominant mineral is dolomite, with minor
admixtures of quartz and the clay mineral illite. Since the quartz could not
be identified macroscopically, it most likely represents a siliciclastic material,
sand, or aleurite. But during the exposure, clay was also noticed. It can also be
noted that all 8 samples analyzed from the two exposures of the Riezupe show
very similar quantitative curves, and there is visually no change in mineral
concentrations.

Intensity Dolomite

2ppRRRDH

ZERSRRLY

2000

lllite Quartz; i M
N | NSNS USRI SRS S, S 5 SN -

T P B ST | S S
w
iy
J

2000
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Figure 4. Composite plot of XRD analyses of samples from the RieZupe exposures.
The names of the minerals are attached to their main (most intense) reflections

X-ray diffractometry analyses of carbonate rock samples from the Randati
cliffs exposures (Fig. 5) also support the hypothesis that dolomite is
strongly dominant, with minor quartz and calcite and a minor clay mineral
(illite).

The quartz was most likely associated with a siliciclastic admixture of
sand or aleurite. During the exposure, illite, a clay admixture, was also found
macroscopically. Calcite is most likely secondary, as the Randati cliffs are not
located in the area of distribution of dolomitized limestones (Brangulis et al.,
1998; Stinkulis, 1998).

All 8 analyzed carbonate rock samples from the Randati cliffs show very
similar quantitative curves and, like the samples from the Riezupe exposures,
show virtually no changes in mineral concentrations.
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Figure 5. Composite plot of XRD analyses of samples from the Randati cliffs exposure

The high dolomite content in the X-ray diffractometry image is consistent
with the data from the exposure and rock slab studies, which show a strong
dominance of dolomite in the carbonate rock strata studied. The addition of
quartz indicates the presence of siliciclastic material, whereas calcite confirms
the minor influence of secondary calcite on the studied carbonate rocks
(Azami et al., 2021).

3.2. X-ray fluorescence spectroscopy (XRF)
analysis results and interpretation

According to the X-ray fluorescence spectroscopy (XRF) analyses, the stud-
ied dolomite samples are rich in CaO (50.21-59.17 wt%), MgO (17.36-28.28
wt%) and SiO; (7.52-21.26 wt%). In contrast, dolomite samples are low in Al,O3
(3.69-7.92 wt%), Fe,03 (1.25-2.42 wt%), K»0 (1.38-4.07 wt%), TiO, (0.16-0.45
wt%), P,O5 (0-0.16 wt%), MnO (0.09-0.12 wt%).

Calcium and magnesium oxides are associated with dolomite as rocks and
minerals, whereas silicon and aluminum oxides are associated with sand-aleur-
ite and clay. Admixtures between the crystals as well as in the pores and vugs
are most likely what caused the comparatively high concentration of iron oxide.
As seen in the exposures and macro samples, the dolomites are often pinkish
and yellowish, corresponding to the color determined by the iron compounds.
The origin and distribution of manganese oxide can be similarly explained; in
some places, the black absorption of manganese oxides and hydroxides can be
observed in dolomites. The accumulation of K, Ti, and P in rocks can occur
during sedimentation and during early and late post-sedimentation processes.
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The dolomite samples contain low amounts of elements such as Zr
(14-45 ppm), Cu (21-30 ppm), Zn (18-28 ppm), Ni (4-9 ppm), Cr (6-32 ppm),
and Mo (0-5 ppm). In addition, the Sr (61-121 ppm) are lower than those
typically expressed in marine carbonate rocks at 80-900 ppm (Vincent et al.,
2006; Li et al., 2015). Dolomites generally contain less Sr than limestones
because the dolomite crystal lattice may contain lower amounts of this element.
Nevertheless, dolomites formed in normal salinity basins contain Sr-470-
550 ppm, whereas dolomites from evaporite basins contain Sr-500-700 ppm
(Qing and Mountjoy, 1989; Weizer, 1983; Land, 1991 - cited in Li et al., 2015).
The reduced Sr values in the Plavinas Formation dolomites can presumably be
explained in a similar way to Li et al. (2015) - the dolomites have been stripped
of less abundant elements by recrystallization — post-sedimentation processes.

The percentage values (wt%) of the three most abundant oxides (CaO, MgO
and SiO,) were correlated with the concentrations of the less abundant elements
CaO (50.21-59.17 wt%), MgO (17.36-28.28 wt%) and SiO; (7.52-21.26 wt%).
No correlations were observed between the amounts of these elements during
the study.

However, it has been concluded that the elevated MnO/CaO and Fe;O3 /
CaO ratios in the Ilaki cliffs carbonate rock samples indicate post-sedimentation
alterations (De Winter, Claeys, 2016), as does the reduced strontium abundance.
In contrast, elevated MnO and Fe;O3 concentrations, combined with very low
Sr/CaO concentrations, could indicate increased paleoenvironmental activity
(Richardson et al., 2004).

3.3. Results of stable isotope analyses of oxygen
and carbon and their interpretation

A total of 46 dolomite samples were analyzed for carbon and oxygen stable
isotopes.

The 613 C values for the studied dolomites vary from —4.82%o to 0.73%o,
while the 618 O values for the studied dolomites vary from —8.57%o to —3.09%o.

For carbonate platform dolomites, the following stable isotope values of C
and O predominate: 813 C —3-+3%o; and 818 O —10-+3 (Land, 1980). Mean 813
C values for Phanerozoic marine carbonate rocks are -1%o — 4%o, around, on
average, 2% in the Devonian (Mackensen and Schmiedl, 2019). These data are in
general agreement with the results obtained in this doctoral thesis, confirming
the origin of sedimentary marls.

The carbon isotope values are similar in the studied sites, including
the Getlini and Gaujiena boreholes, but they are lower (mostly —2-—4%o) in
the Ivande, Riezupe and Getlini sites (central part of the study area - west) and
higher, around 1%o, in the Ape site (northeastern part of the study area). This
phenomenon can probably be explained by freshwater inflow to the western
part of the basin (Amthor et al., 1993), but this needs to be verified in future
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studies with a wider dataset. Freshwater inflow into marine basins reduces 613
C values (Colombie et al., 2010).

The oxygen isotopic values of the dolomites obtained in this study were
lower than those usually found in sediments of marine origin (Land, 1980). This
can be explained by the influence of atmospheric water during post-sedimenta-
tion processes. Oxygen isotope values change much more rapidly than carbon
isotope values during post-sedimentation processes because changes in oxygen
isotope values require a much lower water/rock ratio than changes in carbon
isotope values (Sharp, 2017). The decrease in mean 618 O values from about —4 to
—6%o from west to east is quite remarkable, probably attributable to differences
in post-sedimentation processes, with a greater influence of atmospheric water in
the eastern part of the study areas. This is probably not the case for the Plavinas
time, but for later time periods.

It is unlikely that the sediments studied were generally deposited in a basin
with increased water salinity, including an evaporite basin, as they have lower
613 C values (Warren, 2018).

The carbon and oxygen stable isotope ratio results verify that post-sedi-
mentation processes have had a substantial impact on the carbonate rocks of
the Plavinas Formation, in this case dolomites.

Most likely, the range of 813 C values in dolomites from Marinova could
also indicate a slight increase in freshwater influence over time.

The relatively large difference between the 618 O values could also indicate
late crystallization of the dolomite. Slightly variable 813 C values - small negative
and positive values - may indicate weak mixing of seawater and atmospheric
(precipitation) waters (Immenhauser et al., 2003; Wendte, Uyeno, 2005).

The values of stable isotopes of carbon and oxygen in the dolomites of
the Darzciems dolomite quarry vary minimally, indicating relatively stable
sedimentation conditions. Marine conditions with normal salinity are prevalent
(Colombie et al., 2010).

The 813 C values of the stable carbon isotopes in the Ivande falls exposure
decrease from —2.07 at the bottom of the exposure to —4.82%o towards the top
of the exposure. At the very top of the exposure (sample I-5), the stable carbon
isotope values increase sharply to —0.23%o. Overall, the decrease in carbon stable
isotope values over time indicated a gradual influx of freshwater into the marine
basin. In contrast, the sharp increase in carbon values observed in the last
exposure layer indicates the formation of dolomite in an environment where
the salinity of the water in the basin has increased rapidly or there has been less
freshwater influx from continental or atmospheric waters (Kleesment et al., 2013).

In limestones from the Kalkahju (Peetri) exposure, carbon stable isotope
values are lower at the bottom of the exposure, like the samples from the Ivande
falls exposure, but increase upwards to —0.68 and —1.39%o. These results suggest
that the evaporite basin evolved over time, with increasing water salinity and
less influence from atmospheric waters (Kleesment et al., 2013).
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In the Randati cliffs, the values of stable carbon analyses in the studied
dolomites vary very little and are close to zero (mostly, slightly negative values).
These results indicate little variation in marine conditions. The occasional pos-
itive values (0.09, 0.01, and 0.73, respectively) indicate slightly increased water
salinity in the basin during these specific periods of carbonate sedimentation
(Warren, 2018).

The highly variable 813 C values of the stable carbon isotopes (ranging from
—3.82 to 1.85%o in the two exposures of the Riezupe) indicate that the dolo-
mite formed in an environment where marine waters periodically mixed with
atmospheric waters (precipitation) (Kleesment et al., 2013). The salinity of
the water varied. Similar sedimentation conditions were also present in dolo-
mites from the Ivande Falls exposure and partly in carbonate rock samples from
the Kalkahju (Peetri) exposure.

3.4. TOC analysis results and interpretation

Total organic carbon (TOC) analyses provided important data for estimating
the amount of original organic material in the studied carbonate rock samples.

In the two samples with the highest visually assessed organic matter content
from the Randati cliffs, the organic carbon content varies from 0.524% in sample
5 to 0.419% in sample 9b.

However, in the three samples with the highest visually assessed organic
matter content from the Riezupe exposure, the organic carbon content of sample
R-0 is 0.449%, sample R-2 is 0.388%, and sample R-3 is 0.409%.

The carbonate rock samples from the Riezupe exposures and the Randati
cliffs exhibit analytical results that indicate the absence of anoxic conditions
during carbonate sedimentation (Da Silva, Boulvain, 2004). This suggests that
the organic matter was oxidized or leached out during the sedimentation and
post-sedimentation processes. However, it also marks the original extent of
organic matter; that is, organic matter was originally more abundant in these
layers than in the others. Therefore, it can be inferred that the sedimentary
environment was oxic with oxic shallow seabed conditions and medium organic
activity or oligotrophic conditions (Da Silva, Boulvain, 2004).

3.5. Fossils and ichnofossils in carbonate rocks studied

Fossils in the central part of the Baltic Devonian palaeobasin are mostly
poorly preserved; therefore, it has not been possible to determine the exact
remains of organisms. During this research, the author noticed that at sites in
western Latvia, both fossils and rock structures were poorly preserved because
of heavy dolomitization, probably due also to the recrystallization of dolomite.

However, towards the northeast of Latvia and southeast of Estonia, it was
possible to observe more original structures, remains of organisms, and, in some
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places, ichnofossils that were not identifiable to the genus but could be assigned
to type, class, or subclass.

In determining the sedimentary environment, the stromatoporoid remnants
found in the Plavinas Formations carbonate rocks are crucial.

Stromatoporoids at the study sites varied in diameter from 2 to 30 cm.
The remains, or vugs in place of dissolved remains, were mostly spherical shape.
Most of the stromatoporoids studied (where the shape could be determined)
were bulbous (see Fig. 6), but the rounded shape can also be explained by not
being in a living position but being over-washed. In almost all cases, the stro-
matoporoids were displaced, sometimes rolled on their sides, or overturned.
Since subaerial sedimentation conditions frequently arose during this period,
and since increased water salinity created unfavorable living conditions for these
organisms, stromatoporoid carbonate rocks (F5) were not found in the carbonate
rocks of the Koknese Member. In the carbonate rocks of the Sélija Member,
stromatoporoids (their fossils, more often vugs at the places of dissolved stro-
matoporoids) occur in 15% of the exposure of the Ivande falls (rounded vugs
at the places of dissolved stromatoporoids, up to 6 cm in diameter, arranged
“in chains”), 22% in the Randati cliffs (undetermined shapes and sizes), and
31% in the Kalameci and Markuzi ravine exposure (vugs in place of dissolved
stromatoporoids, up to 10 cm in diameter, circular in shape). In the carbonate
rocks of the Atzele Member, stromatoporoid layers classified as facies F5 were
found only in the far northeast of the study area: 27% in the Kalameci and
Markuzi ravine exposure (vugs in places of dissolved stromatoporoids, small to
large in size - about 20 cm in diameter, bulbous), 25% in the Grabe dolomite
exposure (bulbous, up to 30 cm in diameter, chaotically arranged), and 23% in
the Marinova dolomite exposure (undetermined shape and size). In the car-
bonate rocks of the Apes Member, facies F5 occurs in 25% of the Venta falls
exposure (small, round-shaped vugs, arranged “in chains”), 13% in the Laucini
(Césis) dolomite quarry exposure (found only in exposures 7th layer — up to
15 cm in diameter, spherical, rounded shape), 14% in the Randati cliffs (uniden-
tifiable shapes and sizes), 51% in the exposure of the abandoned Ape dolomite
quarry (sizes from 1 cm in diameter (1. In the Ape dolomite exposure (1 cm in
diameter, up to 5 cm in diameter, chaotically arranged) and 100% in the Griibe
dolomite exposure (dense aggregation of rounded stromatoporoids, up to 5 cm
in diameter, chaotically arranged).

Almost all study sites contained stromatoporoids together with other
remains of organisms, such as brachiopods, algae and others. The Venta falls,
the Césis (Laucini) site, and the exposure of the Ivande waterfalls, where only
stromatoporoid remains were found throughout the entire section, at different
intervals. For example, in the Grube exposure, stromatoporoid remains were
found together with other remains of organisms, except in layer 7 of the exposure,
where only stromatoporoid remains were studied. During the studies of Ape aban-
doned dolomite quarry, almost all section layers contained only stromatoporoid
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remains, except for layer 3, where brachiopod fossils were also found. The bra-
chiopod remains found are also, in all cases, either arranged “in chains” or
chaotically, indicating over-washing and the possible influence of wave action.

A
—
B

Figure 6. Stromatoporoid fossil shape in carbonate rocks of the Devonian Plavinas
Formation: (A) bulbous, (B) laminar forms (modified after Kershaw, Motus, 2016)

The remains of brachiopods and gastropods were also mostly over-washed,
and the detritus of these organisms was common. In most of the study sites,
the remains of organisms are arranged in ‘chains.’ Their sizes range from 0.5 cm
to approximately 4-5 cm. In one case (layer 5 of the Marinova exposure),
a cluster of crinoids was also found, the structure of which also suggested that
the remains were re-washed. In one of the exposure layers of the Darzciems
dolomite quarry (layer 4), Chaetocladus algae remains were also found. Algal
remains of the same genus were also found in layer 4 of the Vizuli cliff.

Signs of bioturbation (trace fossils) have been found in the exposure of
the Darzciems dolomite quarry in almost all its layers — passages 1 to 2 mm
wide, mostly vertical, heterogeneous in structure, small, and highly disturbed; it
has not been possible to determine their specific affiliation. Similar bioturbation
features (both the same width and structure of the passages) have also been
found in Layer 1 of the Ilaki cliff, in two layers of the Vizuli cliff (Layer 5
and Layer 7), in the upper part of the Kalemeci and Markuzi ravine exposures
(Layer 9, Layer 13, and Layer 14), and in Layers 1, 2, 2, and 5 of the Ivande
falls exposure. In all the above-mentioned layers of the study sites, it was not
possible to determine the ichnofossil affiliation. Bioturbation has also been
detected in layer 12 of the Kalkahju (Peetri) exposure (in this case Chondrites
trace fossils were identified) and in several layers of the Darzciems dolomite
quarry: layer 1, layer 3, layer 4, layer 5, layer 6, and layer 9 (in all cases Planolites
trace fossils were identified). Planolites traces were also identified in Layer 1 of
the Kalameci and Markuzi ravine exposures. Chondrites traces were formed in
dense carbonate sediments with a generally calm sedimentary environments
(low wave energy), a shallow marine basin, and often tidal influences on this
environment (Meskis, 2013). Planolites are also worm-like organisms that have
lived and formed burrows in shallow waters and often in the intertidal zone
(Megkis, 2013).
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4. DISCUSSION

The results of this doctoral thesis confirm previous studies (Gravitis, 1967;
Sorokin, 1978; Stinkulis, 1998; Pontén, Plink-Bjorklund, 2009; and others) that
during the Devonian Plavinas time there were variable, but mostly shallow sea
conditions, water depth changed several times and there were even episodes of
subaerial exposures.

Previous studies have interpreted the central part of the Baltic palaeobasin,
which is the sedimentary basin of the Plavinas time, as a shallow sea (Gravitis,
1967; Sorokin, 1978).

The data obtained in the doctoral thesis study confirm that the area of
the Plavinas basin corresponding to the western and northeastern parts of Latvia
and the southeastern part of Estonia, according to the classification of carbonate
rock platforms in the modern scientific literature, most probably corresponds
to an epicontinental carbonate platform, with a lower probability that it was
an epicontinental carbonate slope (James, Jones, 2016).

Both the continental carbonate slope and continental carbonate platform
are characterized by two zones, up to hundreds of kilometers wide, with a calm
hydrodynamic regime: 1) the transition between land and basin under confined
conditions, and 2) the transition between basin and open ocean. Between these
zones is a tens of kilometers wide zone with an active hydrodynamic regime,
mainly driven by tidal and wave actions (James, Jones, 2016).

Studies carried out on the inner parts of the modern carbonate sedimentary
basins of the Bahamas archipelago and the Florida Peninsula coast, which are
considered analogs of ancient epicontinental carbonate sedimentary basins,
show that the environment of carbonate sediment deposition has been generally
calm and that the influence of waves and tides on carbonate sedimentation
processes has been minimal. In these areas, the sedimentation processes are
mainly affected by relatively rare storm episodes (Tucker and Wright, 1990).

However, opinions differ on the possible influence of tides on ancient and
extensive continental platforms, with Irwin's study suggesting that their influ-
ence was negligible (Irwin, 1965), whereas others have suggested that it was
large and even widely felt (Pratt, James, 1986). This is thought to depend on
the location of the basin and its connection to the global ocean.

In several geological sections documented during this dissertation studies, car-
bonate rocks with poorly preserved remains of organisms were cyclically replaced by
laminitic and/or clayey sedimentary rocks, where tidal features have been detected.

Tidal rhythmites have been found in Ilaki cliffs, Vizuli cliff and also in
Kalkahju (Peetri) exposure, the Darzciems dolomite exposure, as well as in
the Kalameci and Markuzi ravine exposures. The study has also provided evi-
dence of tidal rhythms in some intervals of the Randati cliffs (Layer 2, Layer 5,
Layer 7 and Layer 8). Carbonate rocks have also been studied in Layer 2 of
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the Marinova exposure, where 'bird's eye' structures, or fenestrae, have been
found, which are typical of the middle intertidal zone (Tucker, Wright, 1990).

Some of the most common features of intertidal rhythmites observed by
the author in Plavinas Formation carbonate rocks are:

o Bands or layers of micrite and clay minerals on layered carbonate rocks;

o Tidal bundles, which indicate periodic long-term changes (seasonal)

and changes in the length of the week due to the gravitational influence
of the Moon and Sun;

o Reaction surfaces, bidirectional slope layering, and rising ripple layering

showing different flow directions;

o Alteration of carbonate and clastic material - wavy bedding (Guangquan,

Lidong, 2021) - in the first layer of the Ilaki cliff;

o Tidal rhythms in clayey beds.

In the Baltic Late Devonian clastic sedimentation basins, tidal influ-
ence has been widely noted in many studies (Pontén, PlinkBjoérklund, 2009;
Luksevics et al., 2011; Vasilkova et al., 2012).

In this thesis, the most pronounced storm layers were discovered and
described in the Atzele Member at the top of Marinova quarry exposure,
Estonia. However, it is possible that much weaker and smaller storms, caused by
moderate to strong undulations, influenced the over-washing of stromatoporo-
ids, brachiopods, crinoids, and gastropods, fragmentation, detrital flushing
of organism remains, and the formation of layered concentrations of chaotic
structure, which was widely observed at many of the 14 study sites, in particular
in the Sélija and Atzele Members, especially those sites located in the central
and northeastern parts of the study area, where the author believes that the Z
and Y zones of the carbonate platform were present.

All the study sites in the dissertation have been linked to specific Members
of the Plavinas Formation - the Koknese Member, as well as the Members of
Sélija, Atzele and Ape have been identified. The most complete sections covering
all four Members have been studied in the exposure of the Darzciems dolomite
quarry and in the Randati cliffs. Only the uppermost Member of the Plavinas
Formation, the Ape Member, has been found in several of the study sites (in
the Venta falls exposure, both Riezupe exposures and the Ape abandoned
dolomite quarry exposure).

The 'meter-thick cycles' identified by the author in some places are char-
acteristic of carbonate platforms (Tucker, Wright, 1990), and their formation
has also been suggested in other studies to be due to tidal flat progradation
(Pratt, James, 1986), eustatic water-level fluctuations, and even regional tectonic
processes (Tucker, Garland, 2010).

There is a pronounced cyclicity in the Kalameci and Markuzi ravine expo-
sures, as well as in the Darzciems dolomite quarry exposure. In the Kalkahju
(Peetri) exposure, weaker cycles were also noted. Every cycle starts with fossilized
dolomites, ooids, and no indications of subaerial exposure. It concludes with
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laminitic layered dolomites, which frequently have desiccation cracks that indi-
cates on subaerial exposure. The thickness of the cycles varies from 0.5-0.8 m
in the Darzciems dolomite quarry, while in the Kalameci and Markuzi ravine
exposures they vary from 0.5 to 1.5 m thick. In the Kalkahju (Peetri) exposure in
Estonia, cycles have also been found to be even thinner, at approximately 0.2-0.4 m
thick. If the water level does not change, the thickness of the cycle is close to
the water depth (Immenhauser, 2009). This suggests that the basin was distinctly
shallower towards the north and, conditionally, also towards the northeast.

The study revealed that almost all study sites contained stromatoporoid
remains or vugs at places of dissolved stromatoporoid remains. Stromatoporoids
inhabit shallow, warm water and an active hydrodynamic regime (Tosolini et al.,
2012), while brachiopods and gastropods are also inhabitants of shallow seas.
The layered assemblages of fossils and their detritus observed in places indicate
the re-washing of the remains of organisms and their debris material, and are
therefore likely to indicate a slope facing the basin (Shen et al., 2008; Fliigel,
2004; Machel, Hunter, 1994). Since the studied sedimentary rocks were depos-
ited in the interior of a shallow continental sea, it’s slope, however, cannot be
understood as the slope of the entire carbonate platform towards the open sea
(Brangulis et al., 1998). It is possible that the organism remains were washed
away by storms (Gutteridge, 1989). Washed plants and organisms remain, and
their detritus may also occur in tidal flats (Laya, Tucker, 2012), but this is not
an unambiguous indicator of sedimentary environments.

In the Holy Cross Mountains in Poland (Luczynski, 1998), Devonian stro-
matoporoids have been found in several quarries in the area, mostly in the living
position and not over-washed, as in the Baltic Devonian palaeobasin, suggesting
relatively shallow marine conditions in what is now southern Poland, but calm
and without strong currents, tides, or wave action, suggesting a back-reef setting.
In only one isolated case was the stromatoporoid found to have been over-
washed, that is, affected by storms.

The stromatoporoids in the objects studied by the author were overturned,
rolled, or moved in almost all cases, and were not in a living position (when
identifiable). They are almost always arranged in “chains”, much less frequently
they are arranged chaotically (Garland, 1997 and Tucker, Wright, 1990). Watkins,
in his study (Watkins, 1975) of Silurian brachiopods and stromatoporoids
on Visby Island (Baltic Sea region, Sweden), noted that brachiopod remains,
and their detritus are often arranged among other remains, chaotically, but
not among stromatoporoids. This finding supports the idea that sedimenta-
tion was influenced by wave action. According to the Polish paleontologist
Grzegorz Racki (1993), brachiopod assemblages live mainly in shallow marine
conditions, including lagoons, whereas stromatoporoids live in slightly deeper
parts of the basin, but also in shallow seas. In this case, Rackis' conclusions
were drawn for stromatoporoids in the living position, which contrasts with
the author's study of the carbonate rocks of the Plavinas Formation, where they
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do not occur in the living position. During the thesis research, it was found
that stromatoporoids are often very small in size — in some locations only 1 cm
to 7 cm in diameter. In the carbonate rocks of the Sélija Member in the expo-
sure of the Ivande falls, they are small, up to 6 cm in diameter, and arranged
“in chains”; in the carbonate rocks of the Atzele Member in the exposure of
the Venta falls, they are small, up to 2-3 cm in diameter, and arranged “in
chains” In the carbonate rocks of the Ape Member, in the exposure of the Ape
abandoned dolomite quarry, they are 1-7 cm in diameter, arranged “in chains™
and in the Grabe dolomite exposure, they are up to 5 cm in diameter, arranged
chaotically. As Racki pointed out, small stromatoporoid sizes are indicative of
high mortality among young organisms, specifically those living under high
stress conditions, which can be caused by cyclic changes in environmental con-
ditions (e.g., changes in basin depth and water salinity) (Racki, 1993), resulting
in a lack of opportunity for them to grow larger and develop. On this basis, we
hypothesized that the small stromatoporoid remains (up to approximately 7 cm
in diameter) were likely to have been deposited in lagoon conditions where water
levels periodically dropped, resulting in an increase in seawater salinity. This
zone corresponds to zone Z according to Irwin's classification (Irwin, 1965) and
to the shoreward slope of the reef, which corresponds to the transition to zone Y.
The larger stromatoporoids (8 cm to 30 cm in diameter), on the other hand, were
found on the reef slope facing the open basin (Zone Y). In all cases, regardless
of zonation, periodic episodes of storms or strong waves occurred, resulting in
the rounded (bulbous) stromatoporoids being overturned and often displaced.
This is sometimes confirmed by layered carbonate rocks, indicating shallow
basin conditions in cases where small stromatoporoid remains have been found.
However, in this case, there was no pronounced tidal influence on sedimentation,
and there was bimodal wave action in the seaward-coastal direction and water
currents (Luczynski, 2008). It is possible that the stromatoporoids in the car-
bonate rocks studied by the authors were arranged in the lower areas between
carbonate sediment shoals that were parallel or subparallel to the shoreline.

Garland (1997) pointed out that bulbous stromatoporoids are characteristic
of lagoonal (i.e., offshore) conditions, whereas reef or Y-zone conditions are
usually characterized by tabular or dome-shaped stromatoporoids (Garland,
1997). In the dissertation study sites from the Upper Devonian, it was also found
that bulbous stromatoporoid remains were arranged in size on the reef slope
facing the open sea (also Zone Y, after: Irwin, 1965).

Considering all the results obtained in the course of the study, it can be
concluded that the spatial variability of the study sites is rather low, which con-
firms the existence of an epicontinental platform in the central part of the Baltic
Palaeobasin during the Plavinas time.

Interpreting the carbon and oxygen stable isotope results obtained for dolo-
mites from the Plavinas Regional Stage and comparing them with other studies,
both in the Baltics and elsewhere (Kleesment et al., 2013; Amthor et al., 1993;
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Colombie et al., 2010; Wendte, Uyeno, 2005, etc.), it is concluded that the carbon
isotope (813 C) values in the study area are most likely influenced by intermit-
tent mixing of fresh and marine waters, presumably as a result of precipitation
(atmospheric waters). The results of the stable isotope analysis also support
the possibility of freshwater influx from the southwest and/or south. The oxy-
gen isotope data (8!8 O) are often elevated, which could indicate an increased
influence of atmospheric water in post-sedimentation processes. As Sharp (2017)
pointed out, carbon isotopes are mainly sourced from carbonate rocks, organic
matter, and CO;, whereas oxygen isotopes are sourced from carbonate ions and
water (H20). Hence, a much smaller water-rock ratio is sufficient to change
the oxygen isotope values compared to the carbon isotope values. Further
studies using larger datasets are needed to determine the influence of these
factors on a larger scale.

Also the results of X-ray fluorescence spectrometry (XRF) analysis suggest
that the reduced Sr values in the Plavinas Formation dolomites could indicate
that the studied dolomites have been stripped of less abundant chemical ele-
ments during post-sedimentation processes (Li et al., 2015), but in any case
the presence of Sr indicates on marine conditions.

All study sites located in the northeastern part of the study area (Darzciems
dolomite quarry (Sélija and Atzele Members), Ape abandoned dolomite quarry
(Ape Member), Kalameci and Markuzi ravine (Koknese, Sélija and Atzele
Members), Kalkahju (Peetri) exposure (Koknese and Sélija Members), etc.),
are distinguished by a distinct abundance of laminites (facies F1, F2 and F3),
suggesting that in this direction, i.e. to the northeast of the present territory of
Latvia, there was a zone Z of the continental platform (according to James, Jones,
2016 and Irwin, 1965), which is the analogue of lagoonal and tidal flat conditions
in shelf marine carbonate platforms. In conclusion, the highest abundance of
laminites is found in the carbonate rocks of the exposures of the Sélija and
Atzele Members in the northeastern part of the study area.

Dr. geol. Vija Hodireva in her doctoral thesis (Hodireva, 1997) points out
that the Ape and Darzciems carbonate rocks contain a large amount of layered
dolomites and that the layers of these rocks are cyclically repeated in the section.
These dolomites correspond to the laminites previously studied by the authors.
In general, zone Z of the continental platform confirms the hypothesis of tidal-
flat-type sedimentation.

From the Late Carboniferous to the Early Permian, a vast continental sea
formed in modern northern China (Ordos Basin with an area of approximately
280 000 km?2), where carbonate sediments accumulated and interacted with clas-
tic material. Chinese geologists Zhang Guangquan and Mi Lidong described this
basin and its various tidal features in detail in their study (Guangquan, Lidong,
2021). The Particularly noteworthy is the intermixing of carbonate basement
and clastic material with undulating layering, such as that found in the Sélijas
Member of the Plavinas Formation in the 1st layer of Ilaki cliff exposure.
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In other parts of the world, such as Maojing Province in southern China,
the lower part of the Devonian Frasnian is mostly composed of reef-building
organisms and pure organogenic carbonate rock. The proportion of pure car-
bonate rocks, with rare remains of organisms and plants, increase (Shen et al.,
2017).

In addition, on the African continent in the Sirte (SIRT) Basin in Libya,
the Paleogene is dominated by extensive shallow marine carbonate platforms,
in some places as large as 300 km?2. The Sirtes Carbonate Basin has a total area
of nearly 230 000 km?2. Thick carbonate rock layers were deposited because of
sedimentation and transgressive processes. It should be noted that the basin
has been expanded (both vertically and laterally) by tectonic processes from
the Cretaceous to the Eocene epoch. Limestone and carbonate shales were
the main formations. In this study, in addition to modern standard car-
bonate-rock research methods, seismicity was applied to distinguish seismic
facies (Abdalla et al., 2023). During the period of carbonate sedimentation
in this basin (Paleocene to Middle Eocene), there were sauna-type (hothouse)
climatic conditions, similar to those of the Devonian Plavinas time. However,
it is important to mention that in the Sirte Basin, sedimentation was accom-
panied by both transgression and gradual sinking of the carbonate platform
by tectonic processes (Abdalla et al., 2023). It can therefore be concluded that
these sedimentary conditions are not analogue to the Devonian Plavinas time.

A large carbonate platform was studied (Xu et al., 2023) during the Middle
Cretaceous in southern Iran. This carbonate platform, the Cenomanian, is in
the Zagros Massif and is composed of reef organisms and hermatypic corals,
similar to modern carbonate platforms in the Bahamas and the Great Barrier
Reef. Like the Plavinas period in the central part of the Baltic Devonian palae-
obasin, the carbonate sediments accumulated in shallow seas and lagoon-type
shoals during the Middle Cretaceous to form the Kenomen carbonate platform
(Xu et al., 2023). However, there is one important difference that prevents com-
parison with the Plavinas Basin: in the carbonate rocks of the Plavinas Basin,
the author of this thesis did not observe distinct features of such extensive reef
formations, specifically, barrier reefs. Only rare organogenic layers that can be
classified as reef formations have been found in the exposure of the Marinova
quarry (upper part of the Atzele Member) and in the upper part of the exposure
of the abandoned Ape quarry in layer 6 (Ape Member).

One important and close analog of the Baltic Devonian palaeobasin to
the continental platform is the Eucla basin in southern Australia (O'Conell, et al.
2012), where carbonate rocks and their facies (both laminitic and rich in remains
of organisms, etc.) are quite similar to those studied in the Plavinas Formation.
The continental platform of the Eucla Basin (120 000 km )2 is similar in size
to the modern Great Barrier Reef and considerably larger than the modern
Bahamas Basin (78 000 km? ). Unlike the carbonate rocks of the Plavinas that
the author studied, the sedimentary rocks of the Eucla carbonate platform are
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Figure 7. Two-dimensional model of carbonate-rock sedimentation with position
of facies for the epicontinental basin of the Plavinas time (Danefelds, Meskis, 2024:
in press)

primarily subtropical limestones that have been little or not altered by dolomiti-
zation processes, which facilitates the interpretation of sedimentary processes.

The results of this thesis are not directly applicable to other carbonate sed-
imentary basins worldwide because, although several continents were covered
by epicontinental seas during the Devonian period, there are also quite different
examples. For example, in the Appalachian Basin, the Devonian conditions
during the Frasnian were predominantly deep water, with rare exceptions in
the eastern part of the basin, where there were shallow seas and a small-scale
mass extinction episode (Bush et al., 2015).

In the course of the study, by reviewing data from other carbonate sedi-
mentological studies and evaluating the results obtained, the author was able to
construct a model of the carbonate sedimentation of the Plavinas time (central
part of the Baltic palaeobasin) with a planar distribution of the separated facies
(Fig. 7.), as well as a distribution by approximate depths of carbonate sedimen-
tation in a shallow epicontinental marine basin.

The studies carried out in the course of the thesis have shown that layered
dolomites and laminites, as well as localized tidal features and signs of wave
action, are most abundant in the northern and northeastern parts of the study
area in the Sélija and Atzele Members, while dolomites with remains of organ-
isms and homogeneous dolomites are relatively more abundant in the western
part of the study area.

Carbonate rocks of the Koknese Member were found in the study area only
in the northeast, in the lower part of the exposure of the Darzciems dolomite
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quarry, in the lower part of the Randati cliffs, in the lower part of the Kalameci
and Markuzi ravine exposure and in the lower part of the Kalkahju (Peetri)
exposure. These rocks are mainly clayey carbonate rocks, often with halite pseu-
domorphoses, indicating an aride climate. The carbonate rocks of the Koknese
Member are classified as Zone Z type (after Irwin, 1965).

During the Sélijas period, basin transgression began, with a gradual increase
in the thickness of the carbonate rock layers (both cycles, and individual layers)
and in the diversity of organisms in the basin. Layered dolomites and lami-
nites (with no or minimal amount or organism remains) are more common in
the northeastern part of the study area, whereas thicker layers are found towards
the west, where the diversity and abundance of organisms are also increasing.
The carbonate rocks of the Sélija Member exhibit cyclicity in certain areas (such
as the Kalameci and Markuzi ravine exposures, the Sélija Member, and other
locations), which suggests the gradual and periodic impact of tidal processes
on carbonate sedimentation. In the carbonate rocks of the Sélija Member,
a distinction is made between zone Z (northeasterly direction) and Zone X
(westerly direction). Cyclic and tidal influences (including tidal rhythms) on
carbonate sedimentation were observed in the northeastern part of the study
area. Indications that the connection to the open ocean was in the northeast
and a circumscribed basin was in the west can be determined by the number
of laminae (Irwin, 1965).

Carbonate rocks with detrital remains were found to be more common
towards the southwest and in the central part of the study area - in the Vizuli
cliff (Sélija Member), cyclically also in the Randati cliffs locality (Atzele Member).
These areas correspond to the local Y-zone (Irwin, 1965). The scoured material
shows a reef slope facing the open sea located to the west. However, distinct
storm layers, such as conglomerates or breccias, were found in the northeastern
part of the study area and, in one case, in the western part, i.e. at the top of
the exposure of the Marinova quarry (corresponding to the end of the Atzele
time) and in the middle of the Ilaki cliff (corresponding to the middle of
the Sélija time). The correlation between the detritus of organisms found in
the Vizuli cliff and the storm layer (breccia) found in the Ilaki cliff indicates
that during the Sélijas time there was a Y zone (Irwin, 1965) facing the open sea
in this area. This is not indicative of a reef; however, no reef characteristics have
been found, such as distinct organogenic carbonate rocks, were identified. It is
likely that this local uplift can be classified as a carbonate shoal with its slope
facing the open sea (to the southwest, south). The interpretation of the conglom-
erate studied in the upper part of the Marinova quarry suggests that there was
a local, small reef covered with carbonate sediments (organogenic carbonate
rocks are rich in stromatoporoids, gastropods, barchiopods, corals, crinoids,
and other organisms). This was evidenced by the fact that the conglomerate was
composed of rounded limestone fragments. There is also gradation layering in
which the size of the lithoclasts increases downwards (it should also be noted
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that the lithoclasts lie on top of the previous layer). The conglomerates studied in
the upper part of the Marinova quarry exposure indicate a distinct Y-zone-type
sedimentation: a reef slope with a high hydrodynamic regime.

In the lower part of the Atzele Member (northeast of the study area), thicker,
massive dolomitic layers with fewer remains of organisms occur, which is con-
sistent with the conclusions of earlier studies that the Late Devonian maximum
transgression episode (Sorokin, 1978; Sorokin, 1981) was localized at the begin-
ning of the Atzele period. According to the author, an exception is the Marinova
locality, where there was a reef of the local type, mentioned earlier.

Ooid shoals are thought to have developed episodically in the vicinity of
Maki cliff and Vizuli cliff during the Sélijas time (Li et al., 2019), as evidenced
by locally abundant ooid assemblages. During the same period (Sélijas Member),
breccias were found in the Kalameci and Markuzi ravine exposures, suggesting
a possible palaeokarst distribution in the area — these processes occur in areas
subject to more abrupt changes in basin water levels — water levels have fallen
(presumably also ooid shoals or tidal flats). The Atzele carbonate rocks also have
a distinction between Zone Z and Zone X, the zonation of these zones partly
coinciding with the zonation of the Sélija carbonate rocks according to Irwin's
classification (Irwin, 1965).

During the Ape period, sedimentation conditions were calm (no detritus,
storm layers or other structures characterizing an active hydrodynamic envi-
ronment), but water depths have changed over time, as indicated by the distri-
bution of layered carbonate rocks in some places, both in the far northeast (the
exposure of the abandoned Ape dolomite quarry) and in the west (the small
exposure of the Riezupe cliffs).

As pointed out in the relatively recent literature on Devonian sedimentary
rocks in Latvia (Luks$evics, Stinkulis, 2018b; Pontén, Plink-Bjérklund, 2007), at
that time the specifics of water exchange between the Baltic Devonian conti-
nental basin and the rest of the world ocean were not yet clear.

This thesis concludes that layered dolomites and similar sediments (FA1)
correspond to Zone Z (after Irwin 1965), which is inland from the active
hydrodynamic regime zone (Zone Y, after Irwin 1965). The distribution of
organic-rich (mainly FA2) carbonate rocks generally increases towards the west
and southwest, which is classified as Zone X of the carbonate platform. Thus,
contrary to what Sorokin and Brangulis (Sorokin, 1978 and 1981; Brangulis,
1998) suggested in their studies in the last century, it can be concluded that
the basin connection to the world ocean during the Devonain Plavinas time
was located southwest of the study area. Already in year 2012, Prof. Dr. Ervins
Luksevics and colleagues (Luksevics et al., 2012) pointed to features suggesting
that the open connection to the world ocean during Sélija and Atzele periods
was located in the southwestern and southern direction (present-day territory
of Poland). The results obtained by the author of this thesis and interpretation
of the data confirm this.
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5. CONCLUSIONS

Summarizing the results obtained in the doctoral thesis study on sedimenta-

tion conditions and their characteristics during the Plavinas time in the central
part of the Baltic Palaeobasin, the data and results obtained during the research
allow to draw the following conclusions:

Organism associations, ichnophossils, carbon and oxygen stable isotope
data indicate that the carbonate rocks of the Plavinas Formation in Latvia
and southeastern Estonia were formed in marine conditions;

The sedimentary rocks of the Koknese Member and the lower part of
the Sélija Member were formed in the middle and upper intertidal zones.
A significant amount of clayey material was deposited into the basin at
this time, and the presence of halite pseudomorphs indicates that an aride
climate prevailed during the early stage of Koknese time;

Sedimentation conditions in the upper and middle parts of the Sélija
Member and the Atzele Member were variable during the formation of
the sediments, but the lower intertidal zone dominated. This indicates that
a slight rise in the water level in the basin started during the Sélija period
and continued at the beginning of the Atzele time, as shown by the increas-
ing thickness of the cycles in the geological section of the Kalameci and
Markuzi ravine exposures and in the section of the Darzciems dolomite
quarry;

During the sedimentation of the carbonate rocks of the Ape Member, sed-
imentary conditions were calm, mainly open sea conditions, and it is likely
that a periodic basin transgression developed, starting in the Sélija period
and continuing into the Atzele period, but it was smaller in magnitude, as
the maximum transgression episode occurred at the beginning of the Atzele
period;

Sedimentation processes in the study area were periodically affected by
storm activity during the Plavinas period, but sedimentation conditions
were mainly calm to relatively active. The most pronounced storm layer was
found at the upper part of the Marinova quarry exposure, where a conglom-
eratic storm layer (tempestite) formed, corresponding to Zone Y according
to Irwin's (1965) classification;

Sedimentation processes in the Plavinas period were also influenced by
short episodes of subaerial exposures, when desiccation cracks and other
structures were formed;

In the northeastern part of the study area, the observed cyclicity of sediments
during the Plavinas period indicates on water depths of up to about 1.6 m.
The cycles are most likely the result of progradation of parts of the carbonate
platform, as the rest of the basin shows no evidence of cyclicity in relation
to water-level fluctuations;
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The bulbous stromatoporoid fossils found in the carbonate rocks studied,
their size and position, indicate sedimentation in lagoonal or offshore con-
ditions (smaller stromatoporoid remains) or on a reef slope facing the open
sea; in both cases, they are overturned or subducted and arranged “in
chains,” in other places also chaotically, suggesting the influence of wave
action (often also storm episodes) on sedimentation;

Dolomitization processes and recrystallization of dolomite significantly
influenced the initial textures, structures, and chemical and mineral com-
positions of the carbonate rocks studied, as confirmed not only by field
studies but also by XRD, XRF, TOC, and carbon and oxygen stable isotope
analyses;

During the sedimentation processes, the Plavinas basin has been charac-
terized by oxic shallow seabed conditions and medium organic activity
(oligotrophic conditions). The dolomite layers of the middle and upper parts
of the Randati cliffs studied, as well as the dolomite layers of the entire
geological section of the RieZupe large exposure, initially had a higher
content of organic matter, but this was reduced by oxidation;

During the Sélija and Atzele periods, there was a part of the basin that was
enclosed to the northeast, but that does not exclude the possibility that
the enclosed part could also been in the south and southwest directions.
Nevertheless, in the south and southwest directions, there are more indi-
cations that lead to the conclusion of an open-type basin (dolomites rich in
organisms);

The sedimentary rocks generally show little variation in composition, struc-
ture, and the assemblages of organisms they contain over their distribution
area, suggest an epicontinental platform in the central part of the Baltic
Palaeobasin during the Plavinas period;

Tidal processes have had a significant influence on the sedimentary condi-
tions of the Sélija, Atzele, and Ape Members.
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