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Ievads

Kvartarsegas pazemes tdeni veido aug$gjos zemes virsas pazemes tdenu
horizontus Latvija. Sos pazemes Gidenus saturods slankopas biezums svarstas
no daziem Iidz apméram 200 metriem, bet apraktajas iclejas nedaudz parsniedz
300 metrus. Atseviski ir janodala kvartara nogulumu slankopas augséja dala, kura
doming tdens nepiesatinati nogulumi, t. i., acracijas zona. Saja zona parsvara
izplatiti molekulari saistitie un kapilarie pazemes tideni, un tajos notickosie procesi
krasi atSkiras no tiem, kas norisinas tidens piesatinataja zona, kur doming brivie
pazemes tideni. So procesu dinamiku nosaka parvieto§anas gravitacijas speka vai
pjezometriska spiediena ietekmgé. Tap&c aeracijas zona noritosie procesi ir apskatiti
visparigi, tikai saistiba ar piesatindgjuma zonas pazemes tidenu veidosanos.

Kvartara pazemes Udeni jau sen tiek plasi izmantoti saimnieciskam
vajadzibam, bet Latvija tie ir salidzino§i maz pétiti. To nosaka ievérojamu kvartara
pazemes Tdenu resursu ierobezota izplatiba Latvija un arf ilgi valdijuSais uzskats,
ka kvartara pazemes tdeni nav perspektivi un ir saimnieciski maz nozimigi.
Pret&ji §im uzskatam citas Baltijas regiona valstis kvartara nogulumu pazemes
tdenu pétfjumi ir plasi izversti un daudzveidigi satura zina.

Kvartarsegas pazemes fidenus autore ir uzsakusi pétit jau pirms deviniem
gadiem, sakotngji vairak pieverosoties pazemes tidenu piesarpojuma apzinasanai
atseviSkos iecirknos, bet magistrantiras studijas padzilinati pétot kvartara
pazemes Udenu dabisko aizsargatibu. Geologijas doktorantiiras studiju laika tika
veikts komplekss zinatnisks petijums par Latvijas kvartarsegas pazemes tideniem,
to izplatibu, dabisko kimisko sastavu un hidrogeologiskas rajonésanas iesp&jam.

Darba aktualitate

Kvartarsegas pazemes tidenu savdabiba ir gan tos saturo$o nogulumu liela
dazadiba, gan $o tUdenu aktiva mijiedarbiba ar citam vidém un dzilakajiem
pazemes tidenu horizontiem, ka rezultata iesp&jama liela hidrogeologisko apstaklu
daudzveidiba. No ta izriet, ka kvartarsegas pazemes tidenu horizontus ir iesp&jams
izmantot ka vienkarSotu pazemes hidrosfera notiekoSo procesu modeli. Savukart,
no praktiskas izmantos$anas viedokla, kvartarsegas pazemes tidenu prieksrociba ir
to nelielais ieguluma dzilums un viegla pieejamiba. Tomér jauzsver, ka vienlaicigi
tie ir arT paaugstinata riska faktori, kas samazina kvartarsegas pazemes tdenu
dabisko aizsargatibu no virszemes izcelsmes piesarnojuma.

Veiktais pétijums ir pirmais mégindjums ar musdienigam metodém apzinat
kvartarsegas pazemes tidenu ipasibas, parametrus un izmanto$anas iesp&jas. Darbs
izstradats, balstoties uz autores veiktajiem lauka un laboratorijas pétfjumiem,
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gandriz 40 gadu laika uzkratajiem Latvijas geologisko fondu materialiem un
hidrogeologijas musdienu teorétiskajam atzipam.

Petijjuma meérkis ir apzinat un raksturot Latvijas kvartarsegas pazemes
tidenus, galveno véribu veltot to dabiska kimiska sastava aspektiem.

P&tijuma galvenie uzdevumi:

Novitate

iepazities un novértét agrakajos gados veiktos kvartarsegas pazemes
tidenu pétijumus, pievérSot uzmanibu pétfjumu mérkiem un izman-
totajam metodém,;

apzinat musdienu hidrogeologisko pétljumu metodes un rezultatus
citos pleistocéna apledojuma skartajos regionos ar lidzigu kvartara
nogulumu segas uzbiivi;

raksturot Latvijas kvartara nogulumu filtracijas tpasibas;

izpetit Latvijas kvartarsegas pazemes udenu makrokomponentu
dabisko kimisko sastavu, analizét kimiska sastava telpiskas variacijas;
izzinat Latvijas kvartarsegas pazemes tidenu kompleksa hidrogeologisko
apstaklu atskiribas telpiska skatfjuma.

Pirmoreiz latviesu valoda sniegts izversts un pilnigs Latvijas pazemes
fidenu pétijumu parskats un sagatavots to izvert€§jums pec realizacijas
apstakliem, nozimigakajiem rezultatiem un noderibas misdienu
skattjuma.

Veikts originals kvartarsegas pazemes tdenu kvalitates pétijums, pasu
veribu veltot galvenajiem iidens kimiska sastava raksturlielumiem:
makrokomponentiem, pH un elektrovaditsp€jai, in situ nosakot strauji
mainigos kvartarsegas pazemes udenu fizikali kimiskos parametrus
(pH, EVS, Eh, O,, t °C).

Izmantota detaliz€ta metodika kvartara pazemes tidenu pétfjumu
starp pétamo urbumu konstruktivajiem parametriem: diametru,
dzilumu un nepiecieSamo stkn€$anas ilgumu; §is sakaribas nosaka
apstaklus kvalitativai pazemes tdenu parametru analizei in sifu un
fidens paraugu nonemsanai.

Pirmoreiz veikta kvartara pazemes tidenu makrokomponentu kimiska
sastava vesturisko datu salidzino$a analize ar jaunajiem datiem, kas
ieglti ar musdienu metodém in situ apstaklos; ta apstiprina iespgjas
izmantot ieprieksgjos gados veikto petfjumu rezultatus parskata darbos.



Izstradati kritériji agrako gadu un jaunako pétijumu datu atlasei
un izveidota datu baze ar kvartara pazemes tidenu raksturigakajiem
parametriem, kas lava realizét kvalitativu Latvijas datu salidzina§anu
ar kaiminvalstim un apstiprina konstatétas likumsakaribas kvartarsegas
pazemes tdenu sastava Latvijas teritorija.

Praktiska izmantojamiba

Precizeta kvartarsegas pazemes tdenu pétijumu in situ metodika ir
izmantojama lietiskos p&tijumos kvalitativu datu ieguvei;

Veikta Latvijas teritorijas rajoné$ana péc kvartara hidrogeologiska
griezuma Ipatnibam norada uz nepiecie§amibu nemt véra regionalos
apsveérumus parskata darbos un p&tijumos,

Makrokomponentu kimiska sastava un pH un EVS vértibu detalizéta
analize norada, ka iegilitos raksturigos lielumus var izmantot ka
pasreizéja fona koncentracijas daudzveidigos lietiskas ievirzes
petijumos un ka ir nepiecieSama kimiska sastava raditaju detalizacija
gadfjumos, ja konstatStas butiskas atSkirtbas no raksturigiem lie-
lumiem;

Iegtitie makrokomponentu kimiska sastava dati lauj drosi prognozét
decentralizétaja tdensapgadé izmantojamo sekli ieguloSo kvartara
pazemes udenu kvalitati regionala méroga, un veikta Latvijas
rajonéSana péc kvartara hidrogeologiska griezuma lauj spriest par
kvartara pazemes tdenu resursu nodro$inajumu regionala méroga;
Galvenie secinajumi ir izmantojami akademiskaja izglitiba tas
augstakajos Iimenos un dala no tiem jau ir iestradati magistra limena
studiju kursos ,,Latvijas hidrogeologiskie apstakli” un ,,Udens resursi
un tos ietekmgjosie faktori”.

Aprobacija

Balstoties uz pétijuma rezultatiem, ir sagatavotas tris zinatniskas publikacijas,
par atseviskam pétijuma sadalam un darbu kopuma ir sniegti zinojumi septinas
starptautiskas konferences un devinas konferencés Latvija.

Promocijas darba iegtitie rezultati lauj apzinat ar1 talako kvartarsegas tidenu
petijumu aspektus, kas promocijas darba nav detali atspoguloti ierobezota darba
apjoma d@| vai arT Iidz $im nav pietieckami izstradati teorétisko atzipu del. Ka
tadi biitu izcelami kvartarsegas tidenu resursu un kimiska sastava veidoSanas
petijumi, detaliz&ti izzinot to mijiedarbibu ar atmosferas, virszemes hidrosféru un
pirmskvartara iezu art€ziskajiem tideniem to atslodzes zonas. Nozimigu vietu $ajos



pétijumos varétu ienemt datu statistiskas apstrades un matematiskas modelé$anas
metozu pilnveidosana.

Promocijas darbs ir izstradats ar LZP granta Nr. 01.0293 (2001-2003) Latvijas
kvartarsegas tideni, LZP granta Nr.01.0293 (2004) Latvijas kvartarsegas tidenu
regionalas atSkiribas, LZP granta Nr. 05.1505 (2005 — 2007) Efektivas porainibas
un granulometriska sastava atkaribas nogulumos aeracijas zona un Eiropas
Sociala fonda finanséta projekta nr. 2004/0001/VPD1/ESF/PIAA/04/NP/3.2.3.1/
0001/0063 (LU ESS2004/3) “Atbalsts doktorantiiras programmu isteno$anai un
p&c-doktorantiiras pétijjumiem” atbalstu.



1. Pazemes tidenu pétijumu vésture Latvija

Latvija ir bagata ar pazemes tidenu resursiem, un daudzas vietas ir novérojama
pazemes tidenu izpliide zemes virspusé avotu veida. Laika gaita bija nepiecieSams
ieglit un paplasinat zinasanas par izmantotajiem vai potenciali izmantojamiem
pazemes udeniem, kas veicindja pazemes Udenu pétijjumu attistibu. Minétie
apstakli noteica, ka pazemes tideni Latvija ir daudz pétiti, bet p&tijumu detalitate
un virzieni laika gaita ir ievérojami mainjusies.

Kopuma, lai arT visai nosaciti, pazemes tidenu pé&tijumus Latvija var sadalit
piecos nozimigakajos etapos (13), kas ir nodalami laika péc dazadas pétijumu
detalitates un telpiskas piesaistes (sk. 1. att.).
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1. att. Pazemes Gidenu pé&tijumu aptverta telpa
Apzim&jumi: 1 — punktveida pétijumi; 2 — areali un punktveida p&tfjumi.

Apkopojot pazemes tdenu pétijumu vesturi Latvija, ka nozimigakie aspekti
darba izstradei var tikt atziméti:

- Kvartara nogulumu pazemes tdeni ka galvenais pazemes tdenu
pétijumu objekts bija 19. gadsimta un 20. gadsimta sakuma, bet no
miisdienu viedok]a $o pétijumu detalitate ir nepictickama. Saja laika
posma pétijumi tika veikti, lai noteiktu Gidenu izmantoSanas iesp&jas
Odensapgadeé, balneologija, ka arT inZeniertehniskiem mé&rkiem
(parsvara melioracijai), un tiem ir izzino8a un vésturiska nozime.



- Pazemes tdeni, t. sk., kvartara nogulumu pazemes tdeni, detaliz&ti
pétiti arT turpmak, un ir uzkrats bagatigs faktiskais materials, kas ticis
dalgji apkopots tikai 1970. gada I. Dzilnas publikacija.

- 20. gadsimta beigas veikti dazadi kvartarsegas pazemes tidenu pétijumi,
ietverot tos ka papildu komponentu artézisko Gidenu izpété. Biezak
kvartara Gideni tika pétiti saistiba ar melioracijas pasakumu planosanu,
jo tika uzskatiti par neperspektivu un nedroSu tidensapgades avotu.
Sajos pétijumos iegiitie materiali galvenokart glabajas tikai pierakstu
un parskatu veida, kas lidz §im nav tiku$i apkopoti vai analizéti.
Diemzgl to lietojums ari tagad ir ierobeZots, jo pé&tijumu veikSanas
apstakli biezi vien nav precizi fikséti vai arT izmantotas metodes nav
atbilsto$as miisdienu prasibam.

- P&dgjo desmit gadu laika kvartarsegas fidenu sastava pétijumi parsvara
tiek veikti piesarnojo$o objektu iecirknos, un tapéc nav izmantojami
§aja petijuma, jo §1 darba mérkis nav saistits ar piesarnoto pazemes
tidenu izpéti.

- Strauji mainigo kvartarsegas udenu fizikali ktmisko parametru
noteikSana lauka apstaklos sniedz jaunas kvalitates rezultatus, kuri
nav salidzinami ar to mérjjumu rezultatiem, kuri nav iegiti in situ
apstaklos.

Mingétie aspekti noteica, ka promocijas darba ir izmantojami un savstarpgji
salidzinami ir tikai ped&jos 5 — 8 gados veikto kvartarsegas idenu kimiska sastava
pétijumu rezultati. Saja laika pétijumi ir veikti pgc miisdienigas metodikas,
nodrosinot strauji mainigako parametru noteikSanu in situ apstak]os.



2. Materiali un metodes

P&tTjuma izmantoto materialu klastu noteica darba mérkis — apzinat un raksturot
Latvijas kvartarsegas pazemes tidenus. Tap&éc promocijas darba izstrade ietvéra
publicétas literatiiras un nepublicéto p&tijumu parskatu un citu hidrogeologiskas
izpétes materialu analizi par Latvijas kvartarsegas pazemes tdenu pétijjumiem,
ka ari kvartara pazemes tudenu dazadu pétijumu metozu apzinasanu. Kopuma
izmantots 141 publicéts un 119 nepublicéti literatiiras avoti. Promocijas darba
izstrades galvenie etapi:

Pieejamas publicétas literatiras un nepublicétas Latvijas geologiska
fonda un citu fondu un arhivu informacijas apzinasana, analize un
apstrade.

P&tijuma satura, etalonteritoriju un izmantojamo metozu precizésana.
Kvartarsegas pazemes tdenu kimiska sastdva pétijumi, kas ietvera
tdenu fizikali kimisko parametru noteikSanu in situ urbumu
atstikn@sanas gaita un pazemes tidenu paraugu nonemsanu laboratorijas
analizém.

legiitas lauka un kameralo petfjumu informacijas apstrade un analize,
rezultatu un secinajumu dalas izstrade. Pamatojoties uz in situ veikto
petjumu rezultatiem tika aktualiz€ta un pilnveidota izveidota datu
baze un sagatavots Latvijas kvartarsegas pazemes tdenu Kkimiska
sastava raksturojums, veikta ieglito teoretisko rezultatu aprobacija un
izvertetas to praktiska lietojuma iespgjas.

P&ttjuma izstrades etapos tika izmantotas dazadas metodes, kuras var apvienot
vairakas lielas grupas:

Publicetas literatiras un agrakajos gados veikto pétfjumu parskatu
studijas, kas saistitas ar dazadam tradicionalam kamerala darba
metodem.

Kvartarsegas pazemes fidenu kimiska sastava apzinaSana un pétisana,
kas aptvéra virkni lauka petijumu un laboratorijas metozu.

Iegtito datu apstrade un analize un iegiito rezultatu izvértéSana, kuras
gaita kameralos darbus papildinaja ari atseviski lauka p&tfjumi.

Iegiito rezultatu aprob&$ana un secinajumu izstrade.

Kvartarsegas tidenu kimiska sastiava izpéte

Nemot véra, ka jaunakais detalizétakais parskats par kvartarsegas tdenu
kimisko sastavu ir publicéts 1970. gada, loti aktuala bija v@sturiskas, vismaz
pedgjo 35 gadu laika uzkratas informacijas sistematizacija un izvertéSana. Tas
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noteica arT vienu no pétijuma svarigakajiem uzdevumiem — Latvijas kvartarsegas
pazemes tdenu makrokomponentu kimiska sastava un ta izmainu raksturojumu
dazados Latvijas dabas apvidos. Saja p&tijuma pazemes @idenu makrokomponentu
Kimiskais sastavs tiek analizéts péc makrokomponentu (Ca?, Mg*, Na*, K*,
HCO,, SO, CI') satura pazemes fidenos un tadiem fidens vides raditajiem ka
tidens elektrovaditsp&ja (EVS), vides reakcija (pH) un pazemes tidenu oksidésanas
reducésanas potencials (Eh).

P&tljuma mérka sasniegSanai noteikti tris galvenie uzdevumi: 1) esoSo
materialu izverté§ana un turpmakai analizei kvalitates zina piemé&rotu datu
atlase, sakotngjas datu bazes izveidoSana; 2) kvartarsegas pazemes tidenu fizikali
kimisko parametru noteiks ana lauka apstaklos, optimala in situ merijumu ilguma
noteikSana un pazemes Tidens paraugu nonemsana kimiskajam analizém; 3) datu
bazes aktualizacija, izmantojot jauniegiitos datus un sistematiz&to datu analize.

Datu bazes izveido$ana un aktualizacija

Datu bazes saturu veido laika posma no 2001. Iidz 2006. gadam autores veikto
pétijumu dati, Valsts geologijas dienesta (VGD), péc reorganizacijas Latvijas Vides,
geologijas un meteorologijas agentiras (LVGMA) struktiirvienibas un Danijas
un Grenlandes geologijas dienesta (GEUS) kopprojekta ,,Lauksaimniecibas

ietekme uz gruntsiideniem Latvija” pétijumu dati, VGD realiz&ta pazemes tidenu
pamatmonitoringa dati un citu pétijumu dati.

Datu bazes izveidoSanas gaita tika izstradati taja ieklaujamo datu atlases
krit€riji. Tika nodalita turpmakiem pétfjjumiem izmantojama dala, t. i., tas
noverojumu vietas, kuram bija preciza un kvalitativa dokumentacija par veiktajiem
darbiem, ieskaitot laboratorijas analizu rezultatus. Konkréta pétijuma vajadzibam
autore izmantoja tikai to dalu no izveidotas datu bazes (297 pétijumu vietas), kas
attiecas uz kvartarsegas pazemes tidenu makrokomponentu saturu un fizikalajam
Tpasibam.

Fizikali kimisko parametru noteikSana in situ

Lauka apstaklos tika noteikta kvartarsegas pazemes tdenu vides reakcija
(pH), oksidésanas un reducesanas apstakli (Eh), elektrovaditspgja (EVS) un
temperatira (t, °C), ka ar1 atseviSkos gadijumos iz8kidusa skabekla saturs (O,). Ta
ka $ie parametri loti jlitigi reag€ uz vides izmainam, pétjjumus bija nepiecieSams
veikt tikai un vienigi in situ. Tas lava noteikt Gidens fizikali kimisko parametru
mikroizmainu likumsakaribas, veicot ilgstoSu urbumu atsuknéSanu, ka ari
nodrosinat datu korelaciju par tidens kimisko sastavu, péc iespgjas aptverot visus
Latvijas dabas rajonus. Ka galvenais kriterijs ptjjumu punktu izvele tika noteikta
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teritorijas kvartargeologiska uzbtuve un hidrogeologiskie apstakli. Urbumiem bija
jaatsedz dazadas gen€zes smilts vai smilts un grants kvartara nogulumu dens
horizonti ar atSkirigu segslani (augajs, bez augaja) dazada dziluma (2 — 40 m), lai
vienlaicigi var€tu pétit nogulumu sastava, segslana un filtra dziluma ietekmi uz
tidenu fizikali kimisko parametru mikroizmainam laika.

Fizikali kimisko parametru (EVS, pH, Eh, temperatiiras, izSkidusa skabekla
satura) vertibu mériSanai tika izmantoti atbilsto$i elektrodi, kuru jutigas dalas
izvietotas slégta caurtekosa trauka apaks¢ja dala, kur pieplist svaigs tdens
no urbuma. Mingtie parametri noteikti, izmantojot WTW GmbH (Vacija)
mikroprocesorus MultiLineP4 un pH/Cond315 ar atbilstoSiem elektrodiem — pH
noteikSanai WTW Sentix41 elektrods (mérfjjumu diapazons -2,00 — 19,99 pH
vienibas, precizitate + 0,01 pH), Eh noteikSanai WTW SenTixORP elektrods
(mérfjumu diapazons -1999 — +1999 mV, precizitate £ 1 mV), EVS noteiksanai
WTW TetraCon325 elektrods (mérijjumu diapazons 1 uS cm™' — 500 mS cm’,
precizitate + 1% no rezultata vertibas) un O, noteikS8anai WTW CellOx325
elektrods (mérfjumu diapazons 0,00 — 19,99 mg /!, precizitate + 0,5% no rezultata
vertibas). Visos elektrodos, iznemot SenTixORP, ir iestradats termometrs, bet
temperatiiras nolasfjumi pétijuma tika veikti péc pH elektroda. Visi elektrodi,
atbilstosi elektrodu un mikroprocesoru lietosanas instrukcijam, tika kalibréti
pirms mérjjumu veikSanas.

Analogiska fizikali kimisko parametru meérijumu metodika tika izmantota,
nonemot kvartarsegas pazemes tidenu paraugus kimiskajam analizém. Paraugu
nonem$ana ietvéra urbumu atsikn€Sanu un kvartarsegas pazemes udenu
fizikali kimisko parametru noteikSanu in situ, lai nodrosinatu tidens parauga
reprezentativitati. Nonemtie tidens paraugi tika pilditi plastmasas pudelgs, ievietoti
aukstumkasté un taja paSa vai nakamaja diena nogadati laboratorija kimisko
analtzu veikSanai. Laboratorija Ca®, Mg*, CI' un HCO, joni tika noteikti ar
titrimetrijas metodi, SO,* joni — ar fotometrijas metodi un Na* un K* joni — ar
liesmas fotometrijas metodi.

Datu apstrade un analize un iegiito rezultatu izvérteSana

Latvijas kvartarsegas pazemes tdenu makrokomponentu kimisko sastavu
raksturojoSo datu apstrade tika veikta, izmantojot datu grafiskas analizes un
matematiskas statistikas metodes.
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3. Kvartara nogulumu slankopas uzbiive un
hidrogeologiskie apstakli

Kvartara nogulumu slankopa Latvija sastav no dazada vecuma un genézes
pleistocéna un holocéna nogulumiem, kas veidojuSies leduslaikmetos un
starpleduslaikmetos. Sie nogulumi gandriz visa Latvijas teritorija parsedz
pirmskvartara nogulumiezus, iznemot atseviskas nelielas teritorijas, kur pirms-
kvartara iezi atsedzas zemes virspus€. Tadgjadi kvartara nogulumu slani norobezo
divas virsmas: miisdienu zemes virsma, kas veidojusies un parveidojas vienlaikus
ar kvartara nogulumu uzkrasanos vai noardisanos, un subkvartara jeb pamatiezu
virsa, kuru veido pirmskvartara terigénie un karbonatiskie nogulumiezi. Muisdienu
zemes virsmas absoliita augstuma atzimes ir robezas no 0 m lidz 311,6 m, un
misdienu reljefa maksimala amplitida ir 312 metri. Pamatiezu virsas absoliita
augstuma atzimes ir robezas no -282 m Iidz 169 m, un pamatiezu virsas reljefa
maksimala amplitiida sasniedz 451 metru.

Mainigais kvartara nogulumu segas biezums nosaka atSkirigu Latvijas
teritorijas kvartargeologisko uzbiivi — vienkarsaku zemienu apvidos un ievérojami
komplicetaku un daudzslanainaku ledaju veidotajas augstiengs. Kvartara nogulumu
slankopas geologisko uzbiivi var raksturot ka leduslaikmetu leddja un ta kuSanas
tdenu nogulumu un dazadas gen&zes starpleduslaikmetu un pécleduslaikmeta
veidojumu miju. Kvartara nogulumus veido dazadas gen&zes un sastava smilts
nogulumi, aleiriti, mali, morénas smil§mals un malsmilts, ka arT kiidra, sapropelis
un saldudens kalki.

Kvartara nogulumu segas hidrogeologiskos apstaklus kopuma raksturo
ka kvartarsegas pazemes tdenu resursi, kas ir atkarigi no kvartarsegas fidenu
ieguluma, baroSanas (papildina$anas) un atslodzes apstakliem, ta ar1 Udens
horizontus veidojoSo nogulumu filtracijas 1pasibas (7, 11).

Kvartara nogulumu tidens horizontus parsvara veido dazadas genézes smilts
un smilts — grants, retak arT olu nogulumi ar dazadu aleirttiskas smilts, aleirita vai
mala piejaukumu. Sie nogulumi veido gan biezas, plana izturétas slankopas, gan
nelielas starpkartas, ieslégumus un 1€cas morénas nogulumos. No fidensapgades
viedokla nozimigakie kvartara nogulumu pazemes tdenu horizonti ir $adi:
aluvialo nogulumu didens horizonts (aQ, + aQ,ltv), marino, limnisko un Latvijas
leduslaikmeta beigu posma Baltijas ledus ezera nogulumu tdens horizonts
(mQ, + 1Q, + 1gQ,Itv"), Latvijas leduslaikmeta glaciolimnisko nogulumu Gdens
horizonts (IgQ,ltv) un Latvijas leduslaikmeta glaciofluvialo nogulumu udens
horizonts (fQ,ltv). Savukart purvu nogulumos esoSajiem pazemes udeniem, ka art
atseviskajam fidens piesatinatajam l&cam un ieslégumiem glacigénajos nogulumos,
kas veido sporadiski izplatitus pazemes Gdenus, ir tikai pakartota loma, jo Sos
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fidenus saturo$ajiem nogulumiem raksturigas vajas filtracijas ipasibas. Glacigéno
nogulumu sporadisko @idens horizontu vajas filtracijas pasSibas nosaka to loti
ierobezoto izmanto$anu tdensapgadé. Savukart purvu nogulumu tideni netiek
izmantoti ka to slikto filtracijas ipasibu, ta ari neatbilstosas tidens kvalitates dgl.
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4. Kvartarsegas iidenu kimiskais sastavs

Latvijas kvartarsegas pazemes tidenu svarigako kimiska sastava Tpatnibu un
kimisko sastavu ietekmg&joSo parametru izmainu analize pamatota uz pétjjumiem
kvartarsegas hidrogeologiska griezuma augsgja dala un galvenokart orientéta uz
makrokomponentu un fizikali ktmisko parametru novértgjumu, kas paslaik ir
pilnigak nodro$inati ar misdienigiem analitiskiem p&tjjumiem.

Kvartara pazemes tdenu fizikali kimisko parametru
mikroizmainas

Pazemes fidenu raksturo$anai tradicionali tiek izmantoti loti daudzi un dazadi
fizikali kimiskie parametri. Tomér no to kopgja klasta var tikt noskirti vairaki
integrali lielumi, kuri nozimigi raksturo pazemes tidenos norito$o procesu intensitati:
pH, Eh, temperatiira un elektrovaditspgja, ka art izSkidusa skabekla saturs.

Mingtie fizikali ktmiskie parametri pazemes tidenos mainas salidzinosi plasas
robezas un ir nodalami ka makroizmainas, kas 11dz$ingji ir apzinatas. Tomer ir
zinams, ka katra m&rfjumu punkta ir noverojamas arT min€to parametru izmainas
daudz niecigaka amplitida, un tas biitu nodalamas ka mikroizmainas, kas dazkart
tiek interpretétas ka tehniskas kliidas, me@rinstrumentu nepilnibas, atkapes no
procediram un tamlidzigi. Noverojumi liecina, ka $adas izmainas norada uz
nelielam atskirtbam urbuma piepliistosajos tidenos, ka ar lauj spriest par pazemes
fidenu pieplidi urbuma un attiecigi izveleties reprezentativu paraugu nonemsanas
bridi (10, 16).

Veiktaja pétijuma izveidotas pazemes udenu svarigako fizikali kimisko
parametru izmainu liknes laika norada, ka So parametru vertibu mikroizmainas
atstkn@taja ideni parsvara ir maznozimigas un kvartarsegas tidenu pétito fizikali
kimisko parametru vertibas viena Gidens horizonta ir stabilas.

Gruntstidens horizonta ir vérojama pazemes tdenu vertikala noslanosanas,
kas ir visizteiktaka péc izskidusa skabekla koncentracijas, ka ari péc oksidéSanas
reducéSanas potenciala vértibam. Pe&tijums norada, ka kvartarsegas tdenu
bagatinasanos ar skabekli biitiski iectekm& aeracijas zonas uzbiive, augsnes un
augaja klatbutne. Teritorijas, kur kvartara nogulumi atsedzas zemes virspusé un tos
veido labi filtr&josi nogulumi, pazemes tdeni ir loti bagati ar skabekli, bet augsne
un augdjs lidz 10 reizém samazina pazemes tidenu bagatinasanos ar skabekli.

Kvartarsegas tidenu fizikali kimisko parametru mikroizmaigu pétijumi lauj
novertét dazadas argjas ietekmes un nodalit tas no dabiskam parametru vértibu
mikrosvarstibam, t. i., novertét to amplitiidu, ka ari laiku, kas nepiecieSams, lai
tas varétu diagnosticét jeb atpazit. Metodiski tam ir divi svarigi aspekti, jo tiek
noteikts:
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— minimalais laiks, kas nepiecieSams, lai tehniski korekti veiktu pazemes
tdenu pétijumus in situ,

— tradicionali nosakamo parametru mikrosvarstibu robezas atsiiknétaja
tdent.

Pirmais aspekts lava izvéleties optimalo in situ merijjumu veikSanas laiku
(ilgumu) turpmakiem pétijumiem. Savukart otrais norada uz noteiktas precizitates
mérinstrumentu nepiecieSamibu pétijumu veikSanai, ka ar1 lauj ripigak un
kritiskak vertet ieprieks€jos gados iegiitos datus.

Kimiska sastava visparigs raksturojums

Latvijas kvartara pazemes tidenu kimiskais sastavs pétits, analizgjot
makrokomponentu saturu pazemes @idenos un fizikali kimisko parametru (pH un
EVS) vertibas. P&tijums balstas uz izveidotaja datu baze ieklauto datu analizi.

Makrokomponentu saturs kvartara pazemes uidenos

Kvartara pazemes tidenu makrokomponentu kimiska sastava izpéte ietvéra
agrako pétijumu rezultatu izvertéjumu, balstoties uz miisdienigiem, péd&jos gados
veiktiem pétijumiem, kurus papildinaja autores iegiitie dati. Kvartarsegas pazemes
fidenu makrokomponentu kimisko sastavu raksturojoso datu analizé izmantota
visa datu baze ieklauto datu kopa (297 pétijumu vietas), neskirojot to péc kadam
pazimém.

Iegttie dati un to grafiska analize parada, ka Latvijas kvartarsegas pazemes
tdenos dominé Ca-Mg-HCO, tipa {ideni, vietumis sastopami ar1 Ca-Mg-SO,, bet
tikai retos paraugos konstatéti Na-Cl tipa tideni. Abi p&dgjie ir raksturigi anomaliju
iecirkniem. Iegiitic rezultati apstiprina ieprieks$gjo gadu pétijumu rezultatus, bet
ir svarigi, ka §is apstiprindjums ir iegiits ar miisdienigiem, augstas precizitates
mérfjumiem laboratorija, ko papildina strauji mainigo fizikali ktmisko parametru
kontrole in situ (16). Lidz ar to ir svarigi atzimét iepricks$€jo p&tijumu analitisko
datu izmantoSanas iesp&jamibu pazemes lidens kimiska sastava visparinatiem
novertgjumiem makrokomponentu Iimeni. Tomér janem véra, ka §is secinajums ir
attiecinams tikai uz agrakajos gados veiktajiem augstas kvalitates petijumiem.

Kvartarsegas pazemes tidenu raksturigakie fizikali kimiskie parametri

Lai novertétu raksturigakas fizikali ktmisko parametru vertibas, tika analiz&ts
pH un EVS vertibu diapazons kvartarsegas pazemes tidenos, izmantojot autores
un citu petnieku pedgjos desmit gados veikto petijumu datus.

legutie EVS un pH vertibu sadaljjuma rezultati dabiska kimiska sastava
Latvijas kvartarsegas pazemes tdenos liecina, ka kvartarsegas pazemes tdenu
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elektrovaditsp&jas veértibas svarstas robezas no 30 Iidz 2000 pS cm’, bet
domingjosas vertibas ir no 200 lidz 600 uS cm™ (=60% no visiem zinamajiem
atbilstosas kvalitates mérjjumiem), bet pazemes tidenu pH vértibas mainas no 5,2
lidz 8,8 vienibam, un domingjosas vertibas ir 6,8 — 7,6 vienibas (<60% méerijjumu),
kas atbilst vaji skabiem, neitraliem un vaji baziskiem tideniem (19).

Latvijas un tai pieguloSo teritoriju kvartara pazemes tidenu
makrokomponentu kimiska sastava salidzinajums

Datu apkopojums un novertgjums par Latvijas kvartarsegas pazemes udenu
sastavu un IpaSibam nebltu pilnigs, ja Sos rezultatus nesalidzinatu ar lidziga
satura petjjumiem blakusesosajos pleistocéna apledojuma regionos. Salidzinajums
veikts par kvartara pazemes tidenu 1pasibam Lietuvas teritorija, kur kvartarsegas
pazemes uUdenu kvalitate tiek noveértéta pec lidzigas pétijumu metodikas. Tika
analiz&ti dati par kvartarsegas pazemes tidenu makrokomponentu ktmisko sastavu
dazadas genézes smilts un smilts un grants nogulumu, un morénas nogulumu
tidens horizontos Latvija un Lietuva.

Sis salidzinajums parada loti augsto parametru un to sakaribu lidzibu — visos
gadfjumos dominé hidrogénkarbonatu un kalcija joni, un ka subdominante
ir magnija joni. Nelielas atSkiribas ir v@rojamas sulfatu un hloridu un Na* +
K" jonu daudzumos, kas izpauzas ka nedaudz augstakas ekvivalentvertibas
Lietuvas kvartarsegas pazemes tidenos. Nedaudz augstako sulfatu saturu Lietuvas
kvartarsegas pazemes tdenos nosaka kvartara nogulumu sastava atskiribas, jo
tajos ir vairak materiala, kas nacis no sulfatus saturoSiem pamatieziem. Tomer S§ts
atSkiribas ir maznozimigas un tikai apstiprina iepriek$&ji apzinato kvartarsegas
pazemes tdenu sastava atkaribu no horizontu veidojoso iezu kimiska sastava.

Mingtais pastarpinati norada, ka zinamas Iidzibas Latvijas un Lietuvas
kvartara nogulumu slankopas uzbiivé un nogulumu sastava nosaka ari augsto
lidzibu kvartarsegas pazemes fidenu kop€ja mineralizacija un domingjosa kimisko
elementu sastava un proporcijas, ko apstiprina arT pH un EVS vertibas.

Igaunija kvartara nogulumu pazemes tidenu mineralizacija ir ieverojami
zemaka neka Latvija un Lietuva un sasniedz tikai 0,2 — 0,35 g /!, kvarca smilts
nogulumos pat 0,1 — 0,2 g /''. To nosaka Igaunijas kvartara nogulumu segas
mazakais biezums neka Latvija un Lietuva, ka ar1 Igaunijas kvartara pazemes
fidenu papildinaSanas parsvard ar atmosféras nokriSpiem. Savukart Latvija un
Lietuva kvartarsegas pazemes tudenu mineralizacija ir 0,3 — 0,4 g /' dazadas
genézes smilts un smilts un grants nogulumos, bet morénas nogulumos un
malainos nogulumos mineralizacija sasniedz 0,5 — 0,6 g /!, un kvartara pazemes
fideni papildinas gan ar atmosféras fideniem un virszemes udepiem, gan arl
parteces rezultata ar iideniem no dzilakajiem art€zisko tidenu horizontiem.
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Ieprieks raksturotie pétijumi liecina, ka kopuma kvartarsegas pazemes Gidenu
mineralizacija pakapeniski paaugstinas, palielinoties kvartarsegas nogulumu
biezumam un malaino dalinu daudzumam nogulumos, t. i., paléninoties tidens
apritei horizonta. Sada gadijuma Gidens sastava pieaug visu makrokomponentu
jonu Tpatsvars, kas Tpasi raksturigs Lietuvas teritorijai, kur kvartarsegas nogulumu
biezums ir vislielakais.

Kvartara pazemes idenu elektrovaditspéjas un mineralizacijas vértibu
korelacija

Literatira ir aprakstitas un aprékinatas stipri mineralizéto Gdenu EVS un
mineralizacijas vertibu korelativas sakaribas, savukart maz mineralizétu (ar zemam
EVS vertibam) pazemes tidenu korelativas sakaribas ir apskatitas ierobezoti.
Tapéc, pétot kvartara nogulumu pazemes tidenus, kuriem parsvara ir zemas EVS
vertibas, ir svarigi noteikt o tidenu EVS — mineralizacijas korelativo saistibu.

Autores veiktic aprékini rada, ka starp kvartarsegas pazemes udenu
mineralizaciju un elektrovaditsp&ju ir loti augsta korelacija: » =+0,986 + 0,00161,
ticamibas pakape 163, kas lava sastadit korelacijas grafiku un aprékinat korelacijas
vienadojumu y = 0,91 x, t. i., mineralizacija = 0,91 EVS.

Konstateta kvartarsegas pazemes tidenu mineralizacijas un elektrovaditspgjas
raditaju ciesa lineara saistiba norada, ka elektrovaditspgjas raditaja izmantosana
ir piemérota fidens mineralizacijas raksturojumam un iegitais korelacijas
vienadojums lauj aprékinat to kvartarsegas tdenu mineralizaciju, kuriem
raksturigas zemas EVS vértibas (virs 50 uS cm™), izmantojot in situ noteiktas
elektrovaditsp&jas vertibas.

Kvartara pazemes tidenu makrokomponentu kimiskais sastavs Latvijas
Zemienés un augstienes

Latvijas kvartarsegas pazemes tUdenu makrokomponentu kimiska sastava
analize radija, ka tas ir relativi Iidzigs. Tomer kvartara nogulumu slankopas
uzbiive visa Latvijas teritorija nav vienada, nosakot arf atSkirigus hidrogeologiskos
apstaklus. Tapec var pienemt, ka kvartarsegas pazemes tidenu makrokomponentu
ktmiskais sastavs atSkirsies dazadas valsts teritorijas. Balstoties uz Latvijas
teritorijas fiziski geografisko rajonéSanu, tika vertéts un analizéts kvartarsegas
pazemes Udenu kimiskais sastavs Latvijas dabas rajonos. Lai konstatétu un
novertetu pazemes tidenu makrokomponentu kimiska sastava teritorialas atskiribas,
tika izveidotas kvartarsegas pazemes tidenu svarigako fizikali ktmisko parametru
(pH un EVS) vertibu sadalfjuma kartes un makrokomponentu satura karte (20),
ka arT analizéts makrokomponentu sadalijums kvartara pazemes tidenos reljefa
lielformu robezas (sk. 1. tab.).
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1. tabula

Makrokomponentu raksturigakas vertibas kvartarsegas pazemes iidenos Latvija

Makro-
SO» | CI | Ca* | Mg* | Na' K* | komponentu
summa
mg-ekv I
Latvija (297)* 459 | 0,40 | 024 | 3,70 | 1,50 | 0,20 | 0,05 10,67

Augstienes (83)* | 4,92 | 0,31 | 0,20 | 3,90 | 1,50 | 0,18 | 0,04 11,04

Zemienes (214)* | 4,18 | 0,44 | 0,28 | 3,65 | 1,50 | 0,21 | 0,05 10,31

Augstienes/Latvija | 107% | 79% | 81% | 105% | 100% | 89% | 83% 103%

Zemienes/Latvija | 91% | 111% | 115% | 99% | 100% | 107% | 106% 97%

* iekavas noradits analiz&to punktu skaits

Autores sagatavotais kvartarsegas pazemes tdenu pH un EVS vértibu
kartografiskais atspogulojums un analize norada, ka kvartara pazemes tidenu pH
un EVS vértibu sadalijuma nav vérojamas kadas noteiktas tendences vai saistiba
ar konkrétiem dabas rajoniem, ka arf saistiba ar reljefa lielformam — zemieném
un augstienem kopuma. Latvijas teritorija vienlidzigi ir izplatiti punkti gan ar
domingjosam pH vértibam (6,8-7,6), gan ar pakartotajam pH vértibam (6,4—6,8
un 7,6-8,0). Viszemaka pH vertiba (5,43) novérota Austrumlatvijas zemieng, bet
visaugstaka (8,74) — Piejliras zemiené. Domingjosas EVS vertibas (200—600 uS
cm™) ir vienmérigi izplatitas visa Latvija, bet tas centralaja dala ir raksturigas
augstakas EVS vértibas (600-1000 puS cm), ka ari vairaki punkti, kur EVS
vertibas parsniedz 1000 puS cm’!'. Kopuma kvartarsegas pazemes tudenu EVS
vertibas visa Latvija ir relativi [idzigas, tap&c §1 parametra noveérojumi ir efektivi
izmantojami gan dabisko, gan antropogéno faktoru izraisttu anomaliju un novirzu
fiks€Sanai un pétisanai.

Makrokomponentu sadalfjuma analize kvartara pazemes Udenos reljefa
lielformu robezas (1. tab.) rada, ka kvartarsegas pazemes fidenu makrokomponentu
ekvivalentu raksturigas vértibas individualu jonu Itmeni ir Iidzigas un gan
zemien€s, gan augstienés tds no medianas verttbam Latvijai kopuma atskiras
par 5-10%.

Sniegtie dati, to analize un izvert€jums rada, ka makrokomponentu ipatsvars
vai to procentualas attiecibas (1. tab.) nevar tikt izmantotas kvartarsegas pazemes
fidenu sastava vai 1pas§ibu rajongSanai ne dabas rajonu, ne reljefa lielformu
Itmen1. Tapéc visparigam kvartara pazemes tdenu raksturojumam var izmantot
makrokomponentu sastava medianas vertibas, kas noteiktas vidgji Latvijai.
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Kvartarsegas pazemes iidenu makrokomponentu kimiskais sastavs
dazados nogulumos un dziluma

Literattra ir aprakstiti dazadi pazemes tidenu kimisko sastavu ietekméjoSie
faktori, starp kuriem ka vieni no nozimigakajiem ir izcelti fidens horizontu
veidojos$ie nogulumi un horizonta ieguluma dzilums. Lai parbauditu kvartarsegas
pazemes tidenu makrokomponentu kimiska sastava atkaribu no horizonta ieguluma
dziluma un horizontu veidojoSiem nogulumiem, tika analiz€tas pazemes Gdenu
pH un EVS veértibas un makrokomponentu saturs, nemot véra minétos faktorus.

Makrokomponentu sastava analize p&c horizonta ieguluma dziluma lauj
secinat, ka dazados kvartarsegas hidrogeologiska griezuma intervalos izteikti
doming€ hidrogénkarbonatu kalcija tipa tideni un atSkiriga kimiska sastava tdenu
izplatiba nav saistita ar horizonta ieguluma dzilumu. Papildus veikta analize
pastarpinati rada, ka tidens apmaina visa kvartara nogulumu griezuma ir pietieckami
intenstva un dazados dzilumos neveidojas atSkiriga sastava @ideni. Iznémums ir
1-2 m biezs slanis gruntsiidens horizonta augsdala, kura veidojas p&c sastava
krasi atSkirigi ideni (4.1. nodala promocijas darba).

Arimakrokomponentu satura analize péc kvartara tidens horizontu veidojosiem
nogulumiem rada, ka neatkarigi no horizontu veidojosiem nogulumiem pazemes
fidenu sastava dominé hidrogénkarbonatu un kalcija joni. Vairuma p&tijjumu vietu
morénnogulumu un smilts-grants nogulumu tidens horizontos hidrogénkarbonatu
jonu patsvars ir nedaudz lielaks neka smilts nogulumu horizontos, kuros biezak
konstatéti dazada tipa tideni. Veikta datu analize rada, ka augstakas hloridjonu
un natrija un kalija jonu veértibas ir konstatétas tikai smilts nogulumu tdens
horizontos, ko, visticamak, nosaka tas, ka paaugstinats hloridjonu saturs ir
raksturigs juras piekrasté, un tur doming€ smilts nogulumu tidens horizonti, kur
izvietotas ari vairakas pétijumu vietas.

Pazemes tdenu pétijumos tradicionali fidenu kimiska sastava raksturoSanai
tiek izmantoti integralie parametri: Gidenu pH un elektrovaditspja. Grafiskas
analizes rezultata ieglitas raksturigas EVS un pH vértibu apkopojums sniedz
visparinatu parskatu par mingtajam kvartarsegas fidenu vérttbam nogulumu
sastava grupu un pétito dziJuma intervalu griezuma.

Apkopojot fizikali kimisko parametru analizes gaita ieglitos rezultatus, var
secinat, ka kvartarsegas pazemes tdenu pH un EVS raditaji ir maznozimigi
atkarigi no horizontu veidojosajiem nogulumiem seklajos tidens horizontos.
Simetriskais pH un EVS vértibu sadalijums visas nogulumu grupas rada, ka
visos gadijumos So parametru vertibas ietekmé lidzigi faktori. Savukart horizontu
veidojosSie nogulumi nosaka So faktoru ietekmes intensitati, kas izpauzas pH un
EVS skaitlisko vertibu maznozimigas atskiribas (19).
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Tomér, ja kvartara pazemes tdenu kimisko sastavu dabiskos apstaklos
neietekm@ ne horizontu veidojoSie nogulumi, ne horizonta ieguluma dzilums, ir
jabut faktoriem, kas nosaka kaut ar nelielas, bet esosas tidens kimiska sastava
atSkiribas (par to liecina pH un EVS vértibu analize). Agrako gadu pétijjumu
analize rada, ka, visticamak, galvenais Tdens kimiska sastava variacijas
noteico$ais faktors ir horizonta baroSanas apstakli un tidens apmainas atrums.
Bitiski pazeminatas Gdens EVS vértibas un zems makrokomponentu saturs
verojams tajos gadijumos, kad horizonts barojas tikai ar atmosféras nokriSniem
un (vai) ar purvu nogulumu tideniem, savukart biitiski paaugstinatas tidens EVS
vertibas un augsts makrokomponentu saturs vérojams gadijumos, kad konstatéta
spiedientidenu augSupejosa filtracija vai juras tidens piepliide.
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5. Diskusija un interpretacija

Pazemes tdenu dazadiba gan S$kérsgriezuma, gan plana skatijuma ir labi
zinama paradiba, ko ietekm& gan geologiskas vides daudzveidiba, gan citu
pazemes tdenus ietekm&joso faktoru mainiba, kas sarezgi un sadrumstalo, nereti
pat apgriitina pazemes tdenu izzinasanu. Tapéc, lidzigi ka daudzas citas dabas un
tehnisko zinatnu apaks$nozar€s, arT pazemes fidenu izzinasana viens no bitiskiem
jautajumiem ir §Ts dazadibas klasificéSana un grup&sana, izcelot nozimigakas un
nenemot véra maznozimigakas atskiribas.

Detalizeéta kvartara pazemes udenu makrokomponentu kimiska sastava
analize radija, ka péc makrokomponentu vai pH un EVS vértibam kvartara
pazemes Udeni Latvija maz atkiras, iznpemot anomaliju iecirknus. Tom@r gan
I. Dzilna un V. Stapréns, gan N. Levina atzZime kvartara pazemes tidenu resursu
atSkirtbas dazadas Latvijas teritorijas. Tapec biitu iesp&jama kvartara pazemes
tdenu klasificé$ana péc citiem hidrogeologiskajiem parametriem (12).

Latvijas kvartarsegas pazemes tidenu sastava petijumu rezultatu analize rada,
ka gruntstidenu vai visu kvartara nogulumu pazemes tidenu geografiska zoné$ana
nav lietderiga (14). Pretgji tam kvartara nogulumu slankopas atskiriga un sarezgita
uzbiive norada uz iesp&jamam kvartara hidrogeologiska griezuma atskiribam (3),
kas var€tu noteikt arT pazemes tidenu 1pasibu dazadibu.

Kvartara hidrogeologiska griezuma shematizacija

Kvartarsegas pazemes tidenu kvantitativos un kvalitativos raksturlielumus
nosaka tadi butiski faktori ka pazemes tdenu ieguluma un pliismas apstakli,
kurus savukart nozimigi ietekmé kvartara nogulumu slankopas uzbtive: nogulumu
sastavs un saguluma apstakli. Analiz&jot Sos faktorus un zinamo kvartarsegas
pazemes tUdenu ieguluma dazadibu, tika izvElGtas vairakas Latvijas kvartarsegas
hidrogeologiska griezuma shematizacijas pazimes: tidens slanu izplatiba un
izturétiba plana un griezuma, pazemes Udenu plismas hidrauliskais raksturs.
Sada pieeja lauj kvartara hidrogeologiska griezuma nodalit vairakus slanus (sk.
2. tab.).

Katram no izdalitajiem slaniem ir atSkirigas iezimes, un tajos noritoSie
hidrodinamiskie un hidrokimiskie procesi nedaudz atskiras.
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2. tabula
Latvijas kvartara hidrogeologiska griezuma slani un to izdaliSanas pazimes
Hidrogeologiska | Izvietojums _ o _ .
(rogeologIsk zvictojum Slana raksturigas pazimes Slana biezums
griezuma slanis griezuma
Sta Nogulumi ir dal&ji piesatinati | Parsvara 2-5 m,
. P ar tideni, dalu poru aizpilda purvos 0—1 m, labi
Aeracijas gruntstidens . _ . . L
I Jona Iimeni un zemes | S2158 Ui tdens tvaiks. Doming | drenétas teritorijas
virsmu vertikala tdens kustiba 5-10 m, vietam
(infiltracija). Kapilarie tdeni. | vairak par 10 m.
Starp Plana un griezuma iztureti
gruntsiidens fidens piesatinati nogulumu - -
- - . . — . . . . Parsvara no 2-5
1 Gruntsiidenu | Itmeni un dzilak | slani. legul tieSi zem aeracijas m lidz 15-20 m
horizonts ieguloSu Tideni | zonas. Doming& horizontala . >
. - _ . vietam 30—40 m.
vaji caurlaidigu |tdens kustiba. Bezspiediena
nogulumu slani | tideni.
Starpslanu, Plana un griezuma neizturéti
ieslégumu un tdens piesatinati nogulumu Parsvara no
Starpslanu  |l&cu veida slani. legu] starp Gdeni vaji 1-2 m lidz
I | adegu starp dideni vaji | caurlaidigu nogulumu slaniem. | 5-10 m, maksimali
horizonti caurlaidigu Dominé horizontila tidens sasniedzot
nogulumu kustiba. Vaja spiediena un 15-60 m.
slaniem spiedientideni.

Tipiskie kvartara hidrogeologiskie griezumi

Latvijas kvartara nogulumu slankopas ievérojama neviendabiba nosaka to,
ka dazadas valsts teritorijas vienlaikus var biit sastopami gan visi izdalitie slani
(2. tab.), gan tikai dazi no tiem, bet atseviskas teritorijas slani var savstarpgji
parklaties vai savienoties. Analiz&jot min&to slanu klatbiitni katra konkréta kvartara
hidrogeologiska griezuma, tika parskatiti un izvertéti vairaki simti griezumu visa
Latvija. Aeracijas zona (I) dazado hidrogeologisko griezumu analizé $aja darba
netika nemta veéra, jo paslaik nav pieejams pietickami daudz pamatotu datu par
aeracijas zonas uzbives atSkiribam un $o atskiribu lomu hidrogeologisko apstak]u
izmainas.

Kvartara hidrogeologisko griezumu analizé tika konstatétas vairakas
lidzigas iezimes gruntsiidens horizonta un starpslanu Gidens horizontu izplatiba
griezumos. Izvertejot §is lidzigas iezimes, analiz€tie griezumi tika grupéti péc
diviem kriterijiem — gruntsidens horizonta izturétibas plana un iekSmorenas
un starpmorénu tdens horizontu daudzuma un izturétibas griezuma. Sagrupgjot
analiz@tos griezumus p&c minétajiem krit€rijiem, tika izdaliti seSi domingjoSie
hidrogeologisko griezumu tipi (19):
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1) hidrogeologiskais griezums teritorijam ar vienlaidus gruntsiidens
horizontu un loti retiem starpslanu tidens horizontiem vai bez tiem,

2) hidrogeologiskais griezums teritorijam ar vienlaidus gruntsiidens hori-
zontu un daziem sporadiskiem starpslanu fidens horizontiem,

3) hidrogeologiskais griezums teritorijam ar vienlaidus gruntsiidens hori-
zontu un daudziem sporadiski izplatitiem vai daZiem plana izturétiem
starpslanu tidens horizontiem,

4) hidrogeologiskais griezums teritorijam ar sporadisku gruntstidens
horizontu un loti retiem starpslanu tidens horizontiem,

5) hidrogeologiskais griezums teritorijam ar sporadisku gruntstidens hori-
zontu un daziem sporadiskiem starpslanu tidens horizontiem,

6) hidrogeologiskais griezums teritorijam ar sporadisku gruntstidens hori-
zontu un daudziem sporadiski izplatitiem vai daziem plana izturétiem
starpslanu Gidens horizontiem.

Sie tipiskie kvartara hidrogeologiskie griezumi raksturo péc geologiskas
uzbiives un hidrogeologiskiem apstakliem atSkirigas teritorijas, un to detaliz&ts
raksturojums ir sniegts promocijas darba 5. 2. nodala.

Veicot kvartara hidrogeologisko griezumu analizi un grup&S$anu, Iidztekus
Siem izdalitajiem tipiskajiem griezumiem bija arT griezumi, kuri neietilpa neviena
no grupam vai veidoja atseviskas, skaita zina nelielas griezumu grupas, un $0s
kvartara hidrogeologiskos griezumus var nodalit ka netipiskus. Teritorijas, kuru
uzbiivi raksturo $ie netipiskie griezumi, ir detalizéjamas un pé&tamas atseviski,
jo te hidrogeologiskie apstakli ievérojami atSkiras un pa$laik tas nav pietickami
péEtitas.

Latvijas teritorijas rajoné$ana péc kvartara hidrogeologiska
griezuma

Raksturigo un tipisko kvartara hidrogeologisko griezumu telpiska izvietojuma
analize noradija, ka izdalitie kvartara hidrogeologisko griezumu tipi doming
noteiktas teritorijas. Lidz ar to ir iesp&ama Latvijas teritorijas hidrogeologiska
rajonésana péc tipisko kvartara hidrogeologisko griezumu izplatibas (19). Veicot
tipisko kvartara hidrogeologisko griezumu geografiska izvietojuma analizi, tika
izverteti pieejamie hidrogeologiskie griezumi un noteikts domingjosais tipiskais
griezums katra telpiskas detalizacijas vieniba. Nakamaja posma tika veikta
tipisko griezumu izvietojuma detalizacija, un ta lava atkartoti precizet teritorijas,
kur izplatits tas vai cits kvartara hidrogeologisko griezumu tips. Sada pieeja
lava turpmak veikt generalizaciju un izveidot Latvijas kvartara hidrogeologiskas
rajonéSanas karti (sk. 2. att.).
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I S s

2. att. Latvijas kvartarsegas nogulumu hidrogeologiska rajonésana

Apzim&jumi: 1 — teritorijas ar vienlaidus gruntsiidens horizontu un loti retiem starpslanu
tdens horizontiem vai bez tiem; 2 — teritorijas ar vienlaidus gruntsiidens horizontu
un daziem, sporadiskiem starpslanu tdens horizontiem; 3 — teritorijas ar vienlaidus
gruntsiidens horizontu un daudziem sporadiski izplatitiem vai daziem plana izturétiem
starpslanu tdens horizontiem; 4 — teritorijas ar sporadisku gruntsidens horizontu un Joti
retiem starpslanu tGdens horizontiem; 5 — teritorijas ar sporadisku gruntsiidens horizontu
un daziem, sporadiskiem starpslanu tdens horizontiem; 6 — teritorijas ar sporadisku
gruntsiidens horizontu un daudziem sporadiski izplatitiem vai daziem plana izturétiem
starpslanu tdens horizontiem.

Veikta Latvijas hidrogeologiska rajoné$ana norada, ka lielaka dala gruntstidenu
vienlaidus izplatibas teritoriju atrodas zemiengs, aiznemot apméram treSo dalu
Latvijas. Pargja Latvijas teritorija gruntsidens horizonta izplatiba ir sporadiska.
Vairums starpslangu @idens horizontu izplatibas apvidu ir saistiti ar augstieném,
turklat tajas augstiengs, kur ir biezaka un stratigrafiski komplicétaka kvartara
nogulumu sega, starpslanu fidens horizontu skaits ir lielaks, tie ir biezaki un
telpiski izturétaki. Kopuma teritorijas, kuras dazada pakapé ir izplatiti starpslanu
tidens horizonti, aiznem apméram pusi Latvijas teritorijas.

Latvijas tipisko kvartara hidrogeologisko griezumu telpiska izvietojuma
analize un hidrogeologiska rajon&sana radija, ka ir sastopamas ari kadas parejas
teritorijas, kur parsvara ir viens tipisks hidrogeologiskais griezums, tomér
vérojamas ari atseviskas citu tipisku griezumu pazimes. Sadas parejas teritorijas
ir, pieméram, Ropazu lidzenuma austrumu mala, Metsepoles I1dzenuma malas,
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Saldus, Veclaicenes, MeZoles paugurainu pakajé u. c. So teritoriju raksturigie
kvartara hidrogeologiskie griezumi, robezas un piederiba griezumu tipam un to
izplatibas rajonam ir preciz€jami nakotn€, un tam, visticamak, ir nepiecieSams
ieviest papildu krit€rijus, pieméram, aeracijas zonas biezums, Gdens apmainas
intensitate vai teritorijas drenétiba.
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Secinajumi

1.

Kvartara nogulumu pazemes #ideni iegul zemes garozas augsgja
dala un tapec tie, salidzinot ar citos dzilak ieguloSajos pirmskvartara
iezos esoSajiem pazemes Udeniem, visaktivak barojas ar atmosferas
nokri§piem un nereti arl ar virszemes Udeniem. Tapec kvartara
pazemes tidenos loti aktivi norisinas idens ktmiska sastava veidoSanas
procesi, kuru daudzveidibu nosaka atSkirigie vides apstakli (pH,
Eh), infiltracijas intensitate un tidens apmainas atrums, ka ar1 Gdenu
partece no purva tdens horizontiem (augsts organisko vielu saturs),
jiras piekrastes zonas (salie Gideni) un dzilak saguloSajiem udens
horizontiem (Gideni, kuriem raksturiga palielinata mineralizacija).
Minéto dazada sastava un genézes tidenu mijiedarbiba nosaka kvartara
pazemes fidenu kimiska sastava dazadibu. ST mijiedarbiba ir atskiriga
konkrétas teritorijas, un veikto pétijumu rezultatu analize un apstrade
lauj secinat, ka vérojama kvartarsegas pazemes tdenu noslanosanas
gruntsiidenu horizonta augs€ja 1 — 2 m bieza dala, par ko liecina
fizikali kimisko parametru atSkiribas #deni saturoS$ajos dazadas
genézes kvartara nogulumos.

Pétito fizikali kimisko parametru analize neparprotami rada, ka
kvartarsegas pazemes tdenu kimiska sastava veidosanas ir paklauta
vispargjam likumsakaribam, ko raksturo vides reakcija (pH) un
oksidésanas reducéSanas potencials (Eh). Tapéc teritorijas ar lidzigu
kvartara nogulumu slapkopas uzbGvi un hidrogeologiskajiem
apstakliem pazemes tidenu kimiska sastava veidoSanas procesi biis
nevis unikali, bet gan lidzigi, un veidosies Iidziga sastava pazemes
tdeni. Tapéc $adas teritorijas kvartara pazemes tidenu pétijjumos ir
iespgjams izmantot unificgtu metodiku.

Tada lauka apstaklos precizi nosakama tidenu elektrovaditspéja, kas ir
integrals parametrs. Sis vértibas ir izmantojamas Gidens mineralizacijas
aprékiniem. legiitais korelacijas vienadojums y = 0,91 x ar augstu
ticamibu lauj aprekinat fidens mineralizaciju no in situ noméritajam
elektrovaditsp&jas vertibam. Svarigi atzZimét, ka korelacijas vienadojums
ir iegiits, matematiski apstradajot in situ apstaklos, nevis laboratorija
iegiitus datus par maz mineralizétiem kvartarsegas pazemes tideniem.
Latvijas kvartara hidrogeologiskaja griezuma var izdalit seSus tipveida
griezumus atkariba no gruntsidens horizonta un starpslangu tdens
horizontu izplatibas. Vietas, kur izplatiti starpslanu @idens horizonti,
kvartara hidrogeologiskas rajoné$anas shéma vislabak korelgjas ar
citam Latvijas rajon&$anas shémam, pieméram, fiziski geografiskas
rajonéSanas sheému.
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Introduction

Quaternary groundwater forms the upper aquifers of the Earth’s surface in
Latvia. The thickness of the Quaternary deposits where this groundwater occurs
varies from a few to about 200 meters, reaching 300 m and even more in the
buried valleys.

Quaternary groundwater has been long and widely used for household needs,
but there have been relatively little investigations of Quaternary groundwater
in Latvia. The main reasons might be the limited distribution of significant
Quaternary groundwater resources in Latvia as well as the long held idea that
Quaternary groundwater is not a perspective resource and has low economic
value. On the contrary, there are wide spread and various studies of Quaternary
groundwater in other Baltic states.

Studies of Quaternary groundwater were started by the author nine years ago,
initially focusing on point-source contamination of shallow groundwater and the
natural vulnerability of groundwater during her master studies. Integrative research
on Quaternary groundwater in Latvia was carried out during the doctoral studies,
including investigations of distribution, natural composition and hydrogeological
division of Quaternary groundwater.

Topics of the study

The peculiarity of the Quaternary groundwater in Latvia is based on both the
great variability of deposits containing groundwater, and the active interaction
of this water with other media and deeper lying confined aquifers, resulting in
a great variety of hydrogeological conditions. Therefore Quaternary aquifers
might be used as a simplified model of processes occurring in the underground
hydrosphere. But the shallow occurrence and the ease of access of the Quaternary
groundwater is an advantage for exploitation needs. Simultaneously these are risk
factors that increase the natural vulnerability of Quaternary groundwater from
surface contamination.

This thesis is the first attempt to study the properties, parameters and usage
potential of the Quaternary groundwater resources with modern methods. This
thesis has been prepared based on the field and laboratory work of the author,
data and materials from the Geological Fund of Latvia that have been collected
there during the last 40 years and the applications of modern theoretical ideas in
hydrogeology.

The aim of the study is to study and to characterise Quaternary groundwater
in Latvia mainly focusing on the natural composition of that groundwater.
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The main tasks of the study are:

Novelty

To get acquainted with and to assess earlier studies of Quaternary
groundwater focusing on the aims of those studies and the investigation
methods used;

To study modern methods of hydrogeological investigations and to
get acquainted with the results of latest studies in other regions of
Pleistocene glaciations with a similar structure of Quaternary cover;
To characterise the hydraulic conductivity of Quaternary deposits in
Latvia;

To assess the natural composition of major ions of Quaternary
groundwater in Latvia and to analyse the spatial variations of the
natural composition of groundwater;

To assess the spatial differences of hydrogeological conditions of
Quaternary groundwater in Latvia.

For the first time, in the Latvian language, there will be presented a
review of Quaternary groundwater investigations in Latvia, providing
an assessment of earlier investigations by the study conditions, main
results and applicability today;

Original study of the natural quality of Quaternary groundwater is
carried out, focusing on characteristic parameters of groundwater
composition: major ions, pH and conductivity (EC); and providing
in situ analysis of quickly changing physical-chemical parameters of
groundwater (pH, EC, ORP, DO, temperature);

The detailed methodology for in sifu investigations of Quaternary
groundwater is provided, as well as relations between pumping time
and well completion were identified; these findings determine the
conditions for appropriate analysis of physical-chemical parameters of
groundwater in situ and groundwater sampling;

The first comparative analysis of historical data and present data,
obtained with modern in situ methods, on natural composition of
major ions in Quaternary groundwater was carried out. This analysis
verifies that the data from earlier investigations might be included in
the general, overview studies;

Criteria for the sorting and selection of earlier and current data
were developed, and data base with the characteristic parameters of
Quaternary groundwater natural composition was created. The data
base facilitated the qualitative comparison of the data on Quaternary
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groundwater in Latvia and in neighbouring countries, as well as
confirms relations found in the natural composition of Quaternary
groundwater in Latvia.

Applicability

— Specified a methodology for the in situ investigation of Quaternary
groundwater that could be used in applied studies in order to obtain
representative data;

— Outlined hydrogeological regions in Latvia shows that regional
features should be taken into account in general, overall studies;

— The detailed analysis of major ions and pH and EC values of the
Quaternary groundwater show that representative values obtained could
be used as current background values in different applied studies and
that detailed study of natural composition of groundwater is necessary
when significant deviation from background values is observed;

— The data obtained regarding the major ions in Quaternary groundwater
might serve as a solid base in the forecast of the natural quality of
Quaternary groundwater regionally, used for decentralised water
supply, and the outline of hydrogeological districts provides general
information on Quaternary groundwater resources availability
regionally;

— The main conclusions are usable in the development of higher levels
of academic education and have already been partially integrated in
the MSc. level courses “Hydrogeological conditions of Latvia” and
“Water resources and factors that influence them”.

Approbation

Three scientific publications have been prepared based on the results of the
study, separate parts of the thesis and the whole study has been presented in seven
international conferences and nine conferences in Latvia.

The results of the study give insight on the issues for the further study of
Quaternary groundwater in Latvia. These issues have not been presented in detail
in this thesis because of its limited amount or due to insufficient theoretical
background. The issues that could be studied are the origin of Quaternary
groundwater resources and its composition, especially trace elements, focusing
on its interaction with the atmosphere, surface waters and confined groundwater.
Specific attention could be paid to the improvement of the statistical analysis of
data and to methods of numerical modelling.
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1. History of groundwater investigations in Latvia

Latvia is rich in groundwater resources and there are number of sites, where
groundwater discharges as springs. Historically knowledge on utilised or potential
resources of groundwater has had to be obtained or broadened and that promoted
the development of groundwater investigations. This is why there have been a great
number of groundwater investigations undertaken in Latvia, but the details and
scope of these investigations have significantly changed with the passing of time.

Groundwater investigations in Latvia, in general, although only relatively, can
be divided into the five most important stages (D&lina 2005b) that are delineated
on the following timeline by the differences in details of investigations and their
spatial distribution (Fig. 1).

detailed
investigations of detailed investigations
main parameters of investigations of natural
empiric groundwater of groundwater composition,
observations, resources, resources, trace elements,
empiric simple measurements composition regime processes
observations of main parameters and regime occurence in situ

Earth’s surface 7 y
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confined aquifers in the
active water exchange zone /
7 74

deeper confined
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aquifers (to V-€)
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years

"
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N

L

Fig. 1. Spatial distribution of the groundwater investigations in Latvia
Legend: 1 — point source investigations; 2 — aerial and point source investigations.

Summary of historical analysis of groundwater investigations in Latvia
highlighted the main aspects for the study:

- Quaternary groundwater was the main study object in 19" century and
the beginning of 20" century, but details of these investigations are not
sufficient today. The main tasks of the investigations were related to
water supply and balneology as well as land drainage, but there is just
historical value of the results;
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Detailed investigations of groundwater, including Quaternary ones,
continued later as well, and abundant data was collected. Part of this
data was summarised and analysed by I. Dzilna publication in 1970;
Different investigations of Quaternary groundwater at the end of 20®
century were mainly carried out as supplementary to confined aquifers
studies. Other studies of Quaternary groundwater were bound to land
drainage aspects, but there were very few studies of water supply
issues, because Quaternary groundwater was regarded as an unsafe and
unfeasible source of water. The data obtained in the above mentioned
studies were mainly kept as field notes and unpublished reports that
have not to date been summarised or analysed. However, the data
has limited use today as the conditions of some investigations were
not properly documented or the methods used do not meet current
requirements;

Investigations of Quaternary groundwater in the last decade have
mainly focused on groundwater contamination, and these results are
not appropriate for use in this thesis;

The results of the quickly changing physical-chemical parameters
of Quaternary groundwater determined in the field applying in situ
methods provides new qualitative data that cannot be directly compared
with the data obtained ex situ.

Therefore in this particular study only data on the natural composition of

Quaternary groundwater obtained within last 5-8 years could be used and analysed.
The selected data was obtained in investigations, where modern methodologies
were used, providing representative data and in sifu determination of the quickly
changing physical-chemical parameters.
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2. Materials and methods

The materials used in the study corresponded to the study aim — to study
and characterise Quaternary groundwater in Latvia. Therefore the thesis
included the analysis of published and unpublished materials on hydrogeological
investigations in Latvia and the study of groundwater investigation methods, in
total 141 published and 119 unpublished references were used. The main stages
of the study were:

Study and analysis of published literature and unpublished information
available in the Geological Fund of Latvia and funds and archives of
different companies and organisations;

Definition of study topics, areas and methods to be used;
Investigation of the natural chemical composition of Quaternary
groundwater including in sifu measurements of physical-chemical
parameters and sampling of groundwater for laboratory analysis;
Processing and analysis of field data and results of previous
investigations and the compilation of a data base. Updating and
improvement of the data base in accordance with the results of in situ
measurements of physical-chemical parameters. Characterisation of
the composition of Quaternary groundwater, approbation of the results
obtained and assessment of their applicability.

There were a number of methods used in the study and the main groups of
methods were:

Study of the published and published materials involving different
methods of cameral studies;

Study of the composition of Quaternary groundwater including a
number of field investigation methods and laboratory methods;
Processing and analysis of obtained data, assessment of the results
mainly comprised of cameral studies, but were supplemented by
several field studies;

Approbation of the results obtained and elaboration of the con-
clusions.

Investigations of the composition of Quaternary groundwater

The latest detailed publication on the composition on Quaternary groundwater
was in 1970, therefore the processing, analysis and summarising of the historical
data gathered during the last 35 years was of great importance in the study. One
of the main tasks was to characterise the natural chemical composition of the
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major ions in Quaternary groundwater, their changes and variations spatially and
regionally. The analysis of the composition was based on the concentration of
the major ions (Ca*, Mg*, Na*, K*, HCO,, SO*, CI') and values of physical-
chemical parameters: conductivity (EC), pH and oxidation-reduction potential
(ORP).

Three primary tasks were set out to complete the study: 1) analysis of
existing data, selection of representative data, compilation of the initial data base;
2) measurements of physical-chemical parameters of Quaternary groundwater in
situ, determination of the optimal length for in sifu measurements, groundwater
sampling; 3) updating of the data base and analysis of the data.

Compilation and updating of the data base

The data base includes results from groundwater studies in 2001-2006 carried
out by the author, data from the joint project between State Geological Survey
(VGD) and Danish and Greenland Geological Survey (GEUS) “Agricultural
influence on groundwater in Latvia”, data of the state groundwater monitoring
and data from other investigations.

Criteria for data selection to be included in the data base were elaborated.
Data with complete documentation of study site, investigations carried out and
laboratory methods applied were selected. Only representative data was used in
the study, 297 investigation sites in total, providing information on major ions and
physical-chemical parameters of Quaternary groundwater.

In situ measurements of physical-chemical parameters

Physical-chemical properties of Quaternary groundwater (pH, ORP, EC and
temperature as well as dissolved oxygen (DO)) were measured in the field. These
are sensitive parameters with quickly changing values reflecting variations of
environmental conditions, therefore they could only be measured in sifu. The
results of field measurements of physical-chemical parameters during long-term
pumping tests showed regularity of micro-scale changes of the parameter values
and allowed the performance of data correlation on the groundwater composition
data for the whole of Latvia. Several sites for investigation were selected based
on the structure of the Quaternary deposits and hydrogeological conditions. Test
wells had to be installed in the sand or sand and gravel aquifers of different origin
with variable land cover (with or without vegetation) at various depths (2-40 m)
so that the influence of deposit type, land cover and well depth on micro-scale
changes of the parameters could be studied.
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Physical-chemical parameters (EC, pH, ORP, temperature, DO) were measured
in the flow cell with relevant electrodes. WTW (Germany) microprocessors
MultiLineP4 and pH/Cond315 with appropriate electrodes — WTW Sentix41
electrode for pH (range -2,00 — 19,99 units, accuracy 0,01 pH), WTW
SenTixORP electrode for ORP (range -1999 - +1999 mV, accuracy =1 mV), WTW
TetraCon325 electrode for EC (range 1 uS cm™ — 500 mS cm’!, accuracy +1%
of the result) and WTW CellOx325 electrode for DO (range 0,00-19,99 mg 1!,
accuracy +0,5% of the result). Temperature measurements were made with the pH
electrode, with its integrated temperature sensor. All electrodes were calibrated
before the measurements in accordance with the manuals.

The same methodology for measurements of physical-chemical parameters
was applied during groundwater sampling for chemical analysis. The wells
were purged and the physical-chemical parameters were measured in situ before
sampling in order to ensure representative samples. Water samples were filled in
the plastic bottles and transported in a cool box to the laboratory. Titration was
applied for the analysis of Ca**, Mg*, CI" and HCO, ions, photometry for SO *
ions and flame photometry for Na* and K* ions.

Data processing and analysis and evaluation of the results

Graphical analysis and statistical methods were used in processing and analysis
of the data on the composition of the major ions of Quaternary groundwater.
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3. Geological structure and hydrogeological conditions of
the Quaternary deposits

Glacial and interglacial Pleistocene and Holocene deposits of different
age’s and origin form the Quaternary cover in Latvia that is distributed above
pre-Quaternary sediments almost everywhere except in small areas, where pre-
Quaternary sediments outcrop. The Quaternary deposits are bounded within the
two surfaces: modern land surface that has formed and changes at the same time
as Quaternary deposits are formed or destroyed, and the sub-Quaternary surface
formed of terrigene and carbonate sediments. Land surface elevation changes
from 0 m to 311.6 m, and the maximum amplitude of the modern relief is 312
meters. Elevation of sub-Quaternary surface changes from -282 m to 169 m, and
maximal amplitude is 451 meters.

The thickness of the Quaternary cover varies a lot and is bound to different
geological structure — more simple in the lowlands and more complicated
and multi-layered in the glacial highlands. The characteristic structure of the
Quaternary cover is the interbedding of moraine, glacio-fluvial and lacustrine
deposits with interglacial and post-glacial deposits of different origin. Quaternary
deposits are represented by various grained sand, silt, clay, till loam and sandy
loam, as well as peat, gyttia and freshwater limestone.

Hydrogeological conditions of the Quaternary aquifers depend on the
occurrence, recharge and discharge of the aquifers and the hydraulic properties of
the deposits forming the aquifer (Delina 2002, Delina et al. 2004).

Quaternary aquifers are mainly made of sand and sand-gravel deposits
of different origin with admixture of silty sand, silt or clay. The deposits form
thick, spatially distributed layers as well as thin, small interbeddings and lenses.
Quaternary aquifers formed of alluvial (aQ,+aQ,ltv), marine, lake and lacustrine
(mQ,+1Q,+1gQ,Itv*, 1gQ.1tv) and glacio-fluvial deposits (fQ,ltv) are the most
important for the water supply needs. Groundwater, bound to bog deposits
and separate water saturated lenses in the glacigene till deposits, have minor
importance due to their poor hydraulic conductivity.
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4. The natural composition of Quaternary groundwater

Analysis of the peculiarities of the natural chemical composition and of the
variations of the parameters having impact on the composition of Quaternary
groundwater in Latvia is based on the study of the major ions and physical-
chemical parameters in the upper part of hydrogeological section, where currently
more representative data is available.

Micro-scale variations of physical-chemical parameters

A number of physical-chemical parameters are used to characterise
groundwater properties. There are several integral parameters that provide the
most important information on groundwater properties: pH, ORP, temperature
and EC, as well as DO.

The range of these parameters in the natural groundwater is rather wide and
are characterised as macro-scale variations already known and studied. However,
variations of a smaller range could be observed in a single measurement site, and
these might be described as micro-scale variations that sometimes are explained
as equipment errors, inconsistencies in the study conditions and other. The study
shows that these variations points to negligible changes in the purged water,
provides information on water flow conditions to the well and allows the selection
of the appropriate sampling time (D&lina 2004, 2006c¢).

Physical-chemical parameter variation charts, elaborated within the study,
shows that micro-scale variations are negligible, and mostly the parameter values
within one aquifer are relatively stable.

Vertical zoning is observed in the water table aquifer, the most significantly
presented by the DO and ORP values. The study shows that groundwater recharge
with air greatly depend on composition of aeration zone, topsoil and land cover.
High DO content is observed at sites with high permeable deposits in the aeration
zone without any land cover, but topsoil and land cover decreases DO values up
to 10 times.

The study of micro-scale variations lets to assess different external impacts
and separate them from the naturally caused micro-scale variations, i.e., to
estimate amplitude of the variations and time required to identify them. There are
two methodologically important issues:

— Minimal time required for representative in sifu investigations of
Quaternary groundwater is determined,

— Amplitude of micro-scale variations of the most common physical-
chemical properties in the purged water is detected.
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Based on the results of this study optimal period of the in situ measurements
was detected for the further studies. The results provide information on the
necessary accuracy of the equipment, as well as more precise criteria for selection
of earlier data.

General description of the composition of groundwater

The composition of Quaternary groundwater in Latvia is studied analysing
content of the major ions and pH and EC values of the carefully selected data
aggregated in the data base (297 sites).

The major ions in the Quaternary groundwater

The data obtained and their graphic analysis shows that Ca-Mg-HCO,
type fresh groundwater dominate in Latvia, in separate areas Ca-Mg-SO, type
groundwater is found and rarely also Na-Cl type groundwater. The results of the
study confirm results of earlier studies, but it should be emphasised that current
results are obtained by modern, very accurate laboratory analysis and by in
situ measurements of pH and EC values (D¢lina 2006¢). Therefore qualitative
analytical data of earlier studies might be used for general characterisation of the
composition of the major ions in Quaternary groundwater in Latvia.

Main physical-chemical parameters of Quaternary groundwater

Ranges of pH and EC values in Quaternary groundwater were analysed. The
results of the analysis shows that conductivity values of Quaternary groundwater
in Latvia varies from 30 to 2000 puS cm’', but the prevailing values are from 200
to 600 pS cm™ (~60% of all data base records), but pH values of groundwater
varies from 5.2 to 8.8, with prevailing values 6.8-7.6 (~60%) that corresponds to
slightly acid, neutral and slightly alkaline groundwater (Delina 2006).

Comparison of the major ions composition of Quaternary groundwater
in Latvia and adjacent areas

Summary and assessment of data of the composition of Quaternary
groundwater in Latvia would have been incomplete without comparison with the
data of similar quality from adjacent areas of Pleistocene glaciation. Data from
Lithuania is compared as the methodology of investigations is similar there. Data
on the major ion composition, pH and EC values in sand and sand-gravel aquifers
and in till loam aquifers in Latvia and Lithuania were analysed and compared.

The comparison showed a high correspondence in the parameter values— in
all cases bicarbonate and calcium ions dominate with subdominant magnesium
ions. There are minor differences in the concentration of sulphate and chloride
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and Na"+K" ions: slightly higher equivalent values are recorded in groundwater
in Lithuania. But these are negligible differences that confirm the already known
relation between natural composition of groundwater and chemical composition
of the deposits in aquifer.

Indirectly this shows that the known similarities in the geological structure
of Quaternary deposits in Latvia and Lithuania results in a similar natural
composition of Quaternary groundwater, its mineralization, dominating ions and
their proportions, as well as pH and EC values.

Mineralization of Quaternary groundwater in Estonia is significantly lower
than in Latvia and Lithuania, reaching 0.2-0.35 g 1. The main reasons are a
thinner Quaternary cover and higher rain water recharge. Mineralization of the
Quaternary groundwater in Latvia and Lithuania is 0.3-0.4 g I'! in sand and gravel
aquifers and up to 0.5-0.6 g 1" in glacial aquifers.

Mineralization of the Quaternary groundwater increases with the increase of
thickness of the Quaternary cover and amount of clayey particles in the deposits
resulting in a lower water exchange in the aquifer. In that event the concentration
of all the major ions increases and this is especially characteristic in Lithuania,
where the Quaternary cover is the thickest.

Correlation of conductivity and mineralization values of the Quaternary
groundwater

Correlations between EC and mineralization of saline waters are well studied,
but there is limited data on fresh groundwater. There is very high correlation
calculated between mineralization and EC values of the study data: r = +0.986 +
0.00161, correlation equation y=0.91x, i.e., mineralization = 0.91 EC.

This high correlation shows that EC values might be successfully used as an
indicator in the characterisation of mineralization of fresh groundwater.

Natural composition of the Quaternary groundwater in lowlands and
highlands

Analysis of the composition of the major ions showed that Quaternary
groundwater in Latvia is rather similar. The variations in the geological structure
of the Quaternary cover result in different hydrogeological conditions that might
result in the variable composition of groundwater. Based on physical-geographical
regions outlined in Latvia, the composition of groundwater was analysed for
each region. Maps showing distribution of pH and EC values as well as average
composition of the major ions were compiled (Delina, Seglins 2006), and the
differences of these parameters were analysed between the regions and lowlands
and highlands (Table 1).
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The analysis and mapping of pH and EC values of the Quaternary groundwater
shows that no regularities or trends could be identified in the distribution of pH
and EC values in relation to the particular regions or the relief megaforms. The
mean values of the major ions in highlands and lowlands differ from the mean
values of the whole Latvia by 5-10%.

Table 1
Mean values of the major ions of Quaternary groundwater in Latvia
HCO, | SO | CF | ca | Mg | Naw | ko | Sumof
major ions
mg-eq 1!
Latvia (297)* 4.59 040 | 0.24 | 3.70 | 1.50 | 0.20 | 0.05 10.67

Highlands (83)* 4.92 0.31 | 0.20 | 3.90 | 1.50 | 0.18 | 0.04 11.04
Lowlands (214)* 4.18 044 | 028 | 3.65 | 1.50 | 0.21 | 0.05 10.31
Highlands/Latvia | 107% | 79% | 81% | 105% | 100% | 89% | 83% 103%
Lowlands/Latvia 91% | 111% | 115% | 99% | 100% | 107% | 106% 97%

* In brackets number of analysed sites

The data analysis and assessment of the results proves that the composition of
the major ions or their percentile distribution is not suitable for hydrogeological
districting. The mean values for Latvia might be used for general characterisation
of major ions of Quaternary groundwater.

Natural composition of the Quaternary groundwater in different
aquifers and various depth

A number of factors influencing the composition of groundwater are detailed
in the publications and text books, and some of the most important are the deposits
forming aquifers and the depth of the aquifer. Analysis the of major ions, pH and
EC values was carried out for the data from data base, sorted by the aquifer type
(sand, gravel, glacigene till) and depth (0-10 m, 11-20 m, >20 m).

Bicarbonate calcium type groundwater dominates at all depths and all analysed
aquifer types, and a different composition of the major ions is not related to the
aquifer depth or composition. Only in sand aquifers are higher values of sodium
and potassium ions observed, because these ions increase if sea water intrusions
occur and sand aquifers are widespread in the coastal areas.

Analysis of pH and EC values for the selected aquifer types and depth
intervals provides general overview of these specific aspects of groundwater
properties. There is no relation between the aquifer type and EC, pH values in
shallow aquifers. Symmetrical distribution of pH and EC values for all the aquifer
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types shows that the same factors influence the composition of the groundwater,
but the deposits forming the aquifer vary the intensity of the influence (Delina
2006).

Although the composition of Quaternary groundwater does not depend either
on the deposits forming the aquifer or aquifer depth, there should be factors that
cause slight differences in natural composition. Earlier investigations showed that
the most likely reason is the recharge conditions of the aquifer and the water
exchange rate in the aquifer. Lowest EC values are found in the aquifers that
recharge only with rainwater or bog waters, but the highest EC values are in the
areas with recharge from the confined aquifers or sea water intrusion.
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5. Discussion and interpretation

Spatial differences in groundwater are a well known feature that depends
on the variations of the geological structure and changes of factors influencing
groundwater occurrence and composition. These differences complicate, some-
times even burden groundwater studies. Therefore classification and schematization
is one of the main issues in hydrogeology, emphasising significant features and
rejecting insignificant differences.

Detailed analysis of the composition of Quaternary groundwater showed
that there are no significant differences. However, in earlier studies 1. Dzilna
and V. Stapréns, as well as N. Levina have noticed differences of the Quaternary
groundwater resources in various regions of the Latvia. Therefore hydrogeological
regions might be outlined based on other criteria rather than natural composition
(Delina 2005a).

Analysis of the composition of Quaternary groundwater proved that
historically applied geographic zoning of shallow groundwater is not applicable
(Delina 2006a). But the variable and complex geological structure could indicate
differences in hydrogeological conditions as well (D&lina 2001).

Schematization of hydrogeological section

The quantity and quality of Quaternary groundwater is mainly determined by
the hydrogeological and flow conditions that depend on the geological structure
of the Quaternary cover: nature of deposits, their hydraulic conductivity and
interbedding. Several schematization criteria were selected: the distribution of
aquifers and their spatial continuity, hydraulic conditions of the groundwater flow.
A few layers are outlined in the hydrogeological section (Table 2).

Table 2
Schematic layers of hydrogeological section

Layer Locatlor.l in the Main features of the layer Layer thickness
section
Mainly 2-5 m, in
Aeration Between land Unsgturated deposits, bogs 0—1 m, on
I Jone surface and water | vertical groundwater flow | well drained areas
table prevails (infiltration). 5-10 m,
sometimes > 10 m.
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Layer Locatlor} in the Main features of the layer Layer thickness
section
Spatially continuous .
Upper part of the . Mainly from
. water saturated deposits.
Water table section, between . 2-5mto 15-20 m,
1I . Horizontal groundwater .
aquifer water table and . sometimes
. flow prevails. Unconfined
aquitard 3040 m.
groundwater.

Interbeddings, Sporadic water saturated

lenses of sand .

and eravel layers between low Mainly from
Interglacial £ permeable layers, horizontal | 1-2 m to 5-10 m,

111 . between low . .

aquifers ermeable groundwater flow prevails. | maximally

perm . Semi-confined and confined | 15-60 m.

glacigene till

. groundwater.
loam deposits

Every layer has specific features with slightly different dynamic and chemical
processes.

Typical Quaternary hydrogeological sections

Great variability in geological structure of the Quaternary deposits
determines that there are regions with all the layers or just some. Several hundred
hydrogeological sections were studied, analysing the presence of the layers (Table
2) in every particular hydrogeological section. The presence of an aeration zone
(I) was not taken into account because there is lack of relevant data on differences
of aeration zone structure and their impact on hydrogeological conditions.

Several similarities in the distribution of the water table aquifer and the
interglacial aquifers were found during the analysis of sections, and the sections
were grouped based on the two main criteria: spatial distribution of the water
table aquifer and number and spatial distribution of the interglacial aquifers. Six
dominating types of the hydrogeological sections were outlined (Delina 2006):

1) areas with continuous distribution of the water table aquifer and very
few or no interglacial aquifers or interglacial water saturated layers,

2) areas with continuous distribution of the water table aquifer and few
interglacial water saturated layers or semi-confined aquifers,

3) areas with continuous distribution of the water table aquifer and a lot
of interglacial water saturated layers or interglacial semi-confined,
confined aquifers,

4) areas with sporadic distribution of the water table aquifer and very
few or no interglacial aquifers or interglacial water saturated layers,
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5) areas with sporadic distribution of the water table aquifer and few
interglacial water saturated layers or interglacial semi-confined
aquifers,

6) areas with sporadic distribution of the water table aquifer and a lot
of interglacial water saturated layers or interglacial semi-confined,
confined aquifers.

Typical hydrogeological sections of the Quaternary deposits characterise
regions with distinctive geological structure and hydrogeological conditions.
Besides there were untypical sections that did not corresponded to any of the
types or formed small separate groups. Separate study should be carried out on
these areas, because the hydrogeological conditions might significantly differ, but
currently there is lack of information.

Hydrogeological zoning of Latvia by hydrogeological sections

Analysis of spatial distribution of the typical Quaternary hydrogeological
sections showed that there are consequences in this distribution. The
hydrogeological zoning of Latvia could be made based on the distribution of
typical hydrogeological sections (Delina 2006). The dominating section type was
determined for each spatial unit and mapped (Fig. 2).

The hydrogeological zoning of Latvia showed that most of the areas with
continuous distribution of the water table aquifer are located in lowlands taking
up to one third of Latvia. There is sporadic distribution of the water table aquifer
in the rest of Latvia. Most of the interglacial aquifers are bound to highlands, and
the number and thickness of those aquifers as well as their spatial distribution
increases in highlands, where there is thicker and more complicated geological
structure. The areas with the interglacial aquifers take up to one half of the
Latvia.
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Fig. 2. Hydrogeological districts of Latvia

Legend: 1 — areas with continuous water table aquifer and no or very rare interglacial
aquifers, 2 — areas with continuous water table aquifer and few interglacial aquifers,
3 — areas with continuous water table aquifer and many sporadic or few continuous
interglacial aquifers, 4 — areas with sporadic water table aquifer and no or very rare
interglacial aquifers, 5 — areas with sporadic water table aquifer and few interglacial
aquifers, 6 — areas with sporadic water table aquifer and many sporadic or few continuous
interglacial aquifers.

The analysis of spatial distribution of the typical hydrogeological sections and
hydrogeological zoning showed that there are transition areas, where one typical
section dominates, but features of another section is present as well. These areas
are, e.g., eastern part of Ropazi Plain, sides of Metsepole Plain, bottom of Saldus,
Veclaicene, Mezole Hillands. The typical hydrogeological sections of these areas
should be specified in future, including additional criteria like the water exchange
intensity, thickness of aeration zone or drainage conditions of the area.
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Conclusions

. The Quaternary groundwater in Latvia lies close to the Earth’s surface

and it is intensively recharged with rain water and surface water
compared to the deeper pre-Quaternary aquifers. There are active
chemical processes going on, their difference depend on variable
environmental conditions (pH, ORP), infiltration intensity and water
exchange rate; as well as the recharge from the bog aquifers (increases
content of organic matter), sea water intrusion (saline groundwater)
and recharge from the confined aquifers (sulphates from areas with
increased sulphate content in the Devonian aquifers).

. The interaction of waters of different origin and composition causes

variations in the natural composition of Quaternary groundwater.
The interaction differs from place to place, but the study of the
physical-chemical parameters shows that a distinctive layer could be
characterised in the upper 1-2 m of the water table aquifer, based on
the differences in pH, ORP, EC, DO and temperature values.

. The analysis of the studied physical-chemical parameters shows that

the composition of the Quaternary groundwater forms depending on
regular features characterised by pH and ORP values. The natural
composition formation processes are similar for the areas with the
similar geological structure of the Quaternary deposits. A unified
methodology of groundwater studies could be applied there.

. The high accuracy conductivity values measured in the field could

be used to calculate groundwater mineralization. The correlation
equation y=0.91x provides accurate and representative calculations of
the groundwater mineralization based on in situ measurements. The
correlation equation is calculated based on the field and laboratory
data of fresh groundwater.

Six typical Quaternary hydrogeological sections could be detailed
based on the spatial distribution of the water table aquifer and the
interglacial aquifers. The best correlation with the other zoning
schemes is obtained for the areas, where interglacial deposits are
distributed.
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