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1. Uvod

Reka S4zava zaujima mezi toky Ceské vysociny pro specifické rysy vyvoje
udoli a prabéhu fi¢nich akumulacnich teras v jeho podélném profilu mimo-
fadné postaveni. Divodem je pestrda geologicka stavba a paleogeograficka
historie celého povodi. Vyrazné vlivy neotektonickych procest a klimatic-
kych zmén podminily variabilni charakter a intenzitu exogennich geomorfo-
logickych pochodu. Pii feseni mladokenozoického vyvoje tidoli Sazavy jsme
vénovali hlavni pozornost témto problémtm: a) analyze podélného profilu
Sazavy, b) geomorfologickym pomériim tdoli a reliéfu piilehlého tzemi,
c) geomorfologickému a geologickému vyzkumu vyznamnych lokalit fluvi-
alnich sedimentti, d) rekonstrukci terasového systému v podélném profilu
a zaroven konstrukci odpovidajici série pii¢nych profilt, e) kartografickému
zpracovani lokalit ficnich teras, neogennich sedimentll a vyznamnych
vyskyti ploSinnych zarovnanych povrchitt v zdkladnich mapach meéfitka
1:50 000, f) geomorfologickému vyvoji tidoli Sazavy v kvartéru a problema-
tice piedkvartérniho odvodnovani, g) korelaci terasového systému Sazavy se
systémem teras Vltavy a Labe a jejich zatazeni do stratigrafického systému
mladsiho kenozoika.

Pro komplexni feseni vybraného tématu byl k detailnimu vyzkumu po
podrobné rekognoskaci vybran a jako rozsdhlé modelové tizemi zpracovan
zejména nejvyznamnéjsi usek udoli Sdzavy mezi fi¢nimi kilometry 0,0-145,0
(64,4 % z celkové délky toku), tedy mezi tstim Sazavy do Vltavy a Svétlou
nad Sazavou. Dale byl do podélného profilu feky pfipojen i tisek mezi Svét-
lou nad Sazavou a Havlickovym Brodem, tj. az po fi¢ni km 165,0 (73,3 %
z celkové délky toku).

Za spolupraci pii shromazdéni a vyhodnoceni rukopisného materialu,
napf. cetnych vyzkumnych zprav s vrtnou dokumentaci, ulozenych v archivu
Geofondu, dékujeme RNDr. Jifimu Krausovi. Dale dékujeme za spolupraci,
a to zejména pfi terénnich vyzkumech v letech 1998-2007, Mgr. Jan¢ Bany-
rové; RNDr. Mgr. Pavlu Cervinkovi, Ph.D.; RNDr. Zbynku Engelovi, Ph.D.;
RNDr. Filipu Hartvichovi Ph.D.; RNDr. Jifimu Kastnerovi; Mgr. Pavle
Kohoutkové; jng. Jakubovi Kosteleckému Ph.D.; Mgr. Marii Kuncové;
RNDr. Petfe Stépancikové, Ph.D.; Mgr. Janu Tomeckovi a Mgr. Evé Va-
nickové. Odborné tudaje a podklady o oblasti stfednich Cech z cennych
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historickych map Mapové sbirky Prirodovédecké fakulty Univerzity Kar-
lovy v Praze ptipravil a poskytl ing. Petr Jansky, CSc. Dr. Helené Svachové,
Nicku Stuartovi, Alené¢ Homolové a Karlu Kupkovi jsme zavazani za edi¢ni
zpracovani textd a grafického materialu této prace.

Katedra fyzické geografie a geoekologie Prirodovédecké fakulty Uni-
verzity Karlovy v Praze dlouhodobé spolupracuje na vybranych tématech
badatelsky zaméfeného Vyzkumného centra dynamiky Zemé, jehoz soucasti
jsou geodynamické a astronomické observatofe nad tidolim Sazavy v Ondre-
jovské vrchoviné. Podrobny geomorfologicky vyzkum mladokenozoického
vyvoje udoli Sazavy byl provadén v ramci vyzkumného zdméru Prirodové-
decké fakulty Univerzity Karlovy v Praze MSM 0021620831 ,Geografické
systémy a rizikové procesy v kontextu globalnich zmén“. Chronostratigra-
fické aspekty interpretace geomorfologické analyzy fi¢nich teras ve stied-
nich Cechéch byly podrobné diskutovany s prof. dr. Philipem Gibbardem
(University of Cambridge, Quaternary Palacoenvironment Group). Tuto
monografii pfipisujeme pamatce prof. dr. ing. Quida Zaruby (1899-1993),
ktery se svymi vyzkumnymi pracemi mimoradné zaslouzil o poznani regio-

NINY_ 7

nalni stavby a zdkonitosti vzniku a vyvoje fi¢nich teras ceskych rek.



2. Metody geomorfologického vyzkumu
a prubéh praci v povodi Sazavy

Geomorfologicky vyzkum tidoli Sazavy a vybranych blizkych tizemi je sou-
casti $irsiho okruhu témat dvou dlouhodobych védeckych programti. Jsou
to vyzkumny zamér Prirodovédecké fakulty Univerzity Karlovy v Praze
~Geografické systémy a rizikové procesy v kontextu globéalnich zmén®
a badatelské projekty Vyzkumného centra dynamiky Zemé (VCDZ). Vybér
tohoto regionu pro fyzickogeografické a geomorfologické studie v ramci
téchto vyzkumnych celki byl fizen nékolika aspekty. Predevsim je z geo-
morfologického hlediska esteticky nadherna a historicky vyjime¢na krajina
Posazavi ve stiednich Cechach podstatné méné prozkouméana nez tzemi,
kterymi protékaji Labe a Vltava. Dale pfipomenme, Ze pfed vice nez sto lety
byla v Ondfejovské vrchoviné nad stfedni ¢asti toku Sazavy zalozena astro-
nomicka observatof (Hadrava et al. 1998), ktera je jednim z vyznamnych
evropskych center piirodovédeckych vyzkumt. Observatofe Astronomic-
kého tistavu Akademie véd Ceské republiky jsou v soucasné dobé tizemné
i vybranymi vyzkumnymi tématy spojeny s geodynamickou observatori
Pecny (GOPE). Tato geodynamicka observatof, zalozena v roce 1957, je od
roku 2000 experimentalni zakladnou badatelsky zaméfeného VCDZ, na je-
hoz ¢innosti se podili také katedra fyzické geografie a geoekologie PfF UK
v Praze (Kostelecky et al. 2005a, Kalvoda 2006).

Podrobny geomorfologicky vyzkum systému fi¢nich teras a vyvoje idoli
sttedni a dolni Sazavy probiha soubézné s vyzkumem vyvoje georeliéfu
v lokalité observatoii Ondiejov/Pecny. Podstatna je také korelace vysledki
geomorfologickych vyzkumii v povodi Sazavy s poznatky o morfostruktur-
nim vyvoji a neotektonice stfedni ¢asti Ceského masivu (Balatka, Kalvoda
2006, 2008). V integraci poznatki z geomorfologickych a geologickych
vyzkumi tohoto regionu s geofyzikalnimi a geodetickymi méfenimi spociva
znaény badatelsky potencidl vyzkumu kvartérni geodynamiky v oblasti
rozsahlého morfotektonického styku hercynského, alpského a karpatského
orogénu. Vyzkum morfostrukturniho zaznamu neotektonickych procesi
a jevi v mlads$im kenozoiku, klimato-morfogenetickych procest a dynamiky
vyvoje reliéfu v kvartéru podporuje také snahy o geoekologickd hodnoceni
trend vyvoje krajiny (Drbohlav et al. 2004). Metody geomorfologického vy-
zkumu jsou velmi rozmanité a je obvyklé je uplatnovat a kombinovat podle
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regionalnich specifik sledovanych povrchovych tvari a reliéfotvornych
procest. O zéakladni skladbé vyuzitych metodickych postupt vypovida jiz
struktura této geomorfologické studie o vyvoji tdoli Sazavy. Dalsi sdéleni
o vybranych metodach vyzkumu pak uvadime pfimo v dil¢ich analytickych
a interpretacnich ¢astech prace (viz napt. kap. 4, 7 a 9). Podstatna omezeni
vybéru vyzkumnych postuptt byla ovSem urcena i nedostupnosti techno-
logicky (a ekonomicky) naro¢nych terénnich a laboratornich metod, které
jsou v soucasné dobé v geomorfologii vyuzivany.

Geomorfologickd analyza a monitoring vybranych geodynamickych a kli-
mato-morfogenetickych procesi a jevii v Ondfejovské vrchoviné jsou nedil-
nou soucasti vyzkumu lokalnich a regiondlnich zmén pfirodniho prostiedi.
Pri fyzickogeografickych a geomorfologickych vyzkumech jsou vyuzivana
dlouhodoba geofyzikalni, geodetickd a geologicka méfeni a databaze.
Pokracuji také specializovana méfeni na klimatické stanici katedry fyzické
geografie a geoekologie PIF UK v Praze, ktera je v lokalit¢ astronomické
a geodynamické observatofe Ondrejov/Pecny dlouhodobé umisténa. Jedna
se zejména o zjiStovani mikroklimatickych a hydrogeologickych podminek
jako soucasti fyzicko-geografickych vyzkumti o pfirodnim prostiedi této
lokality, kde probihaji geodetickd, geofyzikalni a astronomicka méfeni a ex-
perimenty.

Projekty VCDZ jsou zalozeny pfedevs$im na geodynamickych, geodetic-
kych a astronomickych tématech, jejichz fesitelské tymy z né¢kolika instituci
spolupracuji na vybranych komplexnich vyzkumnych tikolech (Kostelecky
et al. 2005). Vyznamny je rozvoj experimentalni zakladny na observatofich
Ondfejov/Pecny, napf. zajisténi stalych pozorovani umélych druzic Zemé
v systému GPS, vyzkum slapovych a neslapovych variaci tthového zrychleni,
meteorologickd méfeni a analytické centrum druzicové technologie a me-
teorologie GPS. Hlavnimi badatelskymi sméry v soucasné dobé feseného
projektu VCDZ ,Recentni dynamika Zemé® jsou (Kostelecky et al. 2005):
1. rotace a dynamika Zemé v kosmickém prostoru, 2. zmény tthového pole
Zemé, 3. rychlé a sekularni zmény zemského povrchu, 4. geodynamika Ces-
kého masivu, 5. problematika lokalnich geodynamickych siti.

Dlouhodoba ¢innost VCDZ piinasi zasadni metodologicky a experimen-
talni posun v moznostech poznavani recentnich reliéfotvornych procest
a jejich paleogeografického kontextu. Na piiklad kombinace vysledki
kosmickych technik umoznuje zpiesnit uréeni parametrii orientace Zemé
a zajiSténi geocentrického soufadnicového systému (srv. Vondrak, Cepek
2001; Vondrak, Stefka 2007). Také pro pfesné studium tihového pole Zemé
jsou vyuzivany udaje ziskavané Spickovymi technologiemi a méfickymi
technikami. Byly vyvinuty metody testovani pfesnosti modelt gravita¢niho
pole Zemé pomoci nezavislé druzicové altimetrie (Gooding et al. 2007).
Inverzi novych modelt gravita¢niho pole Zemé spolu s pozemnimi tiho-
vymi daty byl zkonstruovan model pribéhu kvazigeoidu ve stfedni Evropé
(podrobnéji viz Kostelecky et al. 2005). Studie variaci zmén tize namétené
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na geodetické observatofi Pecny absolutnim gravimetrem FGS byly prvnimi
vysledky tohoto druhu v Ceské republice. Jejich analyza umoziiuje napt.
oddéleni regionalnich, zejména hydrologickych a meteorologickych jevii od
globalnich zmén tihového pole.

Pri interpretaci Casovych fad technologie GPS byly vyvinuty aplikace
mechaniky kontinua na data, poskytovana siti permanentnich stanic GPS -
EUREF EPN. Pozornost byla zaméfena nejen na stitedni Evropu (Kalvoda
et al. 2004, Schenkova et al. 2007), ale téZ na evropsky kontinent a Stiedo-
moii. Bylo zpracovano zakladni vyhodnoceni a geodynamicka interpretace
prubéznych V}’Isledkﬁ méfeni v siti vybran}’rch stanic GPS ve stfedni Evropé¢.
Dlouhodobé jsou také provadéna pozorovani svétového casu (UT1) meto-
dou radiové interferometrie z velmi dlouhych zékladen (napt. Vondrék, Ce-
pek 2001) a kombinovana s pozorovanim zmén délky dne metodou GPS.

Regionalni problematika dynamické a evolucni geomorfologie je ve vy-
zkumném zaméru PiF UK a v projektech VCDZ zaméfena na tfi témata:
1. monitoring geodynamickych procesti a jevli vybranymi geodetickymi, geo-
logickymi a geofyzikalnimi metodami, ktery je doprovazen geomorfologic-
kou a fyzickogeografickou interpretaci; 2. experimentalni geomorfologicky
vyzkum soucasnych a recentnich geodynamickych procest a jeva, které
probihaji jak v pfipovrchové ¢asti zemské kury a ve skalnim masivu, tak ve
zvétralinovém plasti a na zemském povrchu; 3. komplexni geomorfologicky
vyzkum vyvoje reliéfu ve vybranych oblastech aktivni orogeneze. Cilem je
poznani evolucnich ryst dynamiky Zemé v paleogeografickém a prognostic-
kém kontextu regionélnich zmeén prirodniho prostfedi. Ve stfedni Evropé je
hlavni pozornost zaméiena na Cesky masiv, a to v nasledujicich tématech:
a) morfostrukturni a morfografické ¢lenéni eské &4sti Ceského masivu,
b) reglonalnl geomorfologicky vyzkum vybranych lokalit v Cesku se zamé-
fenim na morfotektoniku a svahové pohyby, c) geomorfologicky vyzkum
zalednéni sttedni Evropy v kvartéru, véetné vztahu tohoto fenoménu k dy-
namice morfotektonickych a klimato-morfogenetickych procest.

Jednou z hlavnich ¢innosti katedry fyzické geografie a geoekologie PiF
UK v Praze je profesni vychova vyzkumnych pracovnikti v pribéhu magis-
terského a postgradualniho studia. Vyse uvedena témata jsou proto reSena
také v ramci magisterskych a doktorskych praci. Nékteré z téchto studii
byly zaméfeny na vybrana tizemi ve stiedni ¢asti povodi Sazavy, napft. prace
Stépancikové (2001), Kohoutkové (2002), Kuncové (2006), Tomecka (2007)
a Banyrové (2008). Hlavni vysledky jejich prace byly pro vyzkum morfo-
strukturniho a morfogenetického vyvoje oblasti GOPE velmi pfinosné,
a to jak v kontextu probihajicich méfeni recentnich geodynamickych jevi
a procest, tak novych poznatki o paleogeografické historii stfednich Cech
v mlad$im kenozoiku.

Dal$im podstatnym metodologickym aspektem geomorfologického
vyzkumu vyvoje udoli Sazavy jsou kvalitativni zmény v soucasnych morfo-
stratigrafickych pfistupech ke studiu piirodnich procesti a jevii v obdobi

15
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mladsiho kenozoika a vyrazné pokroky v poznavani jejich chronologie a da-
tovani (viz napi. Bridgland 2000; Gibbard et al. 2004; Tyracek et al. 2004;
Tyracek, Havlicek 2009). Vysledky geomorfologického vyzkumu v povodi
Sazavy jsou proto v této monografické praci prezentovany jak s ohledem na
aktudlni moznosti vyuziti hlavnich reliktd fi¢nich akumulac¢nich teras pro
radiometrické a dal$i metody jejich datovani, tak v korelaci s chronostrati-
grafickym systémem teras Vltavy a Labe.



3. Prehled a vyhodnoceni dosavadnich
vyzkumu a pouzitych materialt

Udoli feky Sézavy piedstavuje z hlediska geomorfologickych vyzkumi
pomérné opomijeny tok v ramci povodi Ceského Labe. Prvni vyznamnéjsi
nazory predev$im na predkvartérni vyvoj povodi Sazavy pochazeji z pera
zakladatele ¢eské geomorfologie Danese (1913), ktery mj. stanovil termin
stfedocCeska oligocenni parovina a naznacil moznost tfetihorntho odvodio-
vani stfedni Sdzavy k S, smérem na Koufimsko. Na nejdolejsim toku Sazavy
rozlisil Puffer (1930) 5 teras, jejichz stratigrafické zafazeni je vSak velmi pro-
blematické. Zakladni praci o terasach a vyvoji tdoli i povodi Sazavy je mo-
nograficka studie Novaka (1932b). V ni jsou popsany lokality fi¢nich teras
(kromé dolniho toku), bohuzel vSak bez obrazového doprovodu. Pii hod-
noceni vysledki této vcelku kvalitni studie nutno vyzdvihnout skutec¢nost,
ze se autor jako prvni u nds pokusil zaradit terasové lokality nikoliv striktné
podle relativnich vysek, jak to bylo tehdy bézné, ale podle ,rekonstrukce
spadu teras, jez si ovSem musime pfedstavit maly a vyrovnany“. Novik
se tak stal prvnim nasim autorem, jenz zavedl moderni metody vyzkumi
fi¢nich teras, které pozdéji teoreticky zdtvodnil Krej¢i (1939) a tspésné
aplikoval Zaruba-Pfeffermann (1943) v klasické studii o terasich Vltavy.
Novakovy lokality fi¢nich teras nejsou vzdy fluvialniho ptivodu, misty se
jedna o denudacni plo$iny s ¢etnymi subangularnimi valouny a zejména na
sttednim toku také s ostrohrannymi, pfevazné kfemennymi tlomky. Novak
(1932b) upozornil i na tsek opusténého udoli Sdzavy u Chabefic naproti
usti Zelivky a naznacil rovnéz moznost odvodnovani Konopistského potoka
od Poric¢i nad Sazavou kratsi cestou k Tynci nad Sazavou. Tento autor se
rovnéz zabyval problematikou mladotfetihorniho odvodnovani a vznikem
toku Sazavy v dnesni podobé. Hlavni lokality fi¢nich teras stfedni a zejména
dolni Sazavy popsal a zatadil do svého systému Engelmann (1938). Zminky
o fluvialnich sedimentech a vyvoji vodni sit¢ v povodi Sazavy obsahuje
rovnéz monografickd studie Novéka (1943) o geomorfologickych pomérech
Ceskomoravské vrchoviny (zde vysodiny). Pro interpretaci vyvoje udoli Sa-
zavy v neogénu jsou dilezité rovnéz syntetické prace Malkovského (1975,
1976, 1979) a Lozka et al. (2004).

Dalsi starsi literatura o terasach a vyvoji tdoli a povodi Sdzavy do r. 1961
je obsazena v publikaci Balatky a Sladka (1962), kterd piinasi i souhrnné
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zhodnoceni a srovnavaci tabulku fic¢nich teras a lokalit mladotfetihornich
sedimenti. Na studii Novaka (1932b) navazali Zaruba a Rybar (1961)
v pozoruhodné praci o mocnych fluvidlnich akumulacich na stfednim toku
Sazavy v §ir§$im okoli Zruce nad Sazavou. Tito autofi vyuzili vysledky in-
zenyrsko-geologickych prizkumnych akci (zejména pocetné sondaze) na
vyhledavani zasob Stérkopiskti pro stavebni ticely. Prokazali existenci reliktt
opusténych pleistocennich tidolnich tsekti s vyplni terasovych sedimentti
o mocnosti az 25 m. Vznik této mohutné agradace autoti uvadéji do souvis-
losti s existenci napadného stupné ve sklonu hladiny toku mezi Svétlou nad
Sazavou a Led¢i nad Sazavou. Charakterizovanou agradaci (s povrchem az
32 m nad fekou) pfedbézné paralelizuji s vltavskou terasou IIIb (Karlova
namésti), a to na zakladé schematického podélného profilu. Tento profil
vSak neni podlozen pfesvédcivymi doklady, zejména terasovymi vyskyty na
stfednim a dolnim toku Sazavy.

Terasy dolni Sazavy mezi Vrab¢im Brodem a Zbofenym Kostelcem zpra-
covala v rdmci magisterské prace Stépanéikova (2001, 2003). Autorka zde
rozli$ila kromé tdolni nivy celkem 5 trovni a pokusila se o jejich navazani
na terasovy systém Vltavy (Zaruba et al. 1977). Nejvyssi stupné vsak nelze
pokladat za akumula¢ni terasy. Jedna se nejspise o denudacni relikty fluvial-
nich sedimentdl, patrné premisténych do nizsich poloh, popt. jde o vyskyty
s ojedinélymi valouny neznamého ptivodu.

Terasové lokality byly vymezeny na star§ich geologickych mapach v mé-
fitku 1:75 000 (listy Bene$ov 4053 a Vlasim 4154) a na piehlednych mapach
pudnich pomérii stejného méfitka (listy BeneSov 4053 a Kutna Hora 4054).
Uvedené podklady je vSak tfeba vyuzivat velmi opatrné, nebot zejména v geo-
logickych mapach je rozsah a pocet lokalit fi¢nich teras zna¢né precenén
a n¢které vyskyty nebyly pozdéjsimi vyzkumy potvrzeny. Kvalitnéjsi pod-
klady pfedstavuji novéjsi rukopisné mapy 1:25 000 s vysvétlivkami (archiv
Ceské geologické sluzby) a ptedeviim publikované mapy vétsich méfitek:
Zakladni geologicka mapa CSSR 1:25 000, list 12-423 Davle a Geologicka
mapa CR 1:50 000 (listy 12-42 Zbraslav, 12-44 Tynec nad Sazavou, 13-31
Rlcany, 13-33 Benesov, 13-34 Zru¢ nad Sazavou, 23-12 Ledeé¢ nad Sazavou,
23-21 Havlickav Brod).

Pti zpracovani terasového systému v povodi Sazavy byly vyznamnou
oporou také rukopisné inzenyrskogeologické zpravy z prizkumu lokalit
fluvidlnich sedimentii, se zamérem ovéreni zasob $térkopiskl pro stavebni
tcely, zejména pro stavbu délnice, vodniho dila Zelivka a vystavbu sidlist.
Kromé informaci o petrografickém a zrnitostnim charakteru uloZenin jsme
vyuzili tidaje z pocetnych zamérenych vrtd z lokalit na stfednim toku Sazavy,
které poskytly dostate¢né mnozstvi idaji o vyskovych pomérech hlavnich
terasovych prvki, napt. povrchu a baze fi¢nich teras.

V pribéhu soucasnych geomorfologickych vyzkumi vyvoje tdoli Sazavy,
které byly zahdjeny ptiblizné pfed 10 lety (srv. kap. 2), byly publikoviny
dil¢i nebo tematicky blizké studie: Balatka, Kalvoda (2006); Balatka, Ste-
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pancikova (2006); Balatka (2007); Kalvoda (2007); Balatka, Kalvoda (2008).
Hlavni analytické iidaje a interpretacni poznatky téchto geomorfologickych
studii jsou v piedlozené syntetické praci vyuzity a rozsifeny.



4. Analyza podélného profilu reky Sazavy

Rozbor sklonovych pomérti hladiny feky Sazavy ma vedle konstrukce po-
délného profilu podstatny vyznam pro pochopeni hydrodynamické aktivity
toku, a to zejména v pleistocénu. Podélny profil toku jako mistni erozni
baze pro vyvoj tidoli pfitokd predstavuje rovnéz zakladnu pro rekonstrukci
pribéhu lokalit fi¢nich teras (obr. 1, 2). Podélny profil hladinou feky byl
sestaven podle vyskového zaméfeni z 28. 7. 1952, kdy Sazava méla malou
vodnost (primérny denni pritok ve Zru¢i nad Sézavou — 1,48 m®.s™ - od-
povidal cca 340denni vodé, v Poti¢i nad Sdzavou 4,21 m®.s™" — cca 320denn{
vodé¢; Podélny profil feky Sdzavy 1953, Vodni stavy a odtoky 1956).

Z hlediska priitbéhu hladiny a tvaru sklonové ktivky lze tok Sazavy v trati
od Zdaru nad Sazavou po tsti do Vitavy rozdélit na pét sklonové napadné
odli$nych tsekd:

1. Horni a ¢ast sttedniho toku (po Smrénou), mezi fi¢nim km 208,4-139,5
v délce 68,9 km se vyznacuje plynulym poklesem sklonu, a to z 6,65 %o
u Zd4ru nad Sazavou na 1,28 %o nad Smrénou. Sklonova kiivka ma zietelné
konkavné prohnuty tvar, s anomalii pod ustim Sazavky, kde je zfetelné
mirné zmenseni a nasledné zvétseni sklonu hladiny. Veelku pravidelny tvar
této sklonové kiivky odpovida (spolu se vzriistajici vodnosti toku) pomérné
homogennimu petrografickému slozeni hornin skalniho podkladu. Prevla-
daji moldanubické ruly az migmatity a méné jsou zastoupeny granity mol-
danubického plutonu.

2. Mezi obcemi Smrénd a Vilémovice, mezi fié¢nim km 139,5 a 135.,4, se
objevuje napadny ohyb sklonové ktivky, kde feka v tseku 4,1 km vykazuje
vyrazné zvétseny sklon hladiny 5,72 %o (foto 2). Tento sklonovy stupen v ro-
mantickém udoli Stvofidla byl podminén odolnéjsim dvojslidnym granitem
melechovského masivu. Uvedeny granitovy masiv, spolu s neotektonickym
vyzdvihem, zadrzel vinu zpétné eroze postupujici proti proudu Sazavy. Na
aktivni vodni erozi ukazuji i evorzni tvary na granitovych blocich v koryté
feky (Balatka, Sladek 1977).

3. Pod uvedenym ohybem, mezi Vilémovicemi (fi¢ni km 135,4) a Podé-
lusy (fi¢ni km 17,9), vykazuje Sdzava v tiseku dlouhém 117,5 km piekvapivé
vyrovnany sklon hladiny, ktery ani po vyrazném zvétSeni vodnosti hlavni
teky vodami Zelivky, Blanice a ¢etnych potokii nedoznal Zadnou vyznam-
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Obr. 2 - Podélny profil hladiny Sazavy mezi ri¢nimi kilometry 172-0 s udaji priimérného
sklonu vyznamnych tseka

nou zménu. Je velmi pozoruhodné, ze odolnéjsi horniny v moldanubickych
rulach (amfibolity, rohovce, kvarcity a krystalické vapence) ovlivnily vice geo-
morfologicky raz a pribéh udoli nez sklonové poméry. Sklonova kfivka ma
zde zcela pfimkovy tvar, ktery se neméni ani pti 300nasobném prevyseni. Pra-
mérny sklon v tomto dlouhém tseku dosahuje hodnoty jen 0,88 %o; drobné
anomalie sklonové kiivky jsou podminény jezy, které v kratkych tsecich
lokalné méni sklon toku. Mistni zvétSeni sklonu se dale objevuje zejména ve
vysepnich ¢astech tdolnich zékruti a meandrii (v kratkych tsecich az ptes
3 %o, jinde pouze pod 0,5 %o. Na delsi trati (4,7 km) je podruzné zvyseni
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sklonu pod Led¢i nad Sazavou (1,45 %o). Zcela vyrovnana sklonova kiivka
v tomto tseku odpovida teoretickému predpokladu tzv. profilu rovnovahy,
coz znamena, ze zde feka pfi primérné az mirné nadprimérné vodnosti
ani neeroduje, ani neakumuluje. To je podstatné teoretické vychodisko pro
pochopeni vyvoje tidoli a tvorby fi¢nich teras v charakterizovaném tuseku.
Tento dlouhy usek stfedniho toku se nachéazi vzhledem k poloze hladiny
nedaleké Vltavy ve zietelné visuté poloze!

4. Druhy sklonovy ,stupen® (ohyb) vykazuje podélny profil na dolnim
toku Sazavy mezi Podélusy a Pikovicemi; v tiseku dlouhém 12,9 km (mezi
fi¢nim km 17,9 a 5,0) ma hladina feky primérny sklon 3,90 %o. Tato sklo-
nova anomalie byla podminéna intenzivni zpétnou erozi postupujici od usti
do Vltavy smérem proti proudu, kterou zadrzely odolné horniny jilovského
pasma a granitoidy stfedocCeského plutonu. Soucasnou vodni erozi dokla-
daji i vyskyty obtich hrncti v koryté feky u Krhanic (Balatka, Sladek 1977;
foto 16).

5. Dolni tsek odlisného sklonu hladiny toku je 5 km dlouha cast toku
pred tstim do Vltavy. Nachazi se z vétsi ¢asti na konci vzduti Vranské vodni
nadrze, takze hladina feky zde ma pramérny sklon pouze 0,35 %o. Pivodni
skon hladiny pfed vystavbou vodniho dila dosahoval primérné hodnoty asi
1,20 %o. Na nejdolejsim toku feka protéka jiz méné ve vztahu ke zvétravani
a erozi odolnymi prachovci, bfidlicemi a drobami pievazné stéchovické sku-
piny mladsiho proterozoika.



5. Nastin geologické stavby udoli Sazavy

5.1. Geologicky vyvoj SirSiho tzemi

Udoli Sazavy a ptilehlé tizemi ve zkoumané oblasti bylo zaloZeno v néko-
lika zdkladnich geologickych jednotkdch Ceského masivu. Hlavni jednotka
je oznacovana jako cesky mezihorsky blok (variské mezihofi), a to jako
oblast vltavsko-dunajské elevace (moldanubikum). Predstavuje nejstarsi
a nejstabilnéjsi ¢ast Ceského masivu, ktera kromé s. a jv. okrajovych tizemi
nebyla zasazena motskou transgresi (Buday et al. 1961). Moldanubicka
série predassyntského nebo assyntského stari predstavuje slozity komplex
hlubinné metamorfovanych a misty silné migmatitizovanych hornin. Dalsi
stavebni jednotkou moldanubika je mlads$i komplex granitoidnich masiva,
obklopeny télesy cordieritickych rul a variskych migmatitd.

V moldanubické sérii se rozlisuji tfi litostratigrafické jednotky (Miiller et
al. 2002): 1. pestra Sternbersko-¢aslavska skupina obsahuje hojné karbona-
tové, grafitické, kvarcitické a vulkanické vlozky v pararulach; 2. jednotvarna
skupina téméf postrada v pelitickych sedimentech (pfevazné biotitické
pararuly) podobné vlozky; 3. podolsky komplex na Vlasimsku ma vysoky
podil migmatitd, dale jsou zastoupeny pararuly i ortoruly. Moldanubické
(kadomské) vrasnéni zptisobilo vyraznou konzolidaci oblasti. Po této tekto-
genezi nasledoval zdvih a dlouhy hiat s hlubokou denudaci, coz se etapovité
projevuje az do soucasnosti. Proto se témér celd oblast moldanubika chova
jako strukturni a geomorfologicka elevace. K silnému zdvihu doslo jiz pii
starokadomské, ale hlavné pti mladokadomské tektogenezi, slabsi nastal pak
mj. v mlad$im ordoviku a velmi silny v karbonu. Etapy silného zdvihu pro-
vazela denudace, silna zejména v mladsi dobé variské (hercynské). Dnesni
denudacni trovné bylo dosazeno az v mladsim paleozoiku, a to v karbonu
(blanicka brazda). Kaledonska tektogeneze se v moldanubiku projevila pa-
trné jen zlomovou tektonikou, takze se tato oblast chovala jako mezihoii. Do
oblasti budouciho stfedoceského plutonu pronikla ve svrchnim proterozoiku
a spodnim paleozoiku moftska transgrese. Z jejtho sedimentarniho pokryvu
se zachovaly jen tzv. ostrovy — denudacni trosky kontaktné pfeménéného
plasté plutonu. Pivodni ostrovni synklinorium lze pokladat za prechodny
strukturni ¢lanek mezi moldanubickou a tepelsko-barrandienskou oblasti.
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Ve variském obdobi byla tato oblast postiZzena silnym hlubinnym mag-
matismem, pii kterém vznikly poruchy a pfesmyky a Cetna variskd intruziva
spolu s cordieritickymi a injekénimi aureolami (Miiller et al. 2002). Varisky
granitoidni komplex vytvari predevs§im stfedocesky a centralni moldanu-
bicky masiv, predstavujici pouze netplné obnazené nejvyssi partie. Stre-
docesky pluton tvoii magmatickou ,,sponu® mezi moldanubikem a oblasti
tepelsko-barrandienskou.

V asturské fazi koncem variské tektogeneze vznikl pfikop blanické
brazdy, podobné jako stupnovita stavba dalSich zlomovych struktur s;.
smért. Pfitomnost granitoidnich valount v sedimentech ceskobrodského
permu prokazuje intenzivni denudaci mocného nadlozi plutoni. V obdobi
svrchniho permu, triasu, jury a spodni kfidy byla oblast moldanubika sousi
a svrchnokiidova transgrese zasahla jen na sv. okraj této oblasti. V tomto
dlouhém obdobi zde dochazelo pfi tektonické stabilité, po pripadé pti mir-
ném vyklenovani, k vyvoji zarovnanych povrcht. Vznikl plast lateritickych
a kaolinickych zvétralin, a to az do pocatku oligocénu v podminkach tep-
1ého a v nékterych obdobich vlhkého podnebi. Vodni toky protékaly az do
konce paleogénu v mélkych, sirokych tvalovitych tidolich s malym sklonem
a s nepatrnymi projevy hloubkové eroze. Saxonska tektogeneze se ve sledo-
vané oblasti projevila spolu s tektonikou geomorfologickym zmlazenim.

Oblast kutnohorského krystalinika, zaujimajici s. ¢ast povodi stfedniho
toku Sazavy, je od moldanubika oddélena tektonickou ratajskou zoénou.
Kutnohorské krystalinikum se li§i od moldanubického krystalinika slabsi
metamorfozou; hlavnimi horninami jsou ortoruly, pararuly a svory (Miiller
et al. 2002). Nejvyznamnéjsi tektonicka jednotka zkoumaného tizemi — per-
mokarbonska blanicka brazda — byla silné postizena denudaci, takze se jeji
ptivodné souvisla sedimentarni vyplii zachovala kromé Cernokostelecka
vétsinou jen v tektonicky zaklesnutych krach. Svrchnokiidova moiska trans-
grese pronikla zfejmé j. od udoli dnesni stfedni Sazavy u mésta Sazava, a to
od S tektonickou sniZzeninou pti koufimském zlomu, tedy v. od vyzdvize-
ného tzemi ¢ernokosteleckého permu blanické brazdy.

Nazory na rozsah transgrese svrchnokifidového mote ve sledovaném
uzemi nejsou v literarnich pramenech jednotné. Zatimco Danes (1913) pted-
pokladal, ze kfidové mote zasahlo prevaznou c¢ast povodi stfedni a dolni Sa-
zavy, dalsi autoti pfipoustéli proniknuti kfidového mote k dne$nimu tdoli
Sazavy jen v okoli stejnojmenného mésta (Novak 1932, Klein in Kodym et
al. 1963). Podle Malkovského et al. (1974) a Misafe et al. (1983) zasahlo
svrchokiidové mote k idoli dnesni stfedni Sazavy v tseku mezi (piiblizné)
mezi Led¢i nad Sazavou a méstem Sazavou, kde proniklo vyraznéji na jih
od linie budouciho toku Sdzavy. Oblast dolniho Posazavi se vSak nachazela
mimo dosah transgrese svrchnokiidového mofte.

Z obdobi mladsich tfetihor se v povodi stfedni Sazavy (v okoli Zruce
nad Sdzavou a Ledce nad Sdzavou a u mésta Sdzava) zachovaly denudaéni
relikty neogennich sedimenti limnicko-fluvidlniho ptvodu, fazené do
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spodniho miocénu (akvitdn-burdigal, Malkovsky 1975, 1979). Na Geolo-
gické mapé CR 1:50 000, list 13-31 Ri¢any (Kodym red. et al. 1993), jsou
lokality v okoli mésta Sazavy f fazeny Jako yrezidua fluvidlnich $térka“ do
pliocénu. Rovnéz v kvartéru zde vyrazné prevladaly destrukéni procesy nad
akumulaénimi. Z akumulacnich tvard vznikaly kromé deluvialnich uloZenin
fluvidlni sedimenty pleistocennich teras a holocennich niv v udolich vod-
nich tokd.

Neotektonické pohyby zasahly povodi Sdzavy zejména v podobé prohybti
a klenbovitych vyzdvih, vétsinou tedy spojitymi strukturami typu synklinal
a antiklindl o riizné amplitudé (Moschelesova 1930). Zlomové struktury
hrastového typu nejsou prili§ zastoupeny, i kdyz nékteré z nich jsou po-
mérné vyrazné (Velky Blanik, Maly Blanik a Melechov). Hlavni zlomovou
strukturu predstavuje vyrazny sj. svah na koutimském zlomu, ktery smérem
k J pokracuje do blanické brazdy. Jde o variskou morfostrukturu, na které se
pohyby opakovaly ve svrchni kiid€ i v neotektonickém obdobi. Vyzdvih kry
Cernokostelecké pahorkatiny proti Koufimské tabuli zna¢né presahl 100 m.

5.2. Geologicka stavba udoli stfedni a dolni Sazavy

Udoli stiedniho toku Sazavy je ve studovaném tizemi mezi okolim Svétlé
nad Sazavou a ustim Vlkancického potoka u Pyskocel (mezi ii¢nim km
150,0 a 50,0) zahloubeno do hornin moldanubického krystalinika. Vyrazné
prevladaji biotitické a sillimanit-biotitické pararuly, misty migmatitizované
(az migmatity) — napf. u Svétlé nad Sazavou. Pomérné vzacné jsou polohy
erland, krystalickych vdpencti (u Led¢e nad Sizavou), zZilného granitu aj.
Tato mensi télesa vétsinou napriic¢ pietinaji tdoli Sazavy ve sméru JZ-SV.
Mezi tstim Blanice a méstem Sazava (fi¢ni km 78-57,3) vystupuji v mol-
danubickych rulach cetna télesa homogenniho a paskovaného amfibolitu.
Tyto odolnéjsi horniny, zejména homogenni amfibolit, podminily vznik
nejvyraznéjsich tdolnich meandrii Sazavy.

Mezi Svétlou nad Sazavou (¥i¢ni km 143,2) a j. okolim Vilémovic (fi¢ni km
134,8) protéka feka melechovskym masivem, ktery pfedstavuje vybézek cent-
ralntho moldanubického plutonu (Prochazka, Ml¢och 1998). Masiv zfetelné
koncentrické stavby variského staii je hluboko zakofenény (15-17 km) a je
tvofen Ctyfmi zakladnimi typy granitii: lipnickym, koutskym, melechovskym
a typem Stvoridla (Prochazka Ml¢och 1998). Reka pretina naprlc vsechny
uvedené typy granitdl, takze asymetrické hluboké, ale znacné rozeviené
udoli ma prilomovy charakter. Geomorfologicky se uplatnuji hlavné typy
granitll melechovsky a Stvofidla, predstavujici vlastni pen masivu eliptic-
kého tvaru. Buduji rozlehly hibet Melechova (709 m) a je na né vazan tsek
zvétseného sklonu hladiny ve Stvofidlech. V nejodolnéjsim drobnozrnném
biotit-muskovitickém granitu typu Stvoridla vznikl vyrazny udolni zakrut
(téméf meandr) Sazavy u Bilantovy Lhoty.
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Mezi Pyskocely a Zampachem (fi¢ni km 50,0-9,8) je sazavské tdoli za-
hloubeno do granitoidii stfedoceského plutonu variského stari. Jsou zde
zastoupeny granity, granodiority, tonality, diority s bohatym doprovodem
zilnych hornin (aplity, pegmatity, zilné granity, porfyry, lamprofyry aj.). Mezi
Samechovem a Zlenicemi tidoli profezava télesa proterozoickych metabazitti
s pfevahou amfibolickych btidlic, bazaltii, amfibolickych porfyritt (foto 14).
Tato télesa jsou spolu s rohovci, metadrobami a metakonglomeraty soucasti
metamorfovanych ostrovti, predstavujicich denudacni zbytky svrchno-
-proterozoického, méné spodnopalezoického plasté stfedoCeského plutonu
(ostrovy choceradsky, ceréansky, zboieneckokostelecky). K ostrovni z6né
patfi rovnéz tzv. svrchnoproterozoické jilovské pasmo (Dudek in Misaf et al.
1983), kterym Sazava napii¢ protéka mezi Zampachem a Pikovicemi (fi¢ni
km 9,8-4,1). Jsou to slabé metamorfované ryolity, ryodacity, andezity, baza-
Ity a bazaltoidy. V téchto velmi odolnych horninach vytvorila feka seviené
erozni udoli az soutéskovitého razu s velkym sklonem hladiny. Nejdolejsi
usek udoli Sdzavy od Pikovic po usti do Vltavy (4,1 km) byl zaloZen v méné
odolnych horninach svrchniho proterozoika, a to prevazné $téchovické,
zéasti kralupsko-zbraslavské skupiny (prachovce, bfidlice, droby). Petro-
graficky pfehled hornin vychazi, pokud neni uveden jiny pramen, z legend
piislusnych listt geologické mapy CR v métitku 1:50 000.



6. Strucna charakteristika
geomorfologickych poméru udoli Sazavy

6.1. Zakladni geomorfologické jednotky sledovaného Gizemi

Reka Sazava prameni jako Strzsky potok na V od Nové Huti v 757 m n. m.
Toto tizemi Ceskomoravské vrchoviny je soucasti Zdarskych vrchii v Horno-
svratecké vrchoviné. Reka Sézava po 225 km dlouhém toku tsti do Vitavy
v Davli v nadmoftské vysce hladiny 200 m (vzduti vodni nadrze Vrané), pii-
¢emz ptivodni hladina tekouci feky méla vysku 196 m. Jeji primérny pratok
pti tsti za obdobi 1931-1960 ¢inil 25,5 m®.s™'. Prlimérny priitok za obdob{
1961-2005 byl ve Zrudi nad Sdzavou 9,4 m®.s™" a v Nespekach 20,8 m®.s™
(CHM}J) S4dzava odvodtiuje povodi o rozloze 4 349 km®. Protéka ¢tyfmi
celky Ceskomoravské vrchoviny: Hornosvrateckou vrchovinou, Ktizanov-
skou vrchovinou, Hornosazavskou pahorkatinou a Kreme$nickou vrcho-
vinou (Czudek et al. 1972). Kromé kratkého svahového pramenného toku
sleduje Sazava od rybnika Velké Datko po Zdar nad Sazavou v jv. sméru
pribéh tektonickych snizenin v pokracovani zeleznohorského zlomu a tzv.
Dlouhé meze. Ve Zd4aru nad Sdzavou méni feka nahle smér na z. az zsz., ve
kterém v podstaté setrvava az po své usti do Vltavy.

V tiseku mezi Svétlou nad Sazavou a v. okolim Ledée nad Sazavou sleduje
feka j. vybézek Hornosazavské pahorkatiny, a to v jejim podcelku Svétel-
ské pahorkatiné. Zbyvajici tsek toku po Zru¢ nad Sazavou (obr. 3, foto 3)
byl zalozen v Humpolecké vrchoviné, kterd je podcelkem Kremesnické
vrchoviny. Morfografickou dominantu Humpolecké vrchoviny predstavuje
mohutna hrastova kra hibetu Mehelniku, ktera se vyznamné uplatnila pfi
vyvoji udoli Sazavy a tvorbé ri¢nich teras.

Ve Zru¢i nad Sazavou vstupuje feka na tizemi Stfedoceské pahorkatiny,
v niz zastava az po své usti. Nejprve po mésto Sazava feka protéka okra-
jovou sv. casti celku Vlasimské pahorkatiny, a to jejim podcelkem Mlado-
vozickou pahorkatinou. V tomto Gzemi Sdzava méni smér toku na del$sim
useku na sz. az s. (mezi Ustim Blanice a méstem Sazava, obr. 4), pfimyka
se ke sméru tektonické struktury blanické brazdy a vytvari nejdokonalejsi
tdolni meandry. Pod ustim Zelivky aZ po tsti Blanice ptejima feka smér
dolniho toku svého nejvétsitho pritoku. U mésta Sazava feka nahle méni
smér na celkové z. (s krat$imi jz. odchylkami), ktery si podrzuje az po své
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usti. U mésta Sazava vstupuje feka do reliéfu celku Benesovské pahorkatiny.
K tvarové vyhranénym niz§im jednotkam (okrskiim) patii mj. DiviSovska
vrchovina a Ondfejovska vrchovina (mezi méstem Sdzava a Liténim), kde
feka vytvorila hluboké seviené udoli misty prilomového razu. V dalsim
useku az po Kamenny Ptivoz je tdoli v niz§im a plossim reliéfu Konopistské
pahorkatiny zpravidla méné zahloubené az casto tvalovité; misty se vyzna-
Cuje zietelnym dvoufazovym vyvojem. Hluboké erozni tidoli prilomového
razu vyhloubila feka na nejdolej$im toku (mezi Kamennym Pfivozem a Pi-
kovicemi) v tvrdych horninach Jilovské vrchoviny (Sladek in Demek et al.
1987; Balatka, Sladek in Demek, Mackov¢in et al. 2006).

6.2. Geomorfologické poméry tdolnich tseki a prilehlého uzemi

Usek Havlickiv Brod—Svétld nad Sdzavou (¥iéni km 164-145): Udoli Sazavy
v uvedeném tuseku je vétsinou stiedné az mélce zahloubené, a to do mirné
uklonéného denudacniho reliéfu s plosinami v udolni poloze, které se vy-
skytuji v relativni vysce nad nivou zpravidla 30-40 m. Nejvyse polozené za-
rovnané povrchy jsou az 80 m nad i¢ni nivou. Udoli sleduje pfevazné smér
JV=-S8Z a kromé otevienych tudolnich zdkrut mezi Havlickovym Brodem
a Okrouhlici ma pfimocary pribéh. Geomorfologické poméry této oblasti
popsal Demek (1964). Udolni hrany, vyznacujici hodnotu kvartérniho za-
hloubeni (tzv. erozni efekt, srv. Krej¢i 1939), lezi vétsinou ve 425 m n. m.,
tedy 20-35 m nad hladinou feky.

Usek Svétld nad Sdzavou — Ledec nad Sdzavou (¥i¢ni km 145-129): Pfi tsti S4-
zavky méni tdoli smér zprvu na jz., pak na z. a ve Stvoridlech (od 136. km)
na sz. smér. Az po fiéni km 140 je iidoli opét stiedné zahloubené (35-40 m).
Pod Smrénou v granitech melechovského masivu (Stvofidla) protéka reka
s velkym sklonem hladiny tdolim prilomového razu, které je zahloubeno
do vrcholovych ¢asti Melechova (709 m, max. 713 m) a Zebridkovského
kopce (601 m) ptiblizné 350 m, resp. 220 m. Proto je idoli v pii¢ném profilu
zfetelné vyskové asymetrické (foto 1). Udolni zakrut na 137. fi¢nim km byl
podminén vybézkem odolnéjsiho granitu typu Stvoridla. Vyrazny tdolni
zakrut z. od Vilémovic byl zfejmé zpiisoben odolnéj$im zilnym granitem
a kvarcitem v pararuldch. Udoli ma pomérné sevieny piiény profil s hranou
az 70 m nad hladinou a je dvoufazové zahloubeno 115-140 m do plosin na
miocennich sedimentech a do nejvyssich zarovnanych povrcha.

Usek Ledec nad Sdzavou—Viastéjovice (1i¢ni km 129-112): Udoli ve sméru
JV-SZ se vyznacuje vyraznymi tdolnimi zakruty az meandry (napf. u Vlas-
téjovic), jejichz vznik ziejmé vyvolaly vyskyty vlozek kvarcitti a amfibolitt
v pararulach. Piikré narazové svahy udolnich zakrutd jsou az 60-80 m vy-
soké. Udoli Sazavy je zahloubeno 110-135 m do plogin vytvotenych na mi-
ocennich sedimentech a 150-210 m do nejvyssich zarovnanych povrchii. Od
Chfenovic se v jesepnich ¢astech zakruta vyskytuji lokality nizkych teras.
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Usek Viastéjovice—tisti Zelivky (¥iéni km 112-99): Udoli o celkovém sméru
VJV-ZSZ se vyznacuje pfedevs§im otevienymi zakruty (vyjimkou je ostry
meandr pod Zru¢i nad Sazavou) a ma misty tvalovity raz (foto 6). Zahlou-
beni tdoli do plosin neogennich sedimentti a zarovnanych povrchd dosahuje
105-150 m. Tento usek pfedstavuje vyvojoveé nejpozoruhodnéjsi ¢ast tdoli
Sazavy, protoze pouze zde se nachazeji mohutné akumulace sttedopleisto-
cennich fi¢nich teras, a to zejména v opusténych tdolnich usecich (obr. 3).
Siroce rozeviené udoli Sdzavy ma misty raz neogenni a staropleistocenni
udolni kotliny.

Usek sti Zelw/cy usti Blanice (fi¢ni km 99— 79) Udoli v uvedeném tiseku
prebird smér tdoli Zehvky (JV—SZ) a vyznaduje se otevienymi zakruty. Tyto
zakruty maji vysoké narazové svahy (50-100 m) se skalnimi vychozy a nizsi
terasy v jesepnich castech (zejména u Kacova). Vys$si zarovnané povrchy
jsou az 140-183 m nad fekou; dnesni idoli je vétsinou 60-80 m zahloubeno
do plosin a zbytki neogenniho tvalovit¢ho udoli.

Usek 1usti Blanice—mésto Sdzava (i¢ni km 79-57): Udoli Sazavy zde sleduje
celkové js. smér, coz je pokracovani sméru adoli Blanice, takze se zde feka
prizptsobuje pribéhu blanické brazdy. Mezi Ratajemi nad Sdzavou a més-
tem Sazava vznikly nejdokonalejsi zaklesnuté iidolni meandry z celého toku
feky, a to se skalnatymi ndrazovymi svahy vysokymi 90-140 m. Nejvyraznéjsi
meandr u Pfivlak ma jen asi 200 m $irokou meandrovou §iji (Pilecka 1997).
Vznik ddolnich meandri byl ziejmé podminén cetnymi télesy odolnych
amfibolitt, do nichz se feka zafezava. Skutecnost, ze se s vyjimkou privlac-
kého meandru nikde nenachazeji vyssi fi¢ni terasy naznacuje, ze ke vzniku
meandrd a zakrutd doslo rychlym zafiznutim ptvodnich volnych meandri
v dfisledku silné erozni faze ve star$im a sttednim pleistocénu. Udoli ma zde
erozni raz, se sevienym pfi¢nym profilem a s malymi relikty nizkych teras
(obr. 4). Denudacni plosiny mensich rozmért v blizkosti tdolniho zafezu
lezi 80-110 m nad fekou, vzdalenéjsi rozvodni zarovnané povrchy se nacha-
zeji 150-180 m nad Sazavou.

Usek mésto Sdzava—Tynec nad Sdzavou (¥iéni km 57-18): V mésté Sazava
feka méni smér tidoli trvale ze s. na celkové z. a jen v tseku mezi Zlenicemi
a Poii¢im nad Sazavou sméfuje k JZ. Reka zde vytvotila oteviené zakruty
s velkym polomérem zakfiveni a s nizkymi terasami uvniti obloukd (ve
mésté Sazava, u Cernych Bud, Zlenice, Poti¢i nad Sazavou, Tynce nad Saza-
vou). Tyto rozsahlé zakruty vytvaieji malé idolni kotlinky. Pozoruhodné je
sv. okoli mésta Sazava, kde od hrany pravého narazového svahu meandru se
v §irsi oblasti sdzavsko-labského rozvodi u Cekanova necelé 3 km od teky (!)
nachazeji lokality mladotfetihornich sedimentti v nadmotskych vyskach
mezi 387-403 m (101-118 m nad fekou). Udolni hrana se ve sledovaném
useku v piimych trasich nachazi v 70-85 m nad fekou. NejvySe polozené
zarovnané povrchy lezi ve 130-185 m nad fekou, jejich stfedni troven se na-
chazi ve 110-120 m a nejniz$i plosiny pievysuji feku o 90-100 m. Usek mezi
méstem Sazava a Hvézdonicemi témét postrada ric¢ni terasy a ma pralomovy
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raz. Udolni hrany ojedinélych piimych tsekii se nachézeji v 70-90 m nad
fekou.

Usek Tynec nad Sdzavou —isti do Vitavy (¥iéni km 18— 0)' Kromé nejdolejsiho
toku od Pikovic (cca 5 km) se jednd o tsek s vyrazne zvétsenym sklonem
hladlny Udoli provazeji terasy hlavné vyssich trovni, vytvofené nad tdol-
nim zatezem a vykazujici zfetelnou divergenci smérem proti toku. Ojedinélé
lokality denudacnich plosin se nachazeji 90-120 m nad fekou. Zahloubeni
tdoli pod povrchem vyssi stfedopleistocenni terasy (IIla) se zmenSuje ze
75 m v soutokové oblasti s Vltavou na 55 m u Kamenného Ujezdu a na
40 m u Krhanic (obr. 5). Mezi Zampachem a Pikovicemi vyhloubila Sizava
v odolnych horninach jilovského pasma seviené az soutéskovité udoli se
skalnimi sténami.

6.3. Shrnuti

Sledované tdoli Sazavy pfedstavuje nékolik geomorfologicky i smérové
odli$nych usekli, podminénych kromé geologické stavby i specifickym vy-
vojem toku od pliocénu do konce stiedniho pleistocénu. Staropleistocenni
udoli bylo Siroce rozeviené a vyrazné ﬁvalovité Anal)’fza sklonové krivky se
dvéma napadnymi sklonovyml »stupni® (ohyby) je uvedena v kapitole 4.
Udoli Sazavy se vyznaduje nékolika pozoruhodnynn morfolog1ckym1 rysy:

a) Stiidaji se tseky se sevienym pii¢nym profilem s rozsifenymi az tvalo-
vitymi ¢astmi.

b) Napadné zmény ve smérech tdoli jsou z¢asti podminény morfostruk-
turné, zcasti vyvojove.

c) Pfimé adolni tseky jsou ojedinélé, vétSinou se jednd o napadné zvl-
nény pribch s ¢etnymi zaklesnutymi zakruty a meandry, podminénymi
rovnéz strukturné geologicky i vyvojové.

d) Ve sklonovych pomérech soucasného toku se odlind odolnost hornin
vyznamnéji neprojevila ani na vyrazné eroznich tsecich dlouhého
stfedniho toku.

e) Nejvyssi zarovnané plosinné povrchy typu etchplénu a pediplénu lezi
prevazné mezi 140-190 m nad fekou. Niz$i trovné denudacnich plosin
prevazné mensich rozmért se vyskytuji vétsinou v relativnich vyskach
mezi 90-130 m. Jsou vyvinuty ve dvou az tfech vyskovych trovnich,
a to v predkvartérni siroce rozeviené tivalovité tdolni snizeniné.

f) Hrany vzacnych piimych tdolnich tdseki, které naznacuji rozsah
prevazné stfedopleistocenniho erozniho zahloubeni, se nachazeji pte-
vazné v 60-90 m, v soutokovém tizemi 105 m a v horni ¢asti toku ve
40 m nad ri¢ni hladinou.



7. Terciérni sedimenty a kvartérni terasy
stfedni a dolni Sazavy

Vysledky terénnich geomorfologickych vyzkumiti a vyuziti existujicich ru-
kopisnych i publikovanych materiali umoznily sestaveni podélného profilu
lokalitami teras a neogennich sedimentt (obr. 23), dale konstrukei pfi¢nych
profilti udolim feky (obr. 8-19) a map lokalit fluvidlnich sedimentti a vy-
znamnych vyskytd ploSinnych zarovnanych povrchi (obr. 6a, 6b, 6¢, 6d).
Podélny profil zachycuje rovnéz polohy vyraznych tdolnich hran pfimych
udolnich tsekd. Hlavni grafickou dokumentaci pfedstavuje podélny profil
terasami a neogennimi sedimenty, tj. rekonstrukce pribéhu kvartérnich te-
rasovych a mladotfetihornich trovni, vztazenych na podélny profil hladiny
Sazavy.

Uvedena rekonstrukéni metoda byla u nas poprvé pouzita pravé pii
vyzkumu teras Sazavy, avSak pouze v pisemné podobé bez grafického do-
provodu (Novak 1932b). Komplexné byla aplikovana pfi zpracovani teras
stiedniho a dolniho toku Vltavy (Zaruba-Pfeffermann 1943, Zaruba et al.
1977). Rekonstrukéni metoda umoznila rozlisit na Sazavé dvé trovné ne-
ogennich fluvidlnich sedimentti a sedm kvartérnich terasovych akumulaci
(trovni) a jejich navazani na terasovy systém Vltavy (obr. 5). Podélny profil
terasami je 300x pfevySeny (obr. 23), pticné profily (obr. 8-19) jsou pievy-
$ené 10x.

7.1. Mladotretihorni Fi€éni a Fi€né-jezerni uloZzeniny

Neogenni sedimenty se ve sledovaném tseku Sazavy zachovaly ve dvou
oblastech: 1. v okoli Led¢e nad Sazavou a Zruce nad Sazavou, 2. v okoli
mésta Sazava (obr. 6¢, 6d). Tyto uloZeniny byly zatfazeny do neogénu podle
relativni vyskové polohy vysoko nad tidolnim zarezem a podle vzhledu sedi-
mentdl, odlisného od kvartérnich terasovych naplavi. Neogenni sedimenty
se napadné lisi od kvartérnich naplavti zejména podstatné vétsim obsahem
kifemennych $térktt a pomérné cCastym vyskytem jilovitych vrstev a ¢ocek
v prevladajicich piscich a stérkopiscich.

V sazavsko-zelivském mezifici, tedy mezi sz. patim rozsahlého hibetu
Melechova (709 m) a soutokem obou fek, se zachovala fada lokalit neogen-



32 vYvoJ UDOLI SAZAVY V MLADSIM KENOZOIKU

nich fluvidlné-limnickych sedimentt (obr. 9, 10). Jde o nize polozeny plochy
reliéf rozsahlého zarovnaného povrchu, ktery vyskové misty navazuje na
povrchy neogennich sedimentti a jinde je nevyrazné pfevySuje. Zarovnany
povrch v rozvodni oblasti se mirné snizuje od JV k SZ ze 470-486 m na
390-400 m pred soutokem obou fek. Neogenni ulozeniny patrné pfedstavuji
denudacni relikty paivodné rozsahlejsi ri¢né-jezerni panve, ktera vytvarela
mélkou tektonickou snizeninu, prohybové zaklesnutou do okolniho vyssiho
reliéfu. Soucasny zarovnany reliéf, ktery témér postrada elevace se zacho-
vanymi suky a odlehliky (vyjimkou je Luha 498 m pii Nové Vsi u Dolnich
Kralovic), je zfejmé svrchnomiocenniho az pliocenniho staii. Terciérni se-
dimenty jsou témér vSude zakryty piscitojilovitymi hlinami, které dosahuji
mocnosti az kolem 2 m.

Nejdale na JV se zachoval ostrov neogennich sedimentt u Boji$té s nejvys-
$im povrchem ve 486 m (135 m nad hladinou Sazavy u Led¢e nad Sazavou).
Lokalita je protazena od JZ k SV a predstavuje ziejmé zbytek vyplné koryta
Zelivky sméfujictho k Sézavé (obr. 7). Podle fady vrtii jsou uloZeniny tvo-
feny hlinitymi az jilovitymi pisky se Stérkem a $térkopisky a s ojedinélymi
drobnymi vlozkami svétle Sedych piscitych jilt. Prevlada stfedné zrnity pisek
(52-54 %) a stiedné hruby $térk (26-38 %) s hrubsimi valouny (10-25 cm);
jilu a prachu je 6-14 %. Pii rulovém podlozi byly zastizeny hrubé Stérky
s balvany o velikosti 5-35 cm (15-25 %) a vzdcné se vyskytuji balvany vétsi
nez 40 cm. Stérky jsou tvofeny témér jen kiemenem, ojedinéle se objevuji
i zrna zivcl, horniny krystalinika a tlomky zZelezivce. Vzacné jsou vrstvy
bilych piskdi (mocnost az 100 cm) s vlozkami piscitych jili. Neogenni
sedimenty jako vypln mélké panvicky (ddoli) byly zastizeny v mocnosti
2,2-12,4 m, s bazi ve 471-481 m (Kral 1971b, 1973, Rybaiik 1969).

Lokalita s. od Kozli pfetind ve sméru J—S sazavsko-zelivské rozvodi. Jedna
se o vypli tdoli (Zelivky?), $irokého 200-400 m, s povrchem ve 452-466 m
a pararulovym podlozim ve 442-451 m. Mocnost hlinitych a jilovitych piski
se §térkem a s polohami jilti (pfi bazi hlinitych a jilovitych $térkii) dosahuje
ve vrtech maximalné 10-14 m (Kral 1971c). Ve v. sousedstvi lokality se na-
chézi vyssi zarovnany povrch ve 480 m.

Podle rozbor® materialu z vrtd jsou pievladajicim sedimentem S$térko-
pisky, kdezto Stérky jsou zastoupeny 34,4-41,4 %, jily a prachové cCastice
10,0-13,7 %. Prevladajici sttedné zrnité pisky tvori 34,4-35,9 % sedimen-
tarni vyplné sniZeniny. Stérky jsou tvofeny pievézné kiemenem (82-91 %),
dale kvarcitem (8-11 %), Zelezitym piskovcem a tilomky hornin krystalinika
(4-15 %). Nepravidelné jsou polohy jilti az piscitych jilii. Biotitické pararuly
na bazi ulozenin jsou zvétralé do hloubky 1-2 m. Sedimenty této lokality
jsou zakryty souvislou polohou piscitych hlin o mocnosti 20-240 cm (Ryba-
i1k 1968, Kral 1971c).

Lokalita u Pfemelovska s povrchem 448-467 m ma ve snizené s. casti
malou mocnost (1 m) jilovitopis¢ité hliny (Rybaiik 1968), na vy$§im po-
vrchu nebyly vyhloubeny zadné vrty. Tento vyskyt neogennich sedimentt,
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vyznaéeny na geologické mapé CR 1:50 000, 23-12 Lede¢ nad Sazavou, je
proto problematicky. Naproti tomu lokalita Zahaji, neznacend na uvedené
geologické mapé, byla potvrzena vrtem N 7, ktery zastihl bazi hlinitych
piskl a piscitych jilti, mocnych 6,5 m, na kété 443 m (povrch ve 449,50 m,
Rybaiik 1968).

Nejrozsahlejsi vyskyt neogennich sedimentt sv. od Vsebofic (u Fibichovy
Myslivny), s povrchem mezi 428-452 m, byl potvrzen vrtem H 4: 2,7 m
mocné hlinité pisky s valouny kifemene a podlozni piscité jily spocivaji na
eluviu pararuly ve 435,3 m (Rybatik 1968).

Mensi lokalita nad levym narazovym svahem tdolniho zakrutu Sazavy
jz. od Zzelezni¢ni zastavky Chrenovice ma jen 2,3 m mocnou pokryvku pis-
¢itych hlin s valouny a dale piscitojilovitych $térka, s bazi ve 442,2 m (vrt
N 5 - Rybaiik 1968). 5

Protahla tizka hibetova lokalita u Cejtic a Onsovce je kryta jen 2,0-3,5 m
mocnymi piscitojilovitymi hlinami s valouny a hlinitopiscitymi Stérky s bazi
ve 433-437 m a s povrchem ve 435,0-440,5 m (vrty H 1, N 2, N 3 — Rybatik
1968).

M)ezi Havlickovym Brodem a Svétlou nad Sazavou bylo rozliseno nékolik
lokalit piscitych jilti a hlinitych piskti s valouny kfemene o mocnosti 1-2 m,
klasifikovanych jako neogén (Hrube$ 1995), které lezi v relativni vysce
70-80 m nad fekou. Jde zejména o vyskyty na Vadinském kopci (470 m),
u Nové Vsi u Svétlé nad Sazavou (471 m) a j. od Zavidkovic (467 m), které
Novak (1932b) povazoval za fi¢ni terasy.

Druhym regionem s vyskytem relikti neogennich fluvidlné-limnickych
sediment je tzemi sv. od mésta Sazavy v Sir$i oblasti sazavsko-labského
(vyrovského) rozvodi (foto 11, obr. 14). Pisky a stérkopisky neznamé moc-
nosti (patrné do 10 m) maji povrch, kryty spraSovymi hlinami, prevazné
ve 397-403 m (u Radvanic, Ujezdce, Chrastné), tj. 112-118 m nad blizkou
hladinou Sazavy. Jedna se pravdépodobné o denudaéni zbytky ulozenin tzv.
Nechybské teky, ktera ve smérovém pokracovani toku Blanice (a blanické
brazdy) tekla v neogénu patrné tektonickou sniZeninou ve vybézku svrchno-
kiidovych sedimentt k S po Koufimské tabuli do oblasti dne$niho stfedniho
Polabi (Danes 1913, Novak 1932b). Odlisny nazor na smér odvodnovani
zastava Malkovsky (1975, 1979), ktery pfedpoklada, ze se jedna o sedimenty
spodno-miocenniho pravostranného pritoku neogenni Sazavy od S. Hlavni
tok jiz tehdy tidajn¢ sméfoval od Ledce nad Sazavou k Z, podobné jako
dnesni feka (téz Lozek et al. 2004). Charakterizované neogenni sedimenty
(»reziduum fluvidlnich stérkti“) jsou na geologické mapé 1:50 000, list 13-31
Ricany, oznaceny ptekvapivé jako pliocenni (Kodym et al. 1993, téz Kadlec
in Miiller et al. 1993).

Z hlediska stratigrafického zarazeni je problematicka lokalita mezi Radva-
nicemi a Nechybou, mirné¢ uklonénd smérem k J, tedy k hrané¢ piikrého na-
razového svahu meandru Sazavy. Povrch této plosiny (374-387 m n. m. resp.
88-101 m nad fekou), kryji v nevelké mocnosti ¢etné subangularni valouny
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a tlomky kiemene a vzacné ruly. V s. ¢asti ploSiny misty vychazeji zlutavé
$edé az rezavé jily s tlomky kfemene; jde zfejmé o fosilné (?) zvétralé am-
fibolitové podlozi. Smérem k S jsou ulozeniny zakryty sprasovymi hlinami,
které jsou u byvalého radvanického hlinist¢ mocné 5—-6 m. Popsanou lokalitu
fadi Novak (1932b) k nejstar$im terasam Sazavy. O radvanické lokalité se
zmifiuje jiz Dane$ (1913), ktery v cihelné zjistil kfemenné Stérky stiidajici se
s jilovitymi polohami. Na geologické mapé CR v méritku 1:50 000, list 13-31
Ri¢any, je radvanické lokalita fazena mezi ,rezidua fluvidlnich $térkd star-
$ich akumulaci“ spodnopleistocenniho stafi. Podle zna¢né relativni vysky,
razu sedimentd a polohy v podélném profilu je uvedeny vyskyt v nasi studii
klasifikovan jako neogenni troven B, polohou odpovidajici pravdépodobné
sloupskym ulozenindm, popf. nizsi trovni zdibského stadia na Vltavé.

Morfostrukturni snizenina v. od svahu na koufimském zlomu, s relikty
bélohorského a peruckého souvrstvi svrchni kiidy, se sklani k S a je proté-
kana potokem Vaviinec (horni tok Vyrovky). Neogenni uloZeniny nebyly
zde kromé rozvodni oblasti zjistény; fluvidlni piscité Stérky pii s. okraji
Koufimi, vzdalené asi 12 km od neogennich sedimentt na sazavsko-labském
rozvodi, jsou ve vySe zminéné geologické mapé fazeny do stiedniho pleis-
tocénu. Smérem k S staré naplavy Koufimky navazuji na rozsahlou lokalitu
labské terasy I11a na Kourimské tabuli, stratigraficky odpovidajici mindelu 1
(Balatka et al. 1966).

Polohou v podélném profilu odpovidaji radvanické lokalité¢ patrné sub-
angularni Stérky u Tichonic nad levym svahem tudoli Sazavy, zachované asi
90 m nad hladinou feky (Kodym, Kadlec et al. 1997, Kadlec in Miiller et
al. 2002). Vzhledem ke geomorfologické poloze je vSak interpretace tohoto
plo$né nepatrného vyskytu sporna.

Od popsanych neogennich lokalit u mésta Sazavy, popf. u Tichonic,
nebyly az po soutok s Vltavou v okoli tidoli feky zjistény zadné nesporné
predkvartérni ulozeniny. Pii sondovacich pracich a vykopech pfi stavbé
zelivského privadéce a vodojemu u Jesenice byly v 60. letech 20. stoleti za-
znamenany neogenni fluvidlni sedimenty v pozoruhodné poloze na rozvodi
mezi Zahoranskym potokem a Boti¢em, tedy nedaleko sdzavsko-vltavského
rozvodi. Mezi Hornimi Jiréany a Jesenici byly zjistény pisky a jilovité pisky
se Stérky s polohami jild, vyplnujici v mocnosti pfes 30 m vyraznd, az 450 m
$irokd a 40 m hluboké koryta (Lochmann, Juranka 1968, in Klecek et al.
2001). Povrch zarovnaného reliéfu s mocnym pokryvem sprase a deluvialnich
uloZenin se v lokalité nachazi prevazné mezi 350-380 m n. m., tj. 145-175 m
nad hladinou Sazavy u Luk pod Mednikem vzdalené 11-12 km.

Pobliz soutoku Sazavy s Vltavou se nachazeji klasické lokality stfedoces-
kych neogennich sedimentt u Sloupu (povrch 320 m) a u Klince (363 m).
Ulozeniny u Klince na vltavsko-berounském rozvodi byly podle fytopale-
ontologickych nalezli zafazeny do spodniho miocénu (Masek red. et al.
1984).
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Shrnuti

Denudacni relikty neogennich (pfevdzné patrné miocennich) sedimentt se
nachazeji ve dvou oblastech snizeného zarovnaného reliéfu, tj. v morfostruk-
turnich depresich sdzavsko-zelivského mezifi¢i a sazavsko-labského rozvodi.
Predstavuji jednak relikty akumula¢nich vyplni starych fi¢nich adoli, jednak
denudacni trosky plosnych pokryvt. Jde o fluvidlni az fluvialné-limnické ulo-
zeniny, mocné okolo 10 m, nachazejici se zfetelné nad kvartérnim tdolnim
zatezem, s povrchy 110-135 m nad fekou (pfevladajici droven A). Z jejich
dnesnich vyskytt 1ze usuzovat bud na odvodnovani Sazavy od stejnojmen-
ného mésta k S, a to ve shodé s nazory star§ich autorll (zejména Novaka
1932b), nebo se ptiklonit k pojeti Malkovského (1975, 1979) o neogennim
odvodnovani k Z, tj. ve sméru dne$niho toku. Znac¢né rozkolisané absolutni
vy$ky neogennich lokalit v sazavsko-Zelivském mezifi¢i (v rozsahu kolem
20 m) mohou naznacovat, jde-li oviem o ¢asové synchronni sedimenty, jejich
mensi tektonické poruseni. Nize polozené lokality u mésta Sdzavy a nad
soutokem s Blanici, nachdzejici se pfi udolnim zafezu, patii jiz nepochybné
k odvodnovani v dne$nim sméru, tedy k Z a Ize proto usuzovat na jejich prav-
dépodobné pliocenni stafi. Podle nového chronostratigrafického schématu
(tab. 2, 3) se vSak muzZe jednat jiz o staropleistocenni uloZeniny (téz Kodym
et al. 1993, Miiller et al. 1993). Neogenni sedimenty u Jesenice, vypliujici
hluboka koryta pobliz sazavsko-vltavského rozvodi, mohou piedstavovat re-
likty po odvodnovani povodi dolni Sazavy k S, coz naznacuji i prevladajict
polednikové sméry sazavskych pritokd v $ir$im okoli. Velké prevyseni nad
vzdalenou hladinou Sazavy (az 175 m) lze nejspise vysvétlit mirnym anti-
klinalnim vyklenutim tzemi dne$niho rozvodi nad synklindlni sniZeninou
v mistech sazavského tdoli ve smyslu nazoru Moschelesové (1930).

7.2. Kvartérni terasy a fluvialni sedimenty
7.2.1. Geneze, stavba a rozsireni teras

Rekonstrukéni metoda pouzita pfi zpracovani terasového systému vychazi
z pfedpokladu, ze hlavni terasové prvky, tj. baze a povrch, vytvareji v podél-
ném profilu vyrovnané sklonové kiivky, odpovidajici tzv. profilu rovnovahy.
Za tohoto stavu je v rovnovaze vodnost toku s jeho transportni kapacitou,
tzn. ze feka neeroduje ani neakumuluje a unaseny materidl je pouze premis-
tovan (Novak 1932b, Krej¢i 1939, Zaruba-Pfeffermann 1943, Zaruba et al.
1977). Rovnovazny stav mtze byt porusen diferencovanymi tektonickymi
pohyby, kolisanim vodnosti a také zvétSenim mnozstvi unasenych hmot,
které se dostavaly do feky, napi. pii intenzivnich kryogennich pochodech.
Dochazi tak k mohutné akumulaci (tzv. klimatické agradaci), ktera sméfuje
k zaujeti nového rovnovazného profilu. Na vznik mohutnych agradaci mély

35
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v udoli Sazavy rozhodujici vliv ndpadné stupné (ohyby) ve sklonové kiivce
toku. Tyto sklonové ohyby predstavuji ¢ela zpétné eroze, ktera sem postou-
pila smérem proti proudu pii zahlubovani tadoli (obr. 2). Jedna se rovnéz
o mista, kam dospéla akumulac¢ni faze prislusné terasy. Témto predpokla-
diim hydrodynamického vyvoje odpovida sklonova kfivka soucasné hladiny
Sazavy se dvéma napadnymi stupni zvétSeného sklonu na stfednim a na nej-
dolejsim toku (viz kap. 4). Podobny tvar sklonové kfivky nevytvofila Zadna
dalsi ceska reka se systémem kvartérnich teras.

Rekonstrukce terasovych lokalit v podélném profilu umoznila stanoveni
terasového systému a jeho paralelizaci se systémem teras Vltavy. Terasovy
systém Sazavy zahrnuje 7 terasovych akumulaci, odpovidajicich obdobnym
urovnim hlavni feky — Vltavy (obr. 23). Podle stupné rozsifeni lokalit jednot-
livych teras a jejich tvarového projevu se udoli Sazavy ve sledovaném tseku
vyznacuje n¢kolika specifickymi rysy. Z hlediska stavby, tj. usporadani teras
v podélném profilu a v pri¢nych profilech, lze sledované sazavské adoli roz-
délit na 5 odlisnych useki, jejichz rozdily jsou podminény vyvojem udoli
v riznych morfostrukturnich a morfogenetickych podminkach:

1. Nejhotejsi tsek po Stvoridla, tj. ke vstupu do melechovského prilomu

(tiénikm 165— 140) ma pouze vzacné terasové lokality malych rozmért,
s povrchy pfevdzné do 15 m, vyjime¢né az 30 m nad hladinou feky.

2. Usek v granitech melechovského masivu ve Stvofidlech (fi¢ni km
140-135) predstavuje erozni udoli pralomového razu bez ii¢nich teras.

3. Usek od Stvotidel prlbhzne po Kécov (fi¢ni km 135-85) je z hlediska
terasového systému a vyvoje udoli nquznamnéjéi cast sazavského
udoli. Pouze zde vznikly mimoiadné mocné terasové akumulace (az
kolem 25 m!) a doslo k vyraznym piemistovanim toku. Ojedinélé vy-
skyty nejvyssich teras se nachdzeji kolem 60 m nad hladinou toku.

4. Usek Kécov - Tynec nad Sazavou (i¢ni km 85-20) s malym mnoZstvim
terasovych lokalit pfevazné nizsich Grovni (do 20 m relativni vysky),
zachovanych zpravidla v jesepnich ¢astech (jadrech) tdolnich zakruti.
V delsich tsecich nebyly terasy zaznamenany, s vyjimkou morfologicky
vétsinou nevyrazné nizké nadnivni drovné.

5. Usek Tynec nad Sézavou - tsti do Vltavy (¥i¢ni km 20-0), odpovidajici
kromé kratké trati pred soutokem spodnimu sklonovému stupni, ma
vyvinuty v zejména vyssi terasy, a to nad idolnim zarezem, které nava-
zuji na terasy hlavniho toku (Vltavy).

Z hlediska zastoupeni a plo$ného rozsifeni terasovych stupnu lze uvést

nasledujici skutecnosti:

a) Nejstarsi, pfevazné vyssi stfedopleistocenni terasy se zachovaly jen
velmi sporadicky v malych vyskytech, a to nad hranami tdolniho za-
fezu.

b) Akumulac¢ni pokryvky teras jsou vétSinou malo mocné, zpravidla
nepfesahuji hodnotu 5 m a u fady lokalit, zejména vyssich trovni, se
jedna o denudacdni relikty ptivodné mocnéjsich terasovych sedimentd.
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Jsou to plosiny se §térky vétsinou nepatrnych mocnosti (1-2 m), popi.
jen s rozptylenymi valouny, ¢asto nedokonale opracovanymi (polova-
louny, Novéak 1932b). Vyjimku pfedstavuji mohutné akumulace III. te-
rasy na stfednim toku v okoli Zruce nad Sazavou.

c) Stupen opracovani (ovaleni) §térkd je vétsinou maly az stfedni. Proto,
zejména u vyss$ich trovni, vyrazné prevladaji stérky subangularni nad
dokonaleji opracovanymi. Také v mocnéjsich terasovych akumulacich
se objevuji, zejména u opusténych tsekd, hojné ostrohranné tlomky
a balvany, popft. slabé ohlazené stérky misty se stopami po eolickych
ohlazech. Geomorfologicky se terasové lokality, na rozdil od jinych
¢eskych fek (napf. Berounky, srv. Balatka, Louckova 1992) vétsinou
prili$ neprojevuji a jen vzacné se vyskytuji v tvarové napadnych udol-
nich stupnich. Terasy témér nikde nesleduji feku Sazavu v pfimych
usecich (tzv. laterdlni terasy), jsou viak vyvinuty pfevazné v jesepnich
¢astech zékrutti a meandrii (tzv. meandrové terasy). V lateralni formé
se nachazeji vy$§i trovné teras pouze na nejdolej$im toku Sazavy
a jinde ma tuto formu misty jen nejnizsi nadnivni stupen.

d) Fluvidlni akumulace neobvykle velkych mocnosti na stiednim toku
Sazavy (v $ir$im okoli Zruce nad Sazavou) vytvareji jen zfidka morfo-
logicky vyrazné stupné. VétSinou se jedna o vyplné opusténych tdol-
nich tseki zachovanych v disledku pifemisténi koryta do soucasného
udoli.

7.2.2. Analyza lokalit jednotlivych terasovych arovni

Rekonstrukéni metoda, graficky vyjadienda v podélném profilu terasami
a v pti¢nych tidolnich profilech, prispéla k poznani existence terasového sys-
tému se 7 irovnémi, zahrnujicimi jednak samostatné terasy, jednak (v ome-
zeném rozsahu) terasové skupiny (obr. 6a, 6b, 6¢, 6d). Terasy jsou oznaceny
fimskymi c¢islicemi I az VII, pricemz I. droven je nejstarsi, VII. nejmladsi.
Mala pismena a, b vyjadiuji pfislusnost ke skupiné: a oznacuje vyssi aroven,
b nizsi stupen bud samostatné nebo kombinované (erozné-akumulaéni) ge-
neze. Terasové skupiny se tykaji jen problematické I. a pfedevsim III. Grovné
(Ia, Ib, IITa, IIIb, viz tab. 1).

Terasy I. skupiny

K nejstarsi pleistocenni terase nad smrcenskym prillomem patfi patrné
denudacni relikt fi¢nich $térkti ve Svétlé nad Sdzavou u hibitova asi ve 420 m
n. m. (32 m nad hladinou Sazavy, Hrube$ 1995). Ojedinélé, vyse poloZené
lokality se subangularnimi valouny spolu s pfevladajicimi ilomky, uvadéné
Novakem (1932b) jako terasy u Zavidkovic a Vadina ve 467-470 m (70-75 m
nad fekou), jsou nyni pokladany za neogenni (Hrubes$ 1995). Dtivodem pro
toto Casové zafazeni je vedle vysoké relativni vysky charakter sedimentd,
protoze se jedna o jilovité a hlinité pisky s kiemennymi valouny.
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Maly vyskyt ,,piskil a §térkovitych piskt vyssi terasy®, vyznadeny na geo-
logické mapé 1:50 000, list 23-12 Lede¢ nad Sazavou (téz Hrube$ 1993a)
v jadru udolniho zakrutu jz. od Vilémovic, nebyl pfi terénnim vyzkumu
potvrzen. Terasa je zndzornéna asi pfi vrstevnici 420 m (70 m nad hladinou
Sazavy), tj. na mirném svahu, kde pii silnici vychazeji jilovité pisky (patrné
eluvium granitu). Sousedni sedlova plosinka ve 410-415 m (60 m nad fe-
kou), s eluvidlnimi pisky na povrchu, lezi v trovni I. terasy (stupen Ia).

Patrné jedina nesporna lokalita terasy Ia Sazavy s akumulacni pokryv-
kou byla ovéfena nékolika vrty na levém bfehu Sazavy u Stfechova (Passer
1967b), v misté ohybu brnénské dalnice ze sv. do jv. sméru (foto 8). Povrch
jilovitych piskii se Stérky se nachazi ve 378 m (62 m nad hladinou feky),
béaze (eluvium pararuly) nebyla ani v hloubce 7 m zastiZena, lze ji viak pfed-
pokladat asi ve 370 m. Podle znac¢né jilovité pfimési se mize jednat o relikt
neogennich (pliocennich?) ulozenin. S ohledem na tuto vyraznou lokalitu
lze nejvyssi terasovou troven oznacit jako sttechovskou (Ia, obr. 12).

V trovni terasy Ia se nachazi denudacni zbytek $térkd na Gzké hibetové
plosiné v zsz. okoli Zlivu, situované uvniti oblouku udolniho zdkrutu
Sazavy. Cetné subangularni, misty i dobte opracované a eolicky ohlazené
pievazné kfemenné Stérky (10-12 cm, maximalné 20-25 cm) kryji spolu
s tlomky kfemene a ruly ve 371-373 m (57-59 m relativni vysky) sniZenou
¢ast ploSiny mezi ortorulovym sukem (377,1 m) na Z a svahem vyssiho
reliéfu na V. Tento vyskyt razu opusténého tdolniho tseku pochazi z doby
pied pocatkem zahlubovani tdoli a vyvoje zdkrutu. Engelmann (1938)
pokladal lokalitu u Zlivu za predkvartérni. Na geologické mapé 1:50 000,
list 13-34 Zru¢ nad Sazavou, neni tento vyskyt fi¢ni terasy zaznamenan.
Ke stejné trovni patii vice nez 4 m mocné pisky se Stérky a Stérkopisky,
zastizené vrty pod polohou pisc¢ité a jilovité hliny (mocnou az 6,8 m)
u byvalého hlinisté 1,5 km zjz. od namésti v Kacové. Povrch §térkn lezi
asi ve 375 m (64 m nad hladinou Sdzavy) a baze asi ve 369-370 m (Cihak,
Silhan 1988).

Vyskovou polohou (367 m, 64 m nad hladinou Sdzavy) odpovidd I. terase
mala lokalita terasovych $térkii 300 m j. od Cejkovic. Velmi mirné uklonéna
plosinka po obou stranach silnice se subangularnimi, z¢asti dobte ovalenymi
kfemennymi, méné rulovymi $térky se stopami eolickych ohlazti, pfedsta-
vuje ziejmé soutokovou tiroven Sazavy a Blanice: Gsti tohoto levostranného
pritoku se nachazi jen asi 500 m vjv. od popsané terasové lokality, kterou
zatazuje Kadlec (1994) do spodniho pleistocénu. Od tohoto vyskytu az po
soutok s Vltavou nebyly zjistény Stérky a pisky I. terasy Sazavy; v drovni
této terasy se nachazi pouze nékolik denudacnich plosin.

Mezitidolni plosinka u s. okraje Sttibrné Skalice (u samoty Cihelna) s po-
vrchem ve 357 m (asi 60 m nad nivou Jevanského potoka), s prevladajicimi
horninovymi tlomky a vzacnymi valouny, odpovida I. terase Sazavy. Geo-
logickd mapa 13-31 Ri¢any tento sporny vyskyt klasifikuje jako ,reziduum
fluvidlnich $térk mladsich akumulaci“ spodnopleistocenniho stafi.
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Pomérné cetné subangularni i dobfe ovalené kiemenné, kvarcitové a gra-
nitoidni $térky o velikosti do 12 cm pfi hrané levého svahu tidoli Konopist-
ského potoka ve 324-332 m jz. od Pori¢i nad Sazavou se prisuzuji jmeno-
vanému potoku, ktery mohl podle Novaka (1932b) sméfovat od j. okraje
obce k Z, tedy smérem na Tynec nad Sazavou-Brodce. Zminéné §térky lezi
u Pori¢i nad Sazavou kolem 60 m nad hladinou feky, tj. v Grovni I. terasy
a za spodnopleistocenni je poklada také Kadlec (1994).

Kromé charakterizovanych lokalit nejvy$si trovné I. terasy (Ia) byly
v udoli Sazavy zjiStény ojedinélé nize polozené vyskyty fluvidlnich sedi-
mentdl, které by mohly predstavovat denudacni relikty nizsiho terasového
stupné Ib, popft. se muze jednat o zbytky naplavi II. terasy. Jsou to lokality
u z. okraje Kéacova ve 358 m (47 m relativni vysky), u Ledec¢ka v 348 m (55 m
relativni vysky, Novak 1932b), u Hvézdonic ve 325 m (52 m relativni vysky),
u Tynce nad Sazavou ve 309 m (56 m relativni vysky, Stépancikova 2003).
Pro nepatrny pocet zna¢né problematickych vyskytii (téméf bez vyznamnych
akumulacnich pokryvil) je existence této podruzné tirovné nejistd, prestoze
se na piilozené mapé a profilech uvadi jako terasa Ib.

Shrnuti

Charakterizované vyskyty I. terasy se zachovaly jen ojedinéle, takze nelze
spolehlivé rekonstruovat pribéh terasy v podélném profilu. Kromé ojediné-
Iych lokalit s akumula¢ni pokryvkou, mocnou 5-8 m, se jedna o denudacni
relikty se $patné opracovanymi $térky. Vyskyty v nejvyssi poloze (tiroven Ia),
tj. s povrchem kolem 60 m nad hladinou, navazuji na vltavskou lysolajskou
terasu Ia, popt. IA (Zaruba-Pfeffermann 1943, Zaruba et al. 1977). Kromé této
urovné se v udoli Sazavy vyskytuji nize polozené, pievazné denudacni relikty
(ve 47-52 m relativni vysky), které patrné odpovidaji suchdolské terase pii
Vltavé (Ib, Zaruba-Pfeffermann 1943, resp. terase IB, Zaruba et al. 1977).

II. terasa (Ceskosternberska)

Rovnéz tato terasova uroven se v sazavském udoli zachovala pomérné
vzacné, a to v plo$né omezenych vyskytech. Sporadicky se vyskytujici loka-
lity jsou disledkem toho, zZe II. terasa se vétSinou vytvofila jiz v idolnim
zafezu, takze pii naslednych eroznich fazich vyvoje idoli byla vétsina sedi-
mentd této terasy odnesena. Proto zde nemohly vzniknout terasy v geomor-
fologickém smyslu.

Nejvyse proti toku patii k II. terase mala plosinka nad Zelezni¢ni za-
stavkou jz. od Vilémovic. Jedna se o denudacni relikt s povrchem asi 35 m
nad hladinou teky. Cetné $térky o velikosti ptevazné do 10 cm ,sestupuji*
po mirném svahu az do relativni vysky 28-30 m nad fekou. Ulozeniny vSak
zfejmé nejsou mocnéjsi nez 2-3 m.

Dalsi lokalitou II. terasy je vyrazna plosina s valouny na pravém biehu
Sazavy jv. od Ledce nad Sazavou, j. od silnice do Ostrova. Povrch kryiji
cetné Stérky o velikosti do 15 cm, slozené z kfemend, kvarcitd, zul a rul, se
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zfetelnymi stopami po eolickém obrouseni v hrance. V mélkém ryhovém
vykopu byly v roce 1994 odkryty rezavé hnédé jilovité pisky. Povrch lokality
ve 386 m n. m. prevySuje o 35 m hladinu Sazavy.

Nejvyssi povrch plosiny, kryty ¢etnymi kfemennymi a rulovymi Stérky
0,5 km z. od Bfeziny nad fi¢nim km 110,8, s kétou 363 m (zakladni mapa
1:10 000), mirné pfevysuje povrch terasy Illa, takze se mtize jednat o sni-
zeny zbytek naplavi II. terasy v bazalni poloze. Na vojenské topografické
mapé¢ 1:25 000 ma vsak tato lokalita kétu 360,5 m, coz jiz odpovida povrchu
terasy IIla, k niz také byla tato plosina zarazena. Relativni vyska povrchu
této terasy je 30 m, popft. 32,5 m.

V opusténém domahotském tdoli na levém biehu Sazavy u Zruce nad
Sazavou z doby III. terasy byly pii levém narazovém svahu zastizeny vrtem
VZ102 pisky s povrchem ve 365 m (39 m nad hladinou), spocivajici v moc-
nosti 16 m na rulovém podlozi (Kral 1969, Vaclavek 1970). Tyto sedimenty
lezi v podélném profilu presné v trovni povrchu a baze II. terasy a navazuji
na vyznamnou lokalitu II. terasy u Ceského Sternberka. Vzhledem k vyji-
mecnosti této lokality uvadime profil témito fluvidlnimi sedimenty podle
uvedeného vrtu VZ102 (Kral 1969, upraveno):

Nadmoiska vyska povrchu: 366,00 m

0,15 m humozni hlina

0,80 m hlina

1,00 m hlinity pisek

4,00 m silné hlinity az hlinity pisek

5,00 m hlinity pisek s ojedinélymi tlomky ruly (do 4 cm)

14,40 m slabé hlinity az hlinity pisek

16,00 m slabé hlinity pisek s vrstvami ¢istého pisku

16,60 m cisty pisek s ojedinélymi tilomky ruly (do 4 cm)

16,80 m ulomky navétralé ruly

19,30 m eluvium ruly a navétrala rula.

Banyrové (2008) zaznamenala rozptylené §térky také v sedle 700 m jv. od Ci-
zova v 367-370 m (47-51 m relativni vysky), tedy v tirovni povrchu II. terasy.

Vrt 6 v z. sousedstvi byvalé piskovny pfi z. okraji nové ¢asti Kacova s ro-
dinnymi domky zastihl 4,7 m mocné $térky II. terasy s povrchem ve 346 m
a bazi ve 341,3 m (35 m a 30,3 m nad hladinou Sazavy; Haslar 1959). V po-
dobné nadmotské vys$ce byl zaznamenan povrch piskil s valouny a tlomky
hornin ve vrtech nad levym narazovym svahem asi 1 km sv. od Tichonic.
Vzhledem k neobvyklé geomorfologické poloze a k pomérné velkym zazna-
menanym mocnostem sediment (az ptes 19 m) Ize tyto tdaje piijimat velmi
opatrné (geologickd mapa 1:50 000, 13-43 zde znaci moldanubické para-
ruly). Napf. ve vrtu J 3 byl popsan tento profil (Susicky 1988, upraveno):

Nadmoiska vyska povrchu: 348,06 m

0,1 m humozni hlina
1,4 m hlina jilovitopiscita
2,7m hlina jilovitopiscita s pfimési hrubych kiemennych zrn
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11,7 m pisek jemnozrnny hlinity

19,5 m pisek sttedné zrnity az hrubozrnny, hlinity, a to az s 20 % hru-

bych zrn (0,2-2 cm)

22,0 m dtto, s vétsi hlinitou piimési

30,0 m eluvium ruly.

Pisky mezi 2,7-22,0 m poklada autor prizkumné zpravy za terasové ulo-
zeniny Sazavy. Hrubozrnné hlinité pisky, mocné 14,5 m (povrch ve 346 m),
udajné terasového ptvodu, byly na této lokalité zastizeny rovnéz vrtem HV1
(Kopecky 1989).

Vyrazna plosSinka kryta $térky II. terasy pii v. okraji Sobésina ma povrch
ve 340-342 m, tj. 34-36 m nad hladinou Sazavy.

Nejvyznamnéjsi lokalita II. terasy se zachovala uvnitt otevieného tdol-
niho zakrutu Sazavy, a to u chatové osady 1 km sv. od Ceského Sternberka
(obr. 13). V malém odkryvu a v ivozu cesty vychazely tmavé rezavohnédé
Stérkopisky, drobné S§térc¢iky a hrubozrnné jilovité pisky, silné zhutnélé
a chaoticky ulozené. Valouny, casto nedokonale opracované, jsou kromé
pievladajicich kfementi tvofeny horninami krystalinika (zejména pararul),
a to pomérné Cerstvého vzhledu. V dolni ¢asti ivozu jsou sedimenty sypké
a malo navétralé. Velmi mirné uklonénd plosinka s tenkou polohou deluvial-
nich uloZenin s povrchem ve 338-340 m lezi 37-39 m nad hladinou Séazavy,
nejnizsi polohy terasovych sedimentt ve 323 m jsou 22 m nad fekou. Zaruba
a Rybar (1961) tuto lokalitu pokladdaji za star$i nez jsou uloZeniny vyplni
opusténych tdolnich tsekt v okoli Zruce nad Sazavou.

Kromé problematickych, nejméné 7 m mocnych piskii s valouny s po-
vrchem ve 312 m, zastizenych vrtem HVSK 5 (Passer 1967b) u Hvézdonic
asi 500 m jv. od Zelezni¢ni stanice, nebyly v dalsim ddolnim tseku zazna-
menany zadné vyskyty této terasy. Sazavska II. terasa odpovida pii Vltavé
terase Ib — pankracké (Zaruba-Pfeffermann 1943), popf. stupni II (Zaruba
et al. 1977).

Shrnuti

II. terasa byla v sazavském udoli rekonstruovana jen v useku mezi
okolim Ledce nad Sdzavou a Hvézdonicemi, a to na zakladé nékolika lo-
kalit. Nékteré predstavuji spise denudacni plosiny, jiné denudacni relikty
n¢kdejsich akumulaci, takze naznacuji polohu terasové baze. Ojedinéle
zachované ti¢ni sedimenty dosahuji mocnosti az kolem 15 m. Povrch terasy
probiha smérem po proudu feky vcelku soubézné s povrchem tdolni nivy,
a to v relativni vy$ce 35 m u Vilémovic a 37-39 m u Ceského Sternberka.
Popsana terasa Sazavy odpovida vltavské pankracké terase, tj. trovni Ib
(Zaruba-Pfeffermann 1943), resp. stupni II (Zaruba et al. 1977). Jeji povrch
lezi v soutokové oblasti 87 m nad ptivodni nevzdutou hladinou. Nelze v§ak
vyloucit ani geneticky vztah sledované sazavské terasy k vltavské terase ITTA
(kralupské), a to vzhledem k malému vyskovému odstupu od nasledujici
nizéi terasy (I1Ia).
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II1. terasova skupina

ITI. terasova skupina predstavuje mocnosti sedimentd, rozsifenim, ge-
nezi a vyvojem udoli nejvyznamnéjsi ¢lanek v terasovém systému Sazavy.
Jeji vznik a stavbu vyrazné ovlivnil napadny stupen ve sklonu hladiny
feky v oblasti melechovského granitového masivu pod Svétlou nad Sa-
zavou, ktery vznikl pfi silné erozni fazi po akumulaci naplava II. terasy,
kdy feka prohloubila na stfednim toku své koryto asi o 35 m (obr. 2, 23).
Celo zpétné eroze postupujici proti proudu zadrzela mohutna zvedajici se
bariéra granitového masivu. Proto v tseku pod melechovskym stupném
probéhla mohutna akumulace fluvidlnich sedimentti (agradac¢niho typu).
Pii dosazeni nejvy$si drovné ulozenin (povrchu terasy) feka tento sklo-
novy stupen v podstaté vyrovnala. Sklon feky se pti skonceni akumulac¢ni
faze opét priblizil rovnovaznému profilu. Na tuto skutecnost upozornili
jiz Zaruba a Rybar (1961), ktefi vyuzili vysledky inzenyrskogeologickych
vyzkumi v terasovych lokalitach této oblasti. Je tfeba zddraznit, Ze tyto
extrémné velké mocnosti sedimentt III. terasy a vyvoj udoli Sazavy jsou
v erozné-denudacnim pahorkatinném az vrchovinném reliéfu moldanu-
bického krystalinika zcela vyjimeénym jevem (obr. 3), ktery neméd obdoby
na zadné jiné Ceské fece v podobnych geologickych a geomorfologickych
podminkach.

Mocné akumulace naplavt III. terasy se zachovaly do soucasnosti diky
tomu, ze feka po dosazeni nejvyssi tirovné agradace premistila v nékolika
usecich svilj tok do dnesniho sméru, takze akumula¢ni vyplné opusténych
udoli nebyly zasazeny mladsi erozi feky. To je ovSem situace, se kterou se
v Cechéch mtizeme setkat v podstaté jen na tizemi Ceské tabule nebo tieti-
horni Mostecké panve, vyjime¢né u Vltavy na Prazské plosiné (u Libcic nad
Vltavou). Geomorfologické poméry a vyvoj udoli Sazavy potvrzuji nazor
(stv. Zebera 1949), ze fi¢ni terasy v geomorfologickém smyslu mohou vzni-
kat zejména pfi jednostranném premistovani koryta nebo pifi meandrovani.
Usek mohutné akumulace naplavii IT1. terasy je vdzan na sazavské tdoli
prevazné mezi stvoridelskym sklonovym stupném a okolim Kacova, tj. mezi
ficnimi km 135-85, pfi¢emz rozhodujici ¢ast toku se nachazi mezi Chfenovi-
cemi a okolim usti Zelivky, tedy mezi ficnimi km 120-95.

Kromé trovné maximalni akumulace sedimentt, oznacené kédem Illa
(chabeficka terasa), byla misty v naplavech III. terasy, popf. v samostatném
postaveni (mimo opusténé useky), rozliSena nizsi droven (IIIb, budska),
ktera misty predstavuje vloZenou, popf. erozni terasu. Proto budou obé
urovné charakterizovany spole¢né.

Prvni nespornd lokalita terasy IIla (chabefické) se nachazi na pravém
bfehu Sazavy 2 km jv. od Led¢e nad Sazavou (na 131. fi¢nim km). Plo-
$inku pfi hrané svahu ve 375-380 m (24-29 m nad hladinou) kryji $térky
o velikosti az 15 cm z prevladajicich kfementi a kvarcit, méné z zul a rul.
Vétsinou $patné ovalené §térky byly eolicky ohlazené v nedokonalé hrance.
Ve vykopu, hlubokém 2,5 m, byly v roce 1994 odkryty jilovité pisky s vrst-
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/ akumulacni faze
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Obr. 3 - Schéma vyvoje udoli Sazavy mezi Horkou a Zruéi nad Sazavou

IA-VII terasy Vitavy

vickami $téréiku a s rozptylenymi drobnymi valouny. Stéréik predstavuje
preplavené eluvium granitu blizkého melechovského masivu.

V tseku pod melechovskym masivem byly piscité $térky terasy 11Ia dale
zaznamenany na pravém brehu Sazavy u Zzelezni¢ni zastavky Chrenovice:
ve vrtu byly zastizeny terasové uloZeniny s povrchem ve 368 m (asi 28 m
nad hladinou Sazavy) a bazi ve 364 m (Rybatik 1968). Zde Zaruba a Rybar
(1961) uvadéji velkou mocnost sedimenti, a to kolem 27 m, pficemz béaze
je asi ve 343 m, tedy pouze 4 m nad hladinou feky. Tato extrémni mocnost
nebyla potvrzena vrtnym prizkumem, ale idajem z hloubeni studny. Topo-
graficka poloha uvnitt idolniho zdkrutu, tj. v jeho jesepni casti, je odlisna
od situace v okoli Zruce nad Sazavou, kde se nejvétsi mocnosti naplavi
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III. terasy zachovaly spiSe ve vysepnich (narazovych) ¢astech udolnich za-
krutt opusténych tseki.

Mala plosinka uvnitf meandru u Buddic se $térky na povrchu (pfevazné
do 15 cm, ojedinéle az 40 cm) je v relativni vy$ce 18-19 m a lezi v trovni
terasy IIIb.

Velmi mocné akumulace naplavi II1. terasy se zachovaly v Gseku mezi Bre-
zinou z. od Vlasté&jovic a sz. okolim tsti Zelivky, tedy mezi i¢nimi km 112-97.
PloSina s kfemennymi a rulovymi $térky na pravém bfehu feky sz. od Breziny
ma povrch ve 360,5 m (voj. topogr. mapa 1:25 000), popi. 363 m (zakl. mapa
1:10000), tj. 30 m, resp. 32,5 m nad hladinou feky. Poloha baze sedimentt
nemohla byt pro chybéjici vrty zjisténa. Mala plosinka v terasovych sedimen-
tech pobliz Bieziny v 353 m (23 m relativni vysky) lezi v Grovni terasy IIIb.

Prvni lokalita s ovéfenou mocnosti sedimentt III. terasy se nachazi na
pravém bfehu feky v. od zelezni¢ni zastavky Horka nad Sazavou (obr. 11).
Ve vrtech byly zastizeny terasové ulozeniny v mocnosti 15-16,5 m, a to
s povrchem ve 345 m a bazi ve 335-327 m (Rybatik 1968). Tyto povrchy
odpovidaji terase IIIb s vyskou 22—-17 m nad nevzdutou hladinou. Nejnizsi
poloha baze v tirovni nevzduté hladiny je vyjimecna, nebot na dalsich loka-
litach v okoli Zruée nad Sazavou, kromé sousedni Budy, nebyla tak nizka
poloha baze zaznamenana. Ve vrtech byly zastizeny stfedné hrubé az hrubo-
zrnné pisky (v hornich ¢astech slabé zahlinéné) s malym podilem drobnych
kftemennych, rulovych a zulovych valounii (ve spodnich polohéach s vétsim
mnozstvim $térkit). Pii bazi byla ovéfena 1,3 m mocna poloha stiedné hru-
bych az hrubych piscitych stérkd, spocivajicich na pararulovém a amfibo-
litovém podlozi. Pisky zaujimaji 64,4-88,3 % ulozZenin, $térky se uplatiuji
ve 4,6-32,0 %, jil a prach ve 2,6-6,8 %. Petrograficky se vyskytuji pifevazné
ktemeny (32-89 %), dale slidy (11 %) a zivce (4-6 %), méné limonit a tézké
mineraly, u hrubs$ich piskt jsou hlavné tlomky hornin, zejména rul a zul,
méné je amfibolitt (Rybaftik 1968).

Raz fluvialnich sedimentt III. terasy lokality Horka dokumentuje petro-
graficka charakteristika vrtu VH2 (Rybaiik 1968, upraveno):

Nadmoiska vyska povrchu 346,3 m

0,3m ornice

0,7m Sedohnédé az hnédé piscité hliny s opracovanymi tlomky kie-
mene a rul

1,5m hnédé jemné az stfedni pisky s opracovanymi tlomky kifemene
a rul (0,4-10 cm)

4,2m hnédé velmi slabé¢ hlinité stfedni pisky s ojedinélymi stiedné
opracovanymi ulomky rul a kfemene (0,4-3,5 cm)

4,6 m dtto, cca 50 % dobfe az stfedné¢ opracovanych tlomkt kfemene
arul

10,3 m svétlehnédé velmi slabé hlinité stftedni pisky s malym podilem

(az 5 %) stiedné az silné opracovanych tlomkii kfemene, rul
a amfibolitt (0,4-4,0 cm)
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13,0 m svétlehnédé stiedni pisky s pfimési hrubych piskd a s malym po-
dilem stfedné az silné opracovanych drobnych tlomka kfemene
a rul (0,4-2,0 cm)

16,7 m svétlehnédé stfedni az hrubé pisky s podilem stfedné az silné

opracovanych drobnych tlomkt kfemene a rul

18,0 m stfedné az silné opracované stiedni az hrubé §térky z pegmatitd,

zul, kfemene, rul a amfibolitti s cca 50 % stfednich a hrubych
piskt s men$im mnozstvim Stérkt

18,2m modrosedé amfibolity.

Mocné sedimenty u zelezni¢ni zastavky Horka nad Sazavou vypliovaly
nékdejsi obloukovité fi¢ni koryto (brazdu) v $ifce az 150 m, které je prohnuté
k SV. V pri¢ném profilu bylo koryto zietelné asymetrické, s pfikrym pravym
narazovym svahem o sklonu az 60° a s nejnizsi polohou baze pfi jeho tpati.
Sedimentarni vypln koryta se zachovala ve zna¢ném rozsahu proto, ze od
mladsiho tdoli (véetné soucasného) bylo koryto z doby III. terasy oddéleno
hibetovou piepazkou z odolného amfibolitu a pararuly (Rybatik 1968). Pti
vyvoji soucasného tudoli byl tento amfibolitovy hibitek z velké ¢asti destruo-
van do dnesni nezfetelné podoby, kdy se zachovala jen ¢ast svahu v pravém
brehu feky.

Sedimenty III. terasy v popisované lokalité jsou podle analyz materialt
z vrt z pfevazné Casti slozeny z piski (64-88 %), a to s vyraznou pievahou
stiedné zrnitych (45-75 %) nad hrubozrnnymi a jemnozrnnymi. V petro-
grafickém slozeni zrn vyrazné prevlada kiemen, dale se uplatnuji horninové
tlomky, slida a Zzivec. Stérky, zastoupené 5-32 % celkové hmoty uloZenin,
jsou vétsinou stfedné opracované a slozené kromé pievazujiciho kfemene
z rul a granitoidil, vzacné z amfiboliti (Rybaiik 1968).

Charakterizovany vyskyt pleistocennich sedimentd tedy piedstavuje
zbytek mohutné terasové akumulace, ,opirajici se* o ptikry pravy tdolni
svah (az pies 60°), a to na Z v mistech narazového bifehu nékdejsiho zakrutu
feky, ktera smérovala obloukem k J. Terasové ulozZeniny, kromé bazalnich
poloh a relikt pii tpati svahu témér vytézené v opusténé piskovné, byly
v roce 1994 misty jesté pomérné dobte odkryty. Ve sténé, vysoké 18-20 m,
vychazely ve svrchni ¢asti zhutnélé, misty jilovité pisky s vrstvickami $tércika
s ojedinélymi tlomky ruly a s polohami piscitych §térkii (do 5 cm) a rulové
suti (5-65 cm). Terasové sedimenty byly kryty 1-1,5 m mocnou polohou
rulové suti. Spodni ¢ast sedimentt tvofily az po tpati stény jemnozrnné az
stiedné zrnité pisky, v dolnich 8 m s polohami (0,5-2 m mocnymi) hrubého
stérku a rulovych tlomka a balvant (do 20 cm). Pisky byly sypké a hori-
zontalné zvrstvené. Horni hrana piskovny se nachazela 30 m nad nevzdutou
hladinou Sazavy pod jezem (327 m) a dno piskovny, dnes misty zavazené
riznym odpadem, je 7-12 m nad hladinou feky.

V roce 2005 byly v dolni ¢asti zarostlé a zasuténé stény byvalé piskovny
u zelezni¢ni zastavky Horka nad Sazavou odkryty profily terasovymi
pisky s polohou piscitych rulovych tlomki (10-30 cm). Ve vychodnéjsim
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odkryvu, zahloubeném zcasti i do dna piskovny, vychazely v horni casti
jilovité pisky, zhutnélé a s ojedinélymi tlomky kfemene. Pisky vypliovaly
erozni depresi, zahloubenou 2-3 m do hrubozrnného pisku s rozptylenymi
valouny kifemene (do 3 cm) a s ojedinélymi, velmi silné zvétralymi hrubsimi
stérky a tlomky ruly (do 15 cm). Profil naznacuje zfetelné hydrodynamické
zmény pii akumulacné-eroznich procesech. V bezprostiednim z. sousedstvi
piskovny vystupuje ve svahu jiz eluvium ruly pravého okraje zakrutu starého
udoli, které odtud smeérovalo k J az JZ, tedy k dnesni Horce a Budé.

Dalsi pro genezi a rekonstrukci terasového systému vyznamna lokalita se
nachazi na levém bfehu Sazavy u osady Buda (obr. 11). Jedna se o velmi
kratky tsek opusténého udoli pleistocenni Sdzavy, oddéleny od dnes$niho
udoli amfibolitovym sukem Horka (363 m). Zietelné snizeny nékdejsi povrch
fluvidlnich sedimentti (344-350 m) odpovida trovni terasy IIIb (budské).
Jedna se tedy o erozni terasu nebo o povrch vlozené terasy v sedimentech
III. terasy. Stérkopiskova vypln opusténého tudoli u Budy (dlouhého asi
300 m a Sirokého az 250 m) byla v 70. letech minulého stoleti vytéZena v ja-
mové piskovné, dnes zéasti zatopené podzemni vodou (hladina ve 333 m
n. m. je asi 6 m nad hladinou Sazavy). Nékolik desitek vrtth umoznuje cha-
rakterizovat vy$kovou polohu nékdejsiho povrchu, skryté baze a sedimentti
terasy (Rybaiik 1968, 1969, Kral 1969, 1971a).

Povrch terasovych ulozenin byl vétsinou ve 345-348 m (nejnize ve 339 m,
nejvyse ve 350,5 m), baze (zvétralé pararuly, amfibolit) byla zastizena v nej-
nizsi poloze ve 327-330 m a ve vyssi drovni ve 340-344 m. Nevzduta hladina
Sazavy je v nadmotské vySce 327 m. Terasové sedimenty tvori pirevazné pisky
(65-81 %), méné stérky (16-30 %), jily a prach se podileji 3-5 % hmoty
sedimentu. Pisky jsou slozeny pfevazné z kfemennych zrn, dile z tlomku
hornin, Zivce a slidy. Na sloZeni §térkii se podili kiemeny (25-45 %), ruly
(16-28 %) a zuly (13-30 %), méné jsou zastoupeny amfibolity a kvarcity
(Rybaiik 1968, Kral 1969, 1971a). Pii bazi téchto sedimentii byla zastizena
poloha stfedné hrubého az hrubého pisc¢itého stérku. Maximalni mocnost
sedimentii, ovéiend vrty, byla 17-20,5 m (foto 4).

Charakter kvartérnich sediment@ opusténého tdoli u Budy dokumentuje
vrt VB107, ktery zachytil maximalni mocnost sedimentti (Kral 1969, upra-
Veno):

Nadmoiska vyska povrchu: 347,30 m

0,10 m S$edohnéda piscitojilovita hlina, slabé humézni

0,30 m Sedohnédy stfedné zrnity silné hlinity pisek s cca 10 % tlomka
(2-10 cm)

1,50 m S$edohnédy hlinity pisek stfedné zrnity s cca 30-40 % tlomku ruly

2,10 m svétle hnédy jemné az stfedné zrnity pisek, s drobnymi tilomky
a valouny ruly a kfemene

3,00 m hnédy az zlutohnédy jilovity pisek az piscity jil

4,00 m svétly zlutohnédy jil s cca 50 % valounti ruly a kfemene az §térk
s jilovitou vyplni
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4,20 m rezavé hnédy hrubozrnny slabé jilovity pisek s cca 30-40 %
ulomki do 5 cm
5,10 m svétly zlutohnédy jemné zrnity pisek s cca 10 % valount ruly
a kifemene (do 4 cm)
9,00 m zlutohnédy az rezavé zlutohnédy stfedné zrnity pisek s 10-40%
valounti do priméru 3-10 cm
14,00 m svétly narezavély pisek s cca 10-20 % valount do 6 cm
20,50 m  zlutohnédy stfedné zrnity misty hrubozrnny pisek s cca 10-20 %
velmi drobnych tlomkd, s ojedinélymi valouny az 10 cm
21,00 m  zelenoSedé, misty rezavé jilovité rulové eluvium.

V s. sténé této piskovny pii vstupni cesté byl v roce 1982 popsan profil
(mocnosti v cm):

200 hnéda piscita hlina s tlomky a deskovitymi balvany amfibolita
(az 2 m)

350 hnédosedy hrubozrnny pisek, slidnaty, se zrny kfemene, zhutnély
(pteplavené eluvium zuly)

1000 S$edohnédy, misty tmavohnédy a rezavohnédy, na spodu Sedy

hrubozrnny slidnaty pisek a drobny $téréik (pfevazné do 0,5 cm),
s rozptylenymi $térky ze zvétralé pararuly, kifemene, amfibolitu;
vzacné jsou Cocky Stérkopisku a drobného piscitého Stérku. Na-
plavy jsou zfetelné kiizové a Sikmo zvrstvené

1200 hnédy az tmavé rezavohnédy hrubozrnny az stfedné¢ hruby hlinity

pisek, vzacné s polohami drobného §térciku. Slabé ohlazeny desko-
vity svétle Sedy balvan migmatitické ruly o rozmérech 2,1x1,4x0,5 m,
lezici na dné piskovny, jevil stopy kaolinického zvétravani.

Nejlépe dokumentovanou lokalitu sedimentt I11. terasy predstavuje opus-
tény tdolni tsek na levém bfehu feky j. od Zruce nad Sazavou u byvalého
statku a osady Domahot (obr. 12). Pozoruhodna je geomorfologicka pozice
vyskytu: fosilni sniZzenina, dlouha necely 1 km a Siroka 200-300 m, sleduje
v obloukovitém priib¢hu piikry narazovy svah tdolniho zakrutu Sazavy.
Od tdolniho svahu je opusténé udoli oddéleno tzkym rulovym hibetem,
krytym misty jen tenkou vrstvou terasovych sedimentti. UloZeniny vyplné
domahoiského opusténého tdoli byly pred nékolika desetiletimi témér vy-
tézeny az po uroven hladiny podzemni vody, takze se objevilo staré idoli
z doby zacatku akumulac¢ni faze terasy (obr. 3).

Nejnizsi polohy rulového podlozi terasovych sedimentti zastizené vrty
VZ1 a VZ3 (Rybatik 1968) ve 329,75 m a 329 m (4-5 m nad hladinou Si-
zavy) jsou vazany na zietelnou snizeninu (koryto, brazdu), Sirokou 50-70 m
a 0 5=7 m zahloubenou do vyssi irovné baze (ve 335-337 m). Tato brazda
probiha pti levém, ndrazovém svahu opusténého tudoli, ktery tvofi i omezeni
pohtbené prehloubené brazdy. Od nejnizsich mist tohoto prehloubeného
koryta stoupad baze terasy plynule opa¢nym smérem, tedy k hrané soucas-
ného levého tdolniho svahu Sazavy. Povrch terasovych naplavt se nachazel
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nejvys$e pii vrstevnici 356 m a byl pfi levém svahu zakryty az 8 m mocnymi
svahovymi piscitymi hlinami, které byly v minulosti téZeny pro cihelnu na
protéj$im biehu Sazavy. V nejvyssi poloze (365,2 m) byly zde zaznamenany
vrtem VZ102 15,8 m mocné pisky, spocivajici ve 349,4 m na rulovém eluviu
(Kral 1969, Vaclavek 1970). Jedna se patrné o relikt naplavii II. terasy,
pficemz v trovni maximalni akumulace dosdhly terasové pisky na troven
dnesniho tzkého rulového hibetu pfi levém svahu adoli Sazavy. Lze vsak
predpokladat, ze tehdejsi rulovy reliéf byl podstatné vyssi a nachdzel se dale
na SV od dnes opusténého udoli. Zde tehdy probihalo malé tidoli pravého
pritoku Sazavy, do n¢hoz se tato feka premistila nejdiive z domahoiského
udoli (z trovné povrchu terasy IIla). Pozdéji, v dobé vzniku terasy IIIb,
opustila Sdzava adoli u Budy. Pti vyvoji soucasné¢ho zakrutu jv. od Zruce
nad Sazavou doslo k destrukci (posunuti) levého narazového svahu do
dnesni polohy pii pravém okraji opusténého domahotského udoli. Tento
nazor na dvoufazové premisténi toku Sazavy v tseku Horka—Domahor
podporuje mj. i vyskova poloha ptivodni vyplné opusténého tdoli, ktera se
300 m z. od byvalého statku Domahof stile dosud nachdzi téméf v Grovni
maximalni akumulace, tedy ve 356 m n. m.

Terasové sedimenty domahotského udoli byly podle sedimentologickych
analyz tvofeny prevazné pisky, zastoupenymi cca 60-80 % celkové hmoty
ulozenin, Stérky se podilely 13 %, jil a prach 7 %. Prevladaly stiedné hrubé
pisky (64 %) nad hrubozrnnymi (10 %) a jemnymi (6 %), sloZené pfevazné
z kiementi (44-83 %), déle ze slidy, zivct, Zul aj. Piscité $térky jsou sloZeny
kromé prevladajicich kiement (38-52 %) a rul (37-45 %) z zul (5-16 %),
zivel (2-5 %), zelezivch, pegmatitd a amfibolitti (Rybar 1958, Kral 1969,
Husner 1970, Vaclavek 1970). Nejvétsi mocnost terasovych uloZenin je
28,7 m (povrch 358,45 m, baze 329,75 m) a byla prokdzana vrtem VZ1 (Ry-
batik 1968, upraveno):

Nadmoiska vyska povrchu: 359,45 m

0,2m ornice

1,0 m hnédé, jemné a stiedné piscité hliny

3,6 m hnédé, silné hlinité jemné az stfedni pisky

6,7 m hnédé slabé hlinité, slabé jemné slidnaté stfedni pisky se slabé
zpevnénymi Zelezitymi konkrecemi (1-2 cm)

17,0 m  svétle hnédé velmi slabé hlinité az Cisté stfedni az hrubé pisky

s men$im podilem (az 10 %) valount a ulomkd kfemene, rul,
pegmatitti a amfibolitd (0,4-3,0 cm), ojedinélé slabé zpevnéné
zelezité konkrece
21,1 m svétle Sedé az Sedohnédé cCisté stfedni az hrubé pisky, slabé
slidnaté, s cca 5 % stfedné opracovanych §térkti kiemene, rul
a pegmatitu (0,4-2,5 cm)

22,5 m svétle $edé az Sedobilé ¢isté sttedni az hrubé pisky, slabé slidnaté,
s nepatrnym podilem stfedné opracovanych tlomkd kfemene,
pegmatitu a rul (0,5-3,5 cm)
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25,0 m svétle hnédé stfedni az hrubé pisky, slabé slidnaté, s malym
mnozstvim stfedné opracovanych tlomkd kfemene, pegmatitu,
aplitti, rul a amfibolit (do 5 cm)

27,1 m svétle hnédé jilovitohlinité stfedni az hrubé pisky s ojedinélymi
stfedné az silné opracovanymi tlomky kiemene, pegmatitu a rul
(0,4-2,0 cm)

29,7m Sedohnédé az hnédé hlinitojilovité stiedni az hrubé pisky s cca
10-20 % silné opracovaného drobného §térku kiemene, peg-
matitu, rul, kvarcitu, aplitu a amfibolitd a cca 10 % hrubého
Stérku

30,0 m dlomky a drté biotitickych rul (skalni podklad).

V sz. Casti opusténé piskovny byly v roce 2001 pobliz mezitdolniho
hibitku odkryty stiedné hrubé az hrubozrnné pisky, horizontalné a Sikmo
zvrstvené, spocivajici na 40 cm mocné poloze tmavé rezavé hnédého pisku,
misty stmeleného v Zelezivec. Pod touto polohou vychazel svétle Sedy, sypky
pisek, s ojedinélymi zrny a valounky (1-2 cm) kfement, zZivcl a rul. Dno
piskovny, pfi tipati levého svahu zamokiené (nad pfehloubenou brazdou),
se zde nachazi 12-13 m nad hladinou Sazavy.

Ob¢ trovné III. terasové skupiny se zachovaly na protéjsim, pravém
biehu feky pfi v. okraji Zruc¢e nad Sazavou (foto 5). Terasové sedlmenty
byly zaznamendny ¢etnymi vIty (Sterba 1976): terasa I1la ma povrch nejvyse
na plosiné s kétou 355 a jeji snizeny povrch v zastavbé v sz. sousedstvi se
nachazi ve 340-346 m (terasa I1Ib). Az 14 m mocné, pfevaziné stfedné zrnité
pisky (misty jilovité) se Stérkem, na spodu s hrubsimi $térky, maji pararulo-
vou bazi nejhloubéji ve 330-332 m. Cast narazového svahu starého tidolniho
zakrutu se zachovala v s. Casti lokality. Jeho dalsi pokracovani pfedstavuje
za tdolim Ostrovského potoka (s reliktem sedimentt terasy IIIb) ptikry
pravy svah vysepniho oblouku tudolniho zakrutu Sazavy jz. od zamku na-
proti Zareci (fiéni km 105).

V jadru nasledujiciho pravostranného udolniho zakrutu v nové casti
Zruce nad Sazavou (jz. od zamku) nebyly sedimenty III. terasy zazname-
nany, i kdyz zdejsi ploSina ve 340-350 m lezi v Grovni povrchu této terasy.

Nejrozsahlejsi a geomorfologicky nejvyraznéjsi usek opusténého udoli
Sézavy pfedstavuje napadna snizenina u Chabefic, sv. od dne$niho udoli
mezi ficnim km 100-94 (foto 7, obr. 12). Zminéna deprese, kterou vede Ze-
lezni¢ni trat, je od soucasného sazavského udoli v okoli usti Zehvky (ticni
km 98,9) oddélena rulovymi hibety s vrcholy 375 m a 381 m a s pfikrymi
skalnatymi svahy spadajicimi k nivé Sazavy. Opusténé iidoli ma podstatné
piiméjsi a krat$i prabéh (délka 3 km) nez soucasny tok Sazavy (6 km).
Zatimco jv. ¢ast opusténé¢ho tdoli je pomérné malo postizena mladsi de-
strukci, jeho stfedni a sz. Gsek byl silné pozménén erozi dvou potackt, a to
zejména u Cizova a Holsic. Udolni rozvodi u Zelezniéni zastavky Chabetice
ve 347 m (28 m nad hladinou Sazavy) se nachdzi v mirné sniZené poloze
proti pfedpokladanému povrchu terasy IIla. Nejvyssi poloha sedimentt
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byla zaznamenana ve 350-351,5 m sz. od Chabetic (vrt V 25). Podle tdaji
star§iho inzenyrskogeologického prizkumu (Kata 1956), zhodnocenych ve
studii Zaruby a Rybare (1961), bylo pararulové podlozi fi¢nich ulozenin
zastizeno v nejniz§i drovni ve 322-325 m (3-6 m nad hladinou Sdzavy), a to
v jv. ¢asti lokality mezi Cizovem a Chabeficemi (vrty V 21 a V 22). Terasova
béaze je v pii¢ném profilu asymetricka: nejnizsi mista sleduji pravy (s.) okraj
prehloubené deprese, tedy jeji vysepni ¢ast. Nejvétsi mocnost sedimentti
(25,7 m) byla zaznamenéna ve vrtu V 18 (Kita 1956). Hrubozrnné jilovité
pisky obsahuji vrstvy Stérkopiski s valouny (vétSinou subangularnimi)
a ulomky z kifement, kvarcitdi, pararul, zZul, aplitd a pegmatitdi, ojedinéle
z amfibolitdl. Stérky jsou obvykle 4-8 cm velké, maximalné 1215 cm. Véts
kifemenné a kvarcitové valouny byly na povrchu obrouseny v hrance, napt.
u Chabefic (Zaruba, Rybar 1961) a pobliz Zelezni¢ni zastavky Chabefice (ve
350-352 m). Terasové ulozeniny vyplné opusténého tudoli byly v minulosti
tézeny pro mistni potfebu v néckolika dnes rekultivovanych piskovnach
(Zaruba, Rybar 1961): u Chabeftic (hluboké 6 m), Cizova (povrch ve 335 m,
hluboké 7,5 m) a u Holsic (ve 346—348 m).

Charakter fluvidlnich sedimentl v mistech nejvétsi mocnosti terasy
ukazuje dokumentace vrtu V 18 (Kata 1956) umisténého cca 500 m zjz. od
Chabefic (upraveno):

Nadmoiska vyska povrchu: 349,32,45 m

0,2m Sedohnéda humézni hlina
1,6 m hnéda jilovita silné piscita hlina
2,6 m hnédy, silné hrubozrnny zahlinény pisek s ojedinélymi valouny
kfemene (8 cm) a tlomky ruly
6,0 m dtto, jilovity pisek s valouny kiemene (1-4 cm, max. 8 cm)
a hojnéjsimi dlomky ruly
8,0 m Sedozluty hrubozrnny pisek se zrny kiemene, zivce, muskovitu
a biotitu a s ojedinélymi tlomky a valouny kiemene (2 cm, max.
7 cm
9,5m hnéd))'l, velmi hrubozrnny jilovity pisek az drobny S§tércik
s tlomky a valouny kfemene (2 cm, max. 8 cm)
14,0 m  zlutohnédy hrubozrnny jilovity vytfidény pisek s ojedinélymi
ulomky a valouny kiemene a hornin krystalinika (1-3 cm, max.
6 cm
22,0 m narez)ivél)’l hrubozrnny jilovity pisek s valouny a tlomky hornin
(1-3 cm, max. 6 cm)

26,5m zlutohnédy hrubozrnny s ojedinélymi tlomky hornin (3 cm,

max. 7-10 cm)
27,3 m dtto, s velmi hojnymi zbytky rozvétralé ruly (2 cm) a kiemene
(15 cm)

28,3m rulovy detrit s velmi hojnymi zbytky rozvétralé ruly (2 cm, max.
15 cm)

28,9 m rozvétrala rula s zilkou pegmatitu (mocnou 2 cm).
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Na dnes$nim geomorfologickém charakteru dna opusténého tdoli se ,,po-
depsaly“ mladsi erozi Chabeticky potok na JV a hlavné ,¢izovsky® pottucek
uprostfed a HolSicky potok na SZ, kde se stara snizenina spojuje se soucas-
nym tdolim Sazavy. Cizovské ,,brana“, priilomové deprese v rulovém hibetu
vyuzivana zminénym potuckem, vznikla ziejmé jiz v dobé¢ erozni faze pied
akumulaci sedimentii III. terasy.

Udolni rozvodi sz. od Cizova ve 340-341 m (23-24 m nad hladinou S4-
zavy) odpovidé povrchu terasy I1Ib. Ve vrtu CVSK 2 asi 200 m sz. od Cizova
(povrch 341,28 m) byly zastizeny 7 m mocné pisky se $térky, aniz bylo do-
sazeno podlozi (Passer 1967b) Dno opusténého udoli je zde jen 100-150 m
Siroké. Na geologlcke map¢ 1:50 000, list 13-34 Zru¢ nad Sazavou, jsou na
tomto rozvodi jiz 350 m sz. od Cizova znaéeny moldanubické pararuly. Za
této geologické situace by prehloubena brazda (nejmiéi poloha béaze) na
dné opusténého tdoli musela smétovat u Cizova k JZ, zminénym prilomem
¢izkovské brany k dne$nimu blizkému tidoli Sézavy, a tisek sz. od CiZova by
vznikl az v zavére¢nych fazich akumulace sedimentt III. terasy. Tomu vsak
neodpovidaji idaje uvedeného vrtu CVSK 2, pokud je ovéem spravné lokali-
zovan a objektivné popsan. Vrt V 1326 (Kolman 1968), situovany ve sniZeném
povrchu III. terasy (?) 0,5 km z. od Holsic, zachytil bazi asi 10 m mocnych
piscitych $térkt zhruba ve vysi 320 m, coz odpovida nejniiéi poloze baze
III. terasy. Denudovany povrch naplavii (asi 330 m) lezi jiz v trovni IV. te-
rasy. Rozsah fluvidlnich sedimentt opusténého tudoli s. od Cizova a z. od
Holsic, vyznaceny na schematické mapce Zaruby a Rybaie (1961), je znacné
precenény. Mnohde jde totiz o zarovnané rulové podlozi, napt. na pravém
bfehu Sazavy 800 m zjz. od Holsic (lokalita Na skalce ve 340-345 m).

Charakterizované chabefické tdoli ma v pricném profilu tvar rozeviené
uvalovité snizeniny, zahloubené 30-50 m do tirovné vyraznych plosin (reliktt
udolniho pediplénu?) v s. okoli (380-400 m). Tyto plosiny, lezici mirné nad
pfedpokladanym povrchem nejstarsi kvartérni terasy (I), vznikly ziejmé na
konci pliocénu nebo v nejstarsim pleistocénu, a to v dobé pred pocatkem za-
hlubovani sazavského tidoli. Zvinény povrch rozvodniho hibetu, s dil¢imi vy-
vySeninami na S a s relikty star§iho zarovnaného povrchu, lezi ve 450-470 m.
Rulové hibety, oddélujici chaberické idoli od dnesniho sdzavského tudoli ve
360-381 m, prevysuji dno opusténého udoli pouze o 20-30 m.

V trovni povrchu terasy IIla byly zastizeny terasové sedimenty pfi jz.
okraji Kécova (Cihdk, Silhan 1988), s povrchem v 341 m (29 m nad hladi-
nou Sazavy) a s bazi ve 338,5 m, popi. nize nez 336 m (foto 10). Na pocatku
levého narazového svahu tdolniho zakrutu asi 2 km z. od Kacova, tj. v po-
loze podobné okoli Zruée nad Sazavou, byly vrty zjistény patrné terasové
sedimenty. Ve vrtu J 4 (Franék 1989) byly pod 2,9 m mocnymi deluvidlnimi
hlinami zastizeny 17,1 m (?) mocné hlinité pisky se Stérky (do 3 cm), spo-
¢ivajici ve 324,25 m na zvétralych rulach. Povrch sedimentt ve 341,35 m
(81 m relativni vysky) navazuje v podélném profilu na povrch terasy Illa.
V podobné poloze byl zaznamenan povrch terasovych ulozenin i ve vrtech
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J 61 a]62. Vrt HV 2 zastihl povrch néplavi ve 336 m (22 m relativni vysky)
a bazi ve 323 m (Kopecky 1989). V s. okoli vrtl se nachazi plosinka v misté
rekreacnich objekttl, s povrchem ve 338 m, tedy jen nepatrné niz$§im v po-
rovnani s povrchem terasy IIla. Ve vrtech J 58 a J 59 byly zaznamenany
hlinité pisky s valouny s povrchem 329-330 m (20-21 m nad fekou.), tj.
v trovni terasy IIIb, které Franék (1989) poklada za mindelské. Z geomor-
fologického hlediska je charakterizovana lokalita zna¢né problematicka a na
geologické mapé 1:50 000, 13-34 Zru¢ nad Sazavou, jsou v téchto mistech
znaceny moldanubické pararuly.

Mezi Kacovem a méstem Sazava protékd feka hlubokym tdolim s cet-
nymi zakruty a meandry. V tomto 29 km dlouhém useku (mezi fi¢nimi km
85-56) nebyly lokality III. terasy zaznamenany, a to ani v jesepnich ¢astech
udolnich zdkrutd a meandrti. Teprve v jadru mohutného tdolniho meandru
s méstem Sazava, kde feka méni smér toku z celkové severniho trvale na za-
padni, patti k terase IIIb mala lokalita v. od Zeleznic¢ni stanice. Tato lokalita
terasy IIIb ma povrch ve 305-306 m (31-32 m nad hladinou feky) a bazi
ve 297 m, krytou az 8 m mocnymi zahlinénymi pisky s drobnymi valouny
a ulomky ruly (Lustincova 1969). Povrch plosiny lezi nejvyse ve 309 m a tato
terasa IIIb sousedi na S se IV. terasou, ktera ma bazi ve stejné tirovni.

Sedimenty terasy IIla byly zastizeny vrty na levém bfehu Sazavy u Hvéz-
donic, vjv. od Zelezni¢ni stanice (Passer 1967b), s povrchem v 306-307 m
n. m. (32-33 m nad fekou). SniZeny povrch ve 303-305 m a bazi ve 300 m
odpovida terase I1Ib. Ve vrtech byly zastizeny jemnozrnné (pfi bazi stfedné
zrnité) pisky se $térkem (2-5 cm, pii bazi 10-25 cm). Nedokonale opraco-
vané valouny jsou tvofeny pievazné kfemenem, méné zulou, pegmatitem
a metabazity. Morfologicky se jedna o mirny svah, takze existence III. terasy
je zde sporna, i kdyz vyrazny vyssi svah je podobny narazovym svahim
zakrutt s naplavy III. terasy v okoli Zruce nad Sazavou. Geologicka mapa
1:50 000, 13-33 Benesov, zde uvadi proterozoické metamorfované horniny.

Dalsi lokalitu terasy IIla predstavuje vyrazna plosina u Kamenného
Ujezdce, mezi fi¢nimi km 13,0-11,0 (obr. 17). Jeji povrch je kryty éetnymi
$térky a mirné stoupa z 274 m smérem k SV az na 280 m (55 m nad hladinou).
Zde na piscité Stérky nasedaji deluvialni piscité hliny, a to pfi sklonu 3-5° az
po vrstevnici 290 m. (Geologicka mapa 1:50 000, 12-44 Tynec nad Sazavou,
vymezuje tuto lokalitu jako fluvidlni piscité Stérky ginzu az do 290 m!)
Granodioritové podlozi vystupuje v jz. cipu plosiny asi ve 273-274 m. Ostie
zahloubené postranni udolicko oddéluje charakterizovanou lokalitu od
malého vyskytu pisc¢itych $térkt na Z, v okoli kaplicky (274 m) pfi silnici
do Jilového. Asi 5 m mocné sedimenty odpovidaji jiz spise terase IIIb. Ka-
menotjezdeckou terasu klade Cervinka (1999) do mindelu a Stépanéikova
(2003) ji jako terasu IV paralelizuje s letenskou terasou Vltavy z mindelu 2
(Zaruba-Pfeffermann 1943).

Kamenoujezdecka terasa se nachazi nad udolnim zarezem jiz v tseku
zvétseného sklonu hladiny. Z malych lokalit terasovych sedimenti zde
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lezi v trovni teras IIIa a IIIb pouze malé relikty u Krhanic s povrchem ve
283-284 m (41-42 m relativni vy$ky), u zelezni¢ni stanice Krhanice, u Po-
délus, Prosecnice, Hostéradic a Rakous. Vzhledem k zna¢né denudovanym
zbytktm ulozZenin pii ddolni hrané nelze tyto vyskyty v podstaté pouzit pro
rekonstrukci pribéhu terasovych prvkt v podélném profilu.

Po pteruseni v soutéskovitém tidoli pod Mednikem (416 m) je terasa I1la
vyvinuta v denudacnich reliktech nad hranou ptikrého pravého svahu od
Pikovic az po soutok s Vltavou. Malé plosinky mezi roklemi nad zelezni¢ni
zastavkou Petrov u Prahy maji povrchy ve 275 m (74 m nad nevzdutou
hladinou) a jejich piscité Stérky jsou vétS§inou mocné jen 2-3 m. Pouze sv.
od zelezni¢ni zastavky vychazeji na idolnim svahu podlozni proterozoické
bridlice ve 265 m. Hrana pfikrého tidolniho svahu se skalnimi sténami lezi
nad Zelezni¢ni zastavkou Petrov-Chlomek ve 262-264 m (65-67 m nad né-
kdejsi nevzdutou hladinou Sazavy).

Vyrazné denudovana lokalita terasovych §térkd terasy IIla cca 1 km v. od
usti Sazavy lezi ve 268-273 m a jeji s. pokracovani pfi silnici z obce Sazava
do Petrova ma povrch ve 272 m (76 m nad ptvodni nevzdutou hladinou)
a bazi asi ve 269 m. Na slozeni $térka (az 20 cm) se podili pfevazné kiemen,
dale granitoidy a horniny jilovského pasma; na povrchu se misty objevuji
rovnéz Cetné ulomky podloznich bridlic. Reliéf nad tidolni hranou s vyskyty
terasy IIla predstavuje udolni pediment se zietelné konkavnim svahem pod
pahorky z. od Petrova (foto 17). Charakterizované lokality sazavské terasy
II1a navazuji pti Vltavé na kralupskou terasu (Ib, Zaruba-Pfeffermann 1943,
popt. IITA, Zaruba et al. 1977).

V pozoruhodné geomorfologické poloze se udrzela mala lokalita sedi-
mentt terasy IIIb na Gzkém mezitidolnim hrbetu Sekanka s kétou 267,4 m
nad soutokem Sazavy s Vltavou (obr. 19). Asi 200 m dlouha a jen 50 m $iroka
akumulace terasy IIIb pti hrané strmého svahu sazavského udoli se ,,opira®
o ponckud vyssi hibet na Z, nad hranou skalnatého pravého svahu udoli
Vltavy. Svrchnoproterozoické bridlice, které tvori mezitdolni ostroh, jsou
prokiemenélé a vyztuzené izkymi pruhy metamorfovaného bazaltu (spilitu,
zakladni geologicka mapa 1:25 000, 12-423 Davle). Zatimco v jz. sousedstvi
lokality ma hibet s kétou 267,4 m plosinny povrch, na SSZ oddéluje tzky
hibitek s kotou 256,6 m tpatni plosinku od tdoli Vltavy. Tato napadna
plosinka ve 245-250 m patrné predstavuje exhumované a snizené podlozi
terasovych sedimentd, které byly prakticky dplné odstranény tézbou v by-
valé piskovné. Dno piskovny se v roce 1998 nachazelo ve 249 m (53 m nad
puvodni nevzdutou hladinou), horni hrana stény zasahovala do 265 m.
Pisky odkryté pfi dné piskovny pfipominaly premisténé eluvium granito-
idti. Cetné dobie opracované zbytkové §térky cerstvého vzhledu pochazeji
z hornin z povodi dolni Sazavy (bfidlice, granitoidy, jilovské pasmo). Tato
lokalita pfedstavuje relikt vysepni ¢asti malého zakrutu pleistocenniho tdoli
Sazavy, kterou Zaruba-Pfeffermann (1943) zaradil jako ekvivalent vinohrad-
ské terasy (IIb), resp. pozdéji jako troven IIIB (Zaruba et al. 1977).
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Shrnuti

III. terasova skupina je geomorfologickym projevem, vyskytem i mocnosti
sediment® hlavnim souborem fluvialnich tvart v terasovém systému Sazavy.
Jeji vyskyty jsou az na nékolik nevyznamnych a problematickych lokalit na
dlouhém stiednim toku omezeny v podstaté jen na dva geomorfologicky
a vyvojové odlisné tseky:

a) usek kratsi ¢asti stiedniho toku mezi stvofidelskym prilomem a oko-

lim soutoku se Zelivkou s vyrovnanym sklonem souc¢asné hladiny

b) tsek nejdolejsiho toku pod Tyncem nad Sazavou s napadné zvétsenym

sklonem hladiny.

V tdoli pod smréenskym sklonovym stupném vznikly mimofradné¢ mocné
akumulace sedimentt terasy IIIa (chabefické, az kolem 25 m), zachované
v Uplné mocnosti v kratsich opusténych tdolnich tsecich, a to v dusledku
premistovani koryta pfi nejvyssi trovni akumulace. V naplavech této chabe-
fické terasy vznikla niz$i erozni nebo vloZena terasa IIIb (budska), s povr-
chem asi o 8 m niz$im nez je povrch hlavni terasy (kolem 30 m nad hladinou
feky). Pfi vyvoji této terasy se uvadi pri¢inny vztah k existenci sklonového
stupné v melechovském masivu, ktery vyvolal mohutnou klimatickou agra-
daci (Zaruba, Rybat 1961). Na vzniku tohoto mimoiadného geomorfologic-
kého jevu se vSak mohly podilet i tektonické pohyby poklesového charakteru
v 8irsi oblasti hlavnich lokalit neogennich sedimentt sazavského povodi.

Terasovy systém dolni Zelivky (Husner 1972) dokazuje, ze se nejedna
o izolovany hydrodynamicky proces. Dominantni souticka terasa (III.)
vykazuje podobnou stavbu jako chabeticka terasa na Sdzavé. Je vyvinuta
rovnéz pod stupném ve sklonu v tiseku dlouhém kolem 50 km, s povrchem
ve 20-30 m a bazi 5-10 m nad nivou. Maximalni akumulace néplavii (az
22 m) se i zde zachovala v opusténych uisecich ptehloubeného koryta vétsi-
nou v jadrech meandrt. V sedimentech soutické terasy rovnéz vznikla nizsi
erozni troven (IIIa) s relativni vy$kou povrchu 15-19 m.

Prevladajici piscité ulozeniny chabertické terasy svédci o vyrovnanych sklo-
novych pomérech pti sedimentaci terasy. Vyjimkou je pocatek akumulace,
kdy vétsi sklon koryta pii terasové bazi vyvolal akumulaci hrubsich $térka.
Je pozoruhodné, ze v tseku dlouhém 15 km nebyly pod stvotidelskym pra-
lomem zaznamenany zadné mocnéjsi ulozeniny III. terasy, stejn¢ jako na
témeér stokilometrovém tseku stfedniho a dolniho toku Sazavy. Otazkou zu-
stava prab¢h baze III. terasy, pro jejiz rekonstrukci v tomto dlouhém tseku
chybéji terénni indicie. Povrch terasy IIla navazuje na Vltavé na povrch
kralupské terasy (Ib, resp. IIIA) a jeji baze by mohla polohou odpovidat
podlozi vitavské terasy Karlova namésti — IIIb (Zaruba, Rybar 1961). Ulo-
zeniny chabefické terasy jsou vSak ve srovnani se spodnimi terasami Vltavy
podstatné vice zvétralé, a proto velmi pravdépodobné starsi.

Na nejdolejsim toku Sazavy se III. terasa zachovala nad tdolnim zafe-
zem, a to v useku zvétSeného sklonu hladiny. Povrch stupné IIla vyrazné
diverguje smérem po proudu z piiblizné 30 m na pocatku sklonového
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stupné na 75 m v soutokové oblasti. Zatimco povrch terasy vykazuje vyrov-
nany a mirny sklon, méla jeji baze na dolnim toku patrné jiz zvétseny sklon,
ktery byl postupné vyrovnavan akumulaci postupujici z vltavského tdoli.
Lze predpokladdat, ze akumulace sedimentti vypliovala ve vétsi mocnosti
prehloubenou brazdu v misté¢ dne$niho ddoli a pfi nasledujici erozni fazi
byla tato vypln odnesena. Lokality relikt III. terasy mohou pfedstavovat
sedimenty ze zavérecné akumulacni faze, kdy feka rozsifila své udoli bo¢ni
erozi do stran, coz naznacuje i mald mocnost sedimentd téchto lokalit.

Sazavska terasa IIla prechazi v soutokové oblasti do kralupské terasy
Vltavy (Ib, Zaruba-Pfeffermann 1943, IIIA, Zaruba et al. 1977). Jediny vy-
skyt sazavské terasy IIIb s mocnou pokryvkou sedimentti pti usti do Vltavy
byl zafazen do vltavského terasového systému jako vinohradska terasa (IIa,
Zaruba-Pfeffermann 1943, resp. IIIB, Zaruba et al. 1977). Na nékolika lo-
kalitach fi¢niho terasového systému Vltavy (vcetné Berounky) a Labe byla
prokazana jednotna akumulace obou téchto teras, tedy podobné jako na
stfednim toku Sazavy.

IV. terasa (tyneckd)

IV. terasa, vyvinutd jiz v tdolnim zafezu Sazavy, byla rozliSena v izolo-
vanych reliktech v tseku mezi okolim Led¢e nad Sazavou a Kamennym
Piivozem (mezi fi¢nimi km 125-12). Prvnim vyskytem této terasy je denu-
dovany relikt stérkii v jaddru meandrovitého zakrutu 3 km zsz. od Led¢e nad
Sazavou, s povrchem kolem 12 m nad hladinou feky.

Ke IV. terase lze zaradit malou ploSinku se §térky nad zelezni¢ni zastavkou
Chfrenovice, s povrchem kolem 15 m nad hladinou Sazavy. Ve stejné relativni
vysce se nachazi denudovany relikt fluvialnich sedimentd uvnitf meandru
Sazavy u osady Hamry, mezi fi¢nimi km 118-117, a denudovana plosinka se
$térky jv. od Vlastéjovic s povrchem 13-14 m nad fekou (fi¢ni km 115).

V tzkém oblouku tdolniho meandru mezi Vlastéjovicemi a Bfezinou
vytvaii IV. terasa tzkou ploSinku s hrubymi Stérky nad byvalym brodem.
Snizeny povrch terasy se nachazi asi 15 m nad hladinou feky, rulové podlozi
vystupuje zhruba v 10 m nad fekou. V geologické mapé 1:50 000, 13-34 Zruc
nad Sazavou, patfi tato lokalita (v pfecenéném rozsahu) ke stiedni terase
staff mindel —riss. Nékteré snizené povrchy v sedimentech III. terasy u Ho-
rek, Budy a Zruce nad Sazavou ve 242-245 m odpovidaji Grovni povrchu
IV. terasy (obr. 3). Jedna se o druhotné snizené ulozeniny chabetické (II1a),
popt. budské (IIIb) terasy, a to bud erozi Sdzavy nebo piitoki. Proto také
nebyly tyto snizené povrchy vyznaceny na mapé¢, ale pouze na podélném
profilu terasami.

Samostatnou lokalitu IV. terasy pfedstavuje plosinka se $térky pod us-
tim Zelivky j. od Cizova (¥{¢ni km 97,5) s povrchem ve 334 m (16 m nad
hladinou) a s bazi, zastizenou vrty ve 332 m, popt. niZe nez 326 m (vrt
CVR 2, Passer 1967b). Denudovany zbytek uloZenin patrné III. terasy z.
od Holsic, s povrchem asi ve 330 m, odpovida povrchu IV. terasy, zatimco
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baze (cca 320 m) je v trovni podlozi naplavi III. terasy (vrt V 1326, Kol-
man 1968).

Malé vyskyty meandrovych urovni IV. terasy byly rozliSeny na levém biehu
feky u Posadovického Mlyna a na pravém bichu u Zelezni¢ni zastavky Stie-
chov (povrch 16-18 m nad hladinou Sazavy pod jezem). Zde byly nékteré
vétsi valouny pfemodelovany v hrance.

Vyrazna lokalita IV. terasy vznikla v Kacové, kde jako izka plosina zaujima
jadro starého sidla i ¢ast nové¢jsi zastavby od namésti po hibitov a smérem
k fece spada napadnym svahem. Tato pomérné dokonala terasova forma
ma povrch ve 322-327 m (11-16 m nad hladinou) a pararulova baze byla
zastizena Cetnymi vrty ve 314-318 m. Maximalni mocnost zaznamenana vrty
byla 7 m (324-317 m, Haslar 1959, Passer 1967b aj.). Ve vykopu pobliz skoly
(asi 226 m), 2 m hlubokém, byly v roce 2001 odkryty hrubozrnné a stfedné
hrubé hlinité pisky s rozptylenymi §térky z kiement a rul. Povrch terasové
plosiny prechdzi konkavnim profilem typu pedimentu do vys$siho svahu na
pararule.

Maly zbytek ulozenin IV. terasy se zachoval v meandru feky v mésté
Sazava v. od zelezni¢ni stanice (¥i¢ni km 56, Lustincova 1969); povrch se
nachazi ve 300-302 m (15-17 m nad hladinou) a baze ve 297 m (obr. 4). Ve
stejné drovni byl zaznamenan drobny vyskyt IV. terasy nad ohybem silnice
v z. &asti Cernych Bud. Na geologické mapé 1:50 000, 13-33 Benesov, jsou
ob¢ uvedené lokality klasifikovany jako stfedopleistocenni.

Dalsi mala plosinka se sedimenty IV. terasy byla zaznamenana na levém
btehu Sazavy v. od Zelezni¢ni stanice Hvézdonice, a to nad fi¢nim km 43,7.
Povrch ve 291 m n. m. lezi 17 m nad hladinou feky a baze byla zastizena
ve 283 m (Passer 1967b). V tirovni povrchu IV. terasy se nachazi také tzky
pruh mirného svahu se $térky v zdkrutu Sazavy u Zbofeného Kostelce ve
270-275 m (12-17 m nad hladinou Sazavy).

Geomorfologicky vyraznou plosinu kryji $térkopisky IV. terasy v mocnosti
3—4 m vnitini ¢ast tdolniho zakrutu feky v Tynci nad Sazavou (obr. 17). Po-
vrch ve 273 m prevysuje hladinu feky o 19 m, granodioritova az tonalitova
béze byla zaznamenana ve vrtech ve 269 m. Ve stavebnim vykopu pro stavbu
domu s hloubkou 4 m byly v roce 2001 odkryty chaoticky uloZené, rezavé
hnédé jilovité piscité stérky (foto 15). Vétsinou nedokonale opracované va-
louny o velikosti pfevazné do 10 cm, nejvyse 20 cm, byly slozeny z kifement,
granitoidti, gaber, amfibolitt, bridlic a rohovcl; posledné uvedené horniny
jsou znacné zvétralé. V hloubce 3,5-4,0 m vystupovalo eluvium granodio-
ritu, pficemz baze terasy se nachazela asi 14 m nad hladinou Sazavy. Tato
vyznamna lokalita IV. terasy je na geologické mapé 1:50 000, 12-44 Tynec
nad Sazavou, zarazena do mindelu.

V tseku zvétseného sklonu hladiny pod Tyncem nad Sdzavou byly zjis-
tény pouze ojedinélé malé denudacni relikty sedimentt IV. terasy: na levém
bfehu zsz. od Podélus (povrch asi 270 m, 20 m nad hladinou) a sz. od Kr-
hanic u vojenského muzea (264-268 m, 23-27 m relativni vy$ky), na pravém
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Obr. 4 - Schéma vyvoje udoli Sazavy u mésta Sazava (vysvétlivky u obr. 3, str. 43)

biehu mezi Kamennym Ujezdcem a Kamennym Piivozem (kolem 265 m,
40 m nad hladinou). Na poslednich 11 km toku, v soutéskovitém tidoli, se
IV. terasa nezachovala. Pfesto lze IV. tyneckou terasu Sazavy spolehlivé
paralelizovat s letenskou terasou Vltavy — IIb (Zaruba-Pfeffermann 1943),
resp. IV (Zaruba et al. 1977).

Shrnuti
Sazavska IV. terasa byla v akumula¢ni formé zjisténa v podstaté jen
v tseku vyrovnaného sklonu hladiny stfedniho toku mezi Led¢i nad Saza-



58 vYvoJ UDOLI SAZAVY Vv MLADSIM KENOZOIKU

vou a Tyncem nad Sazavou. V rekonstruovaném podélném profilu probiha
zhruba soubézné s dnes$ni hladinou, tj. s povrchem v 15-20 m a bazi vétsinou
v 10-15 m nad fekou. Vzhledem k ndvaznosti na letenskou terasu Vltavy (IIb,
Zaruba-Pfeffermann 1943, resp. IV, Zaruba et al. 1977), jeji rekonstruovany
pribéh v tseku sklonového stupné nejdolejsiho toku vykazuje vyraznou
divergenci smérem po toku, a to zhruba o 35 m na 20 km toku. To znamena,
ze povrch letenské terasy lezi kolem 55 m nad nevzdutou hladinou Vltavy.
Mocnost terasovych sediment je v celém sledovaném useku celkem kon-
stantni, a to kolem 5 m. Terasové lokality se zachovaly téméf pouze v jesepni
poloze tdolnich meandri a zakrutt. Proto nemohou dnes zji§téné mocnosti
reprezentovat nejvetsi tloustky ulozenin, které byly vazany pravdépodobné
na vysepni polohy, odkud byly pii pozdé¢j$im vyvoji udoli zcela odneseny.

V. terasa (méstecska)

Sazavska V. terasa (méstecska) sleduje tok feky v tiseku vyrovnaného
sklonu hladiny mezi obéma sklonovymi stupni, tj. mezi Led¢i nad Sazavou
a Tyncem nad Sazavou (mezi fi¢nimi km 127-20). Pouze vyjime¢né vstupuje
i do udoli nejdolejsiho toku Sidzavy po Krhanice. Nejvyse proti toku byla
patrn¢ méstecska terasa zaznamenana v idolnim zakrutu asi 2 km zsz. od
Ledc¢e nad Sazavou. Jeji povrch byl zachycen vrty ve 351 m a baze ve 347 m,
tj. 7 m a 3 m nad hladinou feky (Dittrichova 1989). V meandru v. od Budcic
a ssv. od Kounic byly v trovni V. terasy zaznamenany 3-5 m mocné pisky
a $térkopisky s povrchem asi 4-5 m nad tidolni nivou (Adler 1977). Zapadné
od této lokality, v budc¢ickém zdkrutu, je ve stejné trovni mala snizena plo-
Sinka se $térky v relativni vySce 6-7 m nad rekou.

Rozsahlejsi vyskyt sedimentl V. terasy sleduje pravy bieh Sazavy mezi
Bfezinou a zelezni¢ni zastavkou Horka nad Sazavou (mezi fi¢nimi km
109-112). V. terasa je zde zachovana v sousedstvi III. terasy. UloZeniny
odkryté v trovni dna opusténé piskovny u zelezni¢ni zastavky Horka nad
Sazavou jsou tvoreny svétle Sedymi rizné zrnitymi pisky az drobnymi §tér-
¢iky, Sikmo zvrstvenymi a sypkymi. Povrch ve 336 m lezi 9 m nad nevzdutou
hladinou Sazavy, baze ulozenin byla zastizena ve 334-327 m, tj. nejnizsi
poloha je v trovni hladiny feky (Rybatik 1968). Vrty byly situovany v sedi-
mentech III. terasy, takze tuto lokalitu V. terasy lze povazovat za vlozenou
terasu v naplavech III. terasy. Vyssi poloha baze ve 332-334 m v j. Casti
lokality predstavuje jiz amfibolitové podlozi boku prehloubené brazdy na
pravém biehu Sazavy. Povrch V. terasy jv. od byvalé piskovny se nachazi ve
337-338 m.

Ve Zrudi nad Sazavou patii k V. terase piscité stérky v adolnim zakrutu s. od
Domahote s povrchem ve 333 m (8 m nad hladinou Sazavy) a bdzi ve 329 m
(Stérba 1976), v Zateci s povrchem ve 332 m a bazi ve 327 m (Stérba 1979)
a v prot¢jsim tdolnim zakrutu u zelezni¢ni zastavky Zru¢ nad Sazavou.

Ploginka s ¢etnymi $térky jjz. od CiZova s povrchem na kété 327 m odpo-
vida trovni V. terasy. Denudovany maly relikt terasovych sedimentl u ze-
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lezni¢ni zastavky Stfechov (pod trati) s relativni vy$kou 6-8 m je vzhledem
k povrchu V. terasy v mirné snizené poloze.

V mohutném tidolnim meandru u Kacova se udrzel maly zbytek naplav
V. terasy pod $kolou. Vykop v hrané tizké terasové plosinky, hluboky 2,8 m,
odkryl v roce 2001 stiedné hruby az drobny piscity stérk a stérkopisek s po-
lohami hrubozrnného pisku. Stérky s prevladajici velikosti 2-7 cm, vzacné
10-15 cm, jsou prevéazné z kfementl, méné rul, zul a amfibolitt. Stérky
pomérné Cerstvého vzhledu jsou zpravidla subangularni, ¢asté jsou i v na-
znacich ohlazené tlomky. Hrana asi 50 m $iroké plosinky lezi 6,5 m nad
hladinou Sazavy. Sedimenty V. terasy, mocné 3,8 m a s povrchem ve 319 m
n. m. (9 m nad hladinou), byly zastiZeny vrtem na levém bfehu feky u pfe-
lozky silnice naproti usti Losinského potoka (Cihak, Silhan 1988). K V. te-
rase patrn¢ patfi i 4 m mocné piscité Stérky v zakrutu Sazavy asi 1,3 km z.
od Zeleznic¢ni stanice Kacov.

V hluboce zafiznutém meandrovitém tdoli mezi tstim Blanice a méstem
Sazava se V. terasa zachovala jen vyjimecné, a to v jesepnich castech udol-
nich zakrutti a meandrii. Uzké pruhy lokalit byly zaznamenany v meandrech
u Rataj nad Sazavou a Pfivlak a v zakrutu u Budina; vzhledem k pokryvu
deluvialnich uloZenin vSak nelze vyloucit ani jejich prislusnost k VI. terase.

Vyraznou ploSinu vytvari V. terasa v idolnim meandru s méstem Sazava,
a to v s. okoli Zelezni¢ni traté (mezi fi¢nimi km 57-54). Plosina je mirné
uklonéna smérem k fece z 293-291 m (9-7 m relativni vysky) na 289-287 m,
kde piechazi do povrchu VI. terasy (obr. 15). V fad¢ vrtl byly zastiZeny vét-
$inou 3,0-5,5 m (ojedinéle az 8,5 m) mocné pisky se Stérkem a piscité Stérky
(s valouny kfemene a hornin krystalinika o velikosti 3-10 cm, max. 30 cm),
s bazi pfevazné ve 287-289 m a nejnize ve 282-283 m (Lustincova 1969,
Cechova 1969, Dvotak 1971a). Nejnizsi poloha baze (cca v tirovni hladiny
feky) je ziejmé vyvinuta v mélké prehloubené brazdé. Ve vrtu V 18 (povrch
290,38 m) bylo skalni podlozi 10,2 m mocnych terasovych piskt (pii bazi se
stérkem), krytych 1,80 m mocnou polohou piscité hliny, zastizeno na koté
279,38, tj. v trovni baze sedimentt idolniho dna (Dvotak 1971a). Misty jsou
terasové sedimenty zakryty az 2,5 m mocnou polohou piscité hliny. Skalni
podlozi terasy tvori zvétraly moldanubicky svor az pararula.

Maly vyskyt ulozenin patrné V. terasy se nachazi v zdkrutu Sazavy
v Pyskocelech, jv. od usti Vlkancického potoka (povrch ve 288-290 m).
Stejna uroven se zachovala v zakrutu u Zlenice s denudovanym povrchem
asi ve 278-280 m a bazi ve 274-275 m. Povrch je mirné uklonény k fece
a vétsinou je kryty deluviélnimi hlinami. U Ceréan byly zastizeny $térkovité
pisky V. terasy s povrchem ve 275-279 m. Sedimenty jsou zakryty deluvial-
nimi pis¢itymi hlinami o mocnosti kolem 1 m.

Vyraznou plosinu vytvari V. terasa v zakrutu Sazavy u Méstecka, mezi
fi¢nimi km 31,5-29,0 (obr. 16). Povrch terasy, kryty ¢etnymi dobfe opracova-
nymi §térky o velikosti do 15 cm, max. 20-50 cm, se nachazi ve 274-277,5 m
(11-13,5 m nad hladinou Sazavy). Vy$si Groven granodioritové baze je ve
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274,5-275,7 m (mocnost piskl se $térky 2-3 m) a nizsi poloha baze lezi
ve 269,0-270,6 m (mocnost piskdl se $térkem je 4-5 m, Passer 1967a). Cha-
rakterizovana plosina je oddélena na J od povrchu VI. terasy nevyraznym
stupném, vysokym kolem 5 m. Tato terasa vybihd k SZ tizkym pruhem pies
Méstecko pii silnici do Nespek (276 m).

Sedimenty V. terasy lemuji v asi 100 m Sirokém pruhu plosinu VI. terasy
u Vrab¢iho Brodu. Mirné uklonény povrch ve 271-273 m (10-12 m nad hla-
dinou) kryji ¢etné valouny o velikosti do 7 cm, misty az 15 cm, z kiemend,
zul, rul, amfibolitd. Mala lokalita V. terasy u Ledct pii vrstevnici 270 m je
patrné denudac¢nim zbytkem naplavového kuzele Ledeckého potoka pii tsti
do Sazavy.

Stérky na povrchu velmi mirné uklonéné ploginy ve staré ¢asti Zboteného
Kostelce ve 267-270 m (9-12 m nad hladinou) prozrazuji ptislu$nost k V. te-
rase. Geologicka mapa 1:50 000, 12-44 Tynec nad Sazavou, tento vyskyt stra-
tigraficky zatfazuje do mindelu, tedy do stejné tirovné jako vyssi IV. terasu
v Tynci nad Sazavou.

V tyneckém udolnim zdkrutu se zbytek ulozenin V. terasy udrzel naproti
Brodctim jako tzky lem pfi v. okraji IV. terasy. Jedna se o snizeny denudacni
zbytek naplavd s bazi ve 262 m, kryty deluvialnimi sedimenty a antropo-
genné pozménény. Uméle upravena plosinka u autobusového nadrazi ve
266-268 m lezi v irovni povrchu V. terasy.

V tseku zvétseného sklonu hladiny od Tynce nad Sazavou az po soutok
s Vltavou nebyla zjiSténa zadna lokalita V. terasy. Sazavska méstecska V. te-
rasa odpovidd vitavské skupiné spodnich teras IIIa, IIIb (Zaruba-Pfeffer-
mann 1943), piipadné dejvické V. terase (Zaruba et al. 1977).

Shrnuti

V. (méstecska) terasa, zachovand v dlouhém tiseku stiedniho toku mezi
obéma sklonovymi stupni hladiny, vykazuje smérem po proudu mirnou
divergenci s hladinou Sazavy: povrch ze 7-9 m na 11-13 m a baze ze 2-3 m
na 5-7 m.

V $irsim okoli Zruce nad Sazavou se baze V. terasy casto shoduje s polo-
hou skalnfho podlozi sedimentti III. terasy, a to i v tisecich mimo opusténa
udoli chabeftické terasy. Z toho lze usuzovat, Ze v erozni fazi pred akumulaci
sedimentti méstec¢ské (V.) terasy zde dosahla eroze toku po skonéeni akumu-
lace tynecké (IV.) terasy pouze troveti baze III. terasy.

Stérkovité pisky, vzacné piscité stérky, jsou vétsinou mocné kolem 5 m
a s vyjimkou mésta Sazavy (mocnost 10,2 m) nebyla ani ve vrtech zazna-
menana mocnost vétsi nez 8 m. Tyto sedimenty maji Cerstvy vzhled a jsou
casto kryty tenkou polohou deluvidlnich hlin. Malé lokality V. terasy jsou
vyvinuty v jesepnich ¢astech udolnich zdkrut a meandrd.
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VI. terasa (poticska)

Podobn¢ jako V. terasa je i VI. terasa vyvinuta v udoli Sazavy v tseku
vyrovnaného sklonu hladiny od Led¢e nad Sdzavou po Tynec nad Sazavou,
tj. mezi ficnimi km 128 a 20. NejvySe proti toku byla tato terasa zastizena
v jesepni ¢asti udolniho zdkrutu v Led¢i nad Sazavou-Podole (fi¢ni km
128). Ve vrtech byly zastizeny 4-5 m mocné pisky se $térky s povrchem ve
351-352 m, tedy asi 2 m nad povrchem tidolni nivy (Marek 1980).

V meandru z. od Vlastéjovic, mezi fi¢cnim km 113-112, lemuji naplavy
VI. terasy v jesepni poloze tdolni nivu (relativni vy$ka kolem 4 m). Na uve-
denou lokalitu navazuje vyskyt na pravém bfehu pod Bfezinou, kde se tizka
plosinka se $térky nachdazi 2—-3 m nad povrchem tdolni nivy.

VI. terasa v jesepni casti idolniho zakrutu Sazavy pfi jv. okraji Zruce
nad Sazavou (jz. od zelezni¢ni stanice) ma povrch ve 329-331 m (4-6 m
nad hladinou feky) a pararulové podlozi je ve 323-325 m (Stérba 1976 aj.).
Povrch piscitych Stérkii VI. terasy v zakrutu ve Zruci nad Sazavou-Zareci se
nachdzi ve 327-329 m a baze ve 320-326 m (Stérba 1979). Ke stejné trovni
patii patrné 6 m mocné piscité stérky v jesepni Casti zakrutu Sazavy v okoli
zelezni¢ni zastavky Zru¢ nad Sazavou: povrch je ve 327 m a baze ve 321 m
(Stérba 1987) V trovni povrchu VI. terasy (326 m) se nachazi vy$si povrch
udolni nivy pod chabarovickym j jezem (r1cn1 km 100).

K VI. terase patii i mala ploginka pti tsti Zelivky, s povrchem fluvialnich se-
dimentii ve 323 m a bazi ve 316 m. V podobné poloze se nachdzi vétsi lokalita
fi¢nich ulozenin v idolnim zakrutu sz. od Cizova, u Matanova Mlyna (povrch
ve 323 m, 5 m nad hladinou) a na pravém btehu j. od Cizova (322-324 m).

Povrch VI. terasy v zakrutech nad a pod Posadovickym Mlynem je
v 321-320 m a v. od Sousic ve 317 m (¥i¢ni km 91,6). Zde byl povrch $térko-
piskti (mocnych 3,2 m) zastizen pod 2,2 m mocnou polohou sprasové hliny
ve 317,6 m a jejich baze ve 314,3 m (Husner et al. 1968). Na pravém biechu
otevieného zakrutu u Kacova-Malé Strany je povrch Stérkopiskt VI. terasy
s deluvialnimi uloZeninami pfi Zelezni¢ni trati ve 318-319 m n. m. V kdpov-
ském zakrutu sleduje VI. terasa v tzkém pruhu oblouk koryta s nivou mezi
silniénim mostem a Zelezni¢ni stanici. V sondé¢ V 20 (povrch 316,7 m) byly
pod 1,3 m mocnou polohou piscité hliny zastizeny asi 3 m mocné piscité
Stérky a ve vrtu V 3 u Zelezni¢ni stanice byly pod 1,4 m piscité hliny proka-
zény pis¢ité $térky, mocné 4,1 m (baze 311 m, Cih4k, Silhan 1988). V po-
dobné poloze se nachazi také mirné uklonény povrch VI. terasy u Peliskova
Mostu (314 m) a u Borotina.

Pomérné rozsahly vyskyt VI. terasy byl zaznamenan na pravém bichu
Sazavy v okoli Zelezni¢ni zastavky Sobésin, mezi ficnimi km 81,3 a 79,8. Na
povrchu vyrazné plosiny ve 309-310 m (4-5 m nad hladinou) se nachézeji
rozptylené valouny a ilomky kfemene a rul. Pararulové az svorové podlozi
sedimentl bylo zastizeno asi ve 303 m. Terasové ulozeniny jsou pfi upati
svahu zakryty plastém deluvidlnich sedimentt a u pily i naplavovym ku-
zelem malého potoka. Ke stejné tirovni lze zaradit i nepatrny zbytek Stér-
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kopiskdi v soutokovém tihlu mezi Sazavou a Blanici (2,5 m nad povrchem
nivy) a vétii lokalitu na levém biehu Sézavy pod Cejkovicemi s povrchem
6 m nad hladinou.

Uzké vyskyty patrné VI. terasy v jesepnich ¢astech zakrutéi a meandrii
v relativnich vySkach okolo 5 m nad hladinou byly v mapé€ vyznaceny napf.
nad a pod Ceskym Sternberkem, u Rataj nad Sizavou, Lede¢ka, Piivlak
a Budina. Tyto lokality, zachycené i na geologické mapé¢ 1:50 000, 13-33
Benesov, nebylo mozné vétSinou potvrdit vzhledem k neexistujicim odkry-
vim a k chybéjici vrtné dokumentaci. Jedna se pravdépodobné o denudacni
zbytky terasovych naplavi, zpravidla zakryté deluvialnimi sedimenty, popft.
povodiiovymi hlinami.

Vyrazné lokality VI. terasy vznikly ve dvojitém meandru Sazavy u stejno-
jmenného mésta a Cernych Bud (obr. 15). V sdzavském meandru VI. terasa
navazuje na vys$i V. terasu a smérem k fece prechazi do povrchu tdolni
nivy. Povrch terasy lezi ve 287-289 m (5-7 m nad hladinou), pararulova az
svorova baze byla zastizena vrty ve 280-283 m (Dvofak 1971a, 1989, Huml
1987, Chrt 1990, Vilimovsky 1973, 1975).

v nasledujlclm tidolnim meandru u Cernych Bud vytva#i VI. terasa po-
mérné rozsahlou plosinu ($irokou kolem 250 m) mezi silnici a tidolni nivou,
mezi ficnimi km 54,5-52,5. Povrch piski se $térkem a piscitych stérkd, misty
zakryty navazkou, lezi ve 285-287 m, baze (vétSinou migmatitizovana para-
rula) byla zachycena fadou vrtd pfevazné ve 278-280 m, nejnize ve 276,5 m
a nejvyse ve 283 m (Dvorak 1971b)

V hlubokém tidoli Sdzavy mezi méstem Sazava-Cernymi Budy a Zlenici se
uloZeniny VI. terasy zachovaly zpravidla jen utrzkovité v jesepnich ¢astech
zakrutl: u zelezni¢ni zastavky Pluziny, nad astim Vlkancického potoka, na-
proti tsti potoka Propast, u zelezni¢ni stanice Samechov a patrné i pfi tsti
Seradovského potoka.

V Choceradech se sedimenty VI. terasy zachovaly v tzkém pruhu pfi
udolni nivé zejména v jz. ¢asti obce. Ve vykopu pro stavbu rodinného domu
byly v roce 1999 odkryty piscité stérky, mrazem zvifené, a Stérkovité pisky.
Mirny svah zde pfechazi plynule do povrchu tdolni nivy. Povrch terasy lezi
asi 5—6 m nad hladinou Sazavy. UloZeniny VI. terasy se zachovaly na pravém
biehu sz. od Hvézdonic, a to z. od dalnice (povrch ve 283 m, baze ve 278 m)
a nize po toku u Javorniku.

Na levém btehu Sazavy je VI. terasa vyvinuta v lateralni poloze mezi
Liténim a Ceréany (mezi fi¢nimi km 35,5-32,0). Povrch 3-8 m mocnych
Stérkopiskd a piscCitych stérkd, krytych deluvialnimi a povodiiovymi hli-
nami, klesa z 274-275 m u L§téni na 270-271 m jz. od Ceréan. Baze byla pti
usti BeneSovského potoka zastiZena v nejnizsi poloze na kété 262 m (Bulko
1988, Tysl 1991). Tato nejhlubsi zjisténa troven granodioritového podlozi
se nachazi v urovni baze sedimentti idolniho dna Sazavy. V mistech byvalé
Stérkovny pobliz Zelezni¢ni stanice Ceréany byl zaméten povrch na kété
270 m, baze ve 262 m (Némcik 1967).
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Vyraznou nadnivni plosinu zaujima VI. terasa v meandrovitém zakrutu s.
od Potici nad Sazavou (obr. 16). Jeji povrch se nachazi na V ve 271-270 m
ana Z ve 268 m, tj. 5-6 m nad nevzdutou hladinou feky. Baze 4-6 m moc-
nych Stérkovitych pisk@ a pisCitych stérkd byla zastizena vrty ve 264 m
(Passer 1967a). Uzk4 niva a koryto Sazavy oddéluje od této lokality ploginu
VI. terasy sz. od Poii¢i nad Sazavou, s povrchem ve 269-267 m (foto 13).
V s. pokracovani uvedené lokality je plosina na pravém bfehu feky mezi
Mésteckem a Nespeky. Povrch VI. terasy se zde nachazi ve 269-266 m a baze
byla zaznamendna ve 260,5 m (Patzak 1962).

Mezi Nespeky a Tyncem nad Sazavou byla VI. terasa zastizena na levém
bfehu feky u Vrab¢iho Brodu (povrch 6-7 m nad fekou) a z. od Ledcii
(povrch 264-261 m). V tyneckém zakrutu se naplavy VI. terasy zachovaly
v jesepni ¢asti pii tdolni nivé, a to s povrchem 262-263 m a bazi ve 258 m.
V tseku zvétsen¢ho sklonu pod Tyncem nad Sazavou patti k VI. terase
pouze tzka plosinka na pravém biehu feky jv. od Krhanic v 6-7 m nad hla-
dinou feky (fi¢ni km 16-17).

Poii¢ska (VI.) terasa Sazavy odpovida ziejmé veltruské terase IIlc na
Vltavé (Zaruba-Pfeffermann 1943), resp. téze terase oznacované jako VI. te-
rasa (Zaruba et al. 1977). Paralelizaci s vltavskym terasovym systémem vsak
znesnadnuji tyto skute¢nosti: a) pomérné dlouhy usek nejdolejsitho toku
Sazavy bez odpovidajicich terasovych vyskyt, b) obtizna rekonstrukce VI.
a VII. terasy Vltavy v podélném profilu v tseku mezi Gstimi Sazavy a Be-
rounky, kde vy$kovy rozdil povrchii obou teras ¢ini pouze 2-3 m (Zaruba
et al. 1977). Ptiklanime se k paralelizaci poii¢ské terasy Sazavy s veltruskou
terasou Vltavy z téchto diivodl: a) pofi¢ska terasa je na Sazavé vyvinuta
v tseku stfedniho toku, ktery se nachazi ve vyrazné visuté poloze vzhledem
k tidolnimu dnu Vltavy, b) zminény tsek stiedniho toku Sazavy se vyznaco-
val malou intenzitou hloubkové eroze feky, c) sedimenty VI. terasy Sazavy
maji v porovnani s mladsimi fluvialnimi uloZeninami napadné starsi vzhled,
a to vCetné vyssiho stupné zvétravani.

Shrnuti

VI. (pofi¢ska) terasa Sazavy se zachovala na fad¢ lokalit vétsinou malého
rozsahu ve zhruba 110 km dlouhém tuseku stfedniho toku s vyrovnanym
sklonem hladiny. Casto se jedna o problematické vyskyty v jesepnich ¢astech
udolnich zékrutti a meandrd, které prechazeji plynule do povrchu tdolni
nivy. Hlavni lokality, ovétené také vrty, se zachovaly na vét§ich plochach
ve mésté Sazava, v Sdzavé-Cernych Budech a v tidolnich kotlinkach v okoli
Ceréan, Poti¢i nad Sazavou a Tynce nad Sazavou. Povrch VI. terasy smérem
po proudu mirné diverguje se soucasnou hladinou, a to z 3-4 m na 6-8 m.
Piscité stérky a Stérkopisky této terasy maji mocnosti kolem 5 m, maximalné
vSak 7-8 m. Baze terasy se nachazi pfiblizné v trovni fi¢ni hladiny, popft.
udolni nivy, tedy mirné pod tirovni nejnizsi polohy baze III. terasy u Zruce
nad Sazavou. To znamena, ze v erozni fazi mezi akumulacemi V. a VI. terasy
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bylo zde sazavské tidoli prohloubeno cca jen na predpokladanou troven
baze III. terasy. Na nékolika mistech vrty prokdzana ponékud nizsi poloha
baze predstavuje zfejmé lokalni prehloubeni priblizné do trovné podlozi
naplavii idolniho dna. Existenci spolecné baze VI. terasy s bazi ulozenin
udolniho dna (VII. terasy) vSak nelze podlozit presvédc¢ivymi dukazy.
Vyskyty poricské terasy, predstavujici kromé soutokového tzemi Sazavy
s Vltavou posledni morfologicky vyraznou terasovou uroven sazavského
udoli, jsou casto kryty deluvidlnimi uloZeninami, materidlem naplavovych
kuzeltl potickd a ve snizenych partiich také holocennimi povodnovymi
sedimenty. Na geologickych mapach 1:50 000 jsou lokality pofi¢ské terasy
stratigraficky fazeny pfevazné do svrchniho pleistocénu (wiirmu). V teraso-
vém systému VItavy odpovida poti¢ska terasa Sazavy patrné veltruské terase
fazené do rissu 2, popfipadé do warthe (Zaruba-Pfeffermann 1943, Zaruba

et al. 1977).

VII. terasa (pikovickd)

Jedina vyrazna lokalita vy$si irovné VII. terasy Sazavy (VIIa) se nachazi
v s. ¢asti Pikovic, s povrchem ve 210 m, tedy 10 m nad nevzdutou hladinou
feky (obr. 19). Terasové sedimenty jsou zde zakryty uloZeninami néaplavo-
vého kuzele pti vyusténi eroznich ryh a kratkych adolicek. Geologickd mapa
1:25 000, list 12-423 Davle, oznacuje tento vyskyt jako fluvialni piscité stérky
mladého rissu a na geologické mapé 1:50 000, 12-42 Zbraslav, je tato lokalita
zafazena do skupiny fluvialnich piscitych Stérkd rissu. V terasovém systému
Vltavy navazuje pikovicka terasa na maninskou terasu (IVa), ktera zde ma
podle Zarubova podélného profilu (Zaruba-Pfeffermann 1943) povrch v cca
215 m (19 m nad nevzdutou hladinou, obr. 19). To je asi o 5—6 m vySe nez
predpokladany nejvyssi povrch pikovické terasy. V pozdéjsi studii vyse
uvedeny autor oznacuje tuto tdolni droven jako VII. terasu, stratigraficky
odpovidajici witrmu (Zaruba et al. 1977).

Akumulacni plosina v s. sousedstvi pikovické terasy s vy$sim povrchem ve
204-205 m n. m. odpovida nizsi trovni VII. terasy (VIIb) a jeji niz$i povrch
pii fece ve 202-203 m patii jiz k tdolni nivé. Terasovy stupen VIIb, jehoz
povrch lezi 4-5 m nad nevzdutou hladinou Sazavy, ma bazi 5-7 m mocnych
hrubych az balvanitych §térkd na proterozoickych bridlicich ve 197 m n. m.

V eroznim useku nejdolejstho toku Sazavy se VII. terasa nezachovala
a podle rekonstruovaného terasového systému v podélném profilu se jeji
sedimenty v tomto tseku zvétseného sklonu hladiny postupné smérem proti
proudu vyklinuji a splyvaji s dnesnim tidolnim dnem. Na stfednim toku
Sazavy nebyla VII. terasa jako geomorfologicka troven rozlisena, protoze
jeji sedimenty patrné tvoii Stérkopiskovou a Stérkovou vypln soucasného
udolniho dna pod pokryvkou holocennich povodnovych sedimentt.
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Udolni niva

Udolni niva je vyvinuta jako nejmladsi troveni terasového systému prii-
bézné v sdzavském tdoli. Vyjimkou jsou oba tseky zvétseného sklonu, kde
se udolni niva zachovala pfipadné jen tdtrzkovit¢ a s malymi mocnostmi
sedimentii. Podobné jako na jinych ceskych fekach (obr. 5) se také na Sa-
zavé akumulac¢ni vypln tdolniho dna ¢leni na dvé stratigraficky i zrnitostné

198 P

i 185 P

170 N Klinec Uroven A

140N Sloup Uroven B

baze terasy

udolni niva
2\ R hladina feky
koryto feky

skalni podloZi

Obr. 5 - Schéma vyvoje udoli Vitavy v iseku mezi soutoky se Sazavou a Berounkou
(vysvétlivky u obr. 3, str. 43)
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Tab. 1 - Neogenni sedimenty a kvartérni terasy Sazavy a Vitavy

Zarovnané povrchy, Svétla nad Sazavou Lede¢ nad Sazavou Zru¢ nad Sazavou
neogenni sedimenty
a kvartérni terasy

Zarovnany povrch, 108 147 150
denudacni plosina 98 131 124
61 90 94
Uroveri A bojistska 88/? 135/120 113/(110)
115/110 105/103
Uroven B radvanické 47/?
Udolni hrana 35 83
Terasa la stfechovska 32/? 63)/?
Terasa Ib hvézdonicka @ns?
Terasa Il ceskosternberska a3y,? 36/31 39/23?
Terasa Illa chabaricka 7/? 29/24 31/4
Terasa Illb budska 24/4
Terasa IV tynecka 13/(5) 17/0-7
Terasa V méstecska 7/3 9/2-0
Teras VI pori¢ska 4/-1az-3 4/0 az -4
Terasa VII pikovicka ?/-3 /-4

Pozn.: Cisla odpovidaji relativnim vyskdm povrchu a baze pfisluiné terasy (v metrech), pfiblizné hodnoty
v zavorkéach jsou zpravidla odvozeny z podéliného profilu terasami Sazavy (obr. 23).

odlisné polohy (podrobnéji viz napt. Lozek 2003): bazalni piscité $térky
a Stérkovité pisky pleistocenniho stafi a nadlozni jemnozrnnéjsi povodnové
sedimenty (pfevazné hliny a pisky) holocenniho stafi.

V tseku nad melechovskym préilomem dosahuje mocnost ulozenin tidol-
niho dna hodnoty 4-5 m. Mensi mocnosti piscitych $térkd (2-3 m) vzhle-
dem k tseku pod melechovskym prillomem (kolem 5 m) vysvétluje Hrubes
(1995) existenci melechovského masivu, ktery jako zvedajici se bariéra tlumil
procesy hloubkové a zpétné eroze koryta Sazavy nad smrc¢enskym stupném.

V dlouhém tseku vyrovnaného sklonu hladiny mezi obéma sklonovymi
stupni (tj. v melechovském masivu a na nejdolej$im toku) umoznily pocetné
vrty spolehlivé charakterizovat raz sedimenti a vySkové tdaje povrchu
a skalniho podkladu sedimentt idolniho dna.

Jihovychodné od Led¢e nad Sazavou, u byvalého kamenolomu (na fi¢nim
km 131), byly zaznamenany 2,5-4,0 m mocné piscité jily, spocivajici na pis-
¢itych $tércich 2-4 m mocnych. V Led¢i nad Sazavou byly mezi fi¢nimi km
130-127 v radé vrtii zastizeny 2—4 m mocné piscité hliny, piscité jily a hlinité
pisky, a dale podlozni piscité Stérky a Stérkovité pisky, mocné 2,5-5 m. Baze
udolniho dna v tomto useku klesa z 347 m na 343 m n. m.

Zapadné od Chfenovic (fiéni km 115-116) jsou sedimenty tdolniho dna
4-7 m mocné (povodnové sedimenty 2,0-3,5 m), s bazi ve 334-335 m. Podobné
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Usti Zelivky Sazava-Cerné Budy Pori¢i nad Sazavou - Soutok Sazavy
do Séazavy - Kacov Tynec nad Sazavou s VItavou - Méchenice
(Zaruba et. al. 1977 aj.)
183 144 160 185
110 131 128 120
70-97 119 95-105
118-112/(105) 169/146
Klinec 144/(123)
101/(90)
66 84 77-90 105-155
62/54 ©n/? (66)/? IA (105)/(91)
47/45 5H/? (53)/? IB (95)/?
37/22) 39)/? 41?2 1187/73
31/3 32)/? (35)/? A 75/(67-72)
24/3 21/11 (25)/? 111B 68/53
15/3 15/(11) 19/15 IV 55/43
9/5 9/2-0 11/6 V (33)/(25)
5/1 6/0 az -4 7/2 az -3 VI 21/3
?/-4 ?/-4 ?/-2 az -3 VIl 17/-5

udaje byly zaznamenany i u Bfeziny (baze 327 m) a u jezu v Budé; holocenni
ulozeniny jsou zde 1,8 m mocné, piscité térky az 5,1 m (¥i¢ni km 109).

Ve Zrudi nad Sazavou jsou sedimenty idolniho dna mocné 5-7 m a u z.
okraje mésta na ricnim km 102,5 jen 3—4 m. V okoli Kacova, mezi fi¢nimi
km 89-86, jsou ndplavy tdolniho dna mocné 4-6 m (holocenni sedimenty
1-3 m) a u Ceského Sternberka na 75. km az 5 m (povodiiové sedimenty
2,6-3,1 m). U mésta Sdzavy a Cernych Bud jsou ulozeniny tdolniho dna
4,0~7,5 m mocné, z toho nadlozni hliny a pisky 1,5-3,0 m (foto 12).

Pfi usti Vlkancického potoka (fi¢ni km 49) a potoka Propast (fi¢ni km
48,5) jsou sedimenty udolniho dna jen 3,5-5,0 m mocné a ve Hvézdonicich
(ti¢ni km 42,0-40,5) 4-8 m (baze 268 m). U Javorniku (fi¢ni km 36) se na
akumula¢ni vyplni tdolniho dna podileji jilovité hliny (1,8 m) a podloini
stérkopisky (3 m), u Liténi jsou sedlmenty udolniho dna mocné 4-7 m.
Podobna mocnost byla zaznamendna v fadé vrti i v Cervanech a blizkém
okoli. Kolem 5-6 m jsou mocné naplavy idolniho dna u Pofi¢i nad Sazavou
a mezi Mésteckem a Nespeky. V Tynci nad Sazavou byla zaznamenana moc-
nost sedimentll idolniho dna jen 4-5 m, a to zfejmé vzhledem k zacatku
useku zvyseného sklonu hladiny.

V eroznim udoli nejdolejsiho toku Sazavy se naplavy tdolniho dna za-

chovaly jen v nepatrnych reliktech a mocnostech, misty v koryté vystupuje
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skalni podlozi (srv. obr. 24). V kratkém tiseku se objevuje tidolni niva na nej-
dolejsim toku u Pikovic (mezi fi¢nimi km 4 a 3), a to s ovéfenou mocnosti
sedimentii 4,5-7,6 m (foto 18).

Shrnuti

Udolni niva je vyvinuta v celém sledovaném tseku sizavského tdoli,
avSak kromé usekt se zvétsenym sklonem hladiny v melechovském masivu
(ti¢ni km 140-135) a na nejdolejsim toku pod Tyncem nad Sizavou (fi¢ni
km 17-5), kde se niva zachovala jen utrzkovité. Povrch idolni nivy, tvofeny
zpravidla 1-3 m mocnou polohou holocennich povodnovych sedimentt
(hlin, piskd, jild), se nachazi vétsinou 1-2 m nad nevzdutou hladinou.
Udolni niva vytvaii misty dvé trovné — nizs$i kolem 1 m nad hladinou,
a vyssi, ojedinéle az 2,5-3 m nad fekou. Vyssi povrch nivy byva zvyraznén
rozplavenymi svahovymi sedimenty nebo ndnosy plochych naplavovych
kuzelti. Podlozni $térkovité pisky pfevazné pleistocenniho stati (weichsel,
popf. eem) jsou vétsinou 3-6 m mocné. Povrch tdolni nivy v podélném
profilu ponékud vyrovnava drobné anomalie ve sklonu fi¢ni hladiny, pribéh
baze vykazuje vyrovnany sklon odpovidajici rovnovaznému profilu (Krejéi
1939). Podélny profil naznacuje mirny nariist mocnosti sedimentti idolniho
dna mezi 80.-32. km a jejich redukci zejména na pocatku zvétseného sklonu
hladiny dolniho toku (od 22. km).

Rozméry tudolni nivy odpovidaji prevladajicimu eroznimu razu sa-
zavského udoli (foto 2 a 28, obr. 24). Kromé tsekt se zvétSenym sklonem
hladiny, kde ¢asto niva chybi, je v tusecich s vyrovnanym sklonem hladiny
vyvinuta obvykle v $ifce pouhych nékolika desitek metrt (vétsinou do 100
az 150 m). Vétsi Sitky dosahuje niva pfi usti vétSich piitokd, v nékterych
tdolnich meandrech a zakrutech, nebo v idolnich kotlink4ch: u Havlickova
Brodu 200-400 m, u Svétlé nad Sazavou az 250 m, u Kécova pii usti Losin-
ského potoka 150-250 m, u mésta Sazavy a pti Gsti Vlkancického potoka
150-250 m, u Pofi¢i nad Sazavou a u Pikovic az 200 m. Jak vyplyva z uve-
denych udaja, fi¢ni niva v idoli Sazavy nedosahuje ve sledovaném useku
nikde $itky ani 500 m.
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trovefi A, bojistska
5 Grovefi B, radvanicka
\\ terasa la, stfechovska
I]I[m terasa |l, teskosternberska
[~ terasa llla, chabericka
E== terasa lllb, budska

terasa IV, tynecka

terasa V, méstedska
terasa VI, poficska

terasa VI, pikovicka

udolni niva (N)

zarovnany povrch, denudaéni ploSina (P)

linie pfienych profili

Obr. 6a - Mapa Fi¢nich teras, neogennich sediment(i a zarovnanych povrchu stredni a dolni
Sazavy - 1. ¢ast
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Obr. 6b - Mapa fi¢nich teras, neogennich sedimentti a zarovnanych povrchi stredni a dolni
Sazavy - 2. ¢ast (vysvétlivky v ¢asti 1)
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Obr. 6¢ - Mapa fi¢nich teras, neogennich sedimentli a zarovnanych povrcht stredni a dolni
Sazavy - 3. ¢ast (vysvétlivky v ¢asti 1)
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Obr. 6d - Mapa Fi¢nich teras, neogennich sedimentl a zarovnanych povrchi stiedni a dolni
Sazavy - 4. ¢ast (vysvétlivky v ¢asti 1)



8. Mladotretihorni vyvoj udoli Sazavy

8.1. Diskuze nazord na mladotretihorni odvodrovani povodi Sazavy

Podobn¢ jako vétsina Ceskych fek bylo i povodi Sdzavy v mladsich tfeti-
horach odvodnovano odlisnymi sméry nez v soucasnosti. Pro feseni této
problematiky ma zdsadni vyznam analyza morfostrukturnich pomért a lo-
kalit fluvialné-limnickych sedimenti neogenniho stati. Tyto uloZeniny se za-
chovaly v rozvodnich oblastech, tj. v mistech relativné nejméné zasazenych
mladsimi destruk¢énimi procesy. Paleohydrografickou problematikou povodi
horni Sazavy, tj. predpokladanym tokem Jihlavy k Sazavé a nejhofejsiho
toku feky k Oslavé, se zde nezabyvame.

Vyslovit jednoznacny nazor na uspofadani vodni soustavy v povodi Sazavy
v neogénu neni mozné, nebot pro takové stanovisko nejsou na rozdil od po-
vodi Berounky a Orlice pfesvédcivé ditkazy (Balatka, Sladek 1962; Balatka,
Louckova 1992; Vanickova 2005, 2007; Vanickova, Kalvoda 2006). Zminéné
relikty patrné spodnomiocennich sedimentti (Malkovsky 1975, 1979), vysky-
tujici se v podstaté pouze ve dvou (popf. tfech?) oblastech zna¢né od sebe
vzdalenych, poskytuji jen do jisté miry zaklad pro reseni otazek mladotreti-
horniho vyvoje fi¢ni sit¢ v povodi Sazavy. Je tfeba si uvédomit, ze od doby
vzniku mladottetihornich sediment® uplynulo velmi dlouhé obdobi asi 24 az
16 miliont let (Klominsky et al. 1994), v némz diferencované neotektonické
pohyby vyvolaly silné erozné-denudacni procesy. To vedlo nejen k odnosu
zvétralinové pokryvky a casti skalntho podkladu, ale i souvrstvi neogennich
sedimentfi. Nékdejsi paleogenni zarovnany povrch (peneplén) s plastém
fosilnich zvétralin byl pfeménén v mladsi (neogenni) reliéf typu etchplén,
popi. pediplén, a mladé tektonické pohyby polozily zaklad k morfografické
variabilité krajiny (srv. napi. Demek 1964, 2004; Kral 1985; Cervinka 1997,
2002). Vyznamnou roli pii tom sehrdla i riznd odolnost hornin skalniho
podkladu vici zvétravani a erozné-denudacnim pochodtim.

Na zptsob odvodiiovani povodi Sazavy v neogénu existuji v podstaté
dva rozdilné nazory — starsi, reprezentovany zejména Danesem (1913) a No-
vakem (1930, 1932b), a mladsi, tlumoceny Malkovskym (1975, 1976, 1979),
popt. Lozkem et al. (2004). Starsi nazor na tfetihorni odvodnovani povodi
stiedni a dolni Sazavy (obr. 20), naznaceny DaneSem (1913) a podrobné
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rozvedeny Novakem (1930, 1932b), vychazel z analyzy ptidorysu vodni
sité, studia geomorfologickych (hlavné morfografickych) poméri a ze zna-
mych vyskyti tietihornich sedimenti, véetné reliktnich Stérkt. Pfedpoklad
odvodnovani k S vychézel z celkového s. sklonu povrchu uzemi na levém
biehu feky, a to spolu s prevladajlcmn polednikovymi sméry hlavnich levo-
strannych ptitok? Sazavy, zejména Zelivky a Blanice. Podle Novaka (l932b)
sméfovaly v mladsich ttetihorach v povodi stfedni Sazavy k S tfi samostatné
toky — horni Sdzava od Svétlé nad Sdzavou (ktery oznacujeme Jako »Svétel-
ska feka®), Zelivka — ,,Rephcka feka“ a Blanice — ,,Nechybska feka“.

Pribéh koryta tfetihorni horni Sazavy byl od Svétlé nad Sazavou nazna-
¢en piiblizné tokem dne$ni dolni Sazavky (ovSem v protisméru) po Lestinu
u Svétlé a dale pres blizké sazavsko-labské (klejnarské) rozvodi na Novou
Ves u Lestiny, pies klejnarsko-doubravské rozvodi a Vlkane¢ k dnesni
Céslavské kotliné. Dlouhy horni tok Sazavky sméru VJV-ZSZ (Jitikovsky
potok) byl hlavnim (pravostrannym) ptitokem této feky. Naznaceny pritb¢h
tzv. Svételské reky do urcité miry podporuji lokality ,fluviolakustrinnich
stérkti a piskd a jild“ terciérniho stafi (geologickd mapa 1:50 000, 13-43
Golctv Jenikov). Jsou to vyskyty jz. od Backova (cca 530 m), v okoli Lestiny
u Svétlé (v rozvodni snizeniné okolo 470 m) a u Kozohlod (asi ve 415 m).
Kromé toho se zde vyskytuji i ,roztrousené valouny“ (cit. geologickd mapa)
u Sazavky (asi 512 m), sv. od Lestiny u Svétlé (nad vrstevnici 490 m) a v okoli
Vlkanée (kolem 435 m).

Tretihorni Zelivka sméfovala podle Novéka (1932b) jako Replické feka
pies dnesni Zelivsko-sazavské rozvodi u Led¢e nad Sazavou (viz kap. 7), tj.
v pokracovani js. sméru udoli mezi Jezovem a jz. okolim Kozli. Dale tato
feka tekla podél dnesniho tdoli Sazavy po Vlastéjovice a odtud na Bohda-
ne¢, Replice, blizkou rozvodni sniZeninu s rozptylenymi kfemennymi Stérky
ve 489 m na Kutnohorskou plo$inu a ptes Cervené Janovice do dne$ni Cé-
slavské kotliny a stfedniho Polabi.

Neogenni Blanice jako Nechybska feka Novaka (1932b) tekla od mista
svého dnesniho usti k S ve sméru pozdéjsitho sazavského tidoli po mésto Sa-
zavu (tj. sledovala pritbéh blanické brazdy) a odtud pokracovala do zietel-
ného klinovitého vybézku morfostrukturni snizeniny s kiidovymi sedimenty
pii koufimském zlomu na Kutnohorskou plosinu a do oblasti dnesniho stied-
niho Polabi (foto 11). Smérovym poziistatkem tietihorni Blanice je kromé
zminovaného useku sdzavského tdoli dnesni Koufimka — Vaviinec a jeho
levostranny ptitok pramenici u Smrku 5 km sv. od Sdzavy u Samopse. Stér-
kové pozlstatky Nechybské reky, uvadéné Novakem (1930) z okoli Radlic
a Krymlova na v. okraji Cernokostelecké pahorkatlny, jsou zfejmé rozpadlé
permokarbonské slepence a brekcie. Pfi dal$im vyvoji, patrné pocate¢nim
v procesu sjednocovani povodi Sazavy, doslo ke spojeni Zelivky s Blanici
(snad ve sméru dnesniho tdoli Sazavy v tseku Vlastéjovice —tsti Blanice).
Spojené vody jesté néjaky cas proudily od mésta Sazavy k S (Novak 1932b)
a pozdéji doslo k pripojeni horni Sazavy pres smréensky prilom k systému
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Obr. 7 - Profil lokalitou miocennich sedimentl Bojisté u Ledce nad Sazavou. Vyplin mélké
sniZeniny. 1 - piscitojilovita hlina, 2 - pisky, 3 - stérkovité pisky, piscité stérky, 4 - hlinité
pisky, jemnozrnné pisky, 5 - piscitohlinité eluvium Zuly.

Upraveno podle ). Kréle (1971, Geofond FZ 5170).

Zelivka-Blanice. K moznosti odvodtiovani povodi dolni Sdzavy rovnéz k S se
Novak (1932b) stavi na rozdil od Danese (1913) spise skepticky. Pripousti
sice pravdépodobny js. tok v mistech dnesni Mnichovky, ktery v§ak podle
n¢ho nezasahoval daleko na tizemi j. od dne$niho udoli Sazavy.

Nazor na pfipadné odvodnovani povodi dolni Sazavy k S by mohly pod-
pofit rovnéz polednikové sméry vétsich levostrannych pritokti Sazavy — Be-
nesovského, Konopistského a Janovického potoka. Je pozoruhodné, ze
uvedené potoky maji na pravém bichu Sazavy své smérové protéjsky: Be-
nesovsky potok (ptip. s KonopiStskym potokem) Mnichovku, Konopistsky
potok — Kiivovesky (Mokiansky) potok, Janovicky potok — Cakovicky (Ka-
menicky) potok. Za zminku stojf také skutecnost, Ze uvedené dvojice smérové
blizkych potokt spojuje vzdy tdolni tisek Sazavy pribuzného sméru: Bene-
Sovsky potok (ptip. spolu s Konopistskym potokem) a Mnichovku spojuje
udoli Sazavy mezi Cercany a Zlenici, Konopistsky a Kiivovesky potok tdoli
Sézavy mezi Poti¢im nad Sazavou a Nespeky, Janovicky a Cakovicky potok
spojuje udoli Sazavy mezi Tyncem nad Sazavou a Zbofenym Kostelcem.

Uvedené pravostranné pritoky dolniho toku Sazavy prameni dnes
v rozvodni oblasti mezi Sdzavou a Vltavou, a to jes§té na tizemi Stiedoceské
(Benesovské) pahorkatiny. Moznost odvodnovani povodi dolniho toku
Sazavy k S podporuje dale vyskyt neogennich sedimentt pfi rozvodi pobliz
Jesenice, kde mocné pisky vyplnuji stara adoli (brazdy) v relativni vysce az
kolem 175 m nad hladinou Sazavy. Ke zméné¢ v odvodnovani mohlo dojit
klenbovitym (antiklinalnim) vyzdvihem rozvodni oblasti a prohybovym
(synklindlnim) poklesem v zéné dne$niho sazavského tdoli ve svrchnim
miocénu az pliocénu, a to ve smyslu nazoru Moschelesové (1930) o tekto-
nickych pohybech o velké amplitudé.

Povodi Sazavy tvoftilo tedy v neogénu podle popsaného pojeti nékolik
dil¢ich povodi: kromé nejhoftejsiho toku s predpokladanym odvodnovanim
k Oslavé to byla Svételskd Sazava, Zelivka, Blanice a povodi dolniho toku.
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Zatimco mezi Svételskou Sézavou a Zelivkou leZelo vyrazné rozvodi na vy-
stupujici morfostruktute Melechova a Zebrakovského kopce, bylo rozvodi
mezi neogenni Zelivkou a Blanici zfejmé morfologicky méné vyhranéné.
Mezi povodimi Blanice a dolniho toku se rozkladal vyssi reliéf sv. vybézku
Benesovské pahorkatiny, misty vrchovinného rdzu a bez vyznamnéjsich
levostrannych pfitoki. Ke sjednoceni povodi jednotlivych tfetihornich
tokll v povodi Sazavy v dnesnim rozsahu (obr. 22) dochazelo postupnym
vyvojem sdzavského tdoli (Novéak 1932b): nejprve tidajné doslo ke spojeni
toku Zelivky s Blanici, nasledné k pfipojeni Svételské Sazavy pfes bariéru
niz$i okrajové ¢asti Melechova k systému Zelivka-Blanice. V posledni etapé
nastal obrat tehdejsi sttedni Sdzavy u dnes$niho stejnojmenného mésta k Z,
tedy do soucasného sméru dolniho toku. Hlavnim impulzem k nacepnym
procesim predchtidkyn Sazavy byly spiSe nez rozdily v odolnosti hornin
nesporn¢ neogenni tektonické pohyby.

Pocatek vyvoje tidoli dolni Zelivky ¢asové spada, podobné jako u Sé-
zavy, do doby akumulace neogennich, pfevazné miocennich sedimentt
(Malkovsky 1975, 1979), které byly zachovany v oblasti zZelivsko-sazavského
mezifi¢i v $irSim okoli Led¢e nad Sazavou a Zruce nad Sazavou. Hlavni
lokality miocennich sediment® predstavuji vyplné mélkych depresi, smérove
navazujicich na tdoli Zelivky. Udoli Zelivky, blizké sou¢asnému pritbéhu,
bylo zalozeno jako Siroka tvalovitd tdolni sniZenina v pliocénu. Hlavni
pochody etapovitého zahlubovani Zelivského tdoli probihaly v kvartéru,
a to s nejvétsi intenzitou v erozni fazi mezi II. a III. terasou. kdy bylo udoli
prohloubeno o 25-30 m.

Podle nazoru Malkovského (1975, 1979), vyjadfeném graficky na schema-
tické mapce, tekla Sazava ve spodnim miocénu (v akvitanu az burdigalu)
z okoli Led¢e nad Sazavou jiz v dne$nim sméru k Z (obr. 21). Od pozdéj-
$iho mista soutoku s Vltavou pokracovala na Klinec a povodim Berounky
k SZ smérem proti toku dnesni feky na Krivoklatsko. Zde byl zfejmé sou-
tok s plzenskou a brdskou Berounkou a spojené vody pokracovaly pres
Rakovnicko k jezeru severoceské panve (viz Pesek, Spudil 1986). Uvedeni
autofi naopak predpokladaji tfetihorni odvodnovani dolni Berounky po-
dobné jako v soucasnosti k V az S. Sedimenty v okoli mésta Sazavy tidajné
zanechal pravostranny pritok Sazavy z oblasti dnesniho stfedniho Polabi.
Podminky pro sedimentaci neogennich ulozenin byly podle naseho nazoru
podminény existenci lokalnich tektonickych depresi star§ich morfostruktur-
nich region.

Pfijmeme-li tento popsany nazor Malkovského (1975, 1979) o neogennim
odvodnovani podstatné casti povodi Sazavy k jezeru severoceské panve,
muzeme se pokusit o stanoveni absolutni vy§kové polohy tizemi neogennich
sedimentt jako urcitého voditka pro posouzeni tlohy mladsich tektonic-
kych pohybt. Za predpokladu, ze hladina jezera severoceské panve lezela
ve spodnim miocénu v nadmoiské vysce 50 m, byla by nadmotska vyska
reliéfu neogennich sedimentdi u mésta Sazavy pii rekonstruované délce
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toku asi 180 km cca 200 m (pfi primérném sklonu 0,8 %o), popi. 160 m
(pti sklonu 0,6 %o). Absolutni vysku povrchu miocennich uloZenin v okoli
Ledce nad Sazavou (délka toku asi 250 km) by bylo mozno odhadnout na
250 m (pfi primérném sklonu 0,8 %o), popi. na 200 m (pii sklonu 0,6 %o).
Pri vysce hladiny jezera severoceské panve 100 m n. m. by uvedené udaje
byly o 50 m vys$si. Dnesni relativni vy$ska povrchu miocennich sedimentt
je u mésta Sazavy maximalné 118 m (403 m n. m.) a u Led¢e nad Sazavou
135 m (486 m n. m.). Z piedpokladanych tudaji vyskové polohy uloZenin je
zfejmé, ze uvedené regiony neogennich sedimentti musely byt v mladsich
obdobich kenozoika vyzdvizeny piiblizné o 150-190 m (u mésta Sazavy),
resp. 0 190-240 m (u Ledce nad Sazavou), a to pii nadmotské vysce hladiny
jezera severoCeské panve okolo 100 m. Uvadéné udaje o neotektonickém
vyzdvihu lokalit neogennich sedimentt v Posazavi mohou byt pouze pra-
covni hypotézou, nebot nejsou znamy hodnoty mladsi denudace a odnosu
zvétralinového plasté z téchto oblasti.

Néazor Malkovského (1975, 1979) na smér tietihorniho toku Sazavy lze
povazovat za poné¢kud spekulativni, nebot neni podlozen pfesvédcivymi di-
kazy. Dosud nebylo (paleontologicky ani jinak) prokdzano stafi neogennich
ulozenin v Posazavi, ani nebyl dosud proveden podrobny petrograficky roz-
bor sedimentd, ktery by prokazal jejich zdrojovou oblast. Urcitym argumen-
tem pro podporu predstavy Malkovského je polohova navaznost sedimentt
u Ledce nad Sazavou na ulozeniny u mésta Sazavy a ¢astecné i na lokalitu
Klinec. Tento argument vSak lze pouzit za predpokladu, Ze uvedené oblasti
nebyly zasazeny mladymi, vyrazné diferencovanymi tektonickymi pohyby
a Ze tyto sedimenty jsou stejného staii.

Zminka v souborném piispévku Lozka et al. (2004) o vyvoji ¢eskych
fek v kenozoiku vnasi trochu svétla do dosud nevyfesené problematiky
tfetihorniho odvodnovani Sazavy. Vysledky vyzkumu tézkych mineralt
a geochemickych charakteristik kfementi v neogennich hlavacovskych (ra-
kovnickych) fluvidlnich sedimentech totiZ naznacuji, Ze zdrojovym tzemim
téchto ulozenin mohla byt téz Ceskomoravska vrchovina. Tyto poznatky
svéd¢i ve prospéch nazoru Malkovského (1975, 1979) o neogennim toku
stfedni a dolni Sdzavy smérem k Z.

Rekonstrukce prubéhu neogenniho toku Sazavy vsak nardzi na fadu
prekazek. Kromé dvou znamych oblasti vyskytu tidajné¢ spodnomiocennich
uloZenin (Malkovsky 1975, 1979) nebyly pfi tidoli stfedni a dolni Sazavy
odpovidajici sedimenty zjistény. Jsou predkvartérni fluvidlni sedimenty
v povodi Sazavy a Berounky stejného stari? Miocenni toky protékaly pie-
vazné mélkymi tivalovitymi idolimi a mistni unaseny material ukladaly vzdy
v nejbliz§ich pratocnych jezernich snizeninach. Ojedinélé lokality v povodi
Berounky s extrémné velkymi mocnostmi neogennich sedimentt (50-90 m)
jsou zfejmé vysledkem lokalnich synsedimentarnich tektonickych poklesi
(srv. Pesek, Spudil 1986). Proto je obtizné si pfedstavit, Ze by se klastické
sedimenty pii nepatrném sklonu koryta mohly dostat z povodi Sazavy az
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Obr. 17 - Pri¢né profily tdolim Sazavy v useku mezi fi¢nim km 27,2-11,9
(vysvétlivky u obr. 8, str. 78)
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Obr. 18 - Pri¢né profily tdolim Sazavy v tseku mezi fi¢nim km 9,7-5,4
(vysvétlivky u obr. 8, str. 78)
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Obr. 19 - Pri¢né profily tdolim Sazavy v useku mezi fi¢nim km 3,6-0,5
(vysvétlivky u obr. 8, str. 78)
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do oblasti Rakovnicka. Kromé toho by mohly zjisténé substance v oblasti
Rakovnicka pochazet i z povodi horniho toku Mastniku. Toto povodi vy-
razn¢ zasahuje na izemi moldanubickych pararul v oblasti tzv. rozvodniho
sttedoceského prahu ve Votické vrchoviné (podcelku Vlasimské pahorkatiny
ve Stfedoceské pahorkatiné). Rovnéz povodi horni Uslavy a Uhlavy, zcasti
i Radbuzy (zdrojnice miocenni Berounky) zasahovala az na tizemi moldanu-
bickych hornin. Rekonstrukce odvodnovani stiedniho toku Sazavy v neo-
génu proto zUstava i nadale otevienym problémem (srv. téz Balatka 1992;
Tyracek, Havlicek 2009). Nemohou byt sdzavské neogenni sedimenty (srv.
Kodym et al. 1993, Miiller et al. 1993) az svrchnomiocenniho, popf. plio-
cenniho stari? Jedna-li se totiz o pliocenni uloZeniny, pak by nepfichazela
v tvahu paleohydrologicka souvislost téchto lokalit s jezerem v Mostecké
panvi. Ani pfitomnost hornin z Koufimska a Kutnohorska v ulozZeninach
nejstarsich teras Vltavy v Praze (Zaruba-Pfeffermann 1941) neni dostate¢nym
diikazem pro moznost odvodnovani téchto oblasti idolim Sazavy k Vltave.

Pozoruhodné nazory na vyvoj a stari toku Labe na tizemi Saska v mlad-
$im kenozoiku piinasi studie Wolfa a Schuberta (1992). Tito autofi na za-
kladé¢ analyzy tézkych minerdlt a petrografického slozeni starych labskych
sedimentii (a zaroven vyhodnocenim rozsahlé literatury o mladokenozoické
historii tohoto tizemi, viz napt. Benda et al. 1995, Bridgland 2000) proka-
zuji existenci labského toku jiz od doby spodniho miocénu. Piitomnost
barrandienskych hornin z povodi dolni Berounky v labskych $tércich na
uzemi Saska naznacuje, Ze pravdépodobné jiz ve svrchnim miocénu bylo
povodi Berounky odvodnovano stejnym smérem jako v soucasnosti. Nalezy
moldavitti v labskych stércich na tizemi Saska prokazuji, ze tyto sedimenty
jsou mladsi nez 14,8 milionu let (sttedni miocén). Proto by méla byt Vltava
odvodnovana stejnym smérem jako dnes nejpozdéji od svrchniho miocénu.

8.2. Vyvoj reliéfu udoli Sazavy v mladsim kenozoiku

Dlouhé obdobi po sedimentaci spodnomiocennich (?) sedimentti, zahrnujici
stfedni a svrchni miocén a pliocén, se vyznacovalo stiidanim etap tektonické
stability a aktivity. V dobach tektonické stability vznikaly mladsi zarovnané
povrchy (denudac¢ni plosiny), vétsinou lokalniho vyznamu, zachované misty
v nékolika vys$kovych drovnich (viz nize). Vodni toky protékaly mélkymi,
uvalovitymi idolimi s malym sklonem koryt s vyraznou pfevahou ptipadné
bocni eroze nad potla¢enou erozi hloubkovou (foto 9 a 21). Tomu odpovi-
dala ve starsich obdobich i mala vy$kova ¢lenitost reliéfu a podstatné nizsi
vyskova poloha nad hladinou mote.

Z tohoto c¢asového obdobi se v povodi Sdzavy az na nepatrné vyjimky
nezachovaly vyznamnéjsi fluvialni, popt. limnické sedimenty. Vyjimkou jsou
dva malé vyskyty fluvidlnich sedimentd, a to nad smréenskym pralomem
u Vadina ve 442 m (47 m nad hladinou) a u Radvanic pobliz mésta Sazavy ve
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387 m (101 m nad hladinou). Vadinska lokalita s rozptylenymi Stérky se na-
chéazi 30-50 m pod drovni nejvyssiho povrchu miocennich ulozenin a vyskyt
u Radvanic pouze 17 m. Obé lokality jsou patrné predkvartérniho (nejspise
pliocenniho) stafi a nachazeji se jiz v tvalovité depresi bezprostfedné nad
vlastnim tdolnim zafezem Sazavy. V dobé¢ jejich vzniku tekla Sazava zfejmé
jiz stejnym smérem jako dnes.

Dno pliocenniho (?) tvalovitého tdoli bylo zahloubeno do tdrovné
povrchu miocennich sedimentt v horni ¢asti sledovaného tseku asi 50 m,
u mésta Sazavy pfiblizné o 30 m a v soutokové oblasti Sazavy s Vltavou
zhruba 60 m. Do pifemodelovanych a tektonicky porusenych zbytkt paleo-
genniho zarovnaného povrchu bylo pliocenni tdoli zahloubeno nad mele-
chovskym priilomem pfevazné 90-100 m a nejvice u Svétlé nad Sazavou pies
110 m — nejvy$si zarovnana troven je zde totiz kolem 550 m n. m. Na stfedni
Sazavé ¢ini zahloubeni pliocenniho tidoli asi 100-140 m v okoli Ledc¢e nad
Sazavou (ploché temeno Melechova v 713 m n. m. se zvedd o vice nez 250 m
nad dnem phocenmho tidoli), v oblasti Ceského Sternberka kolem 100 m
(nejvyssi zarovnany povrch ve 480-500 m n. m.), u Chocerad cca 125-145 m
(zarovnany povrch ve 490-520 m n. m.). Na dolnim toku Sazavy v okoli
Jilového dosahuje zahloubeni pliocenniho tidoli asi 100-140 m (zarovnany
povrch je ve 350-490 m n. m.) a pfi Vltavé pod dstim Sazavy asi 60 m (hibe-
tova plosina Na rovném je v 388 m n. m.).

Mezi uvedenymi nejvys$simi vyskyty zarovnanych povrchti regionalniho
charakteru (patrné zbytky snizeného paleogenniho zarovnaného povrchu,
popt. jiz svrchnomiocenniho zarovnavani, napt. foto 21 a 22) jsou zacho-
vany nizs$i zarovnané povrchy (denudacni plosiny) spise lokdlniho vyznamu,
vystupujici v nékolika vy$kovych trovnich. Nejvyssi plosiny se na stfedni
Sazavé zvedaji o 20-40 m nad predpokladanou tirovni povrchu miocennich
sedimentti, dal$i zarovnané povrchy sleduji s mensim vyskovym rozptylem
uroven miocennich uloZenin a nejnizsi plosiny lezi pfi predpokladané trovni
povrchu patrné pliocennich sedimentti. Rozmisténi a vyskovou polohu plo-
$innych povrchti (kromé nékterych nejvyssich trovni) zachycuje podélny
profil terasami (obr. 23). Pfestoze je profil 300x pfevySeny, je ziejmé, ze
vyznacené vyskyty ploSinnych povrchd vytvareji ztetelné tirovné, zejména
v navaznosti na spodnomiocenni (?) sedimenty a (pravdépodobnou) plio-
cenni droven. Nejnizsi plosiny v tivalovité predkvartérni depresi lze pokladat
spolu s lokalitami nejblizsi vys$si trovné za typické udolni pediplény, popi.
izolované vyskyty idolnich pedimentt (foto 24 a 25).

Urdit rozsah vlivu neotektonickych pohybd na soucasnou vyskovou
polohu lokalit (Grovni) zarovnanych povrchil je obtizné. Zajimavy je pri-
kopnicky nazor Moschelesové (1930) o tretihornim zalozeni idoli Sazavy
v ose prohybove (synkhnalm) sniZeniny. O celkovém vyzdvihu sledovaného
tizemi ve svrchnim miocénu a pliocénu nelze pochybovat. Casové zatazeni
piislusnych etap mladsich tektonickych pohybt (mladsich fazi saxonské
tektoniky) je vSak ve sledovaném povodi Sazavy obtizné. Jednd se tekto-
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Obr. 20 - Ri¢ni sit v povodi Sazavy v mladsich titetihorach (zejména v miocénu).

Podle V. J. Novaka (1932b) a dalSich autord. Rekonstrukce B. Balatka (2007).

Sedé plochy - oblasti a lokality mladotietihornich (pievazné spodnomiocennich) sedimentd,
¢erchované - pravdépodobny priibéh rozvodnic, souvislé linie - pravdépodobné sméry
vodnich tokd.

nicky stabilni oblast Ceského masivu (srv. Malkovsky 1975, 1976, 1979),
budovanou moldanubickym krystalinikem a variskymi plutony (foto 23),
témér bez mladsich pokryvnych sedimentt.

Vznik neogennich sedimentt v povodi Sazavy byl podminén patrné lokal-
nimi tektonickymi poklesy v mladosavské fazi a uplatnila se i mensi geomor-
fologicka odolnost hornin. Obdobi stfedniho a vétsi ¢asti svrchniho miocénu
se zde vyznacovalo tektonickou stabilitou, coz je podstatnd podminka pro
vyvoj zarovnanych povrchi. Konec svrchniho miocénu a pliocén se vyzna-
Covaly vétsi intenzitou neotektonickych pohybti, které vedly, podobné jako
v jinych oblastech ¢eského povodi Labe, k vyvoji regionalni fi¢ni sité blizici
se jiz soucasné podobé (foto 19 a 20). Ke sjednocent fi¢ni sité doslo nasled-
kem tektonickych pohybt a selektivné usmérnénych destrukénich procest
patrné jiz na rozhrani miocénu a pliocénu (Balatka 1992; Balatka 1996;
Kalvoda, Balatka 1995; Tyracek, Havlicek 2009), protoze relikty pliocennich
sedimenttl jsou vyvinuty jiz pfi idolich soucasnych tokd.

Znacnou vyskovou clenitost reliéfu v pliocénu prokazuje také zrnitostni
raz patrné pliocennich fluvidlnich sedimentti, které se misty zrnitosti pod-
statné nelisi od kvartérnich ulozenin. V pliocénu tedy byl dokoncen vyvoj
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Obr. 21 - Ri¢ni sit v povodi Sazavy v mladsich tietihorach (zejména ve spodnim miocénu).
Podle M. Malkovského (1975) a V. Lozka et al. (2004). Rekonstrukce B. Balatka (2007).
Sedé plochy - oblasti a lokality mladotietihornich (pievazné spodnomiocennich) sedimentd,
¢erchované - pravdépodobny priibéh rozvodnice, souvislé linie - pravdépodobné sméry
vodnich tokd.

toku Sazavy do soucasného sméru, a to od svrchniho miocénu patrné procesy
postupného sjednocovani dil¢ich povodi ve smyslu pojeti Novaka (1932b).
V pliocénu se rovnéz vytvortily paleogeograﬁcké podminky pro vyvoj adoli
Sazavy v kvartéru: tok feky v dne$nim sméru (foto 19 a 20), epelrogenetlcky
vyzdvih Ceského masivu a néstup vyraznych klimatickych zmén.

V ddoli Sazavy vzniklo v kvartéru pfi etapovitém zahlubovani celkem
sedm akumulacnich teras a dalsi dvé podruzné drovné erozniho nebo eroz-
né-akumulaéniho ptivodu (tab. 1). Terasy v geomorfologickém smyslu gene-
ticky odpovidaji stfidani eroznich a akumulac¢nich fazi ve vyvoji udoli, pod-
minénych klimaticky (stf{danim ledovych a meziledovych dob) a tektonlcky
(vyzdvihem Ceského masivu). Terasové povrchy a baze vytvareji vyrovnané
sklonové kiivky, odpovidajici rovnovaznému profilu toku v dobé jejich
vzniku. Stavbu fi¢nich teras nazorné dokumentuji pfi¢né profily tdolim
Sazavy a podélny profil terasami (obr. 8-19 a 23). Podrobnéjsi charakteris-
tiky teras jsou uvedeny v kapitole 7.2. Tfi nejvyssi terasy (I, 11, IIT) vykazuji
vyrovnany sklon povrchd v podélném profilu, kdezto baze III. terasy konci
na sklonovém stupni v melechovském masivu. (Prabéh béaze I. a II. terasy
nelze rekonstruovat pro omezeny pocet lokalit, a to navic prevazné s de-
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Obr. 22 - Ri&ni sit v povodi Sazavy. Sou&asny stav.

nudovanymi akumula¢nimi pokryvkami.) Zminény sklonovy ohyb vyvolal
patrné spolu s netektonickymi pohyby mimotadné mocnou akumulaci (agra-
daci) sedimentt III. terasy (aZ kolem 25 m), s bazi jen kolem 3-5 m nad
dnesni hladinou feky a vyjime¢né az v trovni hladiny. Znamena to, Ze pii
hloubkové erozi po akumulacni fazi II. terasy bylo tidoli na ¢asti stiedniho
toku (v $ir$im okoli tsti Zelivky) prohloubeno o 35-38 m, tedy nejvice ze
vSech eroznich obdobi v pleistocénu. Tuto velmi nizkou polohu skalniho
podkladu, zaznamenanou v useku dlouhém kolem 30 km, lze vysvétlit
pravdépodobnym relativnim zaklesavanim piislusné oblasti za souc¢asného
mirného vystupovani granitového melechovského masivu. Hodnotu tohoto
tektonického poklesu lze odhadnout na pfiblizné 15-20 m.

Agradace sedimentt III. terasy v $ir$i oblasti Zruc¢e nad Sazavou vyvolala
vyznamny geomorfologicky proces: po dosazeni maximalni irovné akumu-
lace naplavt doglo na nékolika mistech (véetné Zelivky) k pteloZeni koryta
do blizkych ddoli pfitokd. V takto vzniklych opusténych tdolnich tsecich
(nejdelsi az 3 km) se zachovala akumulacni vypln v Gplné mocnosti, popf.
misty snizena na uroven povrchu terasy IIIb. Na periglacidlni podminky
a existenci sklonového stupné ukazuji hrubsi uloZeniny ($térky) jen pfi tera-
sové bazi a pfimés sutovych balvant v prevladajicich piscitych sedimentech.
Jemnozrnné ulozeniny dokumentuji vyrovnané sklonové poméry a zfejmé
i mirné (relativni) poklesavani sedimenta¢niho prostoru. Obdobna stavba
odpovidajici terasy (II1., soutické) byla zaznamenana i v idoli dolni Zelivky
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(Husner 1972). Analyza terasového systému potvrdila mimofadny vyznam
opusténych tdolnich tsekt pro rekonstrukce prabéhu fi¢nich teras v podél-
ném profilu (srv. Zaruba, Rybar 1961) i pro metody studia vyvoje tdoli.

Dlouhy tisek stiedniho toku Sazavy (80 km) pod zminénou agradact, ktery
je bez vyznamnéjsich lokalit III. terasy, neumoziuje provést presnou rekon-
strukci pribéhu (zejména baze) III. terasy v podélném profilu. V akumulaci
III. terasy vznikla kromé nejvyssi trovné IIla (s povrchem kolem 30 m
nad soucasnou hladinou) pii zahlubovani tdoli nizs§i erozné-akumulaéni
terasa IIIb s povrchem v oblasti Zru¢e nad Sazavou o 6—8 m niz§im. Tato
terasa vytvari v dal$im tseku stfedniho toku ojedinélé lokality projevujici se
jako samostatna terasova uroven. Rovnéz IV. a V. terasa (misty i VI. terasa)
nepronikly v oblasti Zruce nad Sazavou svymi bazemi podstatné pod po-
lohu skalniho podkladu sediment III. terasy. Zminéné terasy probihaji na
stiednim toku celkem soubézné s dnesni hladinou (foto 29) a jen misty lze
pozorovat nepatrnou divergenci ve sméru toku.

Druhy vyrazny ohyb sklonové kiivky hladiny Sazavy na nejdolejsim toku
vznikl postupem cela zpétné eroze z udoli Vltavy pfi eroznich fazich ve
sttednim a svrchnim pleistocénu. Zacatek sklonového stupné se v mirnéjsi
podobé poprvé objevil u baze III. terasy, zatimco jeji povrch vykazoval jesté
zcela vyrovnany priibéh. Usek stiedniho toku Sazavy s pozoruhodné vyrov-
nanou sklonovou kfivkou (s mens$imi anomaliemi jen pod melechovskym
masivem) se nachazi ve visuté poloze (asi o 40 m) vzhledem k tidolnimu dnu
Vltavy. Z rekonstruovaného podélného profilu terasami vyplyva (obr. 23),
ze usek stfedniho toku Sazavy mezi obéma sklonovymi stupni nebyl jiz od
star§iho obdobi salského glacialu (a pod melechovskym stupném od elsteru)
podstatnéji prohlubovan.

Geomorfologickd analyza reliéfu tdoli Sazavy upozornila na odlisny
morfograficky raz i prubéh udolnich tseki, podminény kvartérnim vyvo-
jem udoli. Vyznamnym morfologickym jevem jsou opusténé udolni tseky
na sttednim toku Sazavy (viz kap. 7), a to zejména u Zrucée nad Sazavou
a Chabetic. Tyto relikty starSiho usporadanl fi¢ni sit€ jsou zachovany také
v dal$ich oblastech Ceské vysodiny, napt. na tizemi Ceské kiidové tabule
a Mostecké panve (Balatka 1993). Premistovani koryt vodnich tokt bylo
vyvolano zménou polohy mistnich eroznich bazi v pribéhu velmi variabil-
nich erozné denudacnich a akumulac¢nich procesti. Zmény intenzity téchto
reliéfovornych procest souvisely jak s netektonickymi pohyby a s rtiznou
odolnosti podloznich hornin, tak se zménami klimatickych podminek
v mlad$im kenozoiku. Relativni vyska tdolniho dna nad hladinou pfemis-
téného toku se u opusténych udoli fek Ceské vysociny (Labe, Vtavy, Jizery,
Ohfe, Berounky, Sazavy, atd.) pohybuje od nékolika metrtt do 75-80 m.
V tdoli Sazavy je morfologicky nejzietelnéjsi opustény tsek u Chabefic asi
3 km dlouhy a 400 m $iroky a je vyplnén az 28 m mocnymi piscitymi $térky.
Béze téchto sediment? lezi jen 4 m nad hladinou Sazavy pfi usti Zelivky
a jejich povrch je 32 m nad fekou.

95
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Na pocatku stfedniho pleistocénu, tedy v dobé vzniku I. a II. terasy,
si udoli Sazavy jesté misty zachovalo pliocenni (a staropleistocenni) tvar
s uvalovitym, i kdyZ misty podstatné zuzenym pticnym profilem. Hloubku
mladsiho vyrazného udolniho zafezu naznacuje poloha tdolni hrany po-
meérné vzacnych primych tsekt tdoli Sazavy. Mezi Havlickovym Brodem
a z. okolim Svétlé nad Sadzavou se udolni hrana nachazi v konstantni nad-
moftské vysce kolem 425 m (20-40 m nad hladinou), mezi Led¢i nad Sdzavou
a Zruci nad Sazavou lezi ve 425 m (83 m relativni vysky) a 400 m (70 m rela-
tivni vysky) u Ceského Sternberka ve 375-390 m (75 =90 m relativni vysky),
v okoli mésta Sazavy ve 350-370 m (60-85 m relativni vysky), u Poti¢i nad
Sazavou 325-350 m (65-90 m relativni vysky), u Luk pod Mednikem 280 m
(70 m relativni vySky). Nejvyssi poloha tdolni hrany odpovidd hloubce
zafiznuti idoli od pocatku kvartéru, nizsi tidaje vsak vypovidaji o intenzité
eroze sazavského udoli az ve stfednim pleistocénu.

I ptes prevladajici erozni raz vykazuje adoli Sazavy v jednotlivych tuse-
cich fadu geomorfologickych odli$nosti, které jsou podminény vyvojem
v rizném morfostrukturnim prostfedi. Dnesni tdoli Sdzavy ma v nékolika
usecich tvalovity raz, zejména mezi Havlickovym Brodem a Svétlou nad
Sazavou, mezi Bfezinou a HolSicemi, u Chocerad a Hvézdonic. Misty
vznikly malé udolni kotlinky, v rozsahlejsich tdolnich zakrutech azZ mean-
drech v pfi¢ném profilu zietelné asymetrické (napi. u Kacova, mésta Sazavy,
Poii¢i nad Sazavou a Tynce nad Sizavou). Také prlmy usek mezi L$ténim
a Cerany ma tvar asymetrické brazdy. Zuzené erozni tidolni tseky teka
vyhloubila v melechovském prtlomu, mezi Ustim Blanice a méstem Saza-
vou, mezi ustim potoka Propast a Chocerady, pod Hvézdonicemi a v okoli
Kamenného Ptivozu (Cervinka 1999). Nejvyraznéjsi soutéskovity usek se
skalnimi sténami vznikl na nejdolej$im toku Sazavy v odolnych horninach
jilovského pasma. Bezprostiedné pred soutokem s Vltavou ma adoli Sazavy
zuzeny neckovity az kanonovity tvar, a to s tdolni hranou pod snizenym
povrchem III. terasy.

Nékteré tidolni ﬁseky Sézavy SV}’/mi sméry odpovidaji tfetihornim smé-
rum vodnich tokli zejména podle nazoru Novaka (1932b) na neogenni
odvodnovani. Udoli Sdzavy sz. sméru mezi Havli¢kovym Brodem a Svétlou
nad Sazavou by mohlo odpovidat tfetihornimu toku horni Sazavy k ddoli
dnesni Sazavky. Udoli Sazavy mezi Led¢i nad Sazavou a Vlastéjovicemi
sleduje zhruba ptedpoklddany priibéh neogenni Zelivky a tsek od soutoku
s Blanici po mésto Sazavu, sledujici po v. stran¢ prab¢h blanické brazdy, je
pozustatkem toku tfetihorni Blanice (srv. obr. 20 a 22). Smérové ptimy tisek
udoli Sazavy mezi L§ténim a Pofi¢im nad Sazavou by mohl odpovidat pri-
béhu tretihorniho toku Benesovského (a Konopistského?) potoka k dnedni
Mnichovce, ovSem v protisméru k Sazavé a Mnichovce. Usek sazavského
udoli mezi Tyncem nad Sazavou a Zbofenym Kostelcem, spojujici mista
soutoku Janovického a Cakovického potoka se Sdzavou, by mohl priibéhem
odpovidat tfetihornimu toku Janovického potoka k Cakovickému (Kame-
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nickému) potoku. Uvedené moznosti smérové zdédénych tisekti na dolnim
toku Sazavy jsou zcasti spekulativni, nebot kromé neogennich sedimentt
v okoli Jesenice a smért vodnich tokti neni tento nazor dostate¢né podlozen
dtkazy.

Vyznamnym problémem v povodi Sazavy je otazka vzniku a vyvoje cha-
rakteristickych tdolnich (zaklesnutych) meandrii a zakrutd (foto 28). Ve
velkém poctu jsou tyto tdolni tvary vyvinuty od okoli Led¢e nad Sdzavou po
meésto Sazavu a nejdokonalejsi tvary tdolnich meandrd vznikly mezi Gstim
Blanice a méstem Sazavou. Morfometrickymi charakteristikami a parametry
vybranych sazavskych meandri ve stfednim Posazavi se zabyvala Pilecka
(1997). Zakladni otazkou je, pro¢ vznikl v uvedeném useku stfedniho toku
Sazavy tak velky pocet meandrt a zakrutt (kolem 20) ve srovnani s jejich
nepatrnym zastoupenim na dolnim toku (6) a zejména na hornim toku mezi
Havlickovym Brodem a okolim Svétlé nad Sizavou (2)? Nabizi se tivaha
o mozném pii¢inném vztahu k vyvoji tdoli feky od pocatku mladsich tie-
tihor (srv. Novék 1932b). Usek nad melechovskym prillomem m4 pomérné
starobny raz, s malou intenzitou hloubkové a bo¢ni eroze v kvartéru. Na-
proti tomu meandrovity stfedni tok pod zminénym prilomem je vyvojové
zcela odlisny. Udolni meandry Sazavy zde byly zalozeny ziejmé jako volné
zakruty v Sirokém a nepatrné sklonéném tudolnim dnu v pliocénu a nejstar-
$im kvartéru, tedy jesté pred zacatkem erozniho zahlubovani idoli, k némuz
doslo zejména v eroznich fazich od I. do III. terasy.

K nejvétsimu tdolnimu zafezu a tim i k vyvoji tidolnich ohybt doslo
v eroznim obdobi mezi povrchem II. terasy a bazi III. terasy, kdy bylo
udoli stfedni Sazavy prohloubeno o témér 40 m, coz predstavuje vyrazné
nejvetsi rozsah etapovité hloubkové eroze bé¢hem celého kvartéru. Po mo-
hutné akumulaci sedimentt III. terasy, ktera vyplnila v nejvétsi mocnosti
vysepni ¢asti zakrutti a meandrii (pfehloubené brazdy), doslo v nasledujici
erozni fazi k etapovitému vyklizovani sedimentti, vzniku nizsich teras a ke
zvyraznéni narazovych svaht. Na pomérné rychly vyvoj tdolnich meandri
tzv. vnuceného typu ukazuje (aZ na ojedinélé vyjimky) nepfitomnost teras
v jejich jesepnich ¢astech. V jadrech otevienych zakrutt tzv. vyvojového
typu vznikly naopak malé lokality III. a hlavné V. a VI. terasy. Jedna se v$ak
jen o okrajové zbytky svrchnich partii ptivodnich terasovych akumulaci. Ma-
ximalni mocnosti sedimentt ve vysepnich ¢astech meandrd, tedy pii Gpati
narazovych svahi, byly v eroznich obdobich mezi akumulacemi piislusnych
teras fekou podstatné redukovany a odneseny.

Z historicko-genetického hlediska je pozoruhodné, ze asi 80 km dlouhy
usek sazavského udoli s pocetnymi zakruty a meandry, odpovida povodi
stiedniho toku Sazavy, v némz doslo podle Novaka (1932b) k nejvétsim
zménam odvodnovani béhem terciéru. Jednd se o tdolni tisek spojujici obé
hlavni lokality mladotfetihornich sedimentt. Tento tisek udoli Sdzavy se za-
roven nachazi v blizkosti vyznamnych morfostrukturnich jednotek, kterymi
jsou blanicka brazda a zfetelna terénni snizenina v. od koutimského zlomu.

97



98 vYvoJ UDOLI SAZAVY V MLADSIM KENOZOIKU

CEJKOVICE

mr. m Lt =
7 S
I _ o] |
500 [ B B - 8 B g
— s
480 F - — =
- AZo -2
I -y B 22 - ~§ g =
TA_ T = A f— @ =
460 b _ -— % ES A fre g
o - =, O
L . - om — = _
“40 -7 —_ % A
" - - — - - w2 -
420 =~ ~ ) T = = o — S
S ad g - 2
1 | T “a — L - (=
‘0‘:) k> < 7\_ S‘E - g o '- - ):i—J
L B - - ey —
i =5 FEail £
L ~w 2385, —a 8 U~
TR .
5 2 Fa—
360 R N2
540 | =
- = —
520 F =
| — zarovnany povrch, denudacni plosina K
A B neogenni sedimenty
300 1=Vl kvartérni terasy (—— povrch, — — — — baze)
| @@ terasy Vitavy
280 F = Gdolni hrana
n povrch Gdolni nivy
m h hladina feky pfi malém pritoku
260 | vrty
- Skalni podloZi idolniho dna (udoli):
240 | 1 moldanubické pararuly, misty migmatitické, migmatity,
vzacné erlany, krystalinické vapence aj.
e 2 moldanubické pararuly s ¢etnymi télesy amfibolitu
220 | 3 metamorfované vulkanity jilovského pasma a ostatni metamorfované
svrchni proterozoikum, véetné metamorfovanych ostrov: ryolity, dacity,
F andezity, bazalty, porfyrity, amfibolitické bfidlice, rohovce aj.
200 |_ 4 metamorfované svrchni proterozoikum: prachovce, bfidlice, droby
5 moldanubicky a stfedocesky pluton: granity, granodiority, tonality, diority aj.
o 6 ordovickeé bridlice, droby a piskovce
I [ I I | I | T 1 T I I I I
km 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95

90 85

80

Obr. 23 - Podélny profil terasami a neogennimi sedimenty Sazavy mezi Havlickovym
Brodem a soutokem s Vitavou, s vyzna¢enymi lokalitami zarovnanych povrcha
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9. Korelace mladokenozoickych sediment
a vyvoje udoli Sazavy se statigrafickym
systémem teras Vitavy a Labe

Clenity erozné-denudaéni reliéf pahorkatinného a vrchovinného rézu vy-
vinuty na horninach prevazné moldanubického krystalinika a hlubinnych
vyvielin v povodi Sazavy pievlada (foto 22, 24 a 25). V tidoli Sazavy nebyly
zjistény vyznamnéjs$i pokryvy sprasovych sedimentti ani pohibené pudy,
pripadné s paleontologickymi nebo archeologickymi nalezy. Proto byla
problematika relativniho stafi terasového systému Sazavy feSena pomoci re-
konstruovaného prib¢hu fi¢nich teras v podélném profilu, a to s moznosti
jejich paralelizace s terasovym systémem Vltavy, do niz Sazava usti (obr. 5).
Tuto paralelizaci systém?t teras Sazavy a Vltavy komplikuje vyrazny ohyb ve
sklonu hladiny na nejdolej$im toku Sazavy, kde se v eroznim tseku tdoli
vétSina terasovych urovni nezachovala viibec nebo se terasy udrzely pouze
jako denudacni torza s napadné netiplnymi mocnostmi sedimentd.

Prvni pokus o ¢asové zafazeni teras nejdolejsi Sazavy od Puffera (1930)
fadi dv¢ jejich nejvyssi trovné (v relativni vysce cca 130 m a 70-80 m) do
miocénu, ri¢ni terasa ve 30-40 m nad hladinou je pokladana za pliocenni
a dva nejnizsi stupné v 6-10 m a 2-3 m nad fekou jsou tidajné pleistocénni,
resp. diluvidlni. Podle Engelmanna (1938) jsou terasy I a O na dolnim toku
Sazavy mindelského staii a terasa U spadd do rissu. Novak (1932b) popsal
kromé dolniho toku vétsinu terasovych lokalit Sazavy, avsak jejich blizsi ¢a-
sové zatazeni neprovedl. Nejvyssi trovné ficnich akumulacnich teras zaradil
do neogénu a nizsi trovné v udoli feky do kvartéru. Lokality teras Sazavy
se pokusili zaradit do kvartérniho stratigrafického systému Balatka a Sladek
(1962). Nejstarsi fluvidlni sedimenty Sdzavy pak byly zafazeny na prislus-
nych listech Geologické mapy CR 1:50 000 do neogénu a terasové ulozeniny
jednak ¢aste¢né do jednotlivych glaciali (na dolnim toku), jednak ramcové
do piislusnych obdobi pleistocénu (spodni, stfedni, svrchni pleistocén)
a piipadné téz podle vyskové polohy (vy$si a nizsi terasa). Stratigrafické za-
razeni kartograficky vymezenych lokalit fluvidlnich sedimentt v $irsi oblasti
soutoku Sazavy s Vltavou provedl Straka (in Masek et al. 1984), ktery vySel
z koncepce Zaruby et al. (1977).

V piedlozené praci jsou zakladem stratigrafického zarazeni terasového
systému Sdzavy studie Zaruby-Pfeffermanna (1943) a zejména Zaruby et
al. (1977). Tito autofi zafadili terasovy systém Vltavy, s pfihlédnutim k vy-
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Tab. 2 - Korelace terasového systému Sazavy se systémy stredoceskych toku a jejich
chronostratigrafické zarazeni

Sazava Berounka Vitava Vltava-Labe Stratigrafické
Balatka, Louc¢kova  Zaruba et al. Balatka, Sladek zarazeni
(1992) (1977 (1962); Sibrava Tyréacek in
(1972) Klominsky ed.
(1994), Tyracek
et al. (2004)
uroven A bojistska uroven A klinecké stadium klinecké stadium spodni-stredni
(miocén) miocén
Uroven B Uroven B zdibské stadium stribrnicka tegelen, eburon,
radvanicka pliocén rovenska waal, menap, bavel,
(2,1-2,05 Ma) dorst
la - stfechovska la - skryjska IA - lysolajska | - krabcicka cromer A
briggen
Ib - hvézdonicka Ib - Fevnicka IB - suchdolska cromer B
eburon
II - ¢eskosternber- Ila - pohorelecké Il - pankracka Il - led¢icka cromer C
ska IIb - hlinecka menap
Illa - chabericka Illa - tetinska INA - kralupska Illa - straskovska cromer C
helme
Illb - budska Illb - srbska IlIB - vinohradska  llIb elster
elster
IV - tynecka IVa - zbraslavska IV - letenska fuhne IV - Hnévického fuhne
IVb - hyskovska vrchu
V - méstecCska Va - liblinska V - dejvicka Va, b - citovska domnitz
Vb - poucnicka drenthe (saale) drenthetreene
VI - poric¢ska VI - kazinska VI - veltruska Vla, b, ¢ - mice- warthe
warthe chvostska
VIl - pikovicka Vlla - lipenecké- VII - maninska Vlla, b, ¢, eem weichsel
VIIb - dobficho- weichsel d - hostinska
vicka

znamnym kvartérnim lokalitam i v idolich jinych ceskych tokt, do alpského
a severonémeckého stratigrafického schématu (tab. 2). Ve srovnavaci studii
terasovych systémul nékterych vyznamnych ceskych fek (bez Sazavy a jiho-
¢eskych tokil) zalozené jak na starsich autorech, tak na vlastnich vyzkumech
zafadil Tyracek (2001) terasové trovné a fluvidlni sedimenty ramcové do
hlavnich glacidld a do pliocénu a miocénu. Dalsi shrnujici prace Tyracka et
al. (2004) je pokusem o korelaci vltavsko-labského terasového systému se
zapadoevropskym stratigrafickym schématem. Ze stratigrafickych zavért
uvedenych studii vychazi i pokus o chronostratigrafické zaclenéni teraso-
vého systému Sazavy v této praci (tab. 2 a 3).

Navrzena paralelizace teras Sazavy s terasovym systémem Vltavy a Labe
(foto 31 a 32) respektuje aktualni stav a dosud nevyfesené problémy chro-
nostratigrafického zarazeni fluvidlnich a fluvidlné-limnickych sedimentt
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v povodi téchto ¢eskych tokd. Statigrafické zarazeni vyssich teras, pocinaje
kralupskou terasou IITA na Vltavé, je totiz pii porovnani praci Zaruby et

1. (1977) a Tyracka et al. (2004) velmi odlisné. Nesoulad v zafazeni teras
(popr fluvidlnich sedimenttl) je zjevny i pfi porovndni s jejich stratigrafic-
kym zafazenim v monografické studii Sibravy (1972). Tento autor vychazi
z teoretického pfedpokladu tzv. zdvojené akumulace jednotného terasového
télesa, vzniklého ve dvou samostatnych zalednénich (v tzv. kataglacidlni
a anaglacialni fazi). Na piiklad u hlavni terasy labského systému v Ceském
sttedohot{ — ne$témické terasy (Sibrava 1972), ktera je ekvivalentem stras-
kovské (II1.) terasy na Podiipsku a vltavskych teras IIIA a IIIB (Zaruba et
al. 1977), spada star$i akumulace idajné¢ do menapu (giinzu), kdezto mladsi
akumulace je zarazovana do elsteru 1. Ve stratigrafickém prehledu Tyracka et
al. (2004) odpovida kralupska terasa (IIIA) komplexu cromer C, vinohrad-
ska terasa (IIIB) elsteru. Nejstarsi terasa vltavského systému (IA, lysolajska)
je ve schématu Zdruby et al. (1977) zafazena do obdobi briiggen (donau)
u Tyracka et al. (2004) do obdobi cromer A. V systému Sibravy (1972) je
odpovidajici nejstarsi terasa v relativni vysce 100-150 m s nalezy poziistatki
archidiskodonta v Ust{ nad Labem (stiibrnické terasa) fazena do pretege-
lenu (donau), u Tyracka et al. (2004) vsak do tegelenu C. Pankracka terasa
(IT) na Vltavé odpovida u Zaruby et al. (1977) menapu (giinz 1), kdezto
v systému Tyracka et al. (2004) cromeru C. Hlavni ¢ast zdibské trovné,
dosud celé zatazované do pliocénu (viz geologicka mapa 1:50 000, 12-24
Praha), je v systému Tyracka et al. (2004) ekvivalentem dlouhého obdobi
zahrnujiciho eburon, waal a menap (giinz), tzn. ze jde o mladsi tiroven nez
stfibrnicka terasa! Kobyliské pisky zdibského stadia zafazuje nalez molda-
vitu do stfedniho miocénu (kolem 15 Ma).

Pozoruhodné rozdily jsou u praci Tyracka et al. (2004) a Zaruby et al.
(1977) rovnéz v datovani terasovych trovni. Vitavské lysolajské terase IA
(Zaruba et al. 1977), pokladané dosud za nejstarsi kvartérni troven, se ve
studii Tyracka et al. (2004) pfisuzuje stafi cca 700-800 tis. let a u Zaruby et
al. (1977) podle paleomagnetického datovani 940-980 tis. let! Zdibské $térky
a pisky jsou kromé kobyliskych piskti v prvni praci hodnoceny ¢asovym roz-
pétim asi 1,1-1,8 mil. let, ve druhé studii 2,05-2,10 mil. let. Stfibrnicka terasa
vznikla cca pted 1,8-1,9 mil. let (Tyracek et al. 2004). Z uvedeného ¢asového
zafazeni vyplyva, Ze vSechny tyto terasové urovné, véetné zdibského stadia
(bez kobyliskych piskil), jsou podle soucasné chronostratigrafie mladsiho
kenozoika, s posunutim hranice terciér/kvartér az na 2,6 mil. let (srv Gib-
bard et al. 2004), kvartérniho stafi. Tyto morfostratlgraﬁcke aspekty casové
korelace ti¢nich teras stiedni ¢asti Ceského masivu jsou zdtiraznény v praci
Balatky a Kalvody (2008, viz tab. 3).

Fluvialni sedimenty v tdolich Vltavy, Berounky, Sazavy a Labe jsou
zachovany jako rozsahly systém fi¢nich teras (srv. foto 30, 31 a 32), ktery
vznikal interakci klimato-morfogenetickych a neotektonickych procest
v mladsim kenozoiku. Z tohoto duvodu byla v pracich Kalvoda, Balatka
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Tab. 3 - Chronostratigraficka korelace Fi¢nich teras centralni &asti Ceského masivu
s ohledem na regionalni severoevropské stratigrafické ¢lenéni kvartéru (upraveno
podle Balatka, Kalvoda 2008)

Regionalni strati- Sazava Berounka Oblast sou- Vitava Soustava
grafické ¢lenéni Balatka, Balatka, toku Vitavy Zaruba et al. Vitavy a Labe
(stadia/substadia) ~ Sté&pancikové Louckova a Labe 1977) Tyracek (2001),
kvartéru (Gibbard  (2006), (1992) Balatka, Tyréacek et al.
et al. 2004, 2009)  Balatka (2007), Sladek (1962) (2004), Tyra-
Kalvoda (2007) cek, Havli¢ek
(2009)
mlady pleistocén pikovicka terasa  dobrichovickd  hostinska maninska Maniny terrace
weichsel (%)) terasa (VIIb) terasa (Vlla, b, terasa (VII) (Weichselian)
lipenecka c, d) Hostin Terrace
terasa (Vlla)
stfedni pleistocén  poric¢ské terasa  kazinska ml¢echvostskd  veltruska Veltrusy Terrace
saale (warthe) (D) terasa (VI) terasa (Vla, terasa (VI) (Warthe)
b, ©)
stfedni pleistocén  méstecska poucnicka citovska terasa  dejvickd terasa  Dejvice Terrace
saale (drenthe) terasa (V) terasa (Vb) (Va. Vb) (%) 1, 2 (Drenthe)
liblinska terasa
(Va)
stfedni pleistocén  tynecka terasa hyskovska terasa letenska terasa Letna Terrace
saale (fuhne) vy terasa (1Vb) Hnévického vy (Fuhne)
zbraslavska vrchu (1V)
terasa (IVa)
stfedni pleistocén  budské terasa srbské terasa (Illb) vinohradska Vinohrady
elster (llib) (llib) terasa (I1IB) Terrace (Elster)
stfedni pleistocén  chaberické tetinska terasa  straskovska kralupska Kralupy Terrace
cromersky kom- terasa (Illa) (Ila) terasa (Illa) terasa (IlIA) (Cromerian C)
plex (glaciél ¢)
stfedni pleistocén  Ceskosternber-  hlinecka ledcicka terasa  pankracka Pankrac Terrace
cromersky kom- ska terasa (II) terasa (IIb) an terasa (II) (Cromerian C)
plex (glacial c) pohorelecka
terasa (lla)
stredni pleistocén  hvézdonicka fevnicka suchdolska Suchdol
cromersky kom- terasa (Ib) terasa (Ib) terasa (IB) Terrace (Cro-
plex (glaciél b) merian B)
stfedni pleistocén  stfechovska skryjska terasa  krabcicka lysolajska Lysolaje Terrace
cromersky kom- terasa (la) (1a) terasa (1) terasa (I1A) (Cromerian A)
plex (glacial a)
stary pleistocén rovenska Rovné Terrace
bavel (dorst) - terasa (Dorst)
menap Vraz Terrace
(Menapian)
stary pleistocén uroven B uroven B zdibské Zdiby Terrace
eburon-menap radvanicka stadium (Eburonian-
(pliocén) Menapian)
stary pleistocén Stribrniky
tegelen Terrace
(upper Tiglian)
neogén (miocén)  Uroven Groveri A klinecké Kobylisy Sands
A bojistska stadium




9. KORELACE SEDIMENTU UDOLI SAZAVY SE SYSTEMEM TERAS VLTAVY A LABE

(2006) a Balatka, Kalvoda (2008) popsana paleogeografickd historie cen-
tralni ¢asti Ceského masivu. Sedimentarni a morfologicky zdznam vyvoje
antecedentnich ddoli a fi¢nich akumulac¢nich teras v této oblasti je také
porovnan se stratigrafickymi stadii kvartéru v Evropé. Bylo navrzeno chro-
nostratigrafické schéma eroznich a akumulacnich obdobi a jejich vztahti
k prostorové a Casové variabilnim hodnotam zdvihu v mladsim kenozoiku.
Systematické snahy o $ir$i srovnavani velmi variabilniho vyvoje fi¢nich siti
a fluvialnich tvart ve stfedni Evropé prostiednictvim historicko-genetickych
korelaci s nedavno opakované aktualizovanym globalnim chronostratigra-
fickym systémem kvartéru (Sibrava 1972; Balatka 1992; Tyracek et al. 2004;
Balatka, Kalvoda 2008; Tyracek, Havli¢ek 2009) jsou pii stalém nedostatku
radiometrick)’lch a dalsich vysledki datovani mladokenozoick}’rch sedimentt
v tomto reglonu nesporne optimalnim a pomérné efektivnim prlstupem

Nejstarsi ti¢ni akumulaéni terasy ve stfednich Cechéach jsou umlsteny
nad okraji udolnich zafezti. V nejstar§$im pleistocénu Vltava a jeji pritoky
volné meandrovaly v mélkych a Sirokych tdolich na zarovnaném povrchu
neogenniho stari. Relativni V}’féka nejstarSich fi¢nich teras a neterasovych
fluvialnich sediment® nad sou¢asnym dnem fi¢nich adoli centralni ¢asti Ces-
kého masivu je vice nez 100 m (max. 150 m), coz indikuje pfiblizny rozsah
hloubkové eroze fek béhem kvartéru. Geomorfologicka stanoveni hodnot
antecedentniho zahlubovéani Vltavy v mladsim kenozoiku, zejména podle
polohy a sedimentarni struktury reliktd ficnich akumulacnich teras, svéd¢i
o tom, ze hloubkova eroze této feky byla nejintenzivnéjsi ve starsi ¢asti
stiedniho pleistocénu (Kalvoda, Balatka 2006; Balatka, Kalvoda 2008).

Vyskové poméry teras Sazavy (tab. 1) a jejich zafazeni do chronostrati-
grafického systému stfedoceskych fek (tab. 2 a 3) vedou k zavéru, Ze cely
systém fi¢nich akumulac¢nich teras Sazavy vznikal prevazné ve stfednim
a mladém pleistocénu (od obdobi komplexu cromer po warthe) a pouze
erozni faze pred akumulaci terasy Ia probéhla koncem starého pleistocénu.
Do starého pleistocénu (obdobi menap, eburon) pak spada i vznik trovné
B (radvanické), kterd byla podle star§iho statigrafického schématu dfive
zafazovana do pliocénu (Tyracek in Klominsky et al. 1994), av§ak s ohledem
na tehdejsi hranici neogén/kvartér 1,65-1,85 milionu let (Chlupac¢ 2002).

Analyza dynamiky pfemistovani sediment v kvartérnim pfirodnim
prostredi stfedni casti Ceského masivu byla zaméfena na fluvidlni odnos,
transport a sedimentaci ve vztahu k podstatnym zménam charakteru ri¢ni
sit¢ s postupnym epigenetickym a antecedentnim vyvojem tudoli (tab. 2
a 3). Tyto kvartérni procesy byly zaroven spojeny s rekonstrukci rozsahlych
oblasti sedimentace fekami transportovaného materialu. Proto komplexni
vyzkum dynamiky fluvidlnich procest vyzaduje také studium procest zvét-
ravani, eroze, denudace (foto 23, 24, 26 a 27) a svahovych pohyb.
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Studie o vyvoji tdoli Sazavy v mladsim kenozoiku je zalozena zejména na
terénnich geomorfologickych vyzkumech a na vyhodnoceni adaji v publi-
kovanych a rukopisnych materialech. Cilem této prace bylo stanovit podle
terasového systému feky a geomorfologické analyzy reliéfu hlavni etapy vy-
voje udoli a prispét k feseni problematiky mladotietihorntho odvodnovani
povodi Sazavy. Hlavni vysledky geomorfologického vyzkumu lze shrnout
do nasledujicich boda:

1. Tok a povodi Sazavy byly v podobé blizké soucasnému stavu zalozeny
bud jiz na pocatku neogénu (Malkovsky 1975, 1976, 1979, Lozek et al.
2004), nebo az v mladsich obdobich neogénu, a to postupnym sjednocova-
nim nékolika samostatnych tokil, sméfujicich k S (Novak 1932b). Pti zalo-
zeni toku a ddoli Sazavy se ziejmé uplatnily tektonické pohyby spojitého
razu — megasynklinalni prohyb v mistech dnesniho tidoli a megaantiklinalni
vyklenuti v rozvodnich oblastech na S. Hlavnim impulzem ke sjednoceni
povodi Sazavy byly klenbovité zdvihy dnes$ni rozvodni oblasti mezi Sdzavou
a Labem v obdobi svrchni miocén—pliocén. V pliocénu Sazava tekla k Z,
a to v Sirokém tvalovitém udoli, zahloubeném do tektonicky i denudaci de-
formovaného paleogenniho zarovnaného povrchu i do nizsich neogennich
zarovnanych drovni. Dnes$ni vySkova poloha sazavsko-labského rozvodi
v mistech pfedpoklddanych smérti Svételské feky a Replické feky (témér
500 m n. m.) naznacuje, Ze relativni vyzdvih této oblasti mohl dosdhnout
hodnoty zhruba 70-100 m oproti Gzemi pfi pozdé¢jsim sazavském tudoli.
Jedna se vsak pouze o odhad, protoze neni znamy vertikalni rozsah po-
spodnomiocenniho snizeni rozvodniho reliéfu.

2. Geomorfologickou analyzou reliéfu z predkvartérniho obdobi byla
prokazana existence snizeného paleogenniho zarovnaného povrchu typu
etchplén v rozvodnich polohéch (v relativnich vyskach vétsinou 150-180 m)
a dvé az tfi niz$i drovné denudacnich plosin neogenniho staif (v 90-130 m
nad fekou). Tyto nizsi trovné Ize klasifikovat pfevazné jako idolni pediplény
nebo izolované vyskyty tdolnich pedimentt vyvinuté v siroké predkvartérni
uvalovité udolni depresi. Nejvyssi z denudacnich plosin predstavuje relikty
regionalniho zarovnaného povrchu spodno- az stfednomiocenniho stari,
dalsi dv¢ lokalni trovné jsou patrné svrchnomiocenni a pliocenni.
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3. Kvartérni zafez Sazavy o hloubce v priméru pfibliiné 70-90 m (na
nejdolej$im toku pfes 100 m a v hornim tseku feky asi 50 m), byl vyvoldn
epeirogenetickym vyzdvihem morfostruktury Ceského masivu. Typicky
vyvinuté zaklesnuté meandry a zakruty vznikly prevazné ve stfednim pleisto-
cénu. Vyvijely se ze staropleistocennich az pliocennich volnych zakrutd pii
silné erozi, kterd byla reakci na vyzdvih morfostruktury Ceského masivu.
Pti kvartérnim zahlubovani se ptidorysny tvar téchto tdolnich ohybt az na
vyjimky podstatné nezménil, takze se jednd o zdkruty vnucené.

4. Terasovy systém Sazavy se vyznacuje velmi netypickou stavbou, ktera
je podminéna ptisobenim specifickych hydrodynamickych procesd v pra-
béhu mladokenozoického vyvoje tdoli. Rekonstrukéni metoda, spocivajici
v sestrojeni podélného profilu ficnimi terasami a série pricnych tdolnich
profiléi, umoznila rozli§it sedm hlavnich teras s nékolika sekundarnimi
urovnémi a navic také dvé trovné neogennich (?) fluvialnich az fluvial-
né-limnickych sediment@i (obr. 23). Zatimco povrchy predkvartérnich
ulozenin pievysuji uroven soucasné hladiny az o 135 m, je relativni vyska
nejvyssi (I) kvartérni (stfedopleistocenni ?) terasy na stfednim toku pouze
cca 60 m (tab. 1).

5. Vyvoj idoli a stavbu terasového systému vyrazné¢ ovlivnily dva tseky
zvétseného sklonu hladiny feky: horni v granitovém melechovském masivu
(tiéni km 139,5-135,4) s primérnym sklonem 5,7 %o a spodni (fi¢ni km
17,9-5,0) se sklonem 3,9 %o. Tyto sklonové stupné oddéluje 117,5 km dlouhy
usek s primérnym sklonem 0,88 %o. Sklonova kfivka ma v tomto tseku tvar
dokonalé piimky, ktera neni deformovana ani pifi 300ndsobném pievyseni
profilu. Piekvapuje, Ze se na tvaru sklonové ktivky dlouhého stfedniho toku
neprojevil vliv vyrazné vzriistajici vodnosti feky, ani vliv riizné odolnosti
litologicky rozmanitych krystalinickych hornin skalniho podkladu vici
zvétravani a erozi. Popsané sklonové stupné predstavuji Cela zpétné eroze,
postupujici proti proudu a zadrzené v mistech vyskytu odolnéjsich hornin,
popf. podminéné tektonicky (obr. 2). Horni stupen vznikl v eroznim ob-
dobi mezi II. a III. terasou, tj. mezi komplexem cromer c a glacialem elster,
dolni stupen vznikl v eroznich fazich mezi III. a VII. terasou, tj. od elster-
ského glacialu po viselsky glacial (tab. 2 a 3). Soucasnd udolni dna (nivy)
nad obéma sklonovymi stupni se nachdzeji ve visuté poloze, a to u horniho
stupné asi o 25 m, u dolniho stupné cca o 40 m.

6. Sklonové stupné vyvolaly mohutnou fluvialni akumulaci v nize polo-
zenych tusecich toku Sazavy. Pod hornim stupném v melechovském masivu
probéhla akumulace (agradace) naplavii III. (chabetické) terasy, ktera
v mimoradné velké mocnosti kolem 25 m postupné vyrovnala tento stupen
do kiivky odpovidajici profilu rovnovahy (Krejéi 1939). Mocné naplavy
III. terasy se v kratsi trati stfedniho toku (asi 30 km) zachovaly pouze ve
vyplnich opusténych tidolnich tsekti (Zaruba, Rybatr 1961), nikoliv viak
v dal$im tdolnim tseku stfedniho toku, kde byly pozdéji odneseny. Analyza
terasového systému Sazavy potvrdila mimoradny vyznam opusténych tdol-
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nich usekt pro rekonstrukci pritbéhu fi¢nich teras v podélném profilu i pro
poznani etap vyvoje udoli.

7. Udoli Sazavy bylo v erozni fazi pted akumulaci sedimentti ITI. terasy
na stfednim toku prohloubeno téméf na droven dnes$niho tdolniho dna
(povrchu nivy). Proto v dlouhém obdobi ¢asti sttedniho a mladsiho pleisto-
cénu Sazava vytvorila na stfednim toku zcela vyrovnanou sklonovou ktivku
(viz bod 3). Sklonovy stupen dolniho toku, ktery se vyviji i v soucasnosti,
vyvolal terasovou akumulaci v adoli blizké Vltavy. Dnesni udolni dno Sa-
zavy mezi obéma sklonovymi stupni lezi vzhledem k nivé Vltavy ve zfetelné
visuté poloze (o 40 m) a na soucasnou uroven bylo vyhloubeno v podstaté
v dobé vzniku VI. terasy. Udolni dno Sézavy nad melechovskym prilomem
se nachazi priblizné jen 4-5 m pod pfedpokladanym povrchem III. terasy.

8. Vyskové pomeéry ri¢nich teras Sazavy zachycuje tabulka 1 a paralelizace
tohoto systému Sazavy s terasovymi systémy dalsich hlavnich sttedoceskych
tokt je uvedena v tabulce 2. Chronostratlgraﬁcka korelace systéma ri¢nich
teras centralni ¢4sti Ceského masivu se severoevropskym stratigrafickym ¢le-
nénim kvartéru je zpracovana v tabulce 3. Podle aktualniho stratigrafického
schématu kvartéru (napi. Gibbard et al. 2004, 2009) odpovida cely systém
teras Sazavy prevazné stfednimu a mladému pleistocénu, a to od obdobi
komplexu cromer po weichsel. Erozni faze pfed akumulaci I. terasy nalezi
v udoli Sdzavy do zavéru starého pleistocénu. Starsi drovné fluvidlnich se-
dimentti, které ve zkoumané oblasti Ceského masivu zaujimaji jesté vyssi
morfologickou polohu a byly dosud zarazovany do pliocénu, se tak strati-
graficky posunuly do starého pleistocénu.
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Introduction

The Sédzava River occupied an exceptional position among the streams of
the Ceské vyso¢ina Highlands because of the specific characteristics of its
valley evolution and of the course of its river accumulation terraces in its
longitudinal profile. This results from the varied geological structure and
palaecogeographical history of the whole catchment area. The significant im-
pacts of neotectonic processes and climatic changes conditioned the variable
character and intensity of the external geomorphological processes. During
study of the late Cenozoic evolution of the Sazava valley, particular atten-
tion was paid to: a) the analysis of the down-valley profile of the Sazava,
b) the geomorphological conditions of the valley and of the relief of the
adjacent landscape, c) geomorphological and geological research on signifi-
cant localities of fluvial sediments, d) reconstruction of the terrace system
in the down-valley profile and, at the same time, to the structure of the cor-
responding series of transverse profiles, e) cartographical processing of river
terraces localities, Neogene sediments and significant occurrences of plateau
planation surfaces on the basic topographic maps at a scale of 1:50,000, f)
geomorphological evolution of the Sidzava valley during the Quaternary,
and g) correlation of the Sazava terrace system with those of the Vltava and
the Labe, and to their classification into the stratigraphic system of the late
Cenozoic.

Geomorphological research methods and the course of work
in the Sazava catchment

In a long-term perspective, The Department of Physical Geography and
Geoecology at Charles University in Prague, has been working on selected
themes with The Centre for Earth Dynamics Research, for many years. The
latter maintains geodynamic and astronomic observatories above the Sdzava
valley in the Ondfejovska vrchovina Highland. Detailed geomorphological
research into the late Cenozoic evolution of the Sazava valley was under-
taken in the research project MSM 0021620831 “Geographical systems
and risk processes in the context of global changes”. Geomorphological
research in the Sazava valley and selected adjacent areas thus forms part of
a range of themes of two long-term scientific programmes. This region was
selected because of physical-geographical and geomorphological study for
several reasons. Above all, from the geomorphological aspect, the aestheti-
cally beautiful and historically exceptional landscape of the Sazava basin
in Central Bohemia is significantly less explored than the regions drained
by the Labe and the Vltava. It is also worth mentioning that more than one
hundred years ago, an astronomic observatory (Hadrava et al. 1998) was
founded in the Ondrejovska vrchovina Highland above the Sdzava middle



SUMMARY: EVOLUTION OF THE SAZAVA VALLEY IN THE LATE CENOZOIC

course. This observatory is one of the leading European centres of scientific
research. Observatories of the Astronomical Institute of the Academy of Sci-
ences of the Czech Republic have been connected territorially and through
their research themes, with the Geodetic Observatory Pecny. This observa-
tory, founded in 1957, has been an experimental base of the Centre for Earth
Dynamics Research since 2000 (Kostelecky et al. 2005a, Kalvoda 2006).

Detailed geomorphological research into the river terrace system and
into the evolution of the middle and lower Sazava valley has been going on
simultaneously as research into landform evolution in the Ondfejov/Pecny
observatories area. The results of geomorphological research into the Sdzava
basin are also correlated with the evidence on the morphostructural evolu-
tion and neotectonics of the central part of the Cesky masiv Massif (Balatka,
Kalvoda 2006, 2008). Integration of findings from geomorphological and
geological research in this region, with geophysical and geodetical measure-
ments holds huge research potential for research into the Quaternary geody-
namics in the area of an extensive morphotectonical contact of Hercynian,
Alpine and Carpathian orogen. Research on the morphostructural record
of neotectonic processes and phenomena in the late Cenozoic, and into the
climato-morphogenetic processes and landform evolution dynamics in the
Quaternary also supports the efforts to evaluate geoecologically the trends
in landscape evolution (Drbohlav et al. 2004).

Geomorphological analysis and monitoring of selected geodynamical and
climatic-morphogenetical processes and phenomena in the Ondiejovska vr-
chovina Highland form a substantial part of research into local and regional
changes in the natural environment. Long-term geophysical, geodetical and
geological measurements and databases have been used during physical-
geographical and geomorphological research. Specialised measurements
have also been ongoing at the climatic station of the Department of Physical
Geography and Geoecology, situated at the Ondfejov/Pecny astronomic
and geodynamic observatory. They are mainly aimed at determining the mi-
croclimatic and hydrogeological conditions as a part of physical-geographi-
cal research into the natural environment of this locality, where geodetical,
geophysical and astronomical measurements and experiments have been
performed.

Another substantial methodological aspect of the geomorphological
research into the Sazava valley evolution consists of qualitative changes
in current morphostratigraphical approaches to the studying of natural
processes and phenomena during the late Cenozoic, as well as significant
progress in knowledge of their chronology and dating (cf. e.g. Gibbard et al.
2004, Tyracek et al. 2004). The results of geomorphological research into the
Séazava basin are therefore presented in this monograph both with regard to
using the main remains of river terraces sedimentary sequences for radiomet-
ric and other dating methods and in correlation with the chronostratigraphi-
cal system of the Vltava and Labe terraces.
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Survey and evaluation of performed research and materials used

From the point of view of geomorphological research, the Sazava River val-
ley represents a relatively neglected stream in the Bohemian Labe catchment
area. The earliest significant opinions on the pre-Quaternary evolution of
the Sazava basin, were presented by the founder of Czech geomorphology
Dane$ (1913), who, among others, introduced the term middle Sazava to
the S of the Koufim region. Puffer (1930) differentiated five terraces in the
lowest part of the Sazava course, the stratigraphic classification of which is
nevertheless very problematic. The fundamental work on the Sazava terraces
and valley and basin evolution was published by Novak (1932b) in a mono-
graph in which he described localities of river terraces (with the exception
of the lower course). Novak was thus the first Czech author to introduce
modern research methods into river terrace investigations. Later these meth-
ods were justified on a theoretical basis by Krejé¢i (1939) and successfully
applied by Zaruba-Pfeffermann (1943) in his classical study of the Vltava
terraces. Novak’s river-terrace localities are not always of fluvial origin, some
are denudational plateaux, covered by subangular cobbles and, mainly in
the middle course, with sharp-edged, quartz-dominated debris.

The main river terrace localities of the middle and mainly of the lower
Sazava were described and classified by Engelmann (1938). Fluvial sedi-
ments and river network evolution in the Sdzava catchment were also men-
tioned by Novak (1943) in his monograph on the geomorphology of the
Ceskomoravské vrchovina Highland. Syntheses by Malkovsky (1975, 1976,
1979) are also important for the interpretation of the Sazava valley evolution
in the Neogene.

Other older literature on the Sazava terraces and valley and basin evolu-
tion before 1961 was summarised by Balatka and Sladek (1962), which also
provided an assessment and a comparative table of river terraces and locali-
ties of late Tertiary sediments. Novak’s (1932b) paper was used by Zaruba
and Rybar (1961) for their work on huge fluvial accumulations in the Sazava
middle course in the larger neighbourhood of Zru¢ nad Sazavou. Terraces of
the lower Sazava between Vrab¢i Brod and Zboreny Kostelec were studied by
Stépanéikova (2003). Above the alluvial plain, she distinguished five levels
and related them to the Vltava terrace system (Zaruba et al. 1977). Neverthe-
less the highest surfaces could not be considered as accumulation terraces.
They are most likely denudational relics of fluvial sediments, probably moved
to lower positions, or occurrences of isolated cobbles of unknown origin.

The present geomorphological research into the Sazava valley evolution
was initiated some ten years ago. The following partial or thematically related
studies were published from this project: Balatka, Kalvoda (2006); Balatka,
Stépanéikova (2006); Balatka (2007); Kalvoda (2007); Balatka, Kalvoda
(2008). The principal results and interpretations findings from these studies
are used and developed in this synthesis.
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Analysis of the longitudinal profile of the Sazava River

The analysis of gradient conditions of the Sazava River level is, together
with the structure of the longitudinal profile, of substantial importance
for the understanding of the hydrodynamic activity of the stream, mainly
during the Pleistocene. The down-valley profile of the stream, as the local
erosional base for the tributary-valley evolution, is also used as the base for
reconstruction of the course of river terrace localities (Figs 1, 2). The longi-
tudinal profile through the present river was determined using the height
measurements of July 28th, 1952, when the Sazava discharge was low.

From the point of view of the course and the shape of the gradient curve,
the S4zava course in the reach between Zd4r nad Sizavou, and the conflu-
ence with the Vltava, can be divided into five segments that largely differ by
their gradient:

1. The upper and part of the middle course (to Smr¢na), between river
kilometres 208.4 and 139.5, in the length of 68.9 km, is characterised by a
gradual decrease of gradient, from 6.5 %o in Zd4r nad S4zavou to 1.28 %o
above Smrcna. The gradient curve has a markedly concave bowed shape
in this section, with an anomaly beneath the confluence of the Sazavka,
where a slight diminution and consequently an increase of the level gradient
are visible. The generally regular shape of this gradient curve corresponds
(together with the water content of the stream) on the relatively homog-
enous petrographical composition of the rock substrate, where Moldanubic
gneisses to migmatites predominate and granites of Moldanubic pluton are
scarcer.

2. Between the villages of Smrénd and Vilémovice, between river kilo-
metres 139.5 and 135.4, a prominent flexure of the gradient curve occurs,
where in a segment of 4.1 km the river markedly increases its gradient of
5.72 %o (Photo 2). This gradient step in the Stvofidla valley, was caused by
more resistant granite of the Melechov massif. This granite massif, together
with neotectonic uplift, supressed a retrogressive erosion wave progressing
against the flow of the Sidzava. Active water erosion is also proved by ero-
sional forms on granite blocks in the riverbed (Balatka, Sladek 1977).

3. Downstream from the bend, between Vilémovice (river kilometre 135.4)
and Podélusy (river kilometre 17.9), the Sdzava has a remarkably regular
gradient level in a 117.5 km segment which, even aftﬁr a substantial increase
of discharge of the main river by the water of the Zelivka and the Blanice,
does not give rise to any significant change. It is remarkable that more resist-
ant rocks in Moldanubic gneisses (amphibolites, hornbland, quartzites and
crystallic limestones) have influenced the geomorphological character and
the course of the valley more than its gradient conditions. The gradient curve
is quite straight and the mean gradient in this long segment is only 0.88 %o.
Slight anomalies of the gradient are due to weirs which change the gradient
of the course locally in short segments. Local increases of the gradient are

123



124

BRETISLAV BALATKA, JAN KALVODA

also seen mainly in the concave parts of valley bends and meanders (in short
segments even exceeding 3 %o, and in other places only up to 0.5 %o). In
a longer segment downstream Lede¢ nad Sazavou (4.7 km) there is only a
minor increase of the gradient (1.45 %o). The quite regular gradient curve
in this segment corresponds to the theoretical presumption of the so-called
stability profile which means that the river there does not either erode or
accumulate when discharge is average or slightly above-average. This long
segment of the middle course is situated, in reference to the level of the near
Vltava, in a markedly hanging position.

4. The second gradient step (bend) is represented by the long-profile in
the lower Sdzava course between Podé¢lusy and Pikovice. Here in a 12.9 km
long segment (between river kilometres 17.9 and 5.0), the river has a mean
gradient of 3.90 %o. This gradient anomaly has been conditioned by retro-
gressive erosion progressing upstream from the mouth to the Vltava which
was retarded by resistant rocks of the Jilové belt and by granitoids of the
Central Bohemian pluton. The present fluvial erosion is also documented
by occurrences of rock-cut basins in the riverbed near Krhanice (Balatka,
Sladek 1977, Photo 16).

5. The last segment of a different level gradient is in the lowest course in
a 5.0 km long segment upstream the confluence with the Vltava. The major
part of this reach is situated at the end of the high water level of the Vrany
water basin, so that the mean gradient of the river level here is only 0.35 %o.
The original level gradient, before construction of the waterworks was on
average about 1.0 %o. In its lowest course, the river passes through less
weathering resistant siltstones, slates and greywackes mainly of the Upper
Proterozoic Stéchovice group.

Outline of the geological structure of the Sazava valley
Geological evolution of the region

The Sazava valley and its adjacent area are underlain by several geologi-
cal units of the Cesky masiv Massif. The main unit is the Bohemian inter-
montane bloc (Variscan region) in the area of the Vltava-Danube uplands
(Moldanubicum). This is the most ancient and stable part of the Cesky
masiv Massif which, with the exception of its northern and south-eastern
marginal parts, was not affected by sea transgression from the Early Pal-
acozoic (Buday et al. 1961). The Moldanubic series of pre-Assynthian or
Assynthian age represents a complex of deep metamorphosed and locally
strongly migmatised rocks. Another structural unit of the Moldanubicum
is the younger complex of granitoid massifs, encircled by bodies of cordier-
itic gneisses and Variscan migmatites. Three lithostratigraphical units are
distinguished in the Moldanubic series (Miiller et al. 2002): 1. The varied
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Sternberk-Caslav group contains frequent carbonate, graphitic, quartzitic
and volcanic intercalations in paragneisses; 2. A uniform group almost lack-
ing similar intercalations in pelitic sediments (mainly biotic paragneisses);
3. The Podoli complex in the Vlasim region with a large part of migmatites,
as well as with para- and orthogneisses. The Moldanubic (Cadomian) fold-
ing caused a significant consolidation of the area. This tectogenesis was fol-
lowed by uplift and a long hiatus during which deep denudation occurred.
Therefore, almost the whole Moldanubic area behaves like a structural and
geomorphological uplifted area.

Strong uplift occured during the late Cadomian tectogenesis, although it
had mainly occured during the early Cadomian tectogenesis. Weaker uplift
also occurred in the Early Ordovician and this was followed by a very strong
uplift in the Carboniferous. These strong uplift episodes were accompanied
by denudation, which was particularly severe during the Early Variscan
(Hercynian). The present denudation level was reached as late in the Late
Palaeozoic, i.e. in Carboniferous (the Blanice furrow). The Caledonian tec-
togenesis is represented in the Moldanubicum probably only by fault tecton-
ics, so that the area behaved as an intermontane zone. Marine transgression
penetrated the area of the future Central Bohemian Pluton during the Upper
Proterozoic and the Lower Palacozoic. Only islands — denudational relics
of the contact transformed Pluton mantle — remained from its sedimentary
cover. The original island synclinorium can be considered as the transitory
structural link between the Moldanubic and Tepla-Barrandien areas.

During the Variscan period this area was affected by strong deep magma-
tism which caused faults and overthrusts and frequent Variscan intrusions,
together with cordieritic and injection aureols. The central Bohemian Pluton
forms a magmatic zone between the Moldanubicum and the Tepla-Barran-
dien area. In the Asturian Stage at the end of the Variscan tectogenesis the
Blanice furrow trough was formed, similarly to a stepped structure of other
fault structures of N-S orientation. The presence of granitoid cobbles in
sediments of the Cesky Brod Permian indicates intensive denudation of the
thick pluton uppermost layer. During the Upper Permian, Triassic, Jurassic
and Lower Cretaceous, the Moldanubic area was dry land, and the Upper
Cretaceous transgression affected only the N—E margin of this area. This
long period of tectonic stability saw the development of planation surfaces.
A mantle of lateritic and kaolinic weathering products was developing up
to the beginning of the Oligocene, under warm and in some periods wet
climate conditions. Up to the end of the Palacogene, streams ran through
shallow, wide vale-shaped low gradient valleys. During this period that is
negligible evidence of deep erosion. Saxonian tectogenesis is represented in
the area, together with tectonics, by geomorphological rejuvenation.

The area of the Kutna Hora crystalline complex, covering the N part
of the Sazava middle course, is separated from the Moldanubicum by the
Rataje tectonic zone. The Kutnd Hora crystalline complex differs from the
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Moldanubic crystalline complex by its weakes metamorphosis; the main
rocks are orthogneisses, paragneisses and mica schists (Miiller et al. 2002).
The most important tectonic unit in the study area — the Permian-Carbonif-
erous Blanice Furrow — has been strongly affected by denudation, so that its
initially continuous sedimentary filling has been preserved, with the excep-
tion of that of the Kostelec nad Cernymi lesy area, mainly in tectonically
clinched blocks. The Upper Cretaceous sea probably transgressed to the S
of the present middle Sdzava valley near the town of Sazava. This transgres-
sion entered from the N through a tectonic depression along the Koufim
fault, i.e. E from the uplifted territory of the Permian in the Blanice Furrow.

From the upper Tertiary period onwards, in the middle Sdzava catchment
(near Zru¢ nad Sadzavou and Lede¢ nad Sazavou and near Sdzava town) den-
udation relics of Neogene sediments of limnic-fluvial origin are preserved.
These sediments are classified as of Lower Miocene age (Acquitanian—Bur-
digal, Malkovsky 1975, 1979). The geological map of the Czech Republic
1:50,000, sheet 13-31 Ricany (Kodym red. et al. 1993) classifies localities
near Sizava Ttown as “relics of fluvial gravels” which are assigned to the
Pliocene. In the Quaternary as well, destruction processes are documented
over the accumulation. Accumulation forms in this area, besides deluvial
sediments, are fluvial sediments of Pleistocene terraces and Holocene flood-
plains in stream valleys.

Neotectonic movements affected the Sazava basin, especially as folds and
arch uplifts, i.e. mostly as joint structures of syncline and anticline type of
different amplitudes (Moschelesova 1930). Horst type fault structures do not
occur frequently, although some are relatively pronounced (Velky Blanik,
Maly Blanik and Melechov). The main fault structure is the pronounced
N-S structure of the Koufim fault, which continues to the S to the Blanice
Furrow. It is a Variscan morphostructure, on which movements continued
repeatedly during the Upper Cretaceous as well as during the neotectonic
period. The neotectonic uplift of the Cernokosteleck4 pahorkatina Upland
against the Koufimska tabule Table has generally exceeded 100 m.

Geological structure of the middle and lower Sazava valley

The Sazava middle course valley in the study area between the neighbour-
hood of Svétla nad Sazavou and the mouth of the Vlkancicky potok Brook,
near Pyskocely (between river kilometres 150.0 and 50.0) is excavated into
rocks of the Moldanubic crystalline complex. Locally migmatitised (to
migmatites) biotitic and sillimanite-biotic paragneisses, predominate there,
e.g. near Svétla nad Sazavou. Erlans, crystalline limestones (near Lede¢ nad
Sazavou), vein granites, etc. are relatively rare. These smaller bodies mostly
transect the Sazava valley in a SW-NE direction. Between the mouth of the
Blanice and Sazava town (river kilometres 78 to 57.3), there are frequent bod-
ies of homogenous and laminated amphibolites in the Moldanubic gneisses.
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These more resistant rocks, mainly homogenous amphibolites, conditioned
the formation of the most pronounced Sazava valley meanders.

Between Svétla nad Sazavou (river kilometre 143.2) and the southern
neighbourhood of Vilémovice (river kilometre 134.8) the river crosses the
Melechov massif which is an outcrop of the central Moldanubic Pluton.
This markedly concentric structured massif of Variscan age is deeply rooted
(15-17 km) and formed of four basic types of granite: Lipnice, Kouty, Me-
lechov and Stvoridla granites (Prochazka, Ml¢och 1998). The river crosses
all these granite types, so that the asymmetrically deep, but largely open
valley has a trough-like character. From the geomorphological point of view,
the main types are the Melechov and the Stvoridla granites which represent
the stock of the elliptically-shaped massif. They form the large Melechov
ridge (709 m) and condition the segment of an increased level gradient at
Stvofidla. In the most resistant fine-grained biotitic-muscovitic granite of
the Stvoridla, a pronounced valley bend (nearly a meander) of the Sazava
was formed near Bilantova Lhota.

Between Pyskodely and Zampach (river kilometres 50.0-9.8), the Sézava
valley is uncised into granitoids of the Central Bohemian Pluton of Variscan
age. Granites, granodiorites, tonalities, diorites accompanied by abundant
vein rocks (aplites, pegmatites, vein granites, porphyrs, lamprophyres,
etc.) are represented there. Between Samechov and Zlenice, the valley cuts
through bodies of Proterozoic metabasites comprising amphibolitic slates,
basalts and amphibolitic porphyrites (Photo 14). These bodies, together
with hornstones, meta-greywackes and meta-conglomerates, form part of the
metamorphised islands representing denudational remnants mainly of the
Upper Proterozoic. They also to a less extent form part of the Lower-Palaeo-
zoic mantle of the Central Bohemian Pluton (Chocerady, Ceréany, Zboteny
Kostelec islands). The island zone also includes the so-called Upper-Pro-
terozoic Jilové belt (Dudek in Misaf et al. 1983), traversed by the Sazava
between Zampach and Pikovice (river kilometres 9.8-4.1). They are weakly
metamorphosed rhyolites, rhyodacites, andesites, basalts and basaltoids. In
these very resistant rocks, the river has formed a closed erosional valley of an
almost gorge-like character. The lowest segment of the Sdzava Valley, down-
stream of Pikovice to the mouth of the Vitava (4.1 km), is based in the less
resistant rocks of the Upper Proterozoic, and that mainly of the Stéchovice
and partly also of the Kralupy group (siltstones, slates, greywackes).
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Brief characteristics of the geomorphological conditions
of the Sazava valley

Basic geomorphological units in the study area

The Sazava River rises as the Strzsky potok Brook E from Nova Hut at 757 m
a.s.l. This country forms part of the Zdarské vrchy Hills in the Hornosvrate-
cka vrchovina Highland. After its 225 km long course, the Sazava River
empties into the Vltava in Davle, where the water level is at 200 m (storage
level of the Vrané dam), whereas the original level of the flowing river was
at 196 m here. In the period 1931-1960, its average flow at its mouth was
25.5 m®.s7". In the period 1961-2005, its average flow in Zru¢ nad Sizavou
was 9.4 m®.s™" and in Nespeky 20.8 m®.s™'. The Sdzava drains a catchment
area of 4,349 km?. It flows through four units of the Ceskomoravska vrcho-
vina Highland: the Hornosvrateckd vrchovina Highland, the Krizanovska
vrchovina Highland, the Hornosazavska pahorkatina Upland and the
Ktemesnickd vrchovina Highland (Czudek et al. 1972). With the exception
of its short source flow, from the Velké Darko pound to Zdar nad Sazavou,
the Sazava follows in a SE direction the course of tectonic depressions in a
continuation of the Zelezné hory fault and of the so-called Dlouha mez. In
Zd4r nad Sazavou the river changes its direction suddenly to W to WSW
and from here it remains in the same direction to its confluence with the
Vltava.

In the segment between Svétla nad Sazavou and the eastern neighbour-
hood of Lede¢ nad S4zavou, the river follows the S off-set of the Hornosaza-
vska pahorkatina Upland, i.e. its subunit the Svételska pahorkatina Upland.
The remaining segment of the course to Zru¢ nad Sazavou (Photo 3, Fig. 3)
occurs in the Humpoleckd vrchovina Highland, which is a subunit of the
Ktremesnicka vrchovina Highland. The Humpolecka vrchovina Highland is
dominated by the huge Mehelnik horst bloc, which greatly participated in
the evolution of the Sazava valley and the formation of the river terraces.

At Zru¢ nad Sazavou, the river enters the Stfedoceska pahorkatina Up-
land country, in which it remains as far as to its mouth (Sladek in Demek et
al. 1987; Balatka, Sladek in Demek, Mackov¢in et al. 2006). At first, as far as
the Sazava town, the river crosses the marginal N-E part of the Vlasimska
pahorkatina Upland unit, across its subunit the Mladovozicka pahorkatina
Upland. In this area, a longer segment of the Sdazava changes the direction
of its flow to N-W to N (between the mouth of the Blanice and Sazava
town); it follows the direction of the Blanice Furrow tectonic structure and
forms the most perfect valley meanders. Downstream of the mouth of the
Zelivka as far as to the mouth of the Blanice, the Sizava river takes the
direction of the Zelivka lower flow which is its major tributary. Near Sazava
town, the river suddenly changes general direction towards the W (with
shorter SW deviations). Near Sazava town, the river enters the relief of the
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Benesovska pahorkatina Upland unit. Among the shape-distinctive lower
units (districts), the DiviSovska vrchovina Highland and the Ondiejovska
vrchovina Highland, are worthy of mention. Here the river formed a deep,
closed valley, locally of trough-like character. In the segment further down
to Kamenny Pfivoz, in the lower and flatter relief of the Konopistska pa-
horkatina Upland, the valley occurs generally less incised and frequently
even has a vale character; locally the valley has a clear two-stage evolution.
A deep erosional valley of trough character was deepened by the river on its
lowest course (between Kamenny Pfivoz and Pikovice) in the hard rocks of
the Jilovska vrchovina Highland.

Geomorphological conditions of valley segments
and of the adjacent country

Segment from Havlickiv Brod to Svétla nad Sazavou (river kilometres 164-145):
In this part, the Sazava valley is mostly of the middle to shallowly incised
into the slightly inclined denudational relief with plateaux inside the valley.
It occurs at a relative height of 30-40 m above the floodplain. The high-
est planation surfaces occur up to 80 m above the floodplain. The valley
mostly follows a SE-NW direction and, with the exception of the open valley
bends between Havlickiiv Brod and Okrouhlice, its course is straight. The
gemorphological conditions of this area were described by Demek (1964).
Relatively sharp valley margins delimiting the extent of the Quaternary inci-
sion (the so-called erosional effect, Krej¢i 1939), are mostly situated at 425 m
a.s.l., i.e. 20—35 m above the modern river level.

Segment from Svetld nad Sdzavou to Lede¢ nad Sdzavou (river kilometres
145-129): At the mouth of the Sazavka, the valley changes its direction at
first to the SW, then to the W and in Stvofidla (from the river kilometre 136)
to the SW. Downstream as far as river kilometre 140, the valley is again mod-
eratedly deepened (35-40 m). Downstream of Smr¢na, on the granites of the
Melechov massif (Stvotidla), the river with a high level gradient crosses a
trough-like valley, which is deepened into the upper parts of the Melechov
(709 m) and the Zebrakovsky kopec Hill (601 m) by approximately 350 m or
220 m. For this reason, in its transverse profile the valley is markedly asym-
metrical (Photo 1). The valley bend at river kilometre 137 was conditioned
by an outcrop of more resistant granite of the Stvofidla type. A distinctive
valley bend W of Vilémovice was probably caused by occurrence of a more
resistant vein granite and quartzite in the paragneisses. The valley has a
relatively steep profile with its edge up to 70 m above the river level and,
in two stages, it was incised some 115-140 m into the plateaux on Miocene
sediments and into the highest planation surfaces.

Segment from Ledec nad Sdzavou to Viastéjovice (river kilometres 129-112):
The SE-NW valley is characterised by distinctive valley bends to meanders
(near Vlastéjovice), the formation of which was probably caused by quartz-
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ite and amphibolite intrusions in paragneisses. The steep erosional slopes of
the valley bends are up to 60-80 m high. The valley is deepened 110-135 m
into plateaux on the Miocene sediments and 150-210 m into the highest
planation surfaces. Downstream from Chrenovice, localities of low terraces
occur in the convex parts of bends.

Segment from Vlastéjovice to mouthing of Zelivka (river kilometres 112-99):
The generally ESE-WNW orientated valley is characterised by open bends
(with the exception of a sharp meander downstream of Zru¢ nad Sazavou)
and locally has a vale-like character (Photo 6). Here the valley incision into
plateaux of Neogene sediments and planation surfaces is of 105-150 m. This
segment represents the most remarkable part of the Sdzava valley from the
point of view of its evolution, because only here are there huge accumula-
tions of Middle Pleistocene terraces, and also abandoned valley segments.
The largely open valley has the character of a Neogene and Lower Pleis-
tocene valley basin.

Segment from the mouthing of the Zelivka to the mouthing of the Blanice (river
kilometres 99-79): The valley in this segment follows the direction of the
Zelivka valley (SE-NW) and is characterized by open bends. These bends
have high erosional slopes with rock outcrops and terraces (mainly near
Kacov). Higher planation surfaces are up to 140-183 m above the river; the
present valley is mostly incised 60-80 m into plateaux surface and relics of
the Neogene vale-shaped valley.

Segment from the Blanice mouth to Sdzava Town (river kilometres 79-57): The
Sazava valley here follows a generally S-N direction, i.e. the direction of
the Blanice valley, so that the river adapts itself to the course of the Blanice
brazda Furrow. Between Rataje nad Sazavou and the town of Sazava, the
most perfect incised meanders of the whole river course were formed, and
with 90-140 m high rocky erosional slopes (Fig. 4). The most pronounced
meander near Pfivlaky has a meander neck about a 200 m wide (Pilecka
1997). The formation of the valley meanders was probably conditioned by
the frequent bodies of resistant amphibolites, into which the river was cut.
With the exception of the Privlaky meander, there are no higher river ter-
races. It shows that the meanders and bends were formed by rapid incision
of the original free meanders during a strong erosional period in the Lower
and Middle Pleistocene. Here the valley has an erosional character, with
a closed transverse profile and small relics of low terraces. Denudational
plateaux of reduced dimensions in the proximity of the valley incision are
situated 80-110 m above the river, and more distant watershed planation
surfaces are situated at 150-180 m above the Sazava.

Segment from Sdzava to Tynec nad Sdzavou (river kilometres 57-18): In the
town of Sazava, the river markedly changes its valley direction from N to W,
with only the segment between Zlenice and Pofi¢i nad Sazavou being ori-
entated towards the SW. The river here has formed open bends with a high
curve radius and low terraces within the bends (in the Sdzava, near Cerné
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Budy, Zlenice, Poii¢i nad Sazavou, Tynec nad Sazavou). The NE neighbour-
hood of the town of Sazava contains localities of late Tertiary sediments
at altitudes between 387 and 403 m (101 to 118 m above the river) which
are situated at the margin of the right erosional slope of the meander. The
Séazava-Labe watershed near Cekanov is at a distance of less than 3 km from
the river. The valley margin in the observed segment is situated 70 to 85 m in
a direct line above the river. The highest planation surfaces occur at 130 to
185 m, their middle level is at 110-120 m and the lowest plateaux are 90 to
100 m above the river. The segment between Sazava and Hvézdonice almost
lacks river terraces. Valley margins here on the few straight segments are
situated 70 to 90 m above the river.

Segment from Tynec nad Sdzavou to the mouthing into the Vitava (river kilome-
tres 18-0): With the exception of the lowest course downstream from Piko-
vice (about 5 km), this segment has a significantly increased gradient. The
valley is accompanied by terraces, mainly of higher levels, formed above the
valley incision and indicating a pronounced divergence from the course. The
isolated plateau localities are situated 90 to 120 m above the river. The val-
ley incision below the surface of a higher Middle Pleistocene terrace (I11Ia)
declines from 75 m in the confluence area to 55 m near Kamenny Ujezd and
to 40 m near Krhanice (Fig. 5). Between Zampach and Pikovice in resistant
rocks of the Jilové belt, the Sazava is cut in a closed to gorge-shaped valley
with rock walls.

The Sazava valley is characterised by remarkable morphological charac-
ters: a) segments with a closed transverse profile follow those with enlarged to
vale-like parts; b) striking changes in valley directions are partly conditioned
morphostructurally, partly by evolution; c) straight valley segments are rare,
the river has mostly a markedly undulated course with frequent incised
bends and meanders; d) different resistance of rocks has not manifested in
gradient conditions of the present course even in the significantly erosional
segments of the long middle course; €) the highest planation surfaces of
etchplain and pediplain types are mostly situated at 140-190 m above the
river. Lower levels of denudation plateaux of mostly smaller dimensions are
situated at relative heights of 90 to 130 m. They are developed at two to three
height levels in a pre-Quaternary period with largely opened vale-shape val-
ley depression; f) edges of rare straight valley segments showing the extent
of the mostly Middle-Pleistocene erosional downcutting are mostly situated
at 60-90 m, in the area of the confluence with the Vltava at 105 m, and at
40 m above the river in the upper part of the course.
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Tertiary sediments and Quaternary terraces of the middle
and lower Sazava

The results of field geomorphological research and the use of existing manu-
script and published materials have enabled a longitudinal profile of the
terraces and Neogene sediment localities to be constructed (Fig. 23). They
also allow transverse profiles of the river valley (Figs 8-19) and maps of
localities of fluvial sediments and of important occurrences of plateau plana-
tion surfaces to be drawn (Figs 6a, 6b, 6¢, 6d). The longitudinal profile also
shows the positions of marked valley margins of straight valley segments.
The principal graphic documentation is the long profile of terraces and Neo-
gene sediments, i.e. reconstruction of the course of Quaternary terraces and
late Tertiary levels related to the downstream profile of the Sazava level.

This reconstruction method was used for the first time in Czechia specifi-
cally for the research into the Sdzava terraces by Novak (1932b), but only
in written form without graphic annexes. It was used in a complex manner
by Zaruba-Pfeffermann (1943) and Zaruba et al. (1977) for their work on
the terraces of the middle and lower Vltava course. The method allowed two
levels of Neogene fluvial sediments and seven Quaternary terrace accumula-
tions (levels) along the Sazava course to be distinguished. It also allowed
their relation to the Vltava terrace system to be established.

Late Tertiary river and fluvio-lacustrine deposits

Neogene sediments are preserved in two areas of the Sazava segment: 1. in
the neighbourhood of Lede¢ nad Sazavou and Zru¢ nad Sazavou, 2. near
the town of Sdzava (Figs 6¢c, 6d). These sediments are classified as Neogene
based on their relative height above the valley floor and because the sedi-
ments differ in form from Quaternary terrace aggradations.

On the Sazava-Zelivka interfluve, i.e. between the NW foot of the extensive
Melechov ridge (709 m) and the confluence of both rivers, several Neogene
fluvio-lacustrine sediment localities (Figs 9, 10) have been preserved. This is
a lower large planation surface, the height of which is locally linked to those
of Neogene sediments. Elsewhere it is slightly higher. The planation surface
in the watershed area slightly decreases from SE to NW, from 470-486 m to
390-400 m at the confluence of both rivers. The Neogene deposits are prob-
ably denuded relics of an originally larger fluvio-lacustrine basin. This system
formed a shallow tectonic depression stepwise incised into the neighbouring
higher ground. The present planation surface, which almost lacks elevations
such as knobs and outliers (an exception is Luha 498 m near Nova Ves u
Dolnich Kralovic), is probably of Upper Miocene age. Tertiary sediments are
covered by up to 2 m thick sandy-clayey loams almost everywhere.

The most SE situated outlier of Neogene sediments is near Bojisté the
highest surface of which is at 486 m (135 m above the Sazava level near
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Lede¢ nad Sézavou). The locality is aligned from SW to NE and probably
represents the remnant of the filling of the Zelivka bed orientated towards
the Sazava (Fig. 7). Deposits are formed of loamy to clayey sands with grav-
els and gravely sands with isolated small intercalations of light grey sandy
clays. These Neogene sediments were found as the filling of a shallow basin
(bed) of a thickness of 2.2-12.4 m with their base at 471-481 m.

The locality, situated N of Kozli, is cut in a S—N direct through the Sazava-
Zelivka watershed. It is a filled by a bed (Zelivka?) 200-400 m wide with its
surface at 452-466 m and with a paragneiss underlayer at 442-451 m. The
thickness of loamy and clayey sands with gravels and clay (at the base of
loamy and clayey gravels) reaches a maximum of 10-14 m in borings (Kral
1971c). In the E neighbourhood of the locality there is a higher planation
surface at 480 m. Near Pfemelovsko with its surface at 448-467 m the local-
ity has a low stratum (1 m) of clayey-sandy loam in its basal part (Rybaiik
1968), but no borings were undertaken in the higher surface. Conversely, a
boring that reached the base of loamy sands and sandy clays 6.5 m thick was
confirmed at the Zahdji locality at the 443 m spot height (surface at 449.5 m,
Rybaiik 1968).

The most extensive occurrence of Neogene sediments NE of Vsebofice,
where the surface at 428-452 m, was confirmed by a boring here 2.7 m thick
loamy sands with quartz cobbles and underlying sandy clays resting on
paragneiss eluvium at 435.3 m was found (Rybatik 1968). A smaller local-
ity above the left erosional slope of the Sazava valley bend SW, from the
Chrenovice railway station shows a 2.3 m thick cover of sandy loams with
cobbles and of sandy-clayey gravels at its base at 442.2 m. An elongated
narrow ridge locality near Cejtice and Ongovec is covered by only 2.0-3.5 m
thick sandy-clayey loams with cobbles and loamy-sandy gravels with their
bases at 433—-437 m and their surface at 435.0-440.5 m.

Between Havlicktiv Brod and Svétla nad Sazavou, there several locali-
ties of sandy clays and loamy sands with quartz cobbles 1-2 m thick were
distinguished and classified as Neogene (Hrubes 1995). They occur 70-80 m
above the river. These deposits are mainly the occurrences at the Vadinsky
kopec Hill (470 m), near Nova Ves u Svétlé nad Sazavou (471 m) and S from
Zavidkovice (467 m), considered by Novak (1932b) as river terraces.

Another region with relics of Neogene fluvial-lacustrine sediments is
NE of Sazava in the greater area of the Sazava-Labe watershed (Photo 11,
Fig. 14). Here, sands and gravelly sands of unknown thickness (prob-
ably up to 10 m) have a surface covered by loess loams, situated mostly
at 397-403 m (near Radvanice, Ujezdec, Chrastna), i.e. 112-118 m above
the Sazava level close by. They probably represent denudational relics of
deposits of the so-called Nechybska reka River which flowed in the direc-
tion of the Blanice (and the Blanice Furrow) through a tectonic depression
in an outcrop of Upper Cretaceous sediments to the N on the Koufimska
tabule Table during the Neogene. From here it flowed to the area of the
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present Labe (Polabi) Basin (Danes 1913, Novak 1932b). Malkovsky (1975,
1979) has a different opinion on the direction of drainage. He assumes that
these are sediments of a Lower Miocene north-side affluent of the Neogene
Sazava.

The stratigraphical classification of the locality between Radvanice and
Nechyba is problematic because it is here slightly inclined to the S, i.e. to
the edge of a steep erosional slope of a Sdzava meander. The surface of this
plateau (374-387 m a.s.l., or 88-101 m above the river) is overlain by a thin
stratum of subangular cobbles and quartz debris and occasionally also of
granite. On the N part of the plateau, there are local outcrops of yellowish
grey to rust-coloured clays with fragments of quartz; this is probably a fossil
(?) weathered amphibolite rock. Further to the N, the sediments are buried
by a layer of loess loam of 5-6 m thick near the former Radvanice claypit.
Based on its considerable relative height, the character of sediments and the
position in the longitudinal profile, this occurrence can be considered as
Neogene level B. This probably corresponds to Sloup sediments, or to the
lower level of the Zdiby stage on the Vltava.

The morphostructural depression E of the slope on the Koufim fault with
relics of Bild Hora and Peruc Upper Cretaceous groups of strata is inclined
towards the N and crossed by the Vaviinec Brook. Fluvial sandy gravels at
the N margin of Koufim present at about 12 km from the Neogene sediments
in the Sazava-Labe watershed, are classified as Middle Pleistocene on the
geological map 1:50,000, sheet 13-31 Ri¢any. Further to the N, older aggra-
dations of the Koufimka link to an extensive locality of the Labe terrace
ITIa sediments on the Koufimska tabule Table. These sediments correspond
stratigraphically to the Mindel 1 stage of Balatka et al. (1966).

No definite pre-Quaternary deposits have been found in the river valley
in the area from the Neogene localities near the town of Sazava to the con-
fluence with the Vltava river. During borings and excavations made for the
construction of Zelivka feeder canal and of a water reservoir near Jesenice,
Neogene fluvial sediments were found in the 1960s in a remarkable posi-
tion on the watershed between the Zahotansky potok Brook and the Botic,
i.e. not far from the Sazava-Vltava watershed. Between Horni Jir¢any and
Jesenice, sands and clayey sands with gravels and clay layers were found.
The sediments reached a thickness of more than 30 m and up to 450 m wide
and in 40 m deep beds (Lochmann, Juranka 1968, in Klecek et al. 2001).
The planation surface with a thick covering of loess and slope sediments is
situated mostly at 350-380 m a.s.l., i.e. 145-175 m above the Sazava level at
11-12 km from Luka pod Mednikem.

Close to the confluence of the Sazava and the Vltava there are the clas-
sical localities of Central Bohemian Neogene sediments near Sloup (sur-
face at 320 m) and near Klinec (363 m). The sediments near Klinec at the
Vltava-Berounka watershed were assigned on the basis of palacobotanical
evidence to the Lower Miocene (Masek et al. 1984).
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Denudational relics of Neogene (probably mostly Miocene) sediments are
found in two areas of a depressed planation surface, i.e. in morphostructural
depressions of the Sazava-Zelivka interfluve and the Sdzava-Labe watershed.
They both represent relics of accumulation fillings of old riverbeds and
denudation relics of regional cover. They are fluvial to fluvial-lacustrine de-
posits, about 10 m thick, situated clearly above the Quaternary valley which
cuts through their surface at 110-135 m above the river (prevailing level A).
Their current occurrences indicate either that the Sazava drained from the
town of the same name to the N (according to Novak 1932b) or, according
to Malkovsky (1975, 1979), they represent Neogene drainage towards the W,
i.e. in the direction of the present flow. Different absolute heights of Neo-
gene localities in the Sdzava-Zelivka interfluve (to an extent of about 20 m)
may show, if the sediments are of the same age, evidence of slight tectonic
disruption.

Localities situated lower down the valley side, near the Sazava and up-
stream of the Sdzava confluence with the Blanice, belong to the present di-
rected drainage, i.e. to the W. They are therefore of Pliocene age. According
to the new chronostratigraphical scheme (Tables 2 and 3), they may indeed
already be already Early Pleistocene sediments (see also Kodym et al. 1993,
Miiller et al. 1993). Neogene sediments near Jesenice which are near the
Sazava-Vltava watershed may be relics of the drainage of the lower Sazava
catchment to the N. Considerable uplift above the Sazava level, reaching as
much as 175 m, could possibly be explained by a slight anticlinal folding
of the ground of the present watershed above the syncline depression in
the place of the Sazava valley. This confirms the opinion of Moschelesova
(1930).

Quaternary terraces and fluvial sediments

Genesis, structure and distribution of terraces
Reconstruction of terrace localities in the long profile has enabled the de-
termination of the terrace system and allowed then to be equated to those of
the Vltava system. The Sazava system includes seven terrace accumulations
that correspond to analogous levels of the main river, the Vltava (Fig. 23).
Based on the distribution of the localities of individual terrace fragments and
according to their form, the Sazava valley has several specific features in the
observed segment. Regarding its structure, i.e. the organisation of terraces
in the long and transverse profiles, the Sazava valley can be divided into five
different segments, the differences of which are conditioned by the valley
evolution under different morphostructural and morphogenetic conditions:
1. The uppermost segment to Stvoridla, i.e. to the entry into the Mele-
chov trough (river kilometres 165-140) has only rare terrace remnants
of small size, with their surfaces mostly up to 15 m, exceptionally up to
30 m, above the river level.
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2. The segment in the granites of the Melechov massif in Stvofidla (river

kilometres 140-135) represents an erosional trough-like valley that
lacks river terraces.

3. The segment from Stvofidla approximately to Kacov (river kilometres

135-85) is, from the point of view of the terrace system and of the val-
ley evolution, the most important part of the Sazava valley. Here have
exceptionally thick terrace accumulation (up to 25 m) been formed
and substantial flow removals occurred. Isolated occurrences of the
highest terraces are situated at about 60 m above the river level.

4. The segment Kacov—Tynec nad Sazavou (river kilometres 85-20) with

few terrace remnants mostly of lower spreads up to 20 m of relative
height preserved as a rule in convex parts (cores) of valley bends. In
longer segments, terrace relics have not been recorded, with the excep-
tion of morphologically in distinct low above-floodplain terrace level.

5. The segment Tynec nad Sazavou-mouthing into the Vltava (river

kilometres 20-0) corresponding, with the exception of a short length
above the confluence, to the low gradient step, mainly higher terraces
above the valley have developed. Here terrace spreads which can be
linked to the terraces of the main water stream (Vltava).

Regarding the distribution and area expansion of the terrace steps, the
following facts are worthy of note:
a) The oldest, mostly higher Middle Pleistocene terraces are preserved

only sporadically in limited occurrences, and they occur above the
edges of the incised valley.

b) Accumulation terrace covers are mostly thin, as a rule they do not

exceed 5 m, and at many localities but at mainly those at higher lev-
els, they are denudation relics of initially thicker terrace sediments.
Here they comprise plateaux with gravels mostly of minor thickness
(1-2 m), which became eventually only with dispersed cobbles, often
only partially rounded (half rounded cobbles, Novidk 1932b). The
thick accumulations of terrace III in the middle course near Zru¢ nad
Sazavou are exceptional.

c) The degree of rounding of gravels is mostly minor to middle. There-

fore, especially at higher levels, the subangular gravels are significantly
predominate over the more perfectly rounded clasts. There are also,
mainly in abandoned segments, frequent sharp-edged fragments and
boulders, eventually slightly rounded gravels with traces of aeolian
corrasion in thicker terrace accumulations.

d) Contrary to other Czech rivers (e.g. Berounka, cf. Balatka, Louckova

1992), terrace localities are mostly not represented geomorphologically
and only rarely occur in marked topographic steps. Indeed, practically
nowhere do terraces follow the Sizava river in direct segments (so-
called lateral terraces), they are developed mainly on the convex parts
of bends and meanders (so-called meander terraces). In the lateral
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form, higher terrace levels occur only in the Sazava lowest course. In
other places this form is occasionally found in the lowest above-flood-
plain step.

e) Fluvial accumulations of unusual thickness occur in the middle course
of the Sazava (in the area around Zru¢ nad Sazavou) only rarely form
morphologically marked steps. They are mostly of fillings of aban-
doned valley segments preserved because of the relocation of the bed
to the present valley.

Analysis of localities of individual terrace levels

The reconstruction method adopted allows a graphic expression of the
long profile of terraces and in transverse valley profiles. This helps recogni-
tion of a terrace system comprising seven levels including, on the one hand
independent terraces, and on the other hand (to a limited extent) groups of
terraces (Figs 6a, 6b, 6¢, 6d). The terraces are differentiated using Roman
numerals I to VII, where level I is the oldest and the level VII the youngest.
Small letters a, b express appurtenance to a group, i.e. a is higher level,
b lower level of either independent or combined (erosion-accumulation)
genesis.

Group | terraces

The eroded remnant of river gravels at Svétla nad Sazavou (near cemetery)
at about 420 m a.s.l. (32 m above the Sazava level, Hrubes 1995) probably
belongs to the oldest Pleistocene terrace above the Smr¢no trough. Isolated
higher-situated localities with subangular cobbles, together with prevailing
debris are mentioned by Novak (1932b) as terraces near Zavidkovice and
Vadin at 467-470 m (70-75 m above the river) but they are now considered
as to be of Neogene age (Hrubes$ 1995). The reason for this time classifica-
tion, besides the relative high altitude, is also the character of the sediments,
which are clayey and loamy sands with quartz peebles.

Sazava terrace Ia, which is overlain by accumulation cover, was con-
firmed in several borings on the left bank of the Sdzava river near Stfechov
(Passer 1967b), e.g. in the bend of the Brno highway from a NE to the SE
direction (Photo 8). The surface of clayey sands with gravels is situated at
378 m (62 m above the river level), its base (eluvium of paragneiss) was not
found even at a depth of 7 m, but is presumed to occur at 370 m a.s.l. This
distinctive locality gives the highest terrace level its name, the Stfechov unit
(Ia, Fig. 12).

Occurrences of terrace I are only preserved sporadically, so that the long
profile course of this terrace in the Sazava valley cannot be reliably recon-
structed. Besides localities with a 5-8 m thick accumulation cover, only den-
udation relics with poorly rounded gravels are preserved. The occurrences at
the highest level (level Ia), i.e. with their surfaces at about 60 m above the
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river, can be linked to the Vltava Lysolaje Terrace Ia, or IA (Zaruba-Pfeffer-
mann 1943, Zaruba et al. 1977). Besides this level in the Sdzava valley, there
are lower mainly denudation relics (at 47-52 m of relative height) probably
corresponding to the Suchdol Terrace of the Vltava (Ib, Zaruba-Pfeffermann
1943, or terrace IB, Zaruba et al. 1977).

Terrace Il (Cesky Sternberk)

This terrace level has been preserved relatively rarely in the Sazava valley,
and even then only in limited areas. The most upstream occurrence of ter-
race II is a small plateau above the railway station, SW of Vilémovice. This is
an eroded relic with its surface at about 35 m above the river level. Frequent
gravels mostly to up to 10 cm in diameter descend down a mild slope to a
relative height of 28-30 m above the river. The deposits are probably not
thicker than 2-3 m. Another locality of terrace II is a pronounced plateau
with cobbles on the right Sazava bank SE of Lede¢ nad Sazavou, S from the
road to Ostrov. Its surface, at 386 m a.s.l. (35 m above the Sazava level), is
covered by frequent gravels up to 15 cm in diameter, composed of quartz,
quartzites, granites and gneisses with obvious traces of acolian corrasion.

The most important locality for terrace II is preserved within an open
valley bend of the Sézava 1 km NE of Cesky Sternberk (Fig. 13). Here
dark rusty brown gravelly sands, with small pebble and coarse-grained
clayey sands, are chaotically deposited and strongly cemented. Besides
quartzes, poorly rounded cobbles by crystalline complex rocks (mainly
paragneisses) of a relatively fresh aspect often also occur. In the lower part
of the hollow the sediments are uncemented and little weathered. A very
slightly inclined small plateau with its surface at 338-340 m a.s.l. overlain
by a thin layer of deluvial deposits is situated 37-39 m above the Sadzava
level. The lowest occurrence of the terrace sediments at 323 m a.s.l. are
22 m above the river.

Terrace II has been reconstructed only in the segment between the neigh-
bourhood of Lede¢ nad Sazavou and Hvézdonice on the basis of several
localities in the Sazava valley. Some are rather denudational plateaux, other
denudation relics of former accumulations, so that they indicate the posi-
tion of the terrace-sediment base. Sporadically preserved river sediments
are present and reach 15 m thick. The surface of the terrace parallels the
river course, and occurs at relative heights of 35 m near Vilémovice and
37-39 m near Cesky Sternberk. The Sézava terrace described corresponds
to the Vltava Pankrac Terrace, i.e. to level Ib (Zaruba-Pfeffermann 1943),
or level II (Zaruba et al. 1977). Its surface in the confluence area is situated
87 m above the original (undammed) level. However, the genetic relation-
ship of the Sazava terrace to the Vltava terrace IITA (Kralupy) cannot be
excluded, mainly because of thea small height distance from the next lower
terrace (I11a).
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Terrace group lll

Based on the thickness of its sediments, terrace group III represents, in the
genesis and evolution of the valley, the most important link in the Sazava
terrace system. Its origin and structure were largely influenced by a pro-
nounced step in the river gradient in the area of the Melechov granite massif
downstream of Svétla nad Sazavou. This step was formed during a strong
erosional event that followed accumulation of of terrace II, when the river
had deepened its bed in its middle course by about 35 m (Fig. 2). The front
of the regressional erosion progressing upstream was retained by the huge
uplifting barrier of the granite massif mentioned above. Therefore a thick ac-
cumulation of fluvial sediments occurred in the downstream segment of the
Melechov step. After reaching the highest level of sediments (of the terrace
surface) the river had practically compensated for this gradient step change.
Therefore, following the end of the accumulation stage, the river gradient
again approached an equilibrium profile. These great sediment thicknesses
of terrace III, and the Sazava valley evolution, are a quite exceptional
phenomenon (Fig. 3). They comprise the erosional-denudational upland to
highland relief of the moldanubic crystalline complex. This is without paral-
lel in any other Czech river under similar geological and geomorphological
conditions.

Thick accumulations of terrace III aggradation have been preserved
thanks to the fact that the river, after having reached the highest aggrada-
tion level, had progressively transferred its course to its present direction.
This ensured that the accumulation fillings of abandoned valleys remained
unaffected by younger erosion of the river. Such a situation can only be
found, however, in Bohemia in the territory of the Ceské tabule Table or of
the Tertiary Mostecka panev Basin, and exceptionally in the Prazska plosina
Plateau near Libcice nad Vltavou.

The first locality of terrace IIIa (Chabefice) is situated on the right bank
of the Sazava, 2 km SE of Lede¢ nad Sazavou (river kilometre 131). Here a
small plateau at the slope edge at 375-380 m a.s.l. (24-29 m above the river
level) is covered by gravels up to 15 cm a diameter, mostly of quartz and
quartzite, with less granite and gneiss. Here poorly rounded gravels have
mainly been rounded with imperfect edges by wind activity. In a 2.5 m deep
excavation, clayey sands with tiny layers of gravel, with occasional small
cobbles, were discovered.

Very thick accumulations of terrace III aggradations have been preserved
in the Bfezina W from Vlastéjovice segment and the NW neighbourhood
of the Zelivka mouth, i.e. between river kilometres 112 and 97. The pla-
teau with quartz and gneiss gravels on the right river bank NW of Bfezina
reaches 360.5 m (military topographical map 1:25,000), or at 363 m (basic
map 1:10,000), i.e. 30 or 32.5 m above the river level. A remarkable locality
where sediments of terrace III occur on the river’s left bank, E of the rail-
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way station at Horka nad Sazavou (Fig. 11). In borings, terrace sediments
15-16.5 m thick were found, the surface of which occurs at 345 m and their
base is at 335-327 m (Rybatik 1968). These surfaces correspond to terrace
III situated at 22-17 m above the original (undammed) river level. This
accumulation comprised medium coarsed to coarse-grained sands (slightly
loamy in the upper parts) with a low content of small quartz, paragneiss
and granite cobbles (in the lower position where gravel was more frequent).
At its base a 1.3 m thick position of medium coarse to coarse sandy gravels
overlaid paragneiss and amphibolite (Rybaiik 1968).

The thick sediments near the Horka nad Sdzavou railway station filled
the former bow-shaped riverbed (furrow) reaching a width of up to 150 m.
This is curved towards the NE. In the transverse profile, the riverbed was
visibly asymmetrical, with a steep right concussion slope inclined up to 60°
and with the lowest position of the base at its foothill. The sedimentary fill-
ing of the bed has been largely preserved, because the bed from the time
of terrace III was separated from the younger valley (including the present
one) by a ridge partition formed of resistant amphibolite and paragneiss.
This occurrence of Pleistocene sediments represents the remnant of a thick
terrace accumulation that abuts a steep right valley slope (greater than 60°),
and that in the W, in the place of the erosional slope of the former river bend
orientated in a curve to the S.

Another locality important for the genesis and reconstruction of the ter-
race system is situated on the left bank of the Sdzava near the settlement
of Buda (Fig. 11). This is a very short section of abandoned valley of the
Pleistocene Sazava, separated from the present valley by the amphibolite
monadnock of Horka (363 m). A visibly lowered former surface of fluvial
sediments (344-350 m) corresponds to that of terrace III (Buda). Here
the surface of the terrace sediments is mostly at 345-348 m (the lowest be-
ing 339 m, the highest 350.5 m), its base (on weathered paragneisses and
amphibolite) is found in the lowest position at 327-330 m and in a higher
level at 340-344 m. The original undammed level of the Sazava is situated
here at 327 m a.s.]. The terrace sediments here are formed mostly by sands
(65-81 %), less by gravels (16-30 %), clays and silts form 3-5 % of the mass
of the sediment. These sands are composed mainly of quartz grains, rock de-
bris, feldspar and mica. Moreover, at the base of these sediments a position
of middle coarse to coarse sandy gravel was found. The maximum thickness
of sediments, determined from borings, was 17-20.5 m (Photo 4).

The best recorded locality of the terrace III sediments is the abandoned
valley segment on the left riverbank S of Zru¢ nad Sdzavou near the farm of
Domahot (Fig. 12). Here a geomorphological position of this site: a fossil
depression less than 1 km long and 200-300 m wide, follows in a curved
course a steep erosional slope of the Sazava valley bend. The abandoned val-
ley is separated from the valley slope by a narrow paragneiss ridge, covered
only locally by a thin layer of terrace sediments. Several decades ago, the
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deposits filling the Domahoi abandoned valley were almost entirely mined
to the ground-water level, so that from the time of the beginning of the ac-
cumulation stage of the terrace the old valley has appeared (Fig. 3).

The lowest positions of the gneiss substrate beneath the terrace sedi-
ments were discovered using borings (Rybatik 1968) at 329.75 and 329 m
(4-5 m above the Sazava level). These heights occur in pronounced de-
pression 50-70 m wide and 5-7 m deep, excavated into a higher level at
335-337 m. This furrow follows the left erosional slope of an abandoned
valley limiting also the buried re-deepened furrows. From the lowest places
of this re-deepened bed the base of the terrace rises continually in the op-
posite direction, i.e. towards the margin of the left slope of the Sazava val-
ley. The surface of terrace aggradations was situated at a maximum along
the 356 m contour line, and it was covered along the left slope by a slope
of sandy loams up to 8 m thick. In the highest position (365.2 m) 15.8 m
thick sands lay at 349.4 m a.s.l. on granite eluvium was recorded (Kral 1969,
Vaclavek 1970). They probably form relics of terrace II aggradations; at the
level of the maximum accumulation terrace, sand has reached the level of
the present narrow gneiss ridge on the left slope of the Sdzava valley. It can,
however, be presumed that the former gneiss relief was significantly higher
and situated more to the NE from today’s abandoned valley. Here a small
valley of a right affluent of the Sazava used to be situated, into which this
river had transferred initially from the Domahoi valley (from the level of
the terrace IIla surface). Later, at the time of formation of terrace I1Ib, the
Sazava left the valley near Buda. During formation of the bend SE of Zru¢
nad Sazavou the left erosional slope was shifted to its present position left of
the abandoned Domahot valley. This hypothesis of a two-stage relocation of
the Sazava flow in the Horka—Domahoi segment is also supported by the
height position of the original filling of the abandoned valley. The later is
situated 300 m to the W from the former Domahoft farm, nearly at the same
level of the maximum accumulation, i.e. at 356 m a.s.l.

Terrace sediments of the Domahof valley were formed, according to sedi-
mentological analyses, mostly by sands representing about 60-80 % of the
total mass of deposits, by gravels 13 %, clays and silts 7 %. Medium-coarse
sands (64 %) predominated over the coarse-grained (10 %) and fine ones
(6 %). They were composed mostly of quartz (44-83 %), mica, feldspars and
granites. The sandy gravels are mostly composed of quartz (38-52 %) and
gneisses (37-45 %), granites (5-16 %), feldspars (2-5 %), ironstones, pegma-
tites and amphibolites (Rybar 1958, Kral 1969, Husner 1970, Vaclavek 1970).
The greatest thickness of the terrace deposits is 28.7 m, with their surface at
358.45 m and their base at 329.75 m.

Both levels of the terrace group III are preserved on the left riverbank
near the eastern margin of Zru¢ nad Sazavou (Photo 5). These terrace sedi-
ments were penetrated by numerous borings (Stérba 1976): terrace I1Ia has
its maximally surface on the plateau at the spot height of 355 m, and its
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reduced surface in a built-up area in the NW neighbourhood is situated
at 340-346 m (terrace IIIb). At up to 14 m thick, mostly medium-grained
sands (locally clayey) with gravel, at the bottom with coarser gravels, rest on
paragneiss at a maximum height of 330-332 m. Part of the erosional slope of
the old valley bend has been preserved in the N part of the locality.

The most extensive and geomorphologically most pronounced segment
of the abandoned Sazava valley is a depression near Chabertice, NE of the
present valley between river kilometres 100 and 94 (Photo 7, Fig. 12). This
depression, through which a railway passes, is separated from the present
Sézava valley near the mouth of the Zelivka (river kilometre 98.9) by gneiss
ridges with summits reaching 375 m and 381 m, and with steep rock slopes
falling to the Sazava floodplain. The abandoned valley has a significantly
straighter and shorter course (3 km long) than the present Sizava course
(6 km). Whereas the SE part of the abandoned valley is relatively little af-
fected by younger destruction, its middle and NW segments have been
strongly transformed by the erosion of two brooks, especially near Cizov
and HolSice. The valley watershed near the Chabefice railway station at
347 m (28 m above the Sazava level) is situated in a slightly reduced position,
against the presumed surface of a terrace IIla. The highest recorded posi-
tion of these sediments was 350-351.5 m W of Chabefice, and their great-
est thickness is 25.7 m. The paragneiss substrate beneath the river deposits
was found at 322-325 m (i.e. 3-6 m above the Sdzava level, Kita 1956), in
the SE part of the locality between Cizov and Chabetice. The base of sedi-
ments is asymmetrical in the transverse profile and its lowest places follow
the concave part of the re-deepened depression. The coarse-grained clayey
sands contain layers of gravelly sands with cobbles (mostly subangular) and
debris of quartz, quartzite, paragneiss, granite, aplite and pegmatite and oc-
cassionally amphibolite. The gravels are generally 4-8 cm in diameter, but
reach a maximum of 12-15 cm. The large quartz and quartzite cobbles had
rounded edges.

The valley watershed NW of Cizov at 340-341 m (23-24 m above the
Sazava level), corresponds to the surface of terrace ITIb. The transverse pro-
file of the Chabefice valley is shaped as an open vale depression deepened
30-50 m into the level of pronounced plateaux (relics of valley pediment?)
in the N neighbourhood (380-400 m). These plateaux are situated slightly
above the presumed surface of the oldest Quaternary terrace (I) that prob-
ably originated at the end of the Pliocene, i.e. before the deepening of the
Sézava valley. The undulated surface of the watershed ridge is situated at
450-470 m and has partial elevations and relics of an older planation surface.
The gneiss ridges, separating the Chabefice valley from the present Sazava
valley at 360-381 m, are situated only some 20-30 m above the abandoned
valley.

At the level of the terrace IIla surface, fluvial sediments were found near
the SW margin of Kacov (Cihék, Silhan 1988) where their surface was at
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341 m (29 m above the Sizava level) and their base was at 338.5 m, or lower
than 336 m (Photo 10). Between Kacov and the town of Sazava, the river
flows through a deep valley with numerous bends and meanders. In this
29 km long reach (between river kilometres 85 and 56), no terrace III lo-
calities were found, nor in the convex parts of valley bends and meanders.
Only in the core of a huge valley meander in which the town of Sazava is
situated, the river changes its direction from generally N to continuously W.
Here a small locality of terrace IIIb, E of the railway station with its surface
at 305-306 m (31-32 m above the river level), and its base at 297 m, was
recorded. This surface is covered by up to 8 m thick loamy sands with tiny
cobbles and gneiss debris.

Sediments of terrace IIla were found by borings on the left Sazava bank
near Hvézdonice, ESE of the railway station (Passer 1967b), where their
surface is at 306-307 m (32-33 m above the river). A reduced surface at
303-305 m, with its base at 300 m, corresponds to terrace IIIb. Fine-grained
(at the base medium-grained) sands with gravel (2-5 cm, at the base
10-25 cm) were found in borings there. Imperfectly rounded cobbles in
this sediment were formed mostly of quartz, less of granite, pegmatite and
metabasites.

Another important locality of terrace IIla is a plateau near Kamenny
Ujezdec, between river kilometres 13.0 and 11.0 (Fig. 17). Here, its surface is
covered by frequent gravels and it slightly rises to the NW from 274 m up to
280 m (55 m above the river). Sandy gravels overlie deluvial sandy loams at
a gradient of 3-5° up to the 290 m contour. The Kamenny Ujezdec Terrace
is situated above the valley cutting in the segment where the Sazava level
gradient increases.

Regarding smaller localities of terrace sediments, only small relics near
Krhanice with their surface at 283-284 m a.s.l., i.e. at 41-42 m of relative
height, are situated at the level of terraces IIla and IIIb. After an interrup-
tion in the trough-shaped valley below the Mednik (416 m), terrace IIIa is
developed in eroded relics above the edge of the steep right bank from Piko-
vice down to the confluence with the Vltava. Small plateaux between gorges
above Petrov u Prahy railway station have their surface at 275 m (74 m above
the undammed level) and their sandy gravels are mostly 2-3 m thick. Only
NW of the railway station do they appear at 265 m a.s.l. on the valley slope
underlain by Proterozoic slates.

A markedly denuded locality of terrace gravels of terrace III about 1 km
E of the Sdzava mouth is situated at 268-273 m and its N continuation along
the road from Sazava town to Petrov has its surface at 272 m (76 m above
the original undammed level) and its base at about 269 m. The gravels (up
to 20 cm in diameter) are composed mainly of quartz, granitoids and rocks
of the Jilové belt; on the surface, also frequent debris of underlying slates
locally appear. The relief above the valley edge with occurrences of terrace
IITa is a valley pediment with a markedly concave slope below the hills W of
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Petrov (Photo 17). These localities of the Sazava terrace I1Ia are related near
the Vltava to the Kralupy Terrace (Ib, Zaruba-Pfeffermann 1943, or IIIA,
Zaruba et al. 1977).

In the Sazava valley downstream of the Smréno gradient step, extraor-
dinarily thick accumulations of sediments of terrace IIla were formed
(Chabefice, up to 25 m). Here their entire thickness is preserved in shorter
abandoned valley segments as a result of relocation of the bed in the highest
level of accumulation. In aggradations of this Chabetice Terrace, a lower
or intercalated terrace II1Ib (Budy) was formed, with its surface about 8 m
lower than that of the main terrace (about 30 m above the river level). De-
velopment of this terrace is causally related to the existence of the gradient
step in the Melechov massif. This caused a huge aggradation (Zaruba, Rybar
1961). This exceptional geomorphological phenomenon might also have
been caused by tectonic depression in a larger area of the main localities of
Neogene sediments of the Sazava catchment area.

The predominant sandy deposits of the Chabefice Terrace indicate normal
gradient conditions during the terrace sedimentation. An exception is the
beginning of the accumulation, when a higher bed gradient at the terrace
base caused accumulation of coarser gravels. No thicker deposits of terrace
ITI were recorded either in the 15 km long segment downstream from the
Stvofridla trough or in the nearly 100 km long segment of the middle and
lower Sazava course. The surface of terrace IIla is related to the surface of
the Kralupy Terrace (Ib, or IIIA) in the Vltava valley and its base could,
by its position, correspond to the underlayer of the Vltava terrace Karlovo
namésti — II1Ib (Zaruba, Rybar 1961). In comparison with lower Vltava ter-
races, the deposits of the Chabefice Terrace are much more weathered, i.e.
they are very probably older.

In the lower, most Sazava course, a terrace III is preserved above the
valley cutting in the segment of the increased level gradient. The surface
of step IIla largely diverges downstream from about 30 m at the beginning
of the gradient step to 75 m in the confluence area. Whereas the surface of
the terrace shows a regular and slight gradient, its base at the lower course
probably had an increased gradient which has been levelled by the accumu-
lation progressing from the Vltava valley. Presumably the accumulation of
sediments filled the pre-deepened trough to greatest thicknesses at the site
of the present valley and that this filling was removed during the subsequent
erosional stage.

In the confluence area, the Sazava Terrace IIla progressively merges
into the Kralupy Terrace of the Vltava (Ib, Zaruba-Pfeffermann 1943, ITIA,
Zaruba et al. 1977). The only occurrence of a Sazava terrace IIIb, with a
thick cover of sediments at the confluence with the Vltava, is classified in
the Vltava terrace system as the Vinohrady Terrace (Ila, Zaruba-Pfeffermann
1943 or IIIB, Zaruba et al. 1977). At several localities of the Vltava terrace
system (including the Berounka) and the Labe an unified accumulation of
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both these terraces has been demonstrated, i.e. similarly as in the middle
Sézava course.

Terrace IV (Tynec)

Terrace IV developments in the Sazava valley cutting are distinguished in
isolated relics in the reach between the neighbourhood of Lede¢ nad Saza-
vou and Kamenny Ptivoz (between river kilometres 125 and 12). The first
occurrence of this terrace is a degraded remnant of gravels in the core of
a meander bend, situated 3 km WNW of Lede¢ nad Sazavou. Here its sur-
face is at about 12 m above the river level. A marked locality of terrace IV
occurs in Kacov, where it forms, as a narrow plateau, the core of the old
settlement and a part of the more recently built-up area, extending from
the square to the cemetery. It forms a marked slope towards the river. This
relatively perfect terrace form has its surface at 322-327 m (11-16 m above
the river) and its base on paragneiss was encountred in numerous borings
at 314-318 m. The maximum thickness demonstrated by borings was 7 m
(324-317 m, Haslar 1959, Passer 1967b and others). In a 2 m deep trench
near the school (about 226 m), coarse-grained and medium coarse loamy
sands, with dispersed gravels of granites and gneisses, were found in 2001.
The surface of the terrace plateau merges into a concave profile of pediment
type into a higher slope on paragneiss. The relic of deposits of a terrace IV
is preserved in the river meander in the town of Sazava, E of the railway
station (river kilometre 56) where the surface of this terrace is situated at
300-302 m (15-17 m above the river) and its base is at 297 m (Fig. 4).

The geomorphologically marked plateau is covered by gravelly sands of
terrace IV that are 3—4 m thick in the inner part of a valley river bend in
Tynec nad Sazavou (Fig. 17). The surface at 273 m is 19 m above the river
level; the granodiorite to tonalite base was proved in borings at 269 m. In
the segment of an increased river level gradient downstream Tynec nad Sa-
zavou, only isolated small denudation relics of sediments of terrace IV were
found. Terrace IV is not preserved in the trough-shaped valley of the last
11 km of the course.

In the reconstructed long profile, Sdzava terrace IV runs roughly parallel
to the present river level, i.e. with its surface at 15-20 m and its base mostly
10-15 m above the river. Because of its relationship to the Vltava Letna
Terrace (IIb, Zaruba-Pfeffermann 1943 or IV, Zaruba et al. 1977), in the
segment of the gradient step of the lowest course, its reconstructed course
displays a pronounced divergence (by 35 m in 20 km) in the opposite direc-
tion. It results in the surface of the Letna Terrace being situated about 55 m
above the undammed Vltava level. The thickness of terrace sediments in
the whole segment is quite constant, i.e. about 5 m. Terrace localities are
preserved almost exclusively in the convex position of valley meanders and

bends.
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Terrace V (Méstecko)

The Sazava terrace V (Méstecko) follows the flow of the river in the regular
level gradient reach between both gradient steps, i.e. between Lede¢ nad
Sazavou and Tynec nad Sazavou (river kilometres 127-20). Only exception-
ally does it enter the valley of the Sazava lowermost flow to Krhanice. The
highest position of the Méstecko Terrace is in a valley bend about 2 km
WNW of Lede¢ nad Sazavou. Its surface was determined by borings at 351
m and its base at 347 m, i.e. 7 m and 3 m above the river (Dittrichova 1989).
In a meander E of Bud¢ice and NNE of Kounice, 3 to 5 m thick gravelly
sands were found with their surface at about 4-5 m above the floodplain on
the terrace V level (Adler 1977). A more extensive occurrence of sediments
of terrace V follows the right bank of the Sdzava between Bfezina and the
Horka nad Sazavou railway station (between river kilometres 109 and 112).
Terrace V is preserved here in the neighbourhood of terrace III. Deposits
eroded to the level of the bottom of an abandoned sandpit near the railway
Horka nad Sazavou station consist of light grey cross-stratified and loose
sands to fine gravels. Their surface at 336 m is situated 9 m above the un-
dammed Sazava level and the base of the deposits was found at 334-327 m,
i.e. the lowest position is that of the river level (Rybaiik 1968).

In a deeply incised meander valley between the mouth of the Blanice and
the town of Sazava, terrace V is only exceptionally preserved in the convex
parts of valley bends and meanders. A pronounced plateau is, however,
formed by terrace V in the valley meander in the town of Sazava in the N
neighbourhood of the railway line (between river kilometres 57 and 54). The
plateau is slightly inclined towards the river: from 293-291 m (9-7 m of
relative height) to 289-287 m, where it passes into the surface of terrace VI
(Fig. 15). Several borings proved mostly 3.0 to 5.5 m (sporadically up to
8.5 m) thick sands with gravel and sandy gravels (with quartz and crys-
talline rocks cobbles of 3 to 10 cm in diameter, revealing a maximum of
30 cm). Their base mostly occurs at 287-289 m and the lowest at 282-283 m
(Lustincova 1969, Cechova 1969, Dvotak 1971a). The lowest position of the
base (approximately at the level of the river) probably developed in a shal-
low deepened furrow. The terrace sediments are locally covered by up to
2.5 m thick sandy loam. The rock substrate beneath the terrace deposits is
formed by weathered Moldanubic mica schist to paragneiss.

The surface of terrace V in a Sdzava bend near Méstec¢ko, between river
kilometres 31.5 and 29.0 (Fig. 16), is covered by frequent well-rounded grav-
els of up to 15 cm in diameter, revealing a maximum of 20-50 cm, and situ-
ated at 274-277.5 m (11-13.5 m above the Sazava level). The higher level of
its granodiorite base is at 274.5-275.7 m (the thickness of sands with gravels
is 2-3 m), and the lower level of the base is at 269.0-270.6 m (the thickness
of sands with gravels is 4-5 m, Passer 1967a). This plateau is separated to the
S from the surface of terrace VI by an indistinct step, about 5 m high.
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Terrace V (Méstecko), preserved in a long segment of the middle course
between both level gradient steps, is seen downstream in a slight diver-
gence with the Sazava level: surface from 7-9 m to 11-13 m and base from
2-3 m to 5-7 m. In the larger fragment in the neighbourhood of Zru¢ nad
Sazavou, the base of terrace V is often identical with the position of the
rock underlayer of sediments of terrace III, and also in segments outside
the abandoned valleys of the Chabetice Terrace. It can thus be presumed
that, during the erosional stage before the accumulation of sediments of the
Méstecko Terrace (V), the erosion of the stream after the end of the accumu-
lation of the Tynec Terrace (IV) reached only the level of the base of terrace
ITI. Gravelly sands, rarely sandy gravels, are mostly about 5 m thick and,
with the exception of the town of Sazava (thickness of 10.2 m) where not
over 8m thickness of sediments was found by numerous borings. Terrace lo-
calities of a limited extent are developed in convex parts of valley bends and
meanders. The Sazava terrace V corresponds to the Vltava group of lower
terraces IIla, IIIb (Zaruba-Pfeffermann 1943), or to the Dejvice Terrace V
(Zaruba et al. 1977).

Terrace VI (Pofici)

Similar to terrace V, terrace VI is also developed in the Sazava valley in a
reach of normal level gradient between Lede¢ nad Sdzavou and Tynec nad
Sazavou, i.e. between river kilometres 128 and 20. The furthest position
upstream that this terrace was found was in the convex part of a valley bend
in Lede¢ nad Sazavou-Podol (river kilometre 128). Here there 4-5 m thick
sands with gravels with their surface at 351-352 m, i.e. about 2 m above
the floodplain were found in borings (Marek 1980). In a meander W of
Vlastéjovice, between river kilometres 113 and 112, aggradations of terrace
VI border the floodplain in a relative height of about 4 m. This locality is
related to an occurrence on the right bank downstream of Brezina, where a
small narrow plateau overlain by gravels is situated 2-3 m above the flood-
plain surface.

The Sazava terrace VI (Poiici) is preserved at several localities of mostly
limited extent in an about 110 km long segment of the river’s middle course
with normal gradient. The principal localities verified by borings are pre-
served in larger areas in the town of Sazava, in Sdzava-Cerné Budy and in
small valley basins in the neighbourhood of Cercany, Poti¢i nad Sazavou
(Photo 13) and Tynec nad Sazavou. The terrace VI surface in the direction
downstream diverges slightly from the present level, from 3-4 m to 6-8 m.
The sandy gravels and gravelly sands of this terrace are about 5 m thick,
reaching a maximum of 7-8 m thick. The base of the terrace is situated ap-
proximately at the level of the river or of the floodplain, i.e. on a level of the
lowest position of the base of terrace III upstream from Zru¢ nad Sazavou.
This implies that during the erosional stage between accumulations of terrace
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V and terrace VI the Sazava valley was only deepened here to the presumed
level of the terrace III base.

Occurrences of the Porici Terrace, with the exception of the Sazava and
the Vltava confluence area representing the last morphologically marked
terrace level of the Sazava valley, are often covered by deluvial deposits, by
material of alluvial cones of streams and also in lower parts by Holocene
flood sediments. In the Vltava terrace system the Sazava terrace VI prob-
ably corresponds to the Veltrusy Terrace, classified as Riss 2, or Warthe by

Zaruba-Pfeffermann (1943) and Zaruba et al. (1977).
Terrace VIl (Pikovice)

The only distinctive locality of the higher level of the Sazava terrace VII
(VIIa) occurs in the N part of Pikovice, where its surface is at 210 m, i.e.
10 m above the undammed river level. Terrace sediments here are covered
by deposits of an alluvial cone at the mouth of erosional furrows and short
valleys. In the Vltava terrace system, the Pikovice Terrace is related to the
Maniny Terrace (IVa), which according to the longitudinal profile by Zaruba
(Zaruba-Pfeffermann 1943), has its surface at about 215 m here (19 m above
the original (before dammed) level, Fig. 19). This is about 5-6 m higher than
the presumed highest surface of the Pikovice Terrace. In his later work, this
author classifies this valley level as terrace VII stratigraphically correspond-
ing to the Wiirmian Stage (Zaruba et al. 1977).

An accumulation plateau in the N neighbourhood of the Pikovice Terrace
with its higher surface at 204-205 m corresponds to the lower level of terrace
VII (VIIb) and its lower surface near the river at 202-203 m already belongs
to the floodplain. The terrace step VIIb, with its surface 4-5 m above the un-
dammed Sazava level, has its base of 5-7 m thick coarse to bouldery gravels,
on Proterozoic slates at 197 m. Terrace VII is not preserved in an erosional
reach of the lowest Sazava course. Sediments of terrace VII in the middle
Sazava course probably form the gravelly sand and gravel infilling of the
present valley floor under the Holocene floodplain sediments.

Floodplain

The modern floodplain of the Sazava river is developed as the youngest
level of the terrace system continuously along the valley (Photos 12 and 18).
Both segments of the increased level gradient in the Melechov massif (river
kilometres 140-135) and on the lowest course downstream from Tynec nad
Sazavou (river kilometres 17-5) are exceptional, and here the floodplain is
only intermittently. The floodplain surface, formed mostly on 1-3 m thick
Holocene flood sediments (loams, sands, clays), is situated about 1-2 m
above the undammed river level. The floodplain locally has two levels — the
lower at about 1 m above the river and the higher, occasionally up to 2.5-3 m
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above the river. The latter is often accentuated by slope wash sediments or
flat alluvial-cone deposits. The underlying sandy gravels of Pleistocene age
(Weichselian or Eemian) are mostly 3—6 m thick. The valley-bottom long
profile shows a slight increase in the thickness of the floodplain sediments
between river kilometres 80 and 32, and their reduction mainly at the begin-
ning of the increased gradient of the lower course.

The dimensions of the floodplain correspond to the prevailing erosional
character of the Sazava valley (Photos 2 and 28, Fig. 24). With the exception
of the segments of increased gradient, where the floodplain is often absent
in reaches with normal gradient, it is generally developed to a width of
only several tens of metres (mostly 100 to 150 m). The floodplain is wider
at mouths of larger tributaries, in some valley meanders and bends or in
small valley basins: near Havlicktiv Brod 200-400 m, near Svétla nad Saza-
vou up to 250 m, near Kacov at the mouthing of the Losinsky potok Brook
150-250 m, near the town of Sazava and at the mouthing of the Vlkancicky
potok Brook 150-250 m, near Pofi¢i nad Sidzavou and near Pikovice up
to 200 m (Photo 18). The floodplain in the Sazava valley nowhere exceeds
500 m wide.

Upper Tertiary evolution of the Sazava valley

Discussion of concepts on the Upper Tertiary drainage of the Sazava
catchment

Like the majority of Czech rivers, in the Upper Tertiary the Sdzava catchment
drained in different directions to that at present. To determine its course,
morphostructural conditions and the localities of fluvial-lacustrine sedi-
ments of Neogene age is essential. These deposits are preserved in watershed
areas, i.e. in places relatively least affected by younger destruction processes.
The palaeohydrographical problems of the upper Sdzava catchment, i.e. the
presumed course of the Jihlava River to the Sazava and of its highest course
to the Oslava, are not discussed here.

It is not possible to present an explicit view on the water-system organisa-
tion of the Sazava catchment in the Neogene because, in contrast to the
Berounka and the Orlice catchments, there is no convincing proof for such a
position. The relics of probably Lower Miocene sediments (Malkovsky 1975,
1979) that mainly occur in only two (or three?) areas, far apart, only provide
a limited basis for deciphering the Upper Tertiary evolution of the river
network in the Sazava catchment. It must be borne in mind that since the
deposition of the Upper Tertiary sediments, a period of about 24 to 16 mil-
lion years has elapsed (Klominsky et al. 1994), during which differentiated
neotectonic movements have brought about strong erosional-denudational
processes. They have led not only to the removal of the weathered cover
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and of part of the rock substrate, but also of part of the Neogene sediments
themselves. The former Palacogene planation surface, with a mantle of fossil
weathered materials, was transformed into the younger (Neogene) relief of
etchplain or pediment type. In addition, younger tectonic movements have
laid the foundation of the morphological variability of landscape. Also, the
differing resistance of the bedrock substrata to weathering and to erosional-
denudational processes played an important role.

In principle, two different opinions exist on the direction of the Sdzava
drainage in the Neogene — the older one represented mainly by Danes (1913)
and Novak (1930, 1932b), and a younger one represented by Malkovsky
(1975, 1976, 1979) or Lozek et al. (2004). The earlier opinion on the Terti-
ary drainage of the middle and lower Sazava course (Fig. 20), advocated by
Danes (1913) and described in detail by Novak (1930, 1932b), was based on
analysis of the drainage network ground plan, on studies of geomorpho-
logical (mainly morphological) conditions and on the known occurrences
of Tertiary sediments, including relict gravels. The presumed drainage to the
N was based on the generally northwards inclination of the surface of the
ground on the river left bank, together with prevailing meridian directions
of the principal left-bank Sazava tributaries, mainly of the Zelivka and the
Blanice. According to Novak (1932b), the individual streams of the middle
Sézava catchment were orientated towards the N in the Upper Tertiary — the
upper Sdzava from Svétld nad Sdzavou (designated as Svételskd feka River),
the Zelivka (designated as Replicka feka River) and the Blanice (designated
as Nechybska feka River).

The course of the Tertiary upper Sazava from Svétla nad Sazavou was
marked, approximately by the present course of the lower Sazavka (but in
the opposite direction) to Lestina u Svétlé and further via the nearby Sa-
zava-Labe watershed to Nova Ves u Lestiny.

From here it continued via the Klejnary-Doubrava watershed and
Vlkane¢ to the present Caslavska kotlina Basin. The long upper course
of the Sazavka in an ESE-WNW direction (Jitikovsky potok Brook) was
the principal (right-side) affluent of this river. The proposed course of the
so-called Svételska feka River is to some degree supported by localities of
fluvio-lacustrine gravels and sands and clays of Tertiary age (geological
map 1:50,000, 13-43 Golcav Jenikov). These are occurrences SE of Backov
(about 530 m), in the neighbourhood of Lestina u Svétlé (in a watershed
depression at about 470 m) and near Kozohlody (at about 415 m). In addi-
tion, scattered cobbles (see geological map) occur here near the Sazavka (at
about 512 m), NE of Lestina u Svétlé (above the 490 m contour) and in the
neighbourhood of Vlkane¢ (at about 435 m).

According to Novék (1932b), the Tertiary Zelivka was orientated in the
same direction as the Replické teka River across the present Zelivka-Sazava
watershed, near Lede¢ nad Sazavou, i.e. continuing the SN valley-orienta-
tion between Jezov and the SW neighbourhood of Kozli. This river flowed
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along the present valley to Vlastéjovice and then to Bohdane¢, Replice, a
close-by watershed depression with scattered quartz gravels at 489 m, then
to the Kutnohorské plo$ina Plateau and via Cervené Janovice to the present
Caslavska kotlina Basin and the Central Labe region.

The Neogene Blanice, like Novak’s Nechybska feka River (1932b), flowed
from the site its present mouth to N in the direction of the younger Sa-
zava valley towards the town of Sazava (i.e. it followed the course of the
Blanicka brazda Furrow). It then continued to a pronounced wedge-shaped
promontory of a morphostructural depression with Cretaceous sediments at
the Koufim fault to the Kutnohorska plosina Plateau to the present Central
Labe region (Photo 11). Besides this segment of the Sazava valley, a relic
of the Tertiary Blanice is the present Koufimka — Vavfinec and its left-bank
tributary from near Smrk, which is 5 km NE from the Sdzava near Samopse.
Gravel relics of the Nechybska feka River in the neighbourhood of Radlice
and Krymlov on the E margin of the Cernokosteleckd pahorkatina Upland
(Novak 1930), are probably broken Permian-Carboniferous conglomer-
ates and breccias. During the subsequent evolution, probably during the
initial process of reunification of the Sézava catchment, the Zelivka and
the Blanice merged (possibly towards the present Sdzava valley in the seg-
ment Vlastéjovice —the Blanice mouth). The merged rivers used to flow for
a certain time from the town of Sazava to the N (Novak 1932b) and later
the upper Sézava merged into the Zelivka-Blanice system via the Smréno
trough. Novak (1932b) was rather sceptical and differs from Dane$ (1913)
regarding the possibility that the lower Sdzava also drained towards the N.
He nevertheless accepts a probable SN course, in place of the present Mni-
chovka, which, according to him, did not reach to the area S of the present
Sazava valley.

The possible drainage of the lower Sdzava catchment towards the N might
also be supported by meridian orientations of larger left-bank Sazava tribu-
taries, i.e. the Benesovsky, the Konopis$tsky and the Janovicky Brooks. It is
remarkable that these streams flow opposite to brooks on the right Sazava
bank: the Benesovsky potok Brook (possibly together with the Konopistsky
potok Brook) has the Mnichovka; the Konopistsky potok Brook has the
Ktivovesky potok Brook and the Janovicky potok Brook the Cakovicky (the
Kamenicky) potok Brook. These similar brooks are always connected by a
Sazava valley segment of a similar direction: the Benesovsky potok Brook
and the Mnichovka are connected by the Sézava valley between Ceréany
and Zlenice, the Konopistsky and the Krivovesky potok Brooks by the Sa-
zava valley between Poti¢i nad Sdzavou and Nespeky, the Janovicky and the
Cakovicky potok Brooks are connected by the Sazava valley between Tynec
nad Sazavou and Zbofeny Kostelec.

The right-bank tributaries of the lower Sdzava course now arise in the
watershed area between the Sazava and the Vltava, still in the area of the
Stfedoceska (the BeneSovska) pahorkatina Upland. The possibility that
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northward drainage occurred in the lower Sazava course is also supported
by occurrence of Neogene sediments on the watershed near Jesenice. Here
thick sands fill old valleys (furrows) at a relative height of up to 175 m above
the Sazava level. A change of drainage could have resulted from anticlinal
uplift of the watershed area and to a synclinal fold in the zone of the present
Sazava valley during the Upper Miocene to Pliocene.

On the basis of this concept, the Sdzava catchment was formed during
the Neogene by several partial catchments: apart from the uppermost course
with presumed drainage to the Oslava, it included the Svételskd Sazava, the
Zelivka, the Blanice and the catchment of the lower course. Although there
was a marked watershed on the rising morphostructure of the Melechov and
the Zebrakovsky kopec Hill between the Svételskd Sazava and the Zelivka,
the watershed between the Neogene Zelivka and the Blanice was probably
less morphologically distinctive. The higher relief of the NE promontory of
the BeneSovska pahorkatina Upland, between the catchments of the Blanice
and the lower course, was locally of highland character and lacked the more
important left-bank affluents. The merging of the catchments of individual
Tertiary streams in the Sdzava catchment at its present extent (Fig. 22) oc-
curred by progressive evolution of the Sézava valley (Novak 1932b). First,
the Zelivka and the Blanice should have merged, than the Svételska Sazava
joined them across the barrier of a lower marginal part of Melechov. During
the final stage, the former Sazava turned near the town of the same name to
the W into the present direction of its lower course. The main causes in these
changes were Neogene tectonic movements, rather than differences in rock
resistance.

According to Malkovsky (1975, 1979), the Sazava already flowed during
the Lower Miocene (Acquitanian to Burdigal) from the neighbourhood
of Lede¢ nad Sazavou in its present direction to the W (Fig. 21). From its
later confluence with the Vltava, it continued to Klinec and through the
Berounka catchment to the NW against the direction of the present river
to the Kfivoklat region. There was probably its confluence with the Plzen
and Brdy Berounka and the merged rivers went on across the Rakovnik re-
gion to a lake in the North Bohemian basin, according to Pesek and Spudil
(1986). These authors suppose, on the contrary, that the Tertiary drainage
of the lower Berounka had the same orientation to the E to S as the present
streams. Sediments in the neighbourhood of Sazava town were probably
deposited by a left-bank affluent of the Sazava river from the area of the
present Central Labe region. The authors consider that the conditions for
sedimentation of Neogene deposits were conditioned by the occurrence of
local tectonic depressions of older morphostructural areas.

If the opinion of Malkovsky (1975, 1979) is accepted on Neogene drain-
age of the substantial part of the Sazava catchment to the lake of the North-
Bohemian basin, it is possible to determine the absolute height position of
the area of Neogene sediments as a guide to assessing of the role of younger



SUMMARY: EVOLUTION OF THE SAZAVA VALLEY IN THE LATE CENOZOIC

tectonic movements. On the condition that the level of the North Bohemian
lake basin was situated at an altitude of 50 m in the Lower Miocene, the
altitude of the relief of Neogene sediments near Sdzava town (with a recon-
structed course length of about 180 km) would be about 200 m (with a mean
gradient of 0.8 %o), or 160 m (gradient of 0.6 %o). The absolute height of the
surface of Miocene deposits in the neighbourhood of Lede¢ nad Sazavou
(course length of about 250 km) can be estimated at 250 m (with a mean
gradient of 0.8 %o), or 200 m (gradient 0.6 %o). In the case of the level of the
lake in the North Bohemian basin at 100 m a.s.l., the data mentioned above
would be 50 m higher. The present relative height of the surface of Miocene
sediments near Sdzava town reaches a maximum of 118 m (403 m a.s.l.) and
near Lede¢ nad Sazavou 135 m (486 m a.s.l.).

The presumed elevation of sediments makes it clear that during younger
periods of the Cenozoic, the areas of Neogene sediments must have been
uplifted by approximately 150-190 m (near the town of Sazava), or by
190-240 m (near Lede¢ nad Sazavou), and that the altitude of the North
Bohemian lake basin must have been about 100 m. These estimates of neo-
tectonic uplift of Neogene sediments localities in the Sdzava region may be
only a working hypothesis because values for younger denudation and for
the weathered mantle transport from these areas are not known.

The Malkovsky opinion (1975, 1979) regarding the direction of the Ter-
tiary Sazava course is speculative because the age and the source area of
Neogene deposits in the Sazava region have not yet been demonstrated
(either palacontologically or in any other way). Support for Malkovsky’s
ideas comes from relative position of sediments near Lede¢ nad Sazavou and
those near the Sazava town, and partially also to those at the Klinec locality.
A reference in the summary paper by Lozek et al. (2004) on the evolution
of Czech rivers in the Cenozoic sheds light on the unsolved problems of
the Tertiary Sazava drainage. Results of research into heavy minerals and
geochemical characteristics of quartz in Neogene fluvial sediments (near
Rakovnik) indicate that the Ceskomoravska vrchovina Highland could have
been the source area of these sediments. These findings support the opinion
of Malkovsky (1975, 1979) on the Neogene course of the middle and lower
Sazava to the W.

Nevertheless the reconstruction of the course of the Neogene Sazava has
several problems. With the exception of the two known areas of occurrence
of possible Lower Miocene sediments (Malkovsky 1975, 1979), no corre-
sponding sediments have been found along the middle and lower Sazava
valley. The question arises, are the pre-Quaternary fluvial sediments in the
Sazava and the Berounka catchments of the same age? The Miocene water
streams flowed mostly through shallow vale-shape valleys and deposited the
local transported material always in the nearest lake depressions entered. It is
therefore difficult to imagine that clastic sediments might, given such a neg-
ligible bed gradient, be transported from the Sazava catchment as far as to
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the Rakovnik region. In addition, the materials found in the Rakovnik region
might also originate from the upper Mastnik course catchment. This catch-
ment generally reaches to the Moldanubic paragneisses area in the so-called
watershed of the Central Bohemian sill in the Votickd vrchovina Highland
(a subunit of the Vlasimska pahorkatina Upland in the Stfedoceskd pahor-
katina Upland). The catchment of the upper Uslava and Uhlava, partly also
of the Radbuza (source streams of the Miocene Berounka), reaches to the
territory of Moldanubic rocks. Reconstruction of the middle Sazava course
drainage in the Neogene thus remains an open problem. It is possible that
the Sazava Neogene sediments (cf. Kodym et al. 1993, Miiller et al. 1993) are
of Upper Miocene to Pliocene age? If they are Pliocene, then the localities
could not be palaeohydrologically related to the lake in the Mostecka panev
Basin. Nor is the presence of rocks from the areas of Koufim and Kutna
Hora in the deposits of the oldest Vltava terraces in Prague (Zaruba-Pfef-
fermann 1941), sufficient proof of possible drainage of these areas through
the Sazava valley to the Vltava.

Evolution of the Sazava valley relief in the late Cenozoic

The long period after the sedimentation of Lower Miocene, including the
Middle and Upper Miocene and the Pliocene, was characterised by an
alteration of periods of tectonic stability and activity. At times of tectonic
stability, younger planation surfaces (denudation plateaux) of mainly local
significance were formed; they are preserved locally at several height levels
(see below). Low gradient streams flowed through shallow vale-shaped val-
leys in these areas. These streams were predominantly eroding laterally rather
that deeply (Photo 9). This also corresponded to a small height articulation
of the relief and a markedly lower height position above the sea level during
older periods.

With several minor exceptions, no more important fluvial or lacustrine
sediments have been preserved from this time period in the Sazava catch-
ment. These exceptions are two small occurrences of fluvial sediments, one
above the Smr¢no trough near Vadin at 442 m (47 m above the river) and
a second near Radvanice in the proximity of Sazava town at 387 m (101 m
above the river). The Vadin locality has yielded dispersed gravels. It is situ-
ated 30-50 m below the level of the highest surface of Miocene deposits and
the occurrence near Radvanice at only 17 m. Both localities are probably of
pre-Quaternary (probably Pliocene) age and are situated in a vale-shaped
depression immediately above the proper Sazava valley cutting. At the time
of their origin, the Sazava apparently flowed in the same direction as today.

The bottom of a Pliocene (?) vale-shaped valley was deepened by about
50-80 m to the level of the Miocene sediments’ surface in the upper part of
the study reach. Near the town of Sazava it was deepened by about 50 m and
in the Sazava-Vltava confluence area by about 60 m. The Pliocene valley was
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deepened mostly by 90-100 m into remodelled and tectonically disturbed
relics of the Palacogene planation surface upstream from the Melechov
trough, with its maximum near Svétla nad Sazavou - at over 150 m (the
highest planation surface here is at about 550 m a.s.1.). In the central Sazava
area, the Pliocene valley is deepened by about 140 m in the neighbourhood
of Lede¢ nad Sdzavou (the flat top of Melechov at 713 m a.s.l. is 300 m
above the bottom of the Pliocene valley), in the area of Cesky Sternberk
by 110-130 m (the highest planation surface at 480-500 m a.s.l.) and near
Chocerady by approximately 115-145 m (planation surface at 455-485 m
a.s.l.). In the lower Sazava course near Jilové the Pliocene valley is deep-
ened by about 140 m (planation surface at 499 m a.s.l.) and at the Vltava
downstream from the Sdzava mouth by about 90 m (the ridge plateau “Na
rovném” occurs at 388 m a.s.l.).

Among the highest occurrences of planation surfaces mentioned of re-
gional character (probably relics of a Palacogene planation surface, or of
an already Upper Miocene planation), lower planation surfaces (denuda-
tion plateaux) of rather local importance rising to several height levels are
preserved. The highest plateaux are situated 20-40 m above the presumed
level of the surface of Miocene sediments. Other planation surfaces follow,
with a slight height variation, the level of Miocene deposits and the low-
est plateaux are situated on the presumed level of the surface of probably
Pliocene sediments. The location and altitude of plateau surfaces (with the
exception of some highest levels) are depicted by the long profile of the
terraces (Fig. 23). The occurrences of plateau surfaces shown form levels,
mainly in relation to Lower Miocene (?) sediments and to a (hypothetical)
Pliocene level. The lowest plateaux in the vale-shaped pre-Quaternary de-
pression can be considered, together with the localities of the nearest higher
level, as typical valley pediments.

It is difficult to determine the impact of neotectonic movements on the
present height position of the planation surfaces. The opinion of Moschele-
sova (1930) on the Tertiary origin of the Sdzava valley in the axis of a step
fold (syncline) depression is interesting. There is no doubt about the overall
uplift of the region in the Upper Miocene and in the Pliocene. The time
classification of the younger stages of Saxon tectonics is however difficult in
the Sézava catchment. This is a tectonically stable area of the Cesky masiv
Massif (compare Malkovsky 1975, 1976 and 1979) comprising the Moldanu-
bic crystalline complex and on Variscan plutons, with almost no younger
covering sediments.

The origin of Neogene sediments in the Sdzava catchement was probably
conditioned by local tectonic depressions during the Savian Stage and also
by a lower geomorphological resistance of rocks. The Middle and the greater
part of the Upper Miocene period was characterised here by tectonic stabil-
ity, which is a substantial condition for the evolution of planation surfaces.
The end of the Upper Miocene and the Pliocene were characterised by higher
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intensity of neotectonic movements leading, as in other areas of the Czech
Labe catchment, to the development of the regional river network, which
was already similar to that at present (compare Photos 19 and 20). The river
network was unified by tectonic movements and by selectively orientated
destructive processes probably as early as at the end of the Miocene, because
relics of Pliocene sediments are developed in valleys of the present streams.

The granular character of the Pliocene fluvial sediments is also indication
of the great height variation of the relief in the Pliocene. This granularity
varies locally only little from the Quaternary deposits. The evolution of the
Sazava to its present course direction was thus established in the Pliocene,
and developments since the Upper Miocene probably by processes of pro-
gressive unification of partial catchments, as suggested by Novak (1932b).
In the Pliocene palaeogeographical conditions probably existed for the
Séazava valley evolution in the Quaternary: the present course of the river
(Photos 19 and 20), epeirogenic uplift of the Cesky masiv Massif and ongo-
ing significant climatic changes.

A total seven of accumulation terraces and two other subsidiary levels of
erosional or erosional-accumulational origin in the Sdzava valley during the
progressive deepening during the Quaternary were proposed (Table 1). In
the geomorphological sense, the terraces correspond genetically to an alter-
nation of erosional and accumulational stages of the valley evolution which
were conditioned climatically (by alternating glac1al and interglacial peri-
ods) and tectonically (by the uplift of the Cesky masiv Massif). The terrace
surfaces and bases form regular gradient curves corresponding to the course
equilibrium profile at the time of their origin. The structure of river terraces
is well documented by transverse profiles through the Sazava valley and by
the longitudinal profile through terraces (Figs 8—-19 and 23). The three high-
est terraces (I, IT, IIT) have a regular surface gradient downvalley, whereas
the base of terrace IIT ends on a gradient step in the Melechov massif. (The
course of the base of terraces I and II cannot be reconstructed because of
the limited number of localities which, also have a denuded accumulation
cover). The gradient step, probably together with neotectonic movements,
results in the exceptionally thick accumulation of terrace III sediments (up
to 25 m), the base of which is only about 3-5 m above the present level of
the river and occasionally is at the level of the river. It means that during
deep erosion, following the accumulation stage of terrace II, the valley was
incised in one part of its middle course (the larger nelghbourhood of the
Zelivka mouth) by 35-38 m, i.e. during most of the erosional periods of
the Pleistocene. This very low position of rock substrate, recorded along a
30 km long segment, can be explained by probable relative closing of the
concerned area, simultaneously with slight uplift of the granite Melechov
massif. This tectonic depression was approximately 15-20 m.

Aggradations of terrace III sediments over the larger area of Zru¢ nad Sa-
zavou caused an important geomorphological process. After the maximum
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level of aggadation was reached, in several places (including the Zelivka),
the bed material was retransported to nearby valleys of affluents. In such
abandoned valley segments (the longest upto 3 km) the accumulation filling
is preserved at its full thickness, or it is locally reduced to the level of the
terrace IIIb surface.

Periglacial conditions and the occurrence of a gradient step are indicated
by coarser deposits (gravels) only at the terrace base and by the addition of
debris boulders in the otherwise sand-dominated sediments. Fine-grained
deposits recorded normal gradient conditions and probably also slight
faulting of the sedimentation area. A similar structure of the corresponding
terrace 111, Soutice) was also reflected in the lower Zelivka valley (Hugner
1972). Analysis of the terrace system proved the extraordinary significance
of the abandoned valley segments for the reconstruction of the river terraces
course in the long profile (cf. Zaruba, Rybat 1961), as well as for the under-
standing of the valley evolution stages.

For a long segment of the middle Sazava course (80 km) downstream,
the aggradation terrace III lacks important localities which do not allow a
precise reconstruction of the course and mainly of the base. Besides the high-
est level IIIa (with its surface at about 30 m above the present river), there
was formed in the accumulation of terrace III during the valley deepening a
lower erosion-accumulation terrace IIIb (with its surface 6-8 m lower) in the
area of Zru¢ nad Sazavou. In the following segment of the middle course,
this terrace occurs at isolated localities which appear to be a separate terrace
level. The bases of terraces IV and V did not penetrate more deeply into the
area of Zru¢ nad Sazavou under the bedrock surface beneath the terrace II1
sediments. These terraces on the middle course are aligned, in general, paral-
lel to the present river level and only locally is there a slight divergence.

The second pronounced step in the Sazava level gradient curve is in
the lowest course. It was formed by retrogressive erosion from the Vltava
valley during erosional stages during the Middle and Upper Pleistocene.
The beginning of the gradient step appears in a slighter form at first at the
base of terrace III, whereas its surface still shows a quite regular form. The
reach of the Sazava middle course with a remarkably normal gradient (with
smaller anomalies only downstream from the Melechov massif) is found in
a higher position (by about 40 m) related to the Vltava valley bottom. The
reconstructed long profile of terraces shows (Fig. 23) that the Sdzava middle
course reach, between both gradient steps, has not been more significantly
deepened since the Early Saalian glacial.

Geomorphological analysis of the Sazava valley form has revealed a
different morphographical character and course of valley segments, condi-
tioned by the Quaternary evolution of the valley. At the beginning of the
Middle Pleistocene, i.e. in the period of the formation of terraces I and II,
the valley still locally retained its Pliocene form. This had a vale transverse
profile, although it was locally markedly narrowed. The depth of a younger
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pronounced valley cutting is shown by the position of the valley margin in
relatively rare, straight segments of the Sazava valley. Between Havlickiv
Brod and the W neighbourhood of Svétla nad Sazavou, the valley margin
occurs at a constant altitude of about 425 m (20-40 m above the river level),
between Lede¢ nad Sazavou and Zru¢ nad Sazavou, it is at 425 m (83 m
relative height) and at 400 m (70 m relative height) near Cesky Sternberk
at 375-390 m (75-90 m relative height), in the neighbourhood of Sazava
town at 350-370 m (60-85 m of relative height), near Pofi¢i nad Sazavou
at 325-350 m (65-90 m of relative height) and near Luka pod Mednikem it
is at 280 m (70 m relative height). The highest position of the valley margin
corresponds to the depth of the valley deepening since the beginning of the
Quaternary; however, lower data in general indicates the intensity of the
Sazava valley erosion during as late as the Middle Pleistocene.

In spite of its predominantly erosional character, individual segments of
the Sazava valley includes with various geomorphological differences which
are conditioned by evolution during different morphostructural environ-
ments. The present Sazava valley is vale-shaped in several reaches, mainly
between Havlicktiv Brod and Svétla nad Sazavou, between Bfezina and
Holsice, near Chocerady and Hvézdonice. Locally small valley basins were
formed in larger valley bends to meanders. They are visibly asymmetrical
in their transverse profile (e.g. near Kacov, the town of Sdzava, Pofi¢i nad
Sazavou and Tynec nad Sazavou). In addition, the straight reach, between
Liténi and Cercéany, has the form of an asymmetrlcal furrow. Narrowed ero-
sional valley segments were deepened by the river in the Melechov trough,
between the mouth of the Blanice and the Sazava town, between the mouth
of the Propast Brook and Chocerady, downstream of Hvézdonice and in the
neighbourhood of Kamenny Pfivoz. The most pronounced trough-shaped
segment, with rock walls, was formed in the lowest Sdzava course in the
resistant rocks of the Jilové belt. Immediately before its confluence with the
Vltava, the Sdzava has a narrow trough to canyon shape valley, the margin of
which is under the lowered surface of terrace III.

Some Séazava valley reaches correspond in their alignements to the Terti-
ary directions of streams. This was especially noted by Novak (1932b). The
Sazava valley that is orientated SW between Havlicktiv Brod and Svétla nad
Sazavou could correspond to the Tertiary course of the upper Sadzava. The
Séazava valley between Lede¢ nad Sazavou and Vlastéjovice roughly follows
the assumed course of the Neogene Zelivka; the segment from the confluence
with the Blanice to Sazava town follows the E side the course of the Blanice
furrow. This is a relic of the course of the Tertiary Blanice. The straight part of
the Sazava valley between L$téni and Porici nad Sazavou could correspond
to the course of the Tertiary BeneSovsky (and the Konopistsky?) Brook to
the present Mnichovka, but in the opposite direction to the present courses.
The Sazava valley segment between Tynec nad Sazavou and Zboteny Kos-
telec, connecting the localities of the confluences of the Janovicky and the
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Kamenicky Brooks with the Sazava, could correspond to its course to the
Tertiary Janovicky potok Brook course to the Cakovicky (the Kamenicky)
potok Brook. The possible segments of inherited directions of the lower Sa-
zava course are partly speculative, with the exception of Neogene sediments
in the neighbourhood of Jesenice and of directions of the streams, because
this hypothesis is not sufficiently supported by evidence.

Another important problem in the Sdzava catchment is the question of
the origin and development of the characteristic valley meanders and bends.
Many of these features are developed in the neighbourhood of Lede¢ nad
Sazavou, downstream to Sazava town, and the most perfect forms of valley
meanders are developed between the Blanice mouth and Sazava town. The
morphometric characteristics and parameters of selected Sazava meanders
in the middle Sazava course were studied by Pileckd (1997). The basic ques-
tion she addressed was why a such high number of meanders and bends
(about 20) formed in the middle course of the Sdzava, although there are
only a few in the lower course (6). Equally these features are rare in the
upper course mainly between Havlickiv Brod and the neighbourhood of
Svétla nad Sazavou (2). It might point to a possible causal relationship the
river valley evolution since the beginning of the Upper Tertiary (cf. Novak
1932b). The segment upstream from the Melechov trough has a relatively
ancient character, with only a low intensity of deep and lateral erosion in the
Quaternary. On the contrary, the meandering middle course downstream of
the trough underwent a quite different evolution. The Sazava valley meanders
were probably formed there as unconstrained bends in a large and slightly
inclined valley bottom during the Pliocene and the earliest Quaternary, i.e.
before the beginning of erosional deepening of the valley which occurred
mainly during erosional stages from terrace I to terrace III.

The deepest valley cutting, and thus the maximum evolution of valley
bends, occurred mainly in the erosional stage between the surface of ter-
race IT and the base of terrace III, when the Sazava valley was deepened by
nearly 40 m. This represents the significantly greatest extent of stage-by-stage
deep erosion during the whole Quaternary. After the huge accumulation of
sediments of terrace III, which to the greatest thickness filled in the concave
parts of bends and meanders (re-deepened furrows), there followed in the
next erosional stage a progressive removal of sediments, the formation of
lower terraces and erosional slopes. The relatively rapid development of the
valley meanders occurred (with several exceptions) by the absence of ter-
races in their convex parts. On the contrary, in cores of the open bends,
small remnants of terrace III and mainly of terraces V and VI formed. They
are, however, only marginal remnants of the upper parts of the original ter-
race accumulations. The maximum thickness of sediments in the concave
parts of meanders, i.e. at the foot of erosional slopes, were largely reduced
and removed by the river during erosional periods between accumulations
of respective terraces.
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From the historical-genetic viewpoint, it is remarkable that the ca. 80 km-
long segment of the Sazava valley, with its numerous bends and meanders,
corresponds to the catchment of the middle course of the Sazava. Accord-
ing to Novak (1932b), the drainage here during the Tertiary was the most
intensive. This is the valley segment connecting both main localities of
the Upper Tertiary sediments. This segment of the Sazava valley is at the
same time situated in proximity to the important morphostructural units,
the Blanice brazda Furrow and the pronounced relief depressions E of the
Koufim fault.

Correlation of late Cenozoic sediments and the Sazava valley evolution
with the Vitava and the Labe terrace stratigraphical system

Erosional-denudational relief of an upland and highland character, devel-
oped on rocks mainly of the mainly moldanubic crystalline system and on
deep volcanic rocks, dominates in the Sdzava catchment. More significant
covers of loess sediments or buried loams that included paleontological or
archeological findings were not found in the Sazava valley. Therefore the
question of the relative age of the Sazava terraces system was determined
by applying the reconstructed course of river terraces in the long profile
and by their correlation with the terrace system of the Vltava with which
the Sazava is confluent (Fig. 5). This correlation of the terrace systems of
the Sdzava and the Vltava is complicated by a marked step in the river-level
gradient in the lowest part of the Sdzava course. Here, in an erosional valley
segment, the majority of terrace levels are either not preserved, or they only
occur as denudational fragments with markedly incomplete thicknesses of
sediments.

The first attempt at time classification of the lowest Sazava terraces by
Puffer (1930) classifies the two highest levels (at relative heights of about
130 m and 70-80 m above the river) in the Miocene, the river terrace 30-40 m
above the river level is considered as Pliocene and the two lowest steps,
6—10 m and 2-3 m above the river, should be Pleistocene (or deluvial). Ac-
cording to Engelmann (1938), terraces I and O on the lower Sazava course
are of Mindelian age and terrace U relates to the Rissian Stage. Novak
(1932b), with the exception of the lower course, described the majority of
the Sazava terrace localities, but he did not offers a more detailed time clas-
sification. He classified the highest levels of river accumulation terraces as
Neogene and the lower levels in the river valley as Quaternary.

However, Balatka and Sladek (1962) attempted to classify the Sazava ter-
race localities into the Quaternary stratigraphical system. The oldest Sdzava
fluvial sediments were classified on the respective sheets of the Geological
Map of the Czech Republic 1:50,000 as Neogene, with the terrace deposits
correlated either partially to individual glacials (on the lower course), or
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generally into the respective Pleistocene subseries (Lower, Middle, Upper
Pleistocene) and possibly, also on the basis of their height position (upper
and lower terrace). Stratigraphical classification of cartographically delim-
ited localities of fluvial sediments in a larger area of the Sazava and Vltava
confluence was undertaken by Straka (in Masek et al. 1984) on the basis of
the concepts by Zaruba et al. (1977).

In this paper, the stratigraphical classification of the Sazava terraces’
system is based on studies by Zaruba-Pfeffermann (1943) and mainly those
by Zaruba et al. (1977). These authors classified the Vltava terrace system,
relating them to significant Quaternary localities in the valleys of other
Czech streams, into the Alpine and North-German stratigraphical system
(Table 2). In his comparative study of terrace systems of some important
Czech rivers (but not including without the Sazava and the South Bohemia
streams) based both on older authors and on his own research, Tyracek
(2001) classified terrace levels and fluvial sediments generally into the main
glacials of the Quaternary and into the Pliocene and the Miocene. Other
summary papers by Tyracek et al. (2004) and Tyrdcek and Havlicek (2009)
attempted to correlate the Vltava-Labe terrace system with the West Euro-
pean stratigraphical scheme. The statigraphical classification of the Sdzava
terrace system proposed here (Tables 2 and 3) is based on the conclusions
arising from the above studies presented here.

The proposed correlation of the Sazava terraces with the Vltava and Labe
system respects the present state and the unsolved problems of chronos-
tratigraphical classification of fluvial and fluvial-lacustrine sediments in the
catchment of these Czech streams. Stratigraphical classification of upper
terraces, beginning with the Kralupy Terrace ITIA on the Vltava, is diametri-
cally different when comparing the papers by Zaruba et al. (1977) and that
by Tyracek et al. (2004) Discordance in the classification of terraces (or of
fluvial sedlments) is also evident when compared to their stratigraphical clas-
sification in the monograph by Sibrava (1972). This author departs from the
hypothesis of the so-called “double accumulation of a unified terrace body”
formed during two individual glacials (in the so-called “cataglacial” and the

“anaglacial” stages). For example, in the main terrace of the Labe system in
the Ceské stredohofi Mountains, i.e. the Nes$témice Terrace (Slbrava 1972)
which is equivalent to the Stragkov (III) Terrace in the Rip area and of the
Vltava terrace IITA and IIIB (Zaruba et al. 1977), the older accumulation
should fall into the Menapian (Giinzian) Stage, whereas the younger accu-
mulation is classified as Elsterian 1. Tyracek et al. (2004) the Kralupy Terrace
(IIIA) equated it to the Cromerian Complex C, and the Vinohrady Terrace
(IIIB) to the Elsterian. The oldest terrace of the Vltava system (IA, Lyso-
laje) is classified by Zdruba et al. (1977) as Briiggenian (Donauan), and by
Tyracek et al. (2004) as Cromerian A. In the Sibrava (1972) system, the cor-
responding oldest terrace, at a relative height of 100~150 m including finds
of Archidiskodon sp. remnants in Ust{ nad Labem (Stfibrnice Terrace), is
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equated to the Praetiglian Stage (Donau), whilst Tyracek et al. (2004) relate
it to the “Tiglian C Substage”. The Pankrac Terrace (II) on the Vltava cor-
responds, according to Zaruba et al. (1977), to the Menapian (Giinzian 1)
Stage, whereas Tyracek et al. (2004) relate it to “Cromerian Complex C
Substage”. The main part of the Zdiby level, which until this paper was
entirely classified as Pliocene (cf. Geological map 1:50,000, 12-24 Praha),
is correlated by Tyracek et al. (2004) to the long period including Eburo-
nian, Waalian and Menapian (Giinzian), i.e. it is a younger level than the
Sttibrnice Terrace. The Kobylisy sands of the Zdiby Stage are classified into
the Middle Miocene (about 15 Ma) on the basis a finding of moldavite.

There are also remarkable differences between the correlations proposed
in the papers by Tyracek et al. (2004) and Zaruba et al. (1977) contain re-
markable differences, also in the dating of terrace levels. The Vltava Lysolaje
Terrace IA (Zaruba et al. 1977), considered up to now as the oldest Qua-
ternary level, is considered by Tyracek et al. (2004) as about 700-800 ka,
whereas Zaruba et al. (1977) on the basis of palacomagnetic evidence con-
sider it to be 940-980 ka years old! The Zdiby gravels and sands are, except
for the Kobylisy sands, equated in the first paper as 1.1-1.8 Ma, yet in the
second study they are considered to be 2.05-2.10 Ma. The Stfibrnice Terrace
was formed about 1.8-1.9 Ma (Tyracek et al. 2004). This time correlation
makes it clear that all the terrace levels, including the Zdiby Stage (exclud-
ing the Kobylisy sands) are, following the shift of the Tertiary/Quaternary
basal boundary to 2.6 million years ago (cf. Gibbard et al. 2004, 2009), of
Quaternary age. These morphostratigraphical aspects of time correlation of
river terraces in the central part of the Cesky masiv Massif are stressed in the
paper by Balatka and Kalvoda (2008; Table 3).

Fluvial sediments in the valleys of the Vltava, the Berounka, the Sazava
and the Labe are preserved as a large system of river terraces that originated
by interaction of climato-morphogenetic and neotectonic processes through
the late Cenozoic. For this reason, Kalvoda, Balatka (2006) and Balatka, Kal-
voda (2008) described the palacogeographical history of the central part of
the Cesky masiv Massif. The sedimentary and morphological records of the
evolution of antecedent valleys and river accumulation terraces in this area
are also compared to the European stratigraphical stages of the Quaternary.
Additionally a chronostratigraphical scheme of erosional and accumulation
periods and of their relation in space and time-variable values of uplift in the
late Cenozoic was proposed.

The oldest river accumulation terraces in Central Bohemia are situated
above the margins of valley incisions. During the oldest Pleistocene, the
Vltava and its affluents freely meandered in shallow and large valleys on a
planation surface of Neogene age. The relative height of the oldest river ter-
races above the present river valley bottoms of the central part of the Cesky
masiv Massif exceeds 100 m. This indicates the approximate extent of deep
erosion by rivers during the Quaternary. Geomorphological determination
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of values of the Vltava antecedent deepening in the late Cenozoic, mainly
based on the position and sedimentary structure of river accumulation ter-
race relics, indicated that deep erosion of this river was the greatest during
part of the Middle Pleistocene (Kalvoda, Balatka 2006, Balatka, Kalvoda
2008).

lee height conditions of the Sazava terraces (Table 1) and their classi-
fication into the chronostratigraphical system of Central Bohemian rivers
(Tables 2 and 3) led to the conclusion that the whole system of the Sdzava
river accumulation terraces was developing mostly during the Middle and
the Upper Pliocene (from the Cromerian Complex Stage to the Warthe
Substage) and only erosional stages, before the accumulation of terrace Ia,
occurred at the end of the Early Pleistocene. Into the Early Pleistocene (Me-
napian Eburonian Stages) then also falls the origin of level B (Radvanice),
formerly classified as Pliocene (Tyracek, in Klominsky et al. 1994), but this
was based on the then accepted Neogene/Quaternary boundary at 1.65 Ma.

An analysis of the dynamics of removal of sediments during the Quaternary
in the central part of the Cesky masiv Massif was aimed at fluvial transport
and sedimentation in relation to principal changes of the river network char-
acter with a progressive epigenetic and antecedent valley evolution (Tables 2
and 3). These Quaternary processes were at the same time connected to the
reconstruction of areas with large sedimentation of transported material by
rivers. Therefore, complex research into the dynamics of fluvial processes
also requires study of the processes of weathering, denudation, erosion and
slope movements.

Conclusions

The studies of the Sazava valley evolution through the late Cenozoic is based
on field geomorphological research and on evaluation of data in both pub-
lished and manuscript materials. The aim of this paper was to determine, on
the basis of the terrace system of the river and geomorphological analysis
of the relief, the main stages of the valley evolution and to contribute to
solution of problems of Upper Tertiary drainage of the Sazava catchment.
The main results of this geomorphological research can be summarised as
follows:

1. The Sazava course and catchment were initiated, in a form similar to
the present one, either already at the beginning of the Neogene (Malkovsky
1975, 1976, 1979, Lozek et al. 2004) or during younger periods of the Neo-
gene. During the Sazava course and valley formation, a significant part was
probably played by tectonic movements of a continuous character — mega-
synclinal folding at the site of the present valley and mega-anticlinal uplift
in watershed areas to the N. The main drives towards the Sdzava drainage
reunification were arch-like uplift of the present watershed area between the
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Sazava and the Labe during the Upper Miocene to Pliocene. During the
Pliocene, the Sazava flowed to the W, in a large vale-shaped valley. This val-
ley was deepened into a tectonically and denudationally deformed Palaco-
gene planation surface, as well as into lower Neogene planation levels. The
present altitude of the Sazava-Labe watershed, in places of the presumed
direction of the “Svételsk4 feka“ River and the “Replicka feka” River (al-
most 500 m), indicates that the relative uplift of this area could have reached
roughly 70-100 m, related to the country along the later Sdzava valley.

2. Geomorphological analysis of the pre-Quaternary relief has demon-
strated the existence of a lowered Palacogene planation surface of “etchplain
type” in watershed positions (at relative heights of mostly 150-180 m) and
two to three lower levels of denudational plateaux of Neogene age (90-130 m
above the river). These lower levels can be classified mostly as pediments
developed in a largely pre-Quaternary vale-shaped valley depression. The
highest of the denudational plateaux represents relics of a regional planation
surface of Lower to Middle Miocene age; the other two levels are probably
Upper Miocene and Pliocene.

3. The Quaternary cutting of the Sdzava valley to an average depth of
70-90 m (in the lowest course up to 105 m and in the upper segment about
50 m) was induced by an epeirogenetic uplift of the Cesky masiv Massif
morphostructure. The typically developed incised meanders and bends were
formed mostly in the Middle Pleistocene. From the Pliocene to the Early
Pleistocene, free bends developed during the strong erosion which followed
after the uplift of the Cesky masiv Massif morphostructure. During the Qua-
ternary, deepening of the ground plan of these valley bends did not change
significantly.

4. The Sazava terrace system is characteristic by its very atypical structure
which is conditioned by specific hydrodynamic processes that existed dur-
ing the late Cenozoic evolution of the valley. The reconstruction method,
consisting of construction of the long profile through the river terraces and
of a series of transverse-valley profiles, enabled the differentiation of seven
main terraces with several subsidiary levels and two levels of Neogene fluvial
to fluvio-lacustrine sediments (Fig. 23). Whereas the surfaces of pre-Quater-
nary deposits are up to 135 m higher than the present river level, the relative
height of the highest (I) Quaternary terrace in the middle course is only
about 60 m (Table 1).

5. The valley evolution and the terrace-system structure were significantly
influenced by two segments of an increased gradient of the river level: the
upper one in the granite Melechov massif (river kilometres 139.5-135.4)
with a mean gradient of 5.7 %o and the lower one (river kilometres 17.9-5.0),
with a gradient of 3.9 %o. These gradient steps are separated by a 117.5 km
long segment with a mean gradient of 0.88 %o. The gradient curve shape in
this segment is a perfect line which is not deformed even when the profile is
300 times exaggerated. The shape of the gradient curve of the long middle
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course is influenced neither by the significantly increasing water content of
the river nor by the different resistance to weathering and erosion of the vari-
ous crystalline rocks of the substrate. These gradient steps are fronts of ret-
rogressive erosion that are progressing against the stream and this progress
greatly slowed, in places, with more resistant rocks (Figure 2). The upper
step was formed during the erosional period between terraces II and III,
i.e. between the “Cromerian Complex glacial C” and the Elsterian glacial
Stage, the lower step was formed during erosional stages between terraces
IIT and IV, i.e. from the Elsterian glacial to the Weichselian glacial (Tables 2
and 3). The present valley bottoms (floodplains), above both gradient steps,
are situated in hanging positions by about 25 m at the upper step and about
40 m at the lower step.

6. The gradient steps induced a huge fluvial accumulation in lower situated
segments of the Sdzava course. Below the upper step in the Melechov massif
an accumulation (aggradation) of terrace III (Chabetice) occurred which,
at an exceptionally high thickness of about 25 m, progressively levelled this
step into a curve corresponding to the equilibrium profile (Krej¢i 1939). In
a shorter segment of the middle course (about 30 km), huge aggradations
of terrace III are preserved only in fillings of abandoned valley segments
(Zaruba, Rybar 1961). They do not occur, however, in the subsequent valley
segment of the middle course from where they were later removed. Analysis
of the Sazava terrace system has confirmed the exceptional significance of
abandoned valley segments for the reconstruction of the course of river ter-
races in the long profile, as well as for knowledge of valley evolution stages.

7. During the erosional stage before accumulation of sediments of the
terrace III, the Sazava valley in its middle course was deepened almost to
the level of the present valley floor (floodplain surface). Therefore, during
the long period of part of the Middle and Late Pleistocene, in its middle
course, the Sdzava formed an entirely normal gradient profile (cf. point 3).
The gradient step of the lower course, which has also been developing at
present, caused a terrace accumulation in the valley of the nearby Vltava.
The present Sazava valley bottom between both gradient steps is situated, in
comparison with the Vltava floodplain, in a markedly hanging position (by
about 40 m). It was deepened to its present level at the time of the formation
of terrace VI. The Sazava valley bottom above the Melechov trough is situ-
ated approximately only 4-5 m below the supposed surface of terrace III.

8. Height conditions of the Sazava river terraces are shown in Table 1
and comparison of the Sdzava system with terrace systems of other principal
Central Bohemian streams is given in Table 2. Chronostratigraphical cor-
relation of river terrace systems in the central part of the Cesky masiv Massif
with the North European stratigraphical classification of the Quaternary is
given in Table 3. According to the current stratigraphical scheme of the Qua-
ternary (e.g. Gibbard et al. 2004, 2009), the entire Sazava terraces’ system
was formed mostly to the Middle and Early Pleistocene, that is to the period
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from the “Cromerian Complex” to the Weichselian stages. Erosional stages,
before accumulation of terrace I, fall in the end of the Early Pleistocene.
Older levels of fluvial sediments, occupying a still higher morphological
position in the studied areas of the Cesky masiv Massif and up to now clas-
sified as Pliocene, have thus been stratigraphically to be shifted to the Early
Pleistocene.
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A segment of the Sdzava course between Havli¢kiv Brod and its confluence with
the Vltava with marked kilometrage.

The longitudinal profile of the Sazava level at river kilometres 172-0 with an
indication of the mean gradient of important segments.

Outline of the Sazava valley evolution between Horka and Zru¢ nad Sazavou.
Outline of the Sézava valley evolution near Sdzava town. Explanations are in Fig. 3.
Outline of the Vltava valley evolution in the segment between the confluences
with the Sdzava and the Berounka. Explanations are in Fig. 3.

Map of river terraces, Neogene sediments and planation surfaces of the middle
and lower Sazava: Fig. 6a — part 1, Fig. 6b — part 2, Fig. 6¢ — part 3, Fig. 6d — part
4. Explanations are in Fig. 6a.

Profile of the Miocene sediments locality Boji§té near Lede¢ nad Sazavou (modi-
fied after J. Kral 1972). Key: 1 — sandy-clayey loams, 2 — sands, 3 — sands with
gravels, gravels with sands, 4 — clayey sands, fine-grained sands, 5 — sandy-clayey
eluvium of granite.

Transverse profiles of the Sazava valley with river terraces and planation surfaces
in the reach between river kilometres 144.0 and 137.9. Key: A, B - Neogene
sediments, Ia-VII — Pleistocene terraces, N — Holocene floodplain, P — planation
surface, oblique lines — slope sediments. These profiles in Figs 8§—19 are 10 times
exaggerated.

Transverse profiles of the Sazava valley in the reach between river kilometres
135.85 and 128.5. Explanations are in Fig. 8.

Transverse profiles of the Sdzava valley in the reach between river kilometres
123.3 and 112.4. Explanations are in Fig. 8.

Transverse profiles of the Sazava valley in the reach between river kilometres
110.8 and 107.9. Explanations are in Fig. 8.

Transverse profiles of the Sazava valley in the reach between river kilometres
106.3 and 93.85. Explanations are in Fig. 8.

Transverse profiles of the Sdzava valley in the reach between river kilometres 87.5
and 74.4. Explanations are in Fig. 8.

Transverse profiles of the Sazava valley in the reach between river kilometres 71.2
and 56.8. Explanations are in Fig. 8.

Transverse profiles of the Sdzava valley in the reach between river kilometres 55.1
and 45.6. Explanations are in Fig. 8.

Transverse profiles of the Sdzava valley in the reach between river kilometres 43.5
and 31.3. Explanations are in Fig. 8.
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Fig. 17 Transverse profiles of the Sazava valley in the reach between river kilometres 27.2
and 11.9. Explanations are in Fig. 8.

Fig. 18 Transverse profiles of the Sdzava valley in the reach between river kilometres 9.7
and 5. Explanations are in Fig. 8.

Fig. 19 Transverse profiles of the Sazava valley in the reach between river kilometres 3.6
and 0.5. Explanations are in Fig. 8.

Fig. 20 River network in the Sazava basin in the Upper Tertiary (particularly during
the Miocene) from V. J. Novak (1932b) and other authors. Reconstruction by
B. Balatka (2007). Key: grey areas — regions and localities with Neogene (mostly
Lower Miocene) sediments, discontinuous lines — probable courses of dividing
lines, continuous lines — probable directions of streams.

Fig. 21 River network in the Sdzava basin in the Upper Tertiary (especially in the Lower
Miocene). From M. Malkovsky (1975) and V. Lozek et al. (2004) reconstructed by
B. Balatka (2007). Explanations are in Fig. 20.

Fig. 22 The present state of the river network in the Sdzava catchment.

Fig. 23 The long profile of river terraces and Neogene sediments of the Sazava between
Havlicktv Brod and its mouthing to the Vitava (300 times exaggerated), with
marked localities of planation surfaces.

Fig. 24 Transverse profiles of the bottom of the Sdzava valley in scales 1:400 (lengths)
and 1:200 (heights) in selected areas of road and railway bridges (Smetana 1933):
a) Cesk;’r Sternberk, b) Ledecko, c¢) Chocerady, d) Ceréany.

Texts to photographs

Photo 1  The largely opened Séazava valley in the Melechov granite massif. In the back-
ground the Zebrakovsky kopec Hill (601 m). Photographs 1-18 by B. Balatka.

Photo 2 The Sazava bouldary bed in the trough valley in the Melechov granite massif
in a zone of a pronounced level gradient step.

Photo 3 'The Sazava valley upstream from Zru¢ nad Sazavou, at the beginning of the
reach with abandoned valleys from the Middle Pleistocene.

Photo 4 Compacted sands and tiny gravels of the Sdzava terrace III in a sandpit near
Buda.

Photo 5  The large Sazava valley near Zru¢ nad Sazavou with plateaux of Middle Pleis-
tocene terraces.

Photo 6  The vale-shaped Séazava valley at the mouth of the Zelivka.

Photo 7  Part of an abandoned Sazava valley near Chabefice filled by an up to 25 m
thick accumulation of sediments of terrace III.

Photo 8  Plateau of the oldest Pleistocene river accumulation terrace I of the Sdzava
near Stiechov.

Photo 9  The large vale-shaped Sdzava valley from the Upper Tertiary, with pronounced
plateaux of Pliocene planation surfaces of pediment type.

Photo 10 A part of the core of a valley bend in Kacov with relics of plateaux in the place
of higher Middle Pleistocene terraces.

Photo 11 'The Sazava valley near the town of the same name, where the river course prob-
ably turned in the Upper Tertiary from the northward direction to the present
westward one.

Photo 12 Eroded slope of the Sazava valley bend downstream from Cerna Buda.
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Photo 13

Photo 14

Photo 15

Photo 16

Photo 17

Photo 18

Photo 19

Photo 20

Photo 21

Photo 22

Photo 23

Photo 24

Photo 25

Iz

Plateau of the Sazava terrace VI on the left bank downstream from Pori¢i nad
Sézavou.

Stepped quarry on the right slope of the Sdzava valley near Stfibrna Skalice in
metamorphized Proterozoic rocks of the Central Bohemian Pluton mantle.
Sandy gravels of the Sdzava terrace IV in an exposure near the Tynec nad Saza-
vou railway station.

Giant pots in a granodiorite rock of the Sdzava bed in Krhanice.

Frost swirled, weathered parts of Proterozoic greywacke slates in a gentle
slope beneath the Sazava terrace III on the right bank near the mouth to the
Vltava.

Exit of the Sazava from the closed trough-shaped valley in metamorphosed
rocks of the Jilové belt to a small valley basin with floodplain and terrace VII
near Pikovice.

Position of the Sdzava river on part of the map “Regni Bohemiae descriptio”
(Abraham Ortelius, Antverpy 1570). The lifelike sketch of main patterns of the
river network in the middle Bohemia is remarkable. However, they are con-
spicuous errors in the drawings of confluence areas of the Sdzava, Vltava and
Berounka rivers in the S of Prague, as well as the Orlice, Labe and Chrudimka
rivers between the towns of Hradec Kralové and Pardubice, and also of the
source region of the Sdzava river. This historical map is a part of many editions
of the “Teatrum orbis terrarum” by Abraham Ortelius and it is based on the
Johann Criginger’s map of Bohemia (1568). Dimensions of the sheet of map
are 53x46 cm. Reproduction of the original map from the archives of the Map
Collection of the Charles University in Prague. Cartographical sources and
historical data were provided by P. Jansky.

The position of the Sdzava river in middle Bohemia (compare photo 19) at a
part of the map “Bohemia” (Pieter van den Keere, Amsterdam 1620). However,
the source region of the Sazava river is not correctly drawn so far and its sig-
nificant left-side tributary, the Zelivka river, is entirely absent. This historical
map is probably based on the Zimmermann’s map of Bohemia (1619). Dimen-
sions of the sheet of map are 58x47 cm. Reproduction of the original map
from the archives of the Map Collection of the Charles University in Prague.
Cartographical sources and historical data were provided by P. Jansky.
Dissected relief above the middle Sazava valley with relics of Neogene pla-
nation surfaces. In the background is Chlum (480 m a.s.l.). Photos 21-24 by
J. Kalvoda.

The ridge part of Pecny Hill (545.8 m a.s.l.) above mildly dissected relief of
a planation surface in the Ondfejovska vrchovina Highland is the locality of
geodetic and astronomical observatories.

Selective weathering of granites at one of conspicuous degraded frost cliffs in
the northern part of the Ondiejovska vrchovina Highland.
Morphotectonically conspicuous basin of the Blanickd brazda Furrow is filled
with Upper Carboniferous and Permian sediments and bordered by a slightly
inclined erosional-denudational surface of the late Cenozoic age.

Slope and fluvial accumulation landforms of a vale-shaped valley in the lower
part of the Jevansky potok Brook with Hrusovsky rybnik Pond by the Stfibrna
Skalice. Photos 25-27 by J. Tomecek.



Photo 26

Photo 27

Photo 28

Photo 29

Photo 30

Photo 31

Photo 32

SUMMARY: EVOLUTION OF THE SAZAVA VALLEY IN THE LATE CENOZOIC

Recent erosion groove developed in Permo-Carboniferous sediments enter
into the system of ravines in the lower part of catchment of the Jevansky potok
Brook which is a right-side tributary of the Sazava.

Erosion ravine with a deep more than 20 m is formed in crystalline rocks of the
Ondiejovska vrchovina Highland above the canyon-like Sazava valley.
Morphometric sketch of the area of a clinched meander of the Sazava in
the Ondfejovskd vrchovina Highland near Senohraby with the mounthing
of canyon-like valley of the Mnichovicky potok Brook. Photos 28 and 29 by
M. Kuncova.

Holocene river accumulation terraces near the mouth of the Mnichovicky
potok Brook to the Sizava.

Deep valley of the Berounka river with considerable fluvial accumulation
terraces originated in Cambrian volcanic rocks of the Kfivoklatskd vrchovina
Highland in the late Cenozoic. Photos 30-32 by B. Balatka.

Neovolcanic hill of Rip (461 m) is composed by a selectively denuded nephe-
linitic diatreme. It is surrounded by the Quaternary system of river accumula-
tion terraces in a larger area of the Labe and Vltava rivers confluence.
Antecedent valley of the Labe river near Litoméfice town is cut through an
uplifted horst of crystalline rocks which are an underlier of neovolcanic rocks
in the Ceské stiedohoti Low mountain range.

Book cover photo: The Sazava valley with the monastery in the place, where the river course
probably turned in the Upper Tertiary from the northward direction to the present
westward one.
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Tab. 1 - Neogene sediments and Quaternary terraces of the Sazava River

Planation Surfaces,
Neogene sediments
and Quaternary terraces

Svétlad nad Sazavou

Ledec nad Sézavou

Zrué nad Sézavou

Planation surface, 108 147 150
denudation plateau 98 131 124
61 90 94
Niveau A Bojisté 88/? 135/120 113/(110)
115/110 105/103
Niveau B Radvanice 47/?
Valley edge 35 83
Stfechov Terrace la 32/? (63)/?
Hvézdonice Terrace Ib @n/e
Cesky Sternberk Terrace I (13)/? 36/31 39/23?
Chaberice Terrace llla 7/? 29/24 31/4
Buda Terrace lllb 24/4
Tynec Terrace IV 13/(5) 17/0-7
Méstecko Terrace V 7/3 9/2-0
Pori¢i Terrace VI 4/-1az-3 4/0 az -4
Pikovice Terrace VII ?/-3 /-4

Explanations: 115/110 - surface/base in metres above river level; (37)/(22) - approximate relative height
after longitudinal profile of the terraces.
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Mouth into the Zelivka
River - Kacov

Sazava-Cerné Budy

Pori¢i nad Sazavou -
Tynec nad Sazavou

Mouth into the
Vlitava-River - Méchenice
(Zaruba et al. 1977)

183 144 160 185

110 131 128 120
70-97 119 95-105

118-112/(105) 169,146
Klinec 144/(123)
101,/(90)

66 84 77-90 105-155
62/54 67)/? (66)/? IA (105)/(91)
47/45 (54)/? (53)/? 1B (95),/?

(37)/(22) (39)/? 41)/? 1187/73
31/3 (32)/? (35)/? A 75/(67-72)
24/3 21/11 (25)/? I1IB 68/53
15/3 15/(11) 19/15 IV 55/43
9/5 9/2-0 11/6 V (33)/(25)

5/1 6/0 az -4 7/2 a2 -3 VI 21/3

/-4 /-4 ?/-2a% -3 VI 17/-5
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Tab. 2 - Correlation of Sazava River terraces with the Vitava-Labe terrace systems and their
chronostratigraphical position

Sazava Berounka Vlitava Vitava-Labe Chronostratigraphi-
Balatka, Louc¢kova  Zaruba et al. Balatka, Sladek cal position: Tyracek
(1992) 1977 (1962), Sibrava in Klominsky (ed.,
(1972) 1994), Tyracek et al.
(2004)
Niveau A Niveau A Klinec Stadium lower-middle
Bojisté (Miocene) Miocene
Niveau B Niveau B Zdiby Stadium Stribrniky Terrace  upper Tiglian,
Radvanice Pliocene Rovné Terrace Eburonian, Waalian,
(2,1-2,05 Ma) Menapian, Bavelian,
Dorst
Strechov Skryje Terrace la Lysolaje Terrace IA  Krabcice Terrace | ~ Cromerian A
Terrace la Briggen
Hvézdonice Revnice Suchdol Terrace 1B Cromerian B
Terrace Ib Terrace Ib Eburonian
Cesky Sternberk Pohorelec Pankrac Terrace Il Ledcice Cromerian C
Terrace Il Terrace lla Menapian Terrace Il
Hlince Terrace Ilb
Chaberice Tetin Terrace llla Kralupy Terrace Straskov Terrace Cromerian C
Terrace llla IIA Helme Illa
Buda Srbsko Terrace Vinohrady Terrace  llib
Terrace lllb IlIB Elsterian Elsterian
Tynec Zbraslav Terrace Letna Terrace IV Hnévicky vrch
Terrace IV IVa Fuhne Terrace IV Fuhne
Hyskov Terrace
IVb
Méstecko Liblin Terrace Va Dejvice Terrace V Citov Terrace Domnitz, Drenthe,
Terrace V Pou¢nik Terrace Drenthe (Saale) Va, Vb Saalian
Vb
Porici Kazin Terrace VI Veltrusy Terrace VI Mi¢echvosty Warthe
Terrace VI Warthe Terrace
Vla, b, ¢
Pikovice Lipenec Terrace Maniny Terrace VIl Hostin Terrace Eemian
Terrace VII Vlla Weichsel Vlla, b, ¢, d Weichselian

Dobrichovice
Terrace VIlb
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Tab. 3 - Chronostratigraphical correlation of river terraces in the central part of the
Bohemian Massif related to the North West European stratigraphical stages of the
Quaternary (modified from Balatka, Kalvoda 2008)

Regional strati- Sazava Berounka Confluence Vitava Complex of
graphical division Balatka, Balatka, area of Vltava Zaruba et al. Vltava and
(stage/substage) Stépancikové Louckovéa and Labe 1977) Labe
of the Quaternary  (2006), Balatka  (1992) Balatka, Tyréacek (2001),
(Gibbard et al. (2007), Kalvoda Sladek (1962) Tyracek et al.
2004, 2009) (2007a) (2004), Tyra-
cek, Havlicek
(2009)
Late Pleistocene Pikovice Lipence Hostin Terrace  Maniny Maniny Terrace
Weichselian Terrace (VII) Terrace (Vlla)  (Vlla, b, ¢, d) Terrace (VII) (Weichselian)
Dobfichovice Hostin 1
Terrace (VIIb) Terrace
Middle Pleistocene Pofrici Terrace Kazin Terrace ~ Mlicechvosty Veltrusy Veltrusy Terrace
Saalian (Warthe) (D] (D] Terrace (Vla, Terrace (VI) (Warthe)
b, )
Middle Pleistocene Meéstecko Liblin Terrace  Citov Terrace Dejvice Dejvice 1 and
Saalian (Drenthe)  Terrace (V) (Va) Pou¢nik (Va, Vb) Terrace (V) 2 Terrace
Terrace (Vb) (Drenthe)
Middle Pleistocene Tynec Terrace Zbraslav Hnévice Hill Letnd Terrace  Letnéa Terrace
Saalian (Fuhne) ) Terrace (IVa) Terrace (V) vy (Fuhne)
Hyskov
Terrace (IVb)
Middle Pleistocene Buda Terrace Srbsko (Ilb) Vinohrady Vinohrady Ter-
Elsterian (llib) Terrace (llIb) Terrace (l11B) race (Elsterian)
Middle Pleistocene Chaberice Tetin Terrace Straskov Kralupy Kralupy Terrace

Cromerian Com-
plex (Glacial ¢)

Terrace (llla)

(llla)

Terrace (llla)

Terrace (llIA)

(Cromerian C)

Middle Pleistocene  Cesky Pohorelec Ledcice Pankrac Pankrac Terrace
Cromerian Com- Sternberk Terrace (l1a) Terrace (1) Terrace (II) (Cromerian C)
plex (Clacial c) Terrace (1) Hlince Terrace
(Ilb)
Middle Pleistocene Hvézdonice Revnice Suchdol Suchdol
Cromerian Com- Terrace (Ib) Terrace (Ib) Terrace (IB) Terrace (Cro-
plex (Glacial b) merian B)
Middle Pleistocene Strechov Skryje Terrace  Krabdice Lysolaje Lysolaje Terrace
Cromerian Com- Terrace (la) (1a) Terrace (1) Terrace (IA) (Cromerian A)
plex (Glacial a)
Early Pleistocene Rovné Terrace Rovné Terrace
Bavelian (Dorst) (Dorst)
Menapian Vraz Terrace
(Menapian)
Early Pleistocene Niveau B Niveau B Zdiby Stadium  Zdiby Terrace
Eburonian, Radvanice (Pliocene) (Eburonian-
Menapian Menapian)
Early Pleistocene Stribrniky
Tiglian Terrace (upper
Tiglian)
Neogene Niveau A Niveau A Klinec Kobylisy Sands
(Miocene) Bojisté Stadium
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Foto1 - Siroce rozevitené tdoli Sazavy v melechovském zulovém masivu. V pozadi
Zebrakovsky kopec (601 m). Foto B. Balatka.

Foto 2 - Balvanité koryto Sazavy v prilomovém udoli v melechovském Zulovém masivu
v z6n¢€ vyrazného stupné ve sklonu hladiny. Foto B. Balatka.
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Foto 3 - Udoli Sazavy nad Zruéi nad Sazavou, a to na poéatku tseku s opusténymi tdolimi
ze stfedniho pleistocénu. Foto B. Balatka.

Foto 4 - Zhutnélé pisky a drobné stérky Ill. terasy Sazavy v piskovné u Budy.
Foto B. Balatka.
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Foto 5 - Siroké tidoli Sazavy u Zruée nad Sazavou s ploginami stiedopleistocennich teras.
Foto B. Balatka.

Foto 6 - Uvalovité adoli Sazavy pfi usti Zelivky.
Foto B. Balatka.
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Foto 7 - Cast opusténého udoli Sazavy u Chabefic s vyplni az 25 m mocnych sedimentti
I1l. terasy. Foto B. Balatka.

Foto 8 - PloSina nejstarsi pleistocenni I. Fi¢ni akumulac¢ni terasy Sazavy u Strechova.
Foto B. Balatka.
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Foto 9 - Siroké tvalovité Gdoli Sazavy u Kacova z mladsich tietihor s vyraznymi ploginami
pliocennich (?) zarovnanych povrchi typu pedimentu. Foto B. Balatka.

Foto 10 - Cast jadra tdolniho zakrutu Sazavy v Kacové s relikty plosin v misté vyssich
stredopleistocennich teras. Foto B. Balatka.
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Foto 11 - Udoli Sazavy u stejnojmenného mésta v misté, kde pravdépodobné doslo
v mladSich tretihorach k obratu toku reky ze severniho sméru do sou¢asného smérovani
k zapadu. Foto B. Balatka.

Foto 12 - Narazovy svah tdolniho zakrutu Sazavy pod Cernymi Budami.
Foto B. Balatka.
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Foto 13 - Plosina VI. terasy Sazavy na levém brehu pod Pori¢im nad Sazavou.
Foto B. Balatka.

Foto 14 - EtaZovy lom v pravém svahu Gdoli Sazavy u Stribrné Skalice v metamorfovanych
proterozoickych horninach plasté stredoceského plutonu. Foto B. Balatka.
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Foto 15 - Piscité stérky IV. terasy Sazavy v odkryvu pobliz Zelezni¢ni stanice Tynec nad
Sazavou. Foto B. Balatka.

Foto 16 - Obri hrnce v granodioritové skalce koryta Sazavy v Krhanicich.
Foto B. Balatka.
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Foto 17 - Mrazem zvirené zvétralé partie proterozoickych drobovych bridlic na mirném
svahu pod lll. terasou Sazavy na pravém brehu pobliz usti do Vitavy. Foto B. Balatka.

Foto 18 - Vystup Sazavy ze sevieného soutéskovitého udoli v metamorfovanych horninach
jilovského pasma do udolni kotlinky s nivou a VII. terasou u Pikovic. Foto B. Balatka.
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Foto 19 - Umisténi feky Sazavy na vyiezu mapy ,,Regni Bohemiae descriptio” (Abraham
Ortelius, Antverpy 1570). Pozoruhodné je vystiZzeni hlavnich rysi Fiéni sité stiednich Cech,
napadna jsou vSak nepresna zakresleni soutokovych Gizemi Sazavy, Vitavy a Berounky jizné
od Prahy, dale Orlice, Labe a Chrudimky mezi Hradcem Kralové a Pardubicemi a také
pramenné oblasti Sazavy. Tato historicka mapa je obsaZena v ¢etnych vydanich Abrahama
Ortelia ,Teatrum orbis terrarum” a vychazi z mapy Cech od Johanna Crigingera z roku 1568.
Rozméry listu mapy jsou 53 x46 cm. Reprodukce pivodni mapy, ktera je soucasti fondu
Mapové sbirky Prirodovédecké fakulty Univerzity Karlovy v Praze. Kartografické podklady

a historické Gdaje poskytl P. Jansky.
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Foto 20 - Upfesnéni pribéhu feky Sazavy ve stiednich Cechach (srv. Foto 19) na vyiezu
mapy ,Bohemia” (Pieter van den Keere, Amsterdam 1620). Pramenné tizemi Sazavy viak
dosud neni spravné zakresleno a feka Zelivka jako jeji levostranny piitok zcela chybi. Tato
historicka mapa vychazi pravdépodobné z Zimmermannovy mapy Cech z roku 1619.
Rozméry listu mapy jsou 58 x47 cm. Reprodukce plvodni mapy, ktera je soucasti fondu
Mapové sbirky Prirodovédecké fakulty Univerzity Karlovy v Praze. Kartografické podklady
a historické Gdaje poskytl P. Jansky.
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Foto 21 - Clenity reliéf nad Gdolim stiedniho toku Sazavy s relikty zarovnanych Grovni

neogenniho stari, v pozadi Chlum (480 m n. m.). Foto J. Kalvoda.

Foto 22 - Severni svahy vrchu Pecny (545,8 m n. m.) nad mirné ¢lenitym reliéfem zarovna-
ného povrchu vytvoreného na krystalinickych horninach v Ondiejovské vrchoviné.
Foto J. Kalvoda.
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Foto 23 - Selektivni zvétravani granitd v lokalité vyrazné degradovanych mrazovych srubt
v severni ¢asti Ondrejovské vrchoviny. Foto J. Kalvoda.

Foto 24 - Morfostrukturné podminéna blanicka brazda s vyraznymi okrajovymi zZlomovymi
pasmy v krystalinickych horninach je vytvorena prevazné ve svrchnokarbonskych a permskych
sedimentech intenzivni selektivni erozi a denudaci v mladsim kenozoiku. Foto J. Kalvoda.
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Foto 25 - Svahové a fluvialni akumulaéni tvary Sirokého tdoli dolni ¢asti Jevanského potoka
s Hrusovskym rybnikem u Stribrné Skalice. Foto J. Tomecek (2007).

Foto 26 - Recentni erozni ryha vytvorena v permokarbonskych sedimentech navazuje

na systém strzi v dolni ¢asti povodi Jevanského potoka, ktery je pravostrannym pritokem
Séazavy. Foto J. Tomecek (2007).
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Foto 27 - Erozni strz s hloubkou pres 20 m vytvorena v krystalinickych horninach
Ondrejovské vrchoviny nad karionovitym Gdolim Sazavy. Foto J. Tomecek (2007).

Foto 28 - Morfometrické
schéma Gzemi zakleslého
meandru Sazavy

v Ondrejovské vrchoviné

s vyusténim strukturné
podminéného karionovitého
tdoli Mnichovického potoka
u Senohrab.

Foto M. Kuncova (2006).
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Foto 29 - Holocenni riéni akumulaéni terasy pFi sti Mnichovického potoka do Sazavy.
Foto M. Kuncova (2006).

Foto 30 - Udoli eky Berounky s rozsahlymi ¥i¢nimi akumulaénimi terasami, které vzniklo
v pribéhu mladsiho kenozoika v kambrickych vulkanickych horninach Krivoklatské
vrchoviny. Foto B. Balatka.
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Foto 31 - Neovulkanicky vrch Rip (461 m) je tvoien selektivné denudovanym nefelinitickym

diatrémem. V okoli Ripu je vyvinut kvartérni systém fi¢nich akumulaénich teras rozsahlé
oblasti soutoku Labe a Vlitavy. Foto B. Balatka.

Foto 32 - Antecedentni Gdoli Labe u LitoméfFic je zafiznuto do vyzdviZzené hrasté
krystalinickych hornin, které jsou v podloZi neovulkanickych hornin Ceského stiedohofi.
Foto B. Balatka.
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Historicky vyjimec¢na a esteticky nadherna krajina Posazavi

ve stitednich Cechéch je z geomorfologického hlediska podstatné
méné prozkoumana nez uzemi, kterymi protékaji Labe a Vltava.
Reka S4zava zaujima mezi toky Ceského masivu mimotadné
postaveni, a to zejména pro specifické rysy vyvoje udoli

a akumulacnich teras. Pestra geologicka stavba jejiho povodi,
regionalni neotektonické uddlosti a rozsahlé klimatické zmény

v mladsim kenozoiku byly hlavnimi pri¢inami rozmanitosti

a dynamiky geomorfologickych procest. V této monografii jsou
predlozeny hlavni vysledky vyzkumu geomorfologického vyvoje
udoli Sazavy, véetné paleogeografické korelace vzniku terasového
systému s aktualnim mezinarodnim stratigrafickym clenénim

kvartéru.

RNDr. Bretislav Balatka, CSc. je védecky pracovnik katedry fyzické geografie
a geockologie Prirodovédecké fakulty Univerzity Karlovy v Praze.
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