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Abstract: The landscape o f the Wałbrzych Upland developed for a long time during three main stages: the 
Oligocene-Early Pliocene, the Late Pliocene-Early Pleistocene and the Middle Pleistocene one. The latter is very 
complex, and is presented in detail in this paper. The Wałbrzych Upland was covered by continuous ice cover 
during the Odranian sub-stage (Early Saalian) and, at least in its marginal part, during the Elsterian. The thickness 
o f the ice was ca. 150 m during the last glacial stage. The pre-Elsterian fluvial system is poorly documented, 
although distinct traces o f fluvial landscape from before the Odranian glaciation have been found. This fluvial 
system is documented by terraces with gravels, flattenings covered by tills which are presumably buried terraces, 
and the abandoned valleys. The pre-Odranian fluvial landscape shows ambiguous evidence of tectonic move
ments, except valley segments near the Sudetic Marginal Fault. Four stages o f the post-Odranian valley develop
ment may be recognized, which are documented by four terraces: the Upper Terrace formed during the Wartanian/
Eemian, the Middle Terrace formed during the Middle Weichselian, the Lower Terrace formed during the Late 
Glacial/Early Holocene, and the Lowermost Terrace formed during the historical times. The post-Odranian valleys 
have been formed due to intensive and short-term uplift o f the mountain upland with simultaneous re-activation of 
fault zones. The main geomorphological effects o f this uplift include: formation of abandoned valleys; bottle-like 
shapes of newly incised valleys; formation of river gorges; highly irregular longitudinal profiles o f channels; 
varying number o f terraces and their heights along the valley thalvegs; tilting o f terraces, truncation o f terraces and 
formation o f fault scarps along the Sudetic Marginal Fault. The main geological effects are: variable thickness o f 
alluvial deposits due to rotation o f bedrock blocks; synsedimentary thickness increase o f alluvial deposits on some 
fault lines; and breaking of the continuity of some alluvial surfaces along the Sudetic Marginal Fault. The uplift of 
the Wałbrzych Upland was induced by isostatic rebound after the Odranian glaciation and localised extentional 
tectonics, being superimposed on each other. The total uplift during the late Quaternary was about 40-50 m. The 
uplift rates were at about 1.5 mm/year at the beginning (ca. 200,000-150,000 years BP), and much lower during 
the Late Pleistocene and Holocene (0.15-0.05 mm/year). The uplift, though very slight, continues until now.

Abstrakt: Rzeźba Pogórza Wałbrzyskiego ukształtowała się w trzech etapach: oligoceńsko-wczesnoplioceńskim, 
późnoplioceńsko-wczesnoplęjstoceńskim i środkowoplejstoceńskim. Ten ostatni etap rozwoju rzeźby był najbar
dziej skomplikowany i jest on przedmiotem szczegółowych rozważań w zaprezentowanym artykule. Pogórze 
Wałbrzyskie było przykryte lądolodem skandynawskim w czasie ostatniego zlodowacenia tego obszaru, tj. w cza
sie zlodowacenia Odry (wczesny stadia! zlodowacenia środkowopolskiego) i co najmniej w swoich częściach 
brzeżnych w czasie zlodowacenia Elstery (południowopolskiego). Grubość lodu dochodziła do 150 m. Rzeźba flu- 
wialna sprzed zlodowacenia Elstery jest słabo udokumentowana, natomiast obserwuje się liczne ślady takiej 
rzeźby sprzed zlodowacenia Odry. Jest ona udokumentowana przez terasy, spłaszczenia stokowe z pokrywami 
glin. które reprezentują pogrzebane terasy, oraz przez opuszczone (pogrzebane) doliny rzeczne. Ten przed- 
odrzański system fluwialny wykazuje bardzo mały związek z tektoniką regionu, z wyjątkiem części dolin w 
pobliżu Sudeckiego Uskoku Brzeżnego. Po zlodowaceniu Odry, na Pogórzu Wałbrzyskim stwierdzono cztery fazy 
rozwoju rzeźby fluwialnej. udokumentowane przez terasy: terasę wysoką z okresu Warta/Eem. terasę średnią ze 
środkowego Vistulianu, terasę niską z późnego glacjału/początku holocenu i terasę najniższą powstałą już w 
czasach historycznych. Doliny po-odrzańskie były formowane w czasie krótkiego i bardzo intensywnego podno
szenia obszaru górskiego, z jednoczesnym uaktywnianiem stref uskokowych. Główne efekty morfologiczne tego 
podnoszenia to: butelkowy kształt nowo tworzonych dolin, powstanie odcinków przełomowych dolin, bardzo 
niewyrównane profile podłużne koryt rzecznych, zmienna liczba teras i ich wysokość wzdłuż dolin, pochylenie 
teras, obcięcie teras i skarpy uskokowe wzdłuż Sudeckiego Uskoku Brzeżnego. Główne efekty geologiczne to: 
zróżnicowana miąższość aluwiów w wyniku rotacyjnych ruchów podłoża, synsedymentacyjny wzrost miąższości 
aluwiów na skrzydłach zrzuconych niektórych uskoków i brak ciągłości niektórych pokryw aluwialnych poza 
Sudeckim Uskokiem Brzeżnym. Podnoszenie Pogórza Wałbrzyskiego nastąpiło najprawdopodobniej w wyniku
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odprężenia glaciizostatycznego po zlodowaceniu Odry, na które nałożyły się ruchy tektoniczne wzdłuż reaktywo
wanych uskoków. Całkowite, czwartorzędowe, tektoniczne podniesienie obszaru wynosi 40-50 m. Prędkość 
podnoszenia wynosiła początkowo 1,5 mm rocznie (ca. 200 000-150 000 lat BP), a potem, w późnym plejstocenie 
i holocenie, była znacznie mniejsza (0,15-0,05 mm rocznie). Podnoszenie to, choć bardzo małe, trwa do czasów 
obecnych.

Key words: fluvial landscape, terraces, montaneous glaciation, neotectonics, glacio-isostasy, Wałbrzych Upland. 
Sudeten Mts., SW Poland.
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INTRODUCTION
T he pap er presen ts the  Late Q uaternary  geom orphic 

evolu tion  o f  the W ałbrzych  U pland , cen tral Sudeten  (Fig.
1), w ith  special reference to  neo tec ton ica lly -induced  land- 
form s. T he landscape o f  the  Sudeten  M ts. w as form ed con
tinuously  during  the L ate M esozo ic  and  C ainozoic  (M igoń,
1994), w ith  the m ain  phase  o f  uplift and  form ation o f  m on
taneous landscape during th e  P liocene (O berc &  D yjor, 
1969; O berc, 1972). T he Q uaternary  geom orphic  evolution  
o f  the Sudeten  M ts. has usua lly  been assum ed as a resu lt o f  
c lim atic  factors, especially  those  connected  w ith  the g lacial- 
in terg lacial cycle  (Jahn, 1960; Jahn & Szczepankiew icz, 
1967). T he tec ton ic  activ ity  w as supposed  to  be ra ther insig
nifican t a t tha t tim e. A t least tw o  Scandinavian  ice-sheets 
reached  the Sudeten  (Schw arzbach , 1942; Jahn  & Szczepan
kiew icz, 1967; B adura e t a l., 1992). In central Sudeten, in 
c lud ing  the W ałbrzych  U pland , w'hich are re latively  low , the 
ice sheet advanced  into the m ontaneous interior, several k il
om etres aw ay  from  the m oun ta in  m argin  (Schw arzbach, 
1942; Jahn  & S zczepankiew icz, 1967). T he ice th ickness, 
ca lcu la ted  from  the h ighest positions o f  Scandinav ian  e rra t
ics on nunatacks, w as here  abou t 150 m  and the cover o f  g la 
cial deposits reached  a th ickness  o f  at least 10-20  m  (D athe, 
1892; S chw arzbach , 1942; S zczepankiew icz, 1954).

Z euner (1928), how ever, has suggested  the neotec tonic  
up lift o f  the Sudeten  M ts., though  very  low  in com parison to 
the P liocene  one, bu t sign ifican t enough to  cause specific 
geom orphic  evo lu tion  o f  som e valleys. A lso , m ore recen t 
investigations docum ent neo tec ton ic  m ovem ents (D yjor, 
1975, 1983; K rzyszkow ski, 1990, 1991; M igoń, 1991, 1993; 
Sroka, 1990, 1992; K rzyszkow ski &  Pijet, 1993; M astalerz
&  W ojew oda, 1993; K rzyszkow ski &  M igoń, 1995; K rzysz
kow ski e t a l., 1995).

T he m ain  problem  in describ ing  possib le  tectonic 
m ovem ents in central Sudeten  during  the P leistocene is the 
fact, that the isostatic  rebound  after individual g laciations 
m ight have been superim posed  on the up lift caused  by endo
genic p rocesses. T he W ałbrzych  U pland  exhibits this p rob 
lem  w ell, and  the results are d iscussed  below . P leistocene 
deposits o f  the W ałbrzych  U p land  have no t been investi
gated  ex tensively . The very  early  w ork  by D athe (1892) 
con tains a detail descrip tion  o f  g lacial deposits o f  the region. 
Later, the P leistocene geo logy  w as p resen ted  only on geo
logical m aps by  B erg et al. (1910), D athe and  B erg (1925), 
Z im m erm an  et al. (1925), Z im m erm ann  (1929), T eisseyre 
and  G aw rońsk i (1965), T eissey re  (1969) and  H aydukiew icz 
et al. (1982). E xplanations to these  m aps include only  lim 
ited  data  on th e  P leistocene sequence, w hich  are no t enough, 
w ith few  excep tions, for co rre la tion  w ith  the  recen t w orks

(D athe &  Z im m erm ann, 1912; D athe &  B erg, 1926; Z im 
m erm ann & von zur M iihlen ,1933; Z im m erm ann , 1938; 
T eisseyre, 1973; H ayduk iew icz  et a!., 1985). G eom orphic  
evolu tion  o f  the W ałbrzych  U p land  and ad jacen t reg ions, to 
gether w ith descrip tions o f  Q uaternary  exposures, has also 
been  presen ted  by S zczepankiew icz (1954 , 1963). T eisseyre 
(1977, 1979) and Jońca (1981) described  recen t fluv ial 
processes in river va lleys o f  the W ałbrzych  U pland , bu t 
these results have lim ited  app lication  to  th is study.

This paper p resents m ateria ls co llec ted  by  the senior 
au thor in 1988 and  1993-1994 , and  by  both  au thors during 
1989-1992 . A dd itionally , som e observations o f  the senior 
au thor com e from  1977 (S tare B ogaczow ice  brickyard ) and 
from  1984 (low er S trzegom ka river va lley  befo re  co n stru c
tion  o f  the w ater reservoir).

GEOLOGY

T he W ałbrzych  U pland  has a com p lex  bed rock  g eo l
ogy, w ith  several tecton ic  blocks com posed  o f  d ifferen t 
rocks and characterised  by v ary ing  tec ton ic  h istories 
(B ederke, 1929; T eisseyre, 1956, 1968; O berc, 1972). 
T hese blocks are separated  one from  ano ther by  faults, in 
clud ing  tw o m ajor dislocations o f  the Sudeten: the M arginal 
Sudetic F au lt and  the M ain  Sudetic  F au lt System  (Fig. 2).

T he Sudetic M arg inal F au lt separa tes the W ałbrzych  
U pland  and the en tire  Sudeten from  th e  Sudetic  Foreland, 
w hich is geo log ica lly  a p art the F ore-S udetic  B lock  (Fig. 2). 
The fault itse lf  is m an ifested  as a 100 m  high scarp. The 
Sudetic Foreland, in the part tha t lies n ear the Sudetic  M ar
ginal Fault, is occup ied  by  C ainozo ic  deposits in filling  the 
400  m  deep R ozto k a-M o k rzeszó w  G raben  (D yjo r &  K u- 
szell, 1977; K ural 1979).

Four m ain structu ra l-stra tig raph ic  units are p resen t in 
the W łabrzych U pland. T hese are (F ig. 2): the no rthern  part 
o f  the Sow ie G óry gneiss B lock  (P ro te ro zo ic -L o w er P a lae
ozoic paragneisses); the Św iebodzice  Synclinorium  w ith 
C am brian  spilites and greensch ists, U pper D evonian  and 
Low er C arbon iferous conglom erates, sandstones, m u d 
stones and  occasionally  lim estones; the K aczaw sk ie  G óry  
Z one w ith C am brian  sp ilites, g reensh ists , catac lasites and 
m ylonites, U pper D evon ian /L ow er C arbon iferous m etam or- 
ph ic  schists (G unia, 1981) and P erm ian  sed im en tary  rocks; 
and  the In tra-S udetic  Synclinorium  w ith  C arbon iferous con 
g lom erates, sandstones, m udstones and  coal, and  Perm ian  
volcan ites (ryo lites and p iroclastic  rocks). T he la tter form  
laccoliths o f  th e  M ounts K rąg lak , T ró jgarb , C hełm iec  and 
Lisi K am ień  (Fig. 3), be ing  a part o f  the W ałbrzych  M oun-
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Fig. 1. Location map o f the study area

tains (H ighland) and fo rm ing  the sou thw est boundary  o f  the 
W ałbrzych  U pland.

T he bed rock  is covered  by  a d iscontinuous cover o f  the 
P le istocene deposits. W atershed  and p la teau  areas are cov
ered  by a th in  m antle o f  g lacial sedim ents: till, g laciofluvial 
sands and  g ravels and, in p laces, varved  clays. V ery  often, 
only sing le  large erratics lie on the bedrock. A m ong them , 
besides the Scandinav ian  cry s ta lline  rocks, local basalts 
from  the Sudetic  F oreland  are  p resent. The valleys are in
filled  bo th  w ith  glacial deposits  (up to  10 -20  m ) and fluvial 
gravels, as w ell as w ith  th ick  m antles o f  slope (perig lacial) 
deposits and  loess-like loam .

GENERAL MORPHOLOGY

G eom orpho log ica lly , the reg ion  investigated  can be 
subd iv ided  in to  three para lle l and  S E -N W  trendings zones 
w hich  are a lso  paralle l to  the m ain  d islocation  zones. The

southw estern  and  sou thernm ost zone is a  h igh land  ly ing at 
4 5 0 -8 0 0  m  a.s.l. (Fig. 3), w h ich  is also  ch aracterised  by 
steep slopes (Fig. 4 ) and  high values o f  re la tive re l ie f  (Fig. 
5), and  the high values o f  the re lie f  be lt above headstream  
erosion (Fig. 6). This zone co incides w ith  exposures o f  re 
sistan t Perm ian vo lcan ites (Fig. 2). T he cen tral depression  
(Fig. 3) is, in turn, only  360^420  m  a.s.l. high, and  it is char
acterised  by flat w atersheds and gen tle  slopes, excep t som e 
fragm ents o f  river va lleys (Fig. 4). T his region is charac
terised  by very  low  re la tive  re lie f  (H max—Hmin a lw ays below  
50 m, occasionally  below  10 m ) (Fig. 5). H ow ever, the re lie f  
above headstream  erosion  has th e  low est va lues in the re
g ion and  generally  below  10 m  (Fig. 6). T his zone is located  
along the M ain  Sudetic  F au lt System  (F ig. 2). T he no rth 
eastern  zone, w hich  occurs at the m arg in  o f  m oun tain  p la 
teau, represen ts the m ost com plex  re l ie f  (Fig. 3). It is com 
posed  o f  flat areas (ca . 400  m  a.s.l.), s im ilar to the central 
depression , the m onadnocks up to  500 m  a.s.l., and  areas
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Fig. 2. Simplified geological map of the Wałbrzych Upland (after Haydukiewicz el al., 1982: Teisseyre. 1969: Teisseyre & Gawroński, 
1965)

strongly  inc ised  by rivers (F ig. 7). The latter zone is charac
terised  by  re la tive ly  steep slopes (Fig. 4) and  increased  val
ues o f  re la tive  re lie f  (Fig. 5). H igh  values o f  the re lie f above 
headstream  erosion  form  narrow  zones, w hich trend  along 
the Sudetic M arginal F au lt and  the faults separating  the 
Sow ie G óry  B lock  from  the Ś w iebodzice D epression , and 
the Ś w iebodzice  D epression  from  the K aczaw skie  G óry 
Z one (Fig. 6), suggesting  strong  connection  o f  increased 
erosion w ith  the fau lt zones.

T he fla t areas o f  the no rtheaste rn  zone form  tw o big p la 
teaus, th e  C ieszów  P la teau  and the L ubiechów  P lateau 
(Figs. 3, 7). T ogether w ith  th e  cen tral depression they  form  
one synchronous geom orphic  surface at about 400 m  a.s.l.

(Fig. 3), w hich w as orig inally  nam ed  the C ieszow  horizon 
(Szczepankiew icz, 1954).

RIVER VALLEYS: ANALYSIS OF CROSS 
AND LONGITUDINAL PROFILES

R ecen t valleys are deep ly  incised , up to  8 0 -1 0 0  m  in the 
northeaste rn  zone, near the m oun ta in  m argin  (Fig. 7), and 
usually  4 0 -5 0  m  in the central depression . T he valleys have 
bottle-shaped  m orphology , ind ica ting  several w ide d ep res
sions separated  by narrow  valleys and /o r gorges (Fig. 8). 
T he valley  w id th  varies from  5 0 -1 0 0  m  up to 2 km , averag-
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Fig. 3. Hypsometry of the Watbizych Upland

ing at 1 00 -300  m  in “n o rm al” valleys. The valley  cross sec
tions ind ica te  d ifferen t shapes. T he upstream  river courses 
in sou thw estern  h igh lands are usually  V -shaped, w ith the 
best exam ples from  P o lska  W o d a  and  C hw aliszow ka rivers. 
In dow nstream  river reaches, the valleys are usually  bo x 
shaped , w ith flat a lluvial bo ttom s, one or tw o terraces, and 
re la tive ly  steep  slopes (Fig. 9). T he river gorges and also 
som e o f  “narro w ” valleys have bedrock  channels, very  often 
w ithou t a lluv ial deposits. T he valley  slopes are rep resen ted  
here by  alm ost vertical bed rock  w alls, w ith  the best exam 
p les in the P etczn ica and S zczaw nik  river gorges and  in 
C zyzynka river valley  (Fig. 9). T he valley  “depressions” , in 
turn , are at least tw ice  w ider than  the “n o rm al” valleys, and 
usually  com prise  a com plex  terrace  pattern , w ith  tw o or

three, and  in p laces, up to fou r-five terraces. A ll depressions 
are also characterised  by re la tive ly  gen tle  slopes, as com 
pared  to “no rm al” valleys and river gorges (Fig. 9).

A  special case are valley  segm ents n ear the Sudetic 
M arg inal Fault. B oth the S trzegom ka and  P e tczn ica  river 
va lleys are bo ttle-shaped , w ith  at least tw o w ider segm ents 
(4 0 0 -5 0 0  m ) separated  by narrow er valleys (1 0 0 -2 0 0  m). 
H ow ever, both w ide and  narrow  parts  o f  the valleys indicate 
sim ilar m orpho logy  (e.g. steep  slopes) and  com prise  the 
sam e num ber o f  terraces (Fig. 9). A no ther featu re is the o c 
currence o f  abandoned  valleys, in filled  w ith  g lacial deposits 
and  hanging  ca. 2 5 -3 0  m  above the recen t va lleys (Fig. 8). 
T hese are box-shaped , w ith  steep  slopes and  alm ost fla t b o t
tom s. Such valleys are no t p resen t sign ifican tly  in the up-
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Fig. 4. Map of slope inclination. The map lias been compiled on the basis of a topographic map (1:25 000) using the eqution tga=hd . 
where a  -  slope inclination, h -  height between contour lines, d -  distance between contour lines

stream  parts o f  the valleys. O n ly  tw o “abandoned  va lley s” , 
at C hw aliszow  D olny and betw een  the C zyzynka and 
P o lesn ica  rivers, m ay po ten tia lly  exist, except those n ear the 
Sudetic M arg inal F ault (F ig. 8).

The longitudinal p ro files are highly  irregular, w ith 
channel g rad ien ts vary ing  from  0.5%  to m ore than  3%  (Figs. 
10, 11) (K rzyszkow ski &  S tachura, 1992, 1993a). T he lon 
gitudinal p ro files can be subd iv ided  into several segm ents 
show ing  d iffe ren t grad ien ts and  separated  from  each o ther 
by d is tinc t breaks. The m ain  breaks in longitudinal profiles 
are about 4 0 -6 0  m  high in  th e  P elczn ica and  Szczaw nik  riv
ers, and  abou t 15-20  m  h igh  in the C zyzynka and Strze-

gom ka rivers. O ther breaks are be tw een  1 m  to 10 m  high 
(Figs. 10, 11). The breaks in longitud inal p ro files occu r al
w ays in the upper parts o f  the “narro w ” valleys o r river 
gorges. The “n o rm al” valleys ind ica te  g rad ien ts betw een 
0 .8 -1 .6 % , those  o f  the depressions rang ing  betw een 
0 .4 -0 .6% . N arrow  valleys and especia lly  river gorges ind i
cate increased  gradien ts, from  2%  to 2 .5%  . M oreover, those 
parts o f  valleys w hich  contain  bedrock  channels and  rapids, 
have gradients increased  up to 3 .5%  over short d istances.
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Fig. 5. Map of relief energy (Hmax -  highets elevation in m a.s.l, Hmin -  lowest elevation in m a.s.l.). The map has been interpolated on 
the basis o f a topographic map ( 1:25 000) with a net o f squares (area 1 km", distance between centres 0.5 km)

RIVER VALLEYS: TERRACES AND 
ABANDONED VALLEYS

POSITION AND N UM BER OF TERRACES

F ive  terraces have been m apped  in river valleys o f  the 
W ałbrzych  U p land  (Fig. 8). T hese are: the L ow erm ost T er
race, the L ow er T errace, the M iddle  T errace, the U pper T er
race and  the inform al horizon, nam ed  the upperm ost fla tten 
ings, usually  covered  by till and /o r slope deposits. The latter 
represen t, m ost p robably , th e  equivalen ts o f  abandoned  v a l
leys in dow nstream  reaches and  form  sm all (up to  0.5 km “) 
and  flat shelves in the upslope  position . The upperm ost flat
ten ings are very  rare (Fig. 8).

The L ow erm ost T errace occurs on ly  in the valley  seg 
m ents ad jacen t to  the Sudetic M arg inal Fault and in the va l
ley segm ents o f  the Sudetic Foreland . T his te rrace  is up to 
50 m  w ide and  represen ts recen t a lluv ia l p lain . T he M iddle 
T errace occurs only  in som e “dep ressions” and  in valleys 
near the Sudetic M arg inal Fault, w hereas the L ow er and  U p
per terraces occur m ore or less con tinuously  a long  all the 
valleys, excep t deep  river gorges w ith  bed ro ck  channels. 
T he M iddle T errace continues in the Sudetic F oreland  in the 
Strzegom ka river valley , w hereas it does no t con tinue  in the 
Pelczn ica river valley . The U pper T errace  does no t continue 
into the Sudetic F oreland  in  none o f  these  valleys. T he M id
dle and  U pper terraces form  elongated , 10 -3 0  m w ide, 
benches along the valley  sides, excep t the C hw aliszow  d e 
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f Quits

Fig. 6. Map o f the relief belt above headstream erosion (Umax -  highest elevation in m a.s.L, Emax —highest position o f erosion). The 
map has been interpolated on the basis o f a topographic map (1:25 000) with a net o f squares (area 1 km", distance between centres 0.5 
km)

p ression  w here the M iddle T errace  form s an ex tensive and 3 
km  w ide a lluv ial plain. T he L ow er T errace is usually  the 
m ost ex tensive one, infilling  the m ajor p art o f  the valley  bo t
tom  (Figs. 8, 9).

HEIGHT OF TERRACES ALONG THE RIVER  
COURSES

The uppermost flattenings and abandoned valleys
T he abandoned  valleys n ea r the Sudetic M arginal Fault 

and  the upperm ost fla tten ings o f  the low er part o f  the

Petczn ica river valley  lie at about 3 0 5 -3 1 0  m  a.s.L, i.e. 
2 5 -3 0  m above the recen t river channel. T he possib le  aban 
doned  valleys in the m iddle  courses o f  C zyzynka and S trze- 
gom ka river va lleys lie at 3 5 0 -3 6 0  m  a.s.L, i.e. 25 m  and  23 
m  above the recen t river channels, respective ly . T he u pper
m ost flattenings in the upper part o f  the S trzegom ka and 
Polska W oda river va lleys lie at 370 m  and 390 m  a.s.L, i.e. 
20 m  above the recen t river channels (F igs. 10, 11). T hus, 
the heights o f  abandoned  valleys and  the upperm ost fla tten 
ings (terraces) form  together a logical sequence, w ith  the ir 
low est positions near the Sudetic M arg inal F au lt and  the 
h ighest ones in h igh land  areas. T he approx im ate  g rad ien t o f
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post-Elsterian
incision post-Odranian incisions

FWeSnica river Szczawnik Petcznica

CIESZOW PLATEAU ™ r ^
400 m a  s  i /  \ — CiesZOw horizon (.noundrf///////?Xr -S777//////7777:Z----

Kaczawskie Gory I Świebodzice 320mas.i_______ - _______
Zone_______  Synclinorium

Fig. 7. Morphological cross section along the Cieszow horizon near the Sudetic Marginal Fault zone. Location o f the section in Fig. 1

th is fluv ial system , m easu red  a long  the S trzegom ka river 
valley , is abou t 1 .6 -1 .9% , being  very  sim ilar to recen t g ra
dients o f  the “n o rm al” valleys.

M oreover, a slight d ivergence  o f  the described  surfaces 
is observed , w ith 20 m  high fla tten ings at h ighlands and 30 
m  h igh abandoned  valleys near the Sudetic M arginal Fault

(Fig. 10). It m ust be stressed  out, how ever, tha t the heigh t 
m easurem ents, excep t tw o sites w ith  exposed  fluv ial g rav 
els, w ere perfo rm ed  on the top  o f  glacial deposits, w hich 
m antle the fluvial surfaces w ith  a 5 -1 0  m th ick  cover. This 
d ivergence is no t so c lear (S trzegom ka river valley) or does 
no t occur (Pelczn ica  river valley) w hen  w e take  into account

rivers gorges 

rapids 8- waterfalls

Cieszow horizon (380-420 m a.sl)
- an initial surface incised 
by the Pleistocene rivers
pre-Odranian Terrace (abandoned valleys) 
& the "uppermost" flattenings

Upper Terrace

Middle Terrace

Lower Terraces

Fig. 8. Map o f fluvial morphology o f the Wałbrzych Upland: terraces, abandoned valleys and river gorges mapped in the field
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m q .s .1.

Fig. 11. Longitudinal profiles and terrace heights along the Szczawnik, Polska Woda and Chwaliszowka rivers o f the Walbrzych 
Upland. Explanations are in Fig. 10

the heigh t o f  the top surface o f  fluvial g ravels (Fig. 10).

Younger terraces
T he y o unger terraces have very  variable heights, both 

along the en tire  valleys and  a long  the ir sm aller segm ents. 
T he heigh t o f  the U pper T errace  varies from  7 to  17 m , that 
o f  the M idd le  T errace from  5 to 9 m , the L ow er T errace 
from  1.5 to  6.5 m, and the L ow erm ost T errace from  0 .5 -1 .0  
to 4.5 m  (F igs. 10, 11) (K rzyszkow sk i &  Stachura, 1992, 
1993a). A very  characteristic  feature is the convergence o f  
te rraces w ith in  depressions (w ide valleys). T his is especially  
w ell v isib le  in the U pper T errace  level o f  the S trzegom ka 
river valley , bu t it is also p resen t in o ther valleys (Fig. 10). 
The M iddle and L ow er terraces are characterised  by sm aller 
heigh t d ifferences, a lthough  th ey  also indicate m inor con
vergence. T he increase o f  te rrace  heights is sudden, and u su 
ally  occurs d irectly  dow nsream  o f  the river gorges and/or 
breaks in the longitudinal p rofiles. Surely, it is connected  
w ith deeper erosion dow nstream  th e  breaks, in the “narrow ” 
valleys and /o r gorges. In tu rn , the convergen t low ering o f  
te rrace  heigh ts is v isib le dow nstream , suggesting  a con tinu
ous decrease o f  the erosional pow er.

A ll te rraces indicate d ivergence  in valley  fragm ents ad
ja ce n t to the Sudetic M arg inal Fault, especially  those o f  the 
Pelczn ica  river valley  (Fig. 10). The heights o f  som e te r
races increase  tw ice  at a d is tance  o f  2 -3  km, e.g. from  2 -3  
m  to 7 -8  m  for the M iddle T errace, and 2 -3  m  to 6 -7  m  for 
the L ow er T errace. The p resence  o f  d ivergence o f  all the te r
races show  results from  a dow nstream  increase o f  erosional

pow er w hich  w as con tinuous th rough  a long tim e.
M oreover, the continu ity  o f  som e terraces has been b ro 

ken dow n at the Sudetic  M arg inal F au lt (Fig. 8). B oth  in the 
S trzegom ka and Pelczn ica  river va lleys, the U pper T errace 
is truncated  on this tecton ic  line and  form s distinct, ca. 
10 -15  m  high scarps (Fig. 12). T hese  scarps rep resen t, m ost 
probably , the fau lt scarps. A  sim ilar featu re is expected  for 
the M iddle T errace o f  the P elczn ica  river valley , although 
the scarp is p robab ly  m uch  sm aller and  recen tly  no t v isible 
in the field  due to hum an activ ity  (the possib le scarp  occurs 
in the city o f  Św iebodzice) (Fig. 7).

DEPOSITS OF TERRACES AND ABANDO NED  
VALLEYS

Five key regions have been stud ied  in detail (Fig. 1). 
T hey  are located  n ear the m argin  o f  the m ountains and /or 
w ith in  w ide valleys (depressions), both hav ing  w ell deve l
oped terrace  sequences and num erous ou tcrops o f  fluvial d e 
posits. T he o ther parts o f  va lleys have been su rfic ia lly  
m apped, w ith only  som e 0 .5 -1 .0  m  deep  trenches. T he latter 
w ere  sam pled  only for petro log ical studies; sed im ento log i- 
cal descrip tion  w as im possib le. F ou r key reg ions are de
scribed  in this paper; the low er C zy ży n k a  river va lley  is d e 
scribed  separately  (K rzyszkow sk i, in  p ress).

Strzegomka river valley near Dobromierz
R ecently , this area is no t availab le  ly ing  at the bo ttom  o f  

an artificial lake. D etailed geological m ap  (Fig. 13) w as con 
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structed  using  the rough observations o f  the senior au thor in
1984, as w ell as the h itherto  pub lished  geological m aps, 
topograph ic  m aps and arch ival w ell-log  data.

T he S trzegom ka river valley  near D obrom ierz is 
100—400 m  w ide  and com prises four terraces: U pper T er
race (1 0 -1 5  m ), M iddle T errace  (3 -6  m ), L ow er T errace 
(1 -3  m ) and  the L ow erm ost T errace (0 .5 -1 .5  m ). M oreover, 
tw o  abandoned  valleys have been recognized , w hich are 
hanging  ca. 2 0 -3 0  m  above the recen t river channel 
(Szczepank iew icz , 1954; K rzyszkow ski, 1991) (Fig. 13). 
A ll the te rraces are com posed  o f  alluv ial g ravels and/or 
gravels and  sands, partly  in terbedded  w ith silty  of c layey 
layers. T he th ickness o f  a lluv ial deposits varies from  2 -3  m  
to 5 -8  m . In m any  p laces, te rraces are covered  by  1 -2  m  
th ick  slope coluv ium , d iam ictons and /o r angular debris, and 
occasionally  slope deposits are in terlayered  w ith  alluvial se
quences (K rzyszkow sk i &  S tachura, 1993b) (Fig. 14). The 
th ickness o f  alluvial deposits is also variab le  a long the river 
course, especia lly  w ell w hen  analysing  deposits o f  the 
L ow er T errace  only (Fig. 15). T he sed im en t th ickness o f  
th is te rrace  cover varies from  3 up to  8 m . M oreover, a  rap id  
increase in th ickness o f  a lluv ia l sed im ents has been no ticed  
d irec tly  dow nstream  o f  th e  fau lt lines (and breaks in longitu
dinal p rofile), on the dow nth row n  blocks (Figs. 13, 15).

T w o abandoned  valleys have good  geological docu
m en tation  by  deep boreho les and exposures. The S -N  trend 
ing valley  (Fig. 13) com prises till and  g laciofluv ial deposits 
exposed  on the g round su rface  (T eisseyre, 1969). B oreholes 
in the m idd le  part o f  th is v a lley  have ind icated  a sequence 
w ith tw o tills separated  by g lac io fluv ia l sand and glacio- 
lacustrine silt and  clay , bu t w ithou t fluv ial gravels (Fig. 16). 
T he W -E  trend ing  valley  (F ig. 13), in turn , is filled w ith  till 
and co lluv ium  at the g round  surface (T eisseyre, 1969). B or
ings ind ica ted  here on ly  one till bed. B elow  the till, there are 
fluvial g ravels up to  9 m  th ick , com posed  o f  predom inantly  
local rocks (i.e. g reensch ists and quartz) and  about 10% o f  
Scand inav ian  rocks. Jah n  (vide  S tachura, 1993a) has de
scribed  m ore deta iled  stra tig raphy  from  the outcrop o f  th ick  
fluvial g ravels covered  by  g lac io lacustrine  silts, till and, in 
the upperm ost part o f  the section , w ith loess, peat and slope 
debris (Fig. 16).

T he fluv ia l gravels o f  the W -E  orien ted  abandoned  va l
ley near D obrom ierz w ere  deposited  before the last g lac ia
tion  in the area  d iscussed , be ing  presum ably  correlative w ith  
deposits o f  the upperm ost fla tten ings (terraces) on the h igh
lands. T he possib le  occurrence  o f  tw o tills in the S -N  o ri
en ted  valley  m ay suggest tw o g laciations o f  the S trzegom ka 
river valley .

Strzegomka river valley at Chwaliszow depression
T he S trzegom ka river va lley  in the C hw aliszow  depres

sion is up to 2 km w ide and  com prises th ree terraces: the U p
per T errace  (1 3 -1 7  m), the M iddle T errace (7 -9  m) and the 
L ow er T errace  (1 -2  m ) (Fig. 17). M oreover, at the southern  
m argin  o f  the C hw aliszow  depression , the upperm ost flat
ten ing  occurs. It occurs at abou t 370 m  a.s.l., i.e. ca. 20 m 
above the recen t river channel. The 1 m  deep trench  (site 47; 
Fig. 17) ind icated  only  silty  d iam icton  w ith  lim ited num ber 
o f  large clasts (1 0 -3 5  m m ). A m ong  them , angular sand 
stones and  cong lom erates p redom inate  (90% ). This m ay

m q .s .1.

Strzegom ka River Valley
Upper Terrace

Fault

Fig. 12. Cross-profiles along the possible fault scarps formed in 
Upper Terraces along the Sudetic Marginal Fault. Note that the 
Upper Terrace alluvial horizons do not continue in the mountain 
foreland being cut o ff on the fault line. Detailed location of pro
files in Fig. 1

suggest that the d iam icton  rep resen ts slope co luv ium , p ro b 
ably m ixed  loess and  coarse-g ra ined  slope covers. N e v e r
theless, the till has been m apped  on the su rround ing  slopes 
and hills (T eisseyre, 1969) and it is also  docum en ted  in the 
outcrop at site 35 (Fig. 17).

T he U pper T errace gravels lie in tw o positions: in the 
southern  part o f  the depression  they  o ccu r on top  o f  the till, 
fo rm ing  a 100-200  m  w ide sh e lf  (site  48; Fig. 17), and on 
the eastern m argin  o f  the depression , fo rm ing  several, 2 0 -5 0  
m  w ide  and no t m ore than  100 m long, shelves cu t in the 
bedrock  (rock terraces) (Fig. 17). T hese  rock  te rraces are 
covered  by th ick  slope debris (site  49; Fig. 18). T he total 
th ickness o f  U pper T errace gravels in unknow n.

The M iddle T errace form s an ex tensive  a lluv ial plain 
w hich covers about a h a lf  o f  the depression , m ain ly  in its 
w estern  part (Fig. 17). T w o sites w ere  exam ined  (32, 34; 
Fig. 17), at w hich alluv ial g ravels o f  the M idd le  T errace  are 
0 .5 -2 .0  m  th ick  and  overlie  the till bed  (Fig. 18). C last im 
brication  in fluvial deposits does n o t show  any  consisten t 
pa laeoflow  d irection , probably  due to the location  o f  the 
sites at the m argin  o f  the m ain valley  (Figs. 17, 18).

The deposits o f  the L ow er T errace  are docum ented  at a 
large exposure in the southern  p art o f  the depression  (site 
43; Fig. 17). T here are tw o  m ain  lithofacies: the alternating  
beds o f  strongly  im bricated  gravels and  m assive sands and 
gravels (w ith  clasts up to  25 cm ), and  a large-scale trough 
cross-bedded  gravels. C last im brication  show s palaeoflow  
from  SE to N W , w hich  is consisten t w ith the course o f  the 
recen t river channel. T he large trough ind icates sim ilar o ri
entation  (Fig. 18). M oreover, the bo ring  located  n ear the 
section  43 (Fig. 17) ind ica ted  at least 8 m  th ick  alluvial se
quence o f  the L ow er T errace.

Strzegomka, Polska Woda and Chwaliszowka river val
leys in the Stare Bogaczowice depression

The Stare B ogaczow ice depression  is abou t 1 -1 .5  km  
w ide and com prises all terraces, excep t the L ow erm ost one 
(Fig. 19). The upperm ost fla tten ing  occup ies a  1 00 -200  m 
w ide sh e lf  at 390 m  a.s.l., on the in terfluve betw een  rivers 
C hw aliszow ka and  P olska W oda (site  60; F ig. 19). It is 
fo rm ed o f  coarse  gravels. D athe and  Z im m erm ann  (1912)
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d^D) contour lines 

—S  River Strzegomka 

Cambrian rocks

Middle Terrace

abandoned
valleys

Lowermost terrace 
10,5-1,5) 'o

Lower Terrace ^
(1-3) ' ® ® ) Upper Terrace

5 3  ratemsQanndQstn°dms to - ?lQciQf deP ° f s
nes L x x ^ (mainly tills)

®  borings in the p i  outcrop (Rg.16)
abandoned valleys *— 1

location of 
»27 borings (Fig.14,15)

\  faults in the 
bedrock

bedrock sockles 
of terraces

(Fig.16)
Fig. 13. Quaternary geology and position o f alluvial terraces and abandoned valleys in the lower Strzegomka river valley 
Dobromierz (after Zimmermann et a!., 1925; Teisseyre & Gawronski, 1965; modified in river valleys). Location map in Fig. 1
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ma.s.1.

upper terrace

ma.s.1.
290

uDDer terrace 205

small/ tributary valley

upper terrace

lower terrace
/

m  spilites

J U  sericite  schists 

E M  greenschists

wheathered greenschists 

|*->| diamicton

|~t~| diamicton with angular debris 

[ V I  angular debris 

| °°° I aluvial gravels 

f"'» I sand and gravel 

It Z I gravel with silty beds 

!■ I sand

H  silt

E l  clay

Fig. 14. Valley cross-sections and geology of terraces (boring profiles) in the Strzegomka river valley near Dobromierz. Location of 
borings in Fig. 13

m a s !  
305-

have in terp re ted  these g ravels as fluvial deposits and re 
garded  the sh e lf  as the “p re -g lac ia l” terrace, i.e. terrace 
form ed befo re  the S aalian  (=  O dran ian) g laciation . T eis- 
seyre (1969) incorpora ted  these gravels into the U pper T er
race, together w ith  o ther g ravels, ly ing  10 m  below  (site 66;

Fig. 19). This, how ever, m akes no sense and  w e p refe r the 
first in terpre tation . T he upperm ost fla tten ing  o f  the P olska 
W oda river va lley  appears as ty p ica l fluvial, rock  terrace 
and it is only one exam ple o f  th e  real “p re -O dran ian” fluvial 
terrace in the S trzegom ka river d ra inage  basin . T he o ther
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possible 
pre- Elsterian 
abandoned valley:

(1)
312,20 mas.l.

Odranian till
m

12

16-

20-

24

X X

glaciolacustrine

sequence

Elsterian till (?)

(3 )
306,6 mas.I

Odranian
till

fluvial 

gravels 

Holsteinian ?]

4-

8 -

12-

16-
17.4

(2 )

303,4 m as.l.

4-

12-

14-

A A A  
A  A

H^Tl

greenschist
I angular slope 
J debris
fluvial gravels

VTjvarved day
xr-̂ ri silt
-r~. | (glaciolacustrine)

. | glaciofluvial sand

r m  tin

loess-loamT T r

organic deposits

Fig. 16. Geological profiles (boring-logs) o f the abandoned valleys near Dobromierz. The section in upper right is based on the data 
from the outcrop described by A. Jahn (vide Stachura, 1993a) (location of borings and the outcrop is in Fig. 13)

“te rraces” are  covered  by a th ick  till layer and only can be 
nam ed as the “ fla tten ings” . Such a fla tten ing  is also docu
m ented  in th e  Stare B ogaczow ice  depression. Site 67 (b rick
yard) is located  w ith in  a th ick  g lacial cover, w ith  ca. 2 -3  m  
o f  till on the ground surface  and  varved  clay  (0.5 m ) m ixed  
w ith  the sand  (ca. 1 m ) at the bottom . F luvial g ravels have 
no t been recogn ised  unam biguously  at th is site, although it 
seem s tha t they  m ay occur below  the described  above sands. 
T he supposed  position  o f  g ravels is at about 375 m a.s.l. 
(Fig. 20).

T he U pper T errace occurs in three patches on both sides 
o f  the P o lska  W oda and  C hw aliszow ka river valleys, as w ell 
as in the S trzegom ka river valley . It is about 7 -1 0  m high 
and rep resen ts the rock terrace . In part, it is cu t into a glacial 
cover (Fig. 20). The U pper T errace gravels are m edium  to 
coarse-g ra ined  and p resum ab ly  up to 5 m  thick.

T he M idd le  T errace fo rm s a  2 0 -5 0  m  w ide sh e lf in the 
low er course o f  the P o lska  W oda river valley . T he terrace  is
4 m  high, and  its top surface lies only 2 -3  m  low er than that 
o f  the U pper T errace. T he th ickness o f  fluvial gravels o f  the 
M iddle T errace  is 4 m. T he M idd le  T errace w as exam ined  in 
detail a t site 62 (Fig. 20). T he M iddle  T errace gravels are

coarse, m assive, m atrix -supported  and  im bricated . C last im 
brication  show s the palaeo transpo rt from  N W  to SE. The 
topm ost un it o f  the M iddle T errace is com posed  o f  a lluvial 
d iam icton, con ta in ing  num erous sub-rounded  clasts (Fig. 
20).

The L ow er T errace sequence is very  sim ilar to  tha t o f  
the M iddle T errace. It w as exam ined  at sites 63 and  61 (Figs
19, 20). T he th ickness o f  alluv ial deposits varies from  1 m  to 
3^4 m. A t both sites fluvial g ravels are m ed ium  to  coarse
grained, m assive and  im bricated . T he pa laeo flow  a t site 61 
w as from  SW  to N E , w hich is consisten t w ith the orien tation  
o f  the  recen t channel.

Czyiynka river valley
A detailed  descrip tion  o f  fluv ia l deposits and  terraces is 

p resen ted  e lsew here (K rzyszkow sk i, in p ress). H ere, it m ust 
be po in ted  ou t tha t the C zyżynka riv er va lley  com prises the 
U pper, M iddle and  L ow er terraces. H ow ever, th e  tw o first 
terraces have lim ited  occurrence. T he U pper T errace  occurs 
only in depressions, at S truga G órna  (site 68), C isy  (site 15) 
and C ieszów  (site 9). The M iddle T errace  occurs only near 
C ieszów  (sites 4, 7, 8) (Figs. 1, 8). T he L ow er T errace, in

glaciolacustri 
deposits

fluvial gravel

pre -Odranian 
abandoned valley:
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abandoned valleys 

bedrock

bedrock sockles
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Fig. 17. Quaternary geology and position of alluvial terraces and abandonend valleys in the Chwaliszow Depression of the Strzegomka 
river valley. Location map in Fig. 1

( contour lines m as.l. 

rapids

turn, is p resen t un in terrup ted ly  along the river valley  (Fig.
8), w ith  several sites investigated  in detail and num bered:
20, 17, 16, 6, 3 and  1 (Fig. 1).

T he loess cover is observed  on som e slopes, as w ell as 
on the top  o f  th e  U pper and  M iddle T erraces o f  the C zy- 
żynka river va lley  (K rzyszkow sk i, in p ress). Its age m ay be 
assum ed in re la tion  to the you n g est te rrace  covered  by loess. 
It is th e  M idd le  T errace and, thus, the loess m ust have been 
deposited  in the tim e-span  betw een  the form ation o f  the 
M idd le  and L ow er terraces. T he latter has no loess cover at 
all (K rzyszkow sk i, in p ress).

Pelcznica river valley between Szczawienko and 
Świebodzice

T he low er course o f  the  P elczn ica river valley  is 
1 0 0 -500  m  w ide  and it con ta ins all the 5 terrace system s 
recogn ised  in th e  reg ion  (F ig. 7). The upperm ost fluvial su r
faces are rep resen ted  by d is tinc t te rraces (flattenings w ith 
alluv ial g ravels), by shelves w ith  slope and /or glacial cover,

and by abandoned  valleys. T he upperm ost te rrace  is docu 
m en ted  at site 56 (Fig. 21). F luvial g ravels are here  about
1 -2  m  thick. T hese g ravels are underla in  by the bed rock  so 
cle and angular debris (co lluv ium ?), and they  are  overlain  
by slope d iam icton  (co lluv ium ) w ith  angu lar debris (clasts 
up to 0 .4  m). In com parison  to  slope debris, the  fluv ial g rav 
els are genera lly  sm aller and  w ell- to  sub -rounded  (Fig. 22). 
A no ther fla tten ing  w as found  fa rther eastw ards (site  52), at 
310 m  a.s.l., a lthough  there only  slope (angular) debris w as 
docum ented  on the bed rock  socle (Fig. 23). In tu rn , the W -E  
oriented  abandoned  valley  is in filled  w ith  a till (e.g ., site 
53). T he till is about 3 m  th ick  and it is underlain  by varved 
clay  and sands w ith gravels (Fig. 23). T h ick  varved  clays 
have also been reported  from  deep exposures (D athe, 1892) 
and borings (Fig. 23). B elow  glacial deposits, there  is a 
gravel bed w hich m ay  rep resen t fluvial series. H ow ever, this 
is no t confirm ed unam biguously , due to com plete  lack  o f  
petro log ical da ta  (arch ival borings w ere  availab le  only). I f  
these gravels rep resen t the “p re -O dran ian” fluv ial deposit, it
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F ig . 18. Geological cross-profiles and description of outcrops/trenches and wells in the Chwaliszow Depression of the Strzegomka river 
valley. Location o f sites investigated in Fig. 17

is possib le  to  calcu late  fo rm er river gradient. It w ould  be 
about 1.3%  betw een  sites 56 and 53, w hich  is com parable 
w ith  the recen t channel g rad ien ts in the reg ion  investigated.

T here  are som e o ther shelves in the P elczn ica river v a l
ley and  its tribu taries, w h ich  have the till at the ground sur
face (Fig. 21). H ow ever, they  lie at very  d ifferen t heights. 
W ell-logs (e.g ., those in  Fig. 22) have show n tha t the till

and /or g laciofluv ial and g lac io lacustrine  deposits lie usually  
d irectly  on the bedrock  and tha t th ey  are from  3 -4  m 
(Pelczn ica river valley ) to  10 -12  m  th ick  (P o lesn ica  river 
valley). T hese shelves could  have o rig inated  due to  e ither 
fluvial o r g lacial erosion.

T he U pper T errace has been fo u n d  on both  sides o f  the 
valley  (Figs. 21, 23, 24). B oth sites, investiga ted  in detail
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Fig. 19. Quaternary geology and position of alluvial terraces in the Stare Bogaczovvice Depression (Strzegomka, Polska Woda and 
Chwaliszowka river valleys). Location map in Fig. 1

(51, 54), con ta in  slope (angu lar) debris both below  and 
above fluv ia l gravels. T he th ickness  o f  fluvial g ravels varies 
be tw een  1.5 and  2.5 m . T he M iddle  T errace has also been 
found  on  bo th  sides o f  th e  valley  (Fig. 21). Its in ternal struc
tu re  w as exam ined  in tw o  sm all trenches (sites 55, 50). In 
both cases, alluv ial g ravels o f  unknow n th ickness are cov
ered  by the alluv ial d iam icton  w ith  sub-rounded  clasts (Figs. 
22, 24). T he L ow er T errace con tinues un in terrup ted ly  along 
the valley , a lthough  no  exposures are available. Som e bor

ings are located  upon the L ow er T errace. T hey  ind icate  very 
variab le  th ickness o f  a lluvial deposits, from  2 -3  m  in th e  up 
land near Szczaw ienko, through 0 in the P e tczn ica  and 
Szczaw nik  river gorges (no L ow er T errace), and  again from
2 -3  m  to 12 m  in the dow nstream  zone (Fig. 22). C hanges in 
sed im ent th ickness are quite rapid  (Fig. 25). The increase in 
th ickness is connected  w ith  the dow nth row n  b locks o f  the 
bedrock  (S tachura, 1993b).

F igure 26 p resen ts m ain  stages o f  the evo lu tion  o f  the 

---------------------------------------------------------------------------------------- ►

F ig . 2 0 . Geological cross-profiles and description of outcrops and trenches in the Polska Woda and Chwaliszowka river valleys. 
Location of sites studied in Fig. 19. Grain size ranges are explained in Fig. 18
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Fig. 21. Quaternary geology and position of alluvial terraces and abandoned valleys in the lower Pełcznica river valley near Świebo
dzice. Location map in Fig. 1

P ełczn ica  river valley  during  the L ate  Q uaternary . The va l
ley fo rm ation  w as no t only  due to fluvial activ ity  bu t -  p re 
sum ably  -  a lso  due to g lacial erosion. T he pre-O dran ian  flu 
vial valley  w as m ost p robab ly  w iden  principally  due to g la 
cial p rocesses. T he post-g lacial fluvial activ ity  started  from  
th is new , in itial (g lacial) surface, leaving shelves w ith g la 
cial deposits on both banks o f  the recen t valley.

THE AGE OF FLUVIAL DEPOSITS  
AND TERRACES

T ills are the m ain index stra tig raphic  horizons in the re 
gion d iscussed . The latest g lac ia tion  in sou thw estern  Poland 
occurred  during  the early  Saalian  (O dranian). Thus, it seem s 
likely  th a t th e  till ly ing com m only  on the ground surface, 
both  on the C ieszów  horizon  and  in abandoned  valleys, m ay 
be  considered  as the O dran ian  till. T he low er till in the S -N  
orien ted  abandoned  valley  n ea r D obrom ierz m ay  have orig i
na ted  during  the E lsterian  stage. T w o ice advances during

the E lsterian, separated  by an in terstad ia l stage, have been 
docum ented  in sou thw estern  P o land  (C zerw onka  &  K rzysz- 
kow ski, 1992; B adura  e t a!., 1992; K rzyszkow sk i &  C zech,
1995). T hus, it is not certain  w hich  E lsterian  ice sheet ad 
vanced into the W ałbrzych  U pland. C onsequen tly , the old 
valley  incision  m ay  have occurred  during  the pre-E lste rian  
tim es (C rom erian) o r during  the in tra-E lsterian  in terstad ial 
(Fig. 27).

The pre-O dran ian  fluv ial g ravels have been docu 
m en ted  in tw o abandoned  valleys, near D obrom ierz  (W -E  
o rien ted  valley) and near Ś w iebodzice . In both  cases, there 
are no low er till, m ost p robab ly  due to  fluv ial erosion. 
M oreover, tw o  pre-O dran ian  terraces, in the P olska W oda 
and the P ełczn ica river valleys, and all o ther “upperm ost 
fla tten ings” com e, m ost p robably , from  this stage, too. V ery 
roughly, th is fluv ial surface m ay  be co rre la ted  w ith  the H o l
steinian (Fig. 27).

A ll the o ther terraces are younger than  the O dran ian  till. 
N one o f  the terraces con ta ined  organic  m aterial availab le  for
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Fig. 22. Geological cross-profiles and description of outcrops/trenches and wells in the Pelcznica river valley. Location of sites studied 
in Fig. 21. Grain size ranges are explained in Fig. 18

dating. H ence, only  superposition  o f  terraces, the ir relation  
to slope and  loess deposits and  correlation  w ith  general pa- 
laeoclim atic  even ts can  be a basis for the ir dating. It seem s 
likely tha t the U pper T errace  orig inated  during the W ar- 
tan ian  stage, o r even during  both  the W artanian  and  Eem ian 
stages. T he M iddle  T errace w as form ed, m ost probably , 
during the M iddle  P leniglacial o f  the W eichselian  stage. 
T his is the youngest te rrace  covered  by th ick  slope covers 
and loess. D eposition  o f  loess and slope debris could  have 
been connected  w ith  the coo lest conditions during the U pper 
P lenig lacial o f  the W eichselian  stage (Fig. 27). The Low er 
T errace w as form ed during  the Late W eichselian  and con 
tinued  th roughou t the E arly  H olocene. The L ow erm ost T er
race is in p a rt h itm an induced , and form ed during  the m ed ie
val tim es up to  the recent. D eposits o f  this terrace contain 
charcoal and  M ediaeval to  recen t artifacts (T eisseyre, 
1977). T he possib le ages and co rrelation  o f  terraces w ith 
o ther deposits is p resen ted  in  Fig. 27.

PETRO LOGICAL CH ARACTERISTICS  
OF FLUVIAL DEPOSITS

Gravel petrography
G ravel pe trography  has been investigated  in fraction  

10-35  m m  for all the terraces. T w o m ain  groups o f  rocks 
have been found  in fluvial gravels. T hese  are local rocks and 
northern  rocks. T he latter group con ta in s S candinavian  red 
crystalline rocks and red  quartzites, as w ell as M esozoic 
flin t and w hite sandstones, w hich  m ay  have com e from  the 
southern  B altic area or the Polish L ow land . W hite san d 
stones cou ld  also have been derived  from  the C retaceous 
sandstone series o f  w estern Sudeten . L im estones have not 
been found at all, except one grain in the U pper T errace 
(d iam icton) o f  the C zyzynka river v a lley  near C ieszow  (site
9). T his lim estone represen ts the local, D evonian  rock 
(K rzyszkow ski, in p re ss ) .T h e  dom inat group  in the sam ples 
stud ied  are local rocks: C arbon iferous or D evonian  con 
g lom erates, sanstones and m udstones; quartz, lyd ite , quartz- 
ite, siliceous and crystalline rocks, all rep resen ting  co m p o 
nents o f  the C arboniferous and  D evon ian  conglom erates; 
the Sow ie G ory gneiss; Perm ian  vo lcan ites (po rphyries = 
ryo lites and tuffites); m etam orph ic  schists o f  the 
K aczaw skie  G ory Zone; g reensch ists and sp ilites o f  the
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Fig. 23. Geological cross-pro files and description of trenches and borings in the Pelcznica river valley. Location o f  sites studied in Fig. 
21. Grain size ranges are explained in Fig. 18
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Fig. 24. Geological cross-profiles and description of outcrops and trenches in the Pelcznica river valley. Location o f sites studied in Fig.
21. Grain size ranges are explained in Fig. 18
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Fig. 25. Longitudinal profile along the Pelcznica river near Świebodzice and thickness o f alluvial deposits (Lower Terrace). Location of 
borings in Fig. 21

K aczaw sk ie  G óry Z one and  Św iebodzice S ynclinorium
(F ig . 2 ).

A ll te rraces, includ ing  the p re-O dran ian  one, contain 
northern  rocks (Fig. 28) w hich how ever, rarely  reach 
1 -4 .5% , often  below  1%. T he frequency  o f  northern rocks is 
no t stra tig raph ica lly  contro lled . The p re-O dran ian  terraces 
in the Po lska W oda and P elczn ica  river va lleys contain  cct. 
1% o f  red  gran ito ids (6 and 4 grains, respectively). A lthough 
the C arbon iferous cong lom erates m ay contain  a sm all ad 
m ix tu re  o f  red  crysta lline  rocks (T eisseyre, 1975), it seem s 
probab le  th a t those w hich  have been found are ra ther 
g lac ia lly -derived . H ence, th is suggests the presence o f  the 
glacial cover before  the form ation  o f  the pre-O dran ian  te r
race. C onsequen tly , w e m ust assum e at least tw o ice-sheet 
advances in the region discussed ; one during  the O dranian 
and  ano ther one during the E lsterian.

The con ten t o f  local rocks is also variab le  (Fig. 28), and 
depends on the availab le  exposures w ith in  the valleys, 
ra ther than on stra tig raphic  position . U sually , tw o groups 
are dom inating  ones: cong lom erates (+  sandstones and m ud
stones) and  quartz (+ lydite). T he first group varies from  
15% to 70% , the second  one from  8% to 44% . O ccasionally , 
quartzites are very  frequen t (up to  30% ). M etam orphic 
schists are com m on only  in the M iddle T errace in the 
C hw aliszów  depression  (3 5 -5 7 % ), w hich  is situated  d i
rec tly  below  slopes com posed  o f  these schists (Fig. 2). Por
phyries are m ost com m on in the Polska W oda river valley, 
reach ing  14-24% , w here th a t is po rphyre  exposures occur 
(M t. T ró jgarb , Fig. 2). G reensch ists  and spitiltes, in turn, oc
cur in all the  valleys, excep t the upperm ost part o f  the Strze- 
gom ka river valley  and  the low er part o f  the P elczn ica river 
valley. T heirs occurrence in the Polska W oda river valley , 
w here there  are no g reensh ists and spilites outcrops at all, is 
especially  im portant. T his fact suggests, that greenschists 
and  spilites m ust have been included  into fluvial sequences 
from  glacial deposits, since the ir outcrops lie 6 km  north 
w ards and  northeastw ards in the low er part o f  S trzegom ka 
and  C zyżynka river valleys.

In conclusion , w e m ust assum e that also a  part o f  local 
rocks o f  the fluvial sequences is g lacially -derived . T his is

I stage: formation of the 
" pre-glacial'' 
valleys

II stage: glacial erosion 
and sedimentation 
in valleys

III stage: incision after 
glaciation and forma
tion of new valleys

IV stage : incision and 
formation of upper 
terraces

□ bedrock

slope deposit

younger alluvial 
gravels

till

older alluvial 
gravels

.recent alluvial deposits 
Idower terraces)

Fig. 26. Stages o f the Pelcznica river valley development 
through Late Quaternary

V stage : incision and 
formation of middle 
and lower terraces
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Fig. 27. Fluvial and glacial Quaternary stratigraphy of the Wałbrzych Upland. Middle Sudeten. Stars indicate units which were formed 
in part due to artificial activity. Detailed event stratigraphy o f the Czyżynka river valley is in Krzyszkowski (in press)

certa in  for a lm ost all g reensch ists  and  spilites in the upper
m ost parts o f  the valleys and  also possib le fo r som e o f  m eta- 
m orph ic  schists, quartz ites and  crysta lline  rocks.

Heavy minerals
H eavy m inerals have been  investigated  in fraction

0 .1 -0 .2 5  m m  for the sam e sam ples as those  exam ined for

petrographic  com position  (Fig. 29). T he frequency  o f  m in
erals is generally  low , from  sing le  g ra ins in sam ples co l
lected  from  the upperm ost parts o f  va lleys, th rough  10-100  
in the m iddle, to  1 50 -250  in the low erm ost parts  o f  the v a l
leys (C zyżynka river va lley  n ear C ieszów , and  Pełcztiica  
river va lley  betw een  P ełczn ica and  Ś w iebodzice). Thus, 
only data from  the la test zones are d iscu ttab le . H ow ever,
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Czyżynkct
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4 T  palaeotransport
possible pre-Odranian 
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Fig. 30. Position of tills at the Wałbrzych Upland (upper section) and possible glacial palaeotransport directions in relation to the 
bedrock (map). Bedrock geology after Teisseyre & Gawroński (1965), Teisseyre (1969) and Haydukiewicz et al., (1982)

sam ples w ith  low  frequency  o f  m inerals contain  assem 
blages m ore or less sim ilar to those w ith high frequency 
(Fig. 29). M ain  m inerals are garnet and am phibo le  (together 
4 0 -6 0 % ), w hich are accom pan ied  by epidote, zircon, an- 
dalusite, stauro lite , tou rm aline, cyanite, pyroxene, biotite 
(each ca. 2 -1 0 % ) and, occasionally , ru tile . A  veiy  charac
teristic  fea tu re  is the absence  o f  sy llim anite , a m ineral com 
m on in the Sow ie G ory gneiss and gneissic  conglom erates.

T he analysed  m ineral assem blages o f  fluvial deposits 
show  a m ixed  com position . L ocal m inerals com e both from  
crysta lline  and  m etam orphic rocks, but it seem s likely that 
the m ajority  o f  garnets, am phiboles and ep idotes are 
g lac ia lly -derived  (C zerw onka & K rzyszkow ski, 1992).

GLACIAL DEPOSITS

G lacial deposits in the valleys has been described  to 
gether w ith alluv ial terraces (Figs. 16, 18, 20, 22, 23). In the 
up land  areas, tw o sites w ith  glacial deposits w ere available 
du ring  the study period: a t C hw aliszow  D olny  (site 70) and 
Szczaw ienko  (site 71). A n o th e r one w as p resen t in the aban 
doned  valley  near Pelczn ica  (site 53) (Fig. 30). The tills o f  
the tw o latter sites are w ea thered  and  contain  only  resistant 
rock com ponents. The till at P elczn ica (site 53) contains 
m ain ly  D evonian  sandstones (5 6 -5 8 % ) and quartz 
(2 0 -2 4 % ). N orthern  rocks constitu te  about 5 -1 0 %  and o ther 
local rocks are also 5 -1 0 %  o f  the total. The latter group 
com prises 3 -5 %  o f  po rphyry , w hich occurs only in m oun
tain h igh lands, 15 km  to sou thw est o f  the area (Fig. 30). L o
cal g lacial pa laeo transpo rt w as m ost p robably  from  the 
north, since the exposures o f  D evonian rocks lie 0.5 km 
northw ards from  the site. Q uartz , o ther local rocks and espe
cially , the porphyry  m ust have com e from  an alluvial fan at 
the m oun ta in  foreland (F ig. 30). T he till at Szczaw ienko

(site 71) contains m ain ly  quartz  (23—42% ) and  C arbon ife r
ous conglom erates (13 -2 0 % ). N orthern  rocks are about 
10-15%  and o ther local rocks are ab o u t 3 0 -3 6 % , includ ing  
porphyry  (2 -7 % ), greensch ists and spilites (4 -8 % ), and 
quartzite (8 -1 0 % ). C onglom erates, g reensch ists  and  spilites 
m ay have been derived  d irectly  from  the outcrops o f  these 
rocks northw ards o f  the site stud ied  (Fig. 30). Local pa
laeotransport from  north  is thus assum ed.

The section  at site 70 con ta ins both the till and 
g laciofluv ial sands and gravels, as w ell as fine g ra ined  de
posits o f  apparen tly  g lac io lacustrine  origin (Fig. 31). A ll 
these deposits are deform ed. A  d is tinc t th ru st p lane o f  
N W W -S E E  orien tation  can  be observed  in the section . This 
suggests glacial push  from  N E E  (the th ru st p lane  m ean  o ri
entation  is 80/30°). The stereonet d iagram  o f  all d efo rm a
tions, includ ing  folds, show s g lacial push from  N N E  (35°). 
T hus, it seem s tha t the glacial pa laeo flow  w as generally  
from  the N E , from  the low er S trzegom ka river va lley  (Fig. 
30). The till is partly  w eathered , w ith  only  0 .1 -1 %  o f  lim e
stones (1^1  grains). D om inating  rock  groups are quartz 
(2 4 -5 1 % ) and northern  rocks (2 8 -3 8 % ). Local rocks are to 
gether about 2 2 -3 2 % . A m ong  them , the m ost com m on one 
are porphyries (3 -6 % ), quartzites (2 -1 8 % ), crysta lline  
rocks (4 -9 % ) and  Sow ie G ory  gneisses (3 -5 % ). C arbon ife r
ous conglom erates do no t occur at all. G reensch ists , w hich 
are the m ain rocks in the substratum  (Fig. 30), are very  rare 
o r absen t (Fig. 32). This suggests, tha t the ice-sheet eroded 
m ain ly  the form er alluvial covers, p resum ably  advancing  
up-valley , w hich is consisten t w ith the palaeoflow  inferred 
from  deform ation structures (from  N N E  to N E ). The 
g laciofluvial deposits ly ing below  the till indicate an o rig i
nally  glacial petrographic com position  o f  g ravels, w ith lim e
stones (1 8 -3 5 % ) being  ubiqu itous. O ther rocks are sim ilar 
to  those in the till (Fig. 32).
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Cz /70 ( CHWALISZOW DOLNY)

Fig. 31. Description o f sediments and deforma
tion structures o f the site Czyzynka 70 (Chwa- 
liszow Dolny). Arrow at the Schmidt stereographic 
projection diagram indicates an integrated (thrust 
plane and folds) direction of the deforming force. 
The thrust plane itself indicates push from NEE 
(80°)

| grovels sand I  grovel

sampling

orientation of 
thrust plane & 

folds — —

INTERPRETATION AND DISCUSSION

EVO LUTIO N OF TH E LANDSCAPE

T hree  principal stages o f  the re lie f  evo lu tion  can be  de
duced  from  the geom orpho log ica l ev idence (Fig. 33). The 
cen tral depression  w as fo rm ed  as a consequen t alluvial sur
face during the O lig o cen e -E arly  P liocene tim es and due to 
the rem oval o f  th ick , M eso zo ic -L o w er T ertiary  w eathering  
m antles (Fig. 33A ). F inal rem oval o f  the w eathering  m antles 
w as during  the P liocene, i.e. du ring  the m ain  uplift o f  the 
Sudeten  (O berc &  D yjor, 1969; O berc, 1972; D yjor, 1986). 
A t tha t tim e, the  ou tflow  w as p robab ly  stopped  to  the north, 
due to  the p resence o f  m ore resistan t rocks o f  the 
K aczaw sk ie  G ory  Z one, as w ell as ow ing  to  rela tively  larger 
up lift o f  th e  la tter zone and  the Sow ie G ory B lock. As a re 
sult, the  subsequen t pa laeoflow  through  the Sw iebodzice 
Synclinorium  w as in itia ted  (Fig. 33B ). T he flat and ex ten 
sive surface, the C ieszow  horizon , w as shaped betw een the 
L ate  P liocene  up to , m ost p robab ly , the beg inn ing  o f  the 
M iddle  P le istocene  (Fig. 27).

T he M iddle  and L ate P le istocene  developm ent o f  the re 
l ie f  w as very  com plex  and  on ly  th e  la test stages can be rec 
ognised  unam biguously . G enera lly , it w as characterised  by 
deep and  repea ted  incision  o f  river va lleys into the C ieszow  
horizon  (Fig. 33C ), w hich  w as in terrup ted  at least tw ice by 
the advances o f  the S candinavian  ice-sheet. Late Q uaternary  
evo lu tion  o f  fluvial landscape m ay be in terpre ted  a t tw o

tim e horizons: the p re-O dran ian  and the post-O dran ian  
tim es, w ith the last g lac ia tion  as a boundary  event.

F igure 34 p resen ts the m ap o f  the low est position  o f  the 
top o f  glacial cover (m ainly  till), m easu red  in 1 km “ quad 
rangles. The data have been  co llec ted  from  geological m aps, 
literature  (D athe, 1892; Szczepank iew icz , 1954) and  our 
ow n observations. This m ap is be lieved  to show  a very  
rough pattern  o f  the valleys befo re  the last (O dran ian ) ice- 
sheet advance. It com es from  a general assum ptions, th a t the 
glacial cover m antled  uniform ly  the fo rm er landscape. The 
d ifferences in th ickness o f  g lacial deposits in the up lands 
(5 -1 0  m) and in valleys (1 0 -2 0  m ) m ay  be om itted , the 
m ore so, as the a ltitud inal d ifferences betw een  these tw o 
zones m ay  reach  in p laces m ore than  100 m . T he m ap show s 
som e very  fine regularities. F irst o f  all, the  positions o f  the 
upperm ost parts o f  old valleys are sim ilar to recen t valleys. 
In turn, the m iddle  and low er parts  o f  o ld  valleys are som e
w hat different. A m ong  them , the m ost stab le  is th e  Strze- 
gom ka river valley. T he presen t-day  valley  is located  alm ost 
entirely  in the m iddle  o f  a large depression  cu t into glacial 
deposits (Fig. 34). T he abandoned  valleys, the p re-O dran ian  
T errace as w ell as the upperm ost fla tten ings are located  
a long this depression , too  (Fig. 34). D ata  from  the 
C zyzynka, Szczaw nik  and  Pelczn ica  river va lleys indicate, 
in  turn , quite b ig  hydrograph ic  changes (Fig. 34). T he 
C zyzynka river w as flow ing  o rig inally  to  the east, to  the 
P o lesn ica  river valley , w hat is also docum en ted  by  the aban 
doned valley  (Figs. 8, 34). The S zczaw n ik  and  Pelczn ica 
rivers fo rm ed one valley , w hich  w as located  a long  the recen t
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Cz/70 405 m as.l. ( CHWAIISZ0W DOLNY)
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Fig. 32. Sediment stratigraphy and lithological and petrographi- 
eal properties o f deposits at site Czyzynka 70

P o lesn ica  river valley , too.
F rom  the above, w e m ay  conclude tha t the evidence o f  

p re-O dran ian  fluv ial landscape, i.e. terraces w ith  gravels, 
upperm ost flattenings, abandoned  valleys and depressions 
o f  the top -su rface  o f  g lacial deposits, have a consisten t p a t
tern , w hich  m ay  be in terp re ted  as a va lley  pattern  (Fig. 34). 
A no ther ev idence  o f  the p re-O dran ian  river va lleys is a large 
adm ixture  o f  local po rphy re  and  som e o ther rocks in the 
stud ied  tills. T hey  w ere  incorpora ted  into the tills from  the 
p re-ex isting  fluvial sequences.

The p re-O dran ian  valley  system  m ay com e from  the 
H olstein ian , although there  is no datab le  ev idence (Fig. 27). 
A t least at one location  in the reg ion  investigated , near D o
brom ierz (Fig. 8), th ere  is ev idence fo r the river va lley  o lder 
than the H olstein ian . T his valley  is in filled  w ith  tw o  tills, the  
low er one o f  w hich  represen ting , m ost p robab ly , the E lste- 
rian ice-sheet advance. T hus, th e  deep  valley  m ust have 
form ed before the E lsterian  o r du ring  the in terstad ial be
tw een tw o E lsterian  stadials. H ow ever, no fluv ia l gravels 
have been  found  to confirm  this hypothesis. D athe  (1892) 
and S zczepankiew icz (1954) have described  som e o ther sec
tions bearing  tw o tills near W ałbrzych . N o n e  o f  them  con 
tained  fluvial g ravels. In fact, all the  sec tions w ith  tw o  tills 
com e from  arch ival w ell-log  data , and  it is no t certain  
w hether they  rea lly  contain  tw o stra tig raph ica lly  separate  
glacial horizons, or only the litho log ica lly  variab le  p ro 
glacial sequence. T hus, at this stage o f  investigation , the 
prob lem  o f  possib le  occurrence o f  p re-E lste rian  valleys re 
m ains open.

The surfic ia lly  ly ing  g lacial deposits have been  in te r
preted  as belonging  to  the last g lacial even t in SW  Poland, 
i.e. the O dranian  g laciation . T he sed im en ts o f  the O dranian  
g laciation  rep resen t a regional, s tra tig raph ic  corre la tion  bed, 
as w ell as the ch ronostratig raphic bench-m ark . T hese sed i
m ents are easily  recognizab le  in the field , first because  o f  
specific , northern , g lac ia lly -derived  gravel assem blages and 
because o f  specific lithology (till, va rved  clay). T he ice- 
sheet advanced  into the W ałb rzych  U p land  from  N E  or N , 
w hich  is roughly  consisten t w ith  the reg ional advance  o f  this 
ice-sheet in SW  Po land  (K rzyszkow sk i &  C zech, 1995). 
The th ickness o f  ice reached  up to 150 m , as the h ighest p o 
sition o f  glacial deposits at M ount C hełm iec  and  T rójgarb  
(Fig. 3) is at 5 2 0 -5 5 0  m  a.s.l. (D athe, 1892; Schw arzbach , 
1942; Szczepankiew icz, 1954).

The glacial cover and the bed rock  w ere  consecu tive ly  
dissected  during  the postg lacial (post-O dran ian ) tim es. The 
m ain features o f  th e  post-O dran ian  valleys are  as fo llow s 
(Fig. 35): (1) the valleys are deep ly  (up  to  8 0 -1 0 0  m ) in
cised, reach ing  in m any cases the bed ro ck  and w ith  the g la 
cial cover on slopes and  at up lands; som e valley  fragm ents 
are cut only  in the bedrock  (Fig. 21); (2) long itu tinal profiles 
o f  river channels are h igh ly  irregular; (3) va lleys are bo ttle 
shaped, w ith  w ide depressions ch aracterised  by low  gradi-

Cieszow horizon 

M S  F Marginal Sudetic Fault 

MSFS Main Sudetic Fault 
System

UPPER  PLIOCENE -
-  LOWER PLEISTOCENE

palaeoflov 

O U G O C E N E - LOW ER PLIOCENE

Fig. 33. Stages o f the Wałbrzych Upland development through the Late Cainozoic
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Fig. 34. Map of the lowest position of glacial deposits in the Wałbrzych Upland (presumably indicating the pre-glacial fluvial 
morphology, compare with Fig. 30). The map has been interpolated on the basis of geological maps 1:25,000 with a net squares (area 
1 km", distance beween centres 0.5 km). Numbers indicate the lowest position o f glacial deposits in the observed square in metres above 
sea level

ents, and  the narrow  valleys and /o r river gorges show  steep 
g rad ien ts w ith  rapids and  w aterfa lls; (4) all the  valleys con 
ta in  four te rraces; the U p p er T errace  is a rock terrace and 
o ther te rraces are cut and  fill terraces; (5) the terraces have 
d ifferen t heigh ts, w ith  d is tinct dow nstream  convergence 
w ith in  depressions and w ith  d is tinc t d ivergence at the m ar
gin o f  the m oun ta in  h igh land; (6) som e terraces have re 
stric ted  occurrence; the M idd le  T errace occurs only in som e

depressions, and the L ow erm ost T errace  occurs only  near 
the m oun tain  m argin. T he U pper T errace  in  the S trzegom ka 
river valley  and  the U pper and  M idd le  te rraces in the 
P elczn ica  river valley  are cut by  the Sudetic  M arg inal F au lt 
and they  do no t continue into the m oun ta in  foreland ; (7) the 
th ickness o f  alluv ial deposits is variab le  a long  the valley  b e 
ing, generally  the th innest in th e  upstream  p art o f  d ep res
sions, w ith  gradual increase in sed im en t th ickness dow n
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Fig. 35. Morpholectonic map of the Wałbrzych Upland (terraces are marked roughly)

stream . M oreover, in p laces, there  are rap id  changes in sed i
m ent th ickness, d istinctly  connected  w ith fau lt lines in the 
bedrock.

Som e o f  these features m ay be easily  connected  w ith 
differen tial up lift o f  the basem ent. The m ost indicative are 
irregular longitud inal p ro files , tilting  o f  terraces and rapid  
changes in sed im en t th ickness. T he convergence o f  terraces 
show s local subsidence and  the d ivergence indicates local 
uplift. H ence, in the reg ion  investigated , the valley  “dep res
sions” rep resen t the subsided  zones. T his corresponds w ell 
w ith  the increased  sed im en t th ickness w ith in  the dep res
sions, inc lud ing  the increased  num ber o f  terraces (Fig. 36A ). 
It seem s likely , that va lley  “depressions” are located w ith in  
separate  tec ton ic  blocks o f  th e  bedrock , w hich  are also char
acterised  by d ifferen t geo log ica l h isto ry , as they  d iffer in 
size, the nu m b er o f  te rraces and sed im ent th ickness. G ener
ally, ro tation  o f  ind iv idual b locks m ay  be assum ed (Fig.

36A ). This causes an increased  u p lift in the upstream  zone 
o f  the b lock and, hence, fo rm ation  o f  deep and narrow  v a l
leys w ith  irregular longitud inal p rofiles, and the increased 
subsidence, w ith  th ick  alluv ial sequences and  w ide  valleys 
(depressions) in the dow nstream  zones. A  connection  o f  
som e o f  narrow  valleys/river gorges w ith  th e  faults in the 
b asem en t is unequivocal (Fig. 35), a lthough  som e o ther 
have m ore am biguous docum entation .

A  special case are valley  fragm en ts n ear the Sudetic 
M arginal Fault. H ere, all te rraces ind ica te  d ivergence, som e 
o f  the terraces being  truncated  by th e  fau lt p lane. B oth  these 
facts suggest perm anen t up lift a lo n g  th e  Sudetic M arginal 
F ault and strong differences in tec ton ic  reg im es in the m on- 
taneous region (uplift) and its fo re land  (subsidence, tectonic 
graben form ation , Fig. 36). H ow ever, rap id  changes in 
th ickness o f  alluv ial deposits are docum ented  best in this 
zone (Figs. 15, 25). T his suggests strong  ac tiv ity  no t only
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Fig. 36. A model o f valley formation and their re-modelling in the Wałbrzych 
Upland, Middle Sudeten: 1 -  Pliocene-Early Pleistocene, 2 -  Middle Pleisto
cene, 3 -  Older Saalian (Odranian) glaciation, 4 -  Younger Saalian (Wartanian) 
stage, 5 -  Late Pleistocene (simplified): A -  fluvial sedimentation and erosion 
in the mountain interior; rotation of tectonic blocks with simultaneous down
stream increase in alluvial sediment thickness and terrace convergence; B -  
fluvial sedimentation and erosion on the mountain margin (en block uplift); 
sediment thickness increase in downfaulted blocks and terrace divergence

along the m ain fault, bu t a lso  a long  m inor faults.
T he d ifferen tia l up lift and  ro tation  o f  blocks 

is perm am ent, as even  recen t channels have 
highly  irregu lar p rofiles and  rapids, a lthough  
som e o f  them  have receded  0 .5 -2  km upstream  
from  fau lt lines due to  headw ard  erosion . The 
perm anent up lift a long som e faults, inc lud ing  the 
Sudetic M arg inal Fault, is also  w ell v isib le  in the 
m ap o f  re lie f  above headstream  erosion  (Fig. 6).

CAUSES, TIM ING AND RATES  
OF UPLIFT

T he tec ton ic  ac tiv ity  du ring  the Late P lio 
cene or the P liocene/P le is tocene  transition  m ight 
be regarded  as p ro longation  o f  the N eogene  te c 
tonics (O berc &  D yjor, 1969; O berc, 1972; G ro 
cholski, 1977; D yjor, 1986). E v idence  for in
creasing  tec ton ic  ac tiv ity  in  the sam e period is 
also availab le  from  ad jacen t reg ions (L ew an
dow ski, 1988; Z uch iew icz , 1990). In turn , the 
younger up lift c learly  co incides w ith  the decay 
o f  the O dran ian  ice-sheet. T he deep ly -incised  
till-covered  p lateau o f  the W ałbrzych  U pland  
suggests a phase o f  rap id  up lift due to  isostatic  
rebound  o f  the bedrock, w h ich  fo llow ed  the ice 
decay. The orig inal ice th ickness o f  150 m  in the 
W ałbrzych U pland  shou ld  have resu lted  in 
4 0 -5 0  m  o f  the “p o stg lac ia l” uplift, i f  isostatic 
rebound  m odels are adop ted  (M orner, 1979).

In fact, the total post-O dran ian  erosion  is 
tw ice as large, being up to 8 0 -1 0 0  m (Fig. 7). On 
the o ther hand, the p re -O dran ian  (H olstein ian) 
valleys, w hich are now adays abandoned  and  dry, 
are only  4 0 -5 0  m deep (F igs. 7, 8). T hey  do not 
show  clear ev idence o f  tec ton ic  m ovem ent, such 
as d ivergence o f  a lluv ial surfaces. T his m ay  lead 
to the conclusion  th a t the E lsterian  ice-sheet w as 
m uch th inner in the W ałbrzych  U pland  or did 
no t advance into the m oun ta in  in terior. In this 
case, isostatic  rebound  m ight have been very  
sm all, and the valleys w ere  form ed only  due to 
clim atic reasons and changes in the base  level. 
O n the o ther hand, the (abandoned ) valley  frag
m ents n ear the Sudetic M arg inal F au lt show  d is
tinct dextral deflection  and  possib le  occurrence 
o f  transverse  ridges (F igs. 8, 30, 34). T his m ay  
lead into conclusion , tha t at least th e  Sudetic 
M arg inal F au lt w as tec ton ica lly  active even dur
ing the post-E lsterian  tim e, w hen  the o ld  valleys 
w ere form ed. T he deflec tions m ight have been 
caused  by the ac tiv ity  o f  sp lin tering  faults. Such 
form s have been docum en ted  in the Sudeten  
from  the post-O dran ian  neo tec ton ic  stages 
(Sroka, 1991; M igoń, 1993).

T he post-O dran ian  inc ision  occurred  in tw o 
positions: at the C ieszów  horizon  (c a . 400  m 
a.s.L), w here rivers cu t com plete ly  new , 8 0 -1 0 0  
m  deep river gorges, and  a long  the o ld  valleys, 
fd led  w ith  g lacial deposits. In the la tter case,
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Fig. 37. Erosion rates during the Late Quaternary in the Wałbrzych Upland: A -  periods o f tectonic stability, B -  periods of rapid and 
deep l iver incisions (regional uplift due to isostatic rebound), C -  periods o f small, though continuous incisions

only  a p art o f  the to tal va lley  depth com es from  the post- 
early  Saalian  tim e, as rivers a t first m ust have exhum ed the 
H olste in ian  valleys. T hus, the original post-early  Saalian in 
cision rep resen ts only  a  h a lf  o f  th e  total va lley  depth in the 
W ałbrzych  U pland, i.e. ca. 4 0 -5 0  m  (Fig. 7). This additional 
incision  m ay be related  to  th e  reg ional uplift, w hen  the inc i
sion  o f  the first 4 0 -5 0  m  is con tro lled  by post-g lacial change 
o f  the base  level, sim ilarly  to  the  post-E lsterian  tim es. Thus, 
the value  o f  p resum ab ly  post-early  Saalian uplift co rre
sponds w ell w ith  the theo re tica l isostatic  rebound.

It is p roposed  that tw o  com ponen ts p layed  a ro le in the 
late Q uaternary , “postg lac ia l” , tec ton ic  m ovem ents, being  
superim posed  on each other. T hese are g lacio isostatic  re 
bound  a fter the ice-sheet decay  and  the localised  ex tensional 
tec ton ics a long  the bedrock  faults in the region. The regional 
isostatic  up lift probably  induced  short-term  reactiva tion  o f  
perm anen tly  unstable faults zones, a lthough the actual re la
tionsh ip  betw een  these tw o  com ponents are no t established, 
yet. T he post-O dran ian  reactiva tion  o f  the faults have also 
been  n o ticed  in o ther parts  o f  the Sudeten  (K rzyszkow ski et 
al., 1995) and  in the cen tra l-E uropean  L ow lands (K rzysz
kow ski, 1992).

T he beg in ing  o f  the Saalian  stage, w hen correlated  w ith  
the O xygene Isotope S tage 6, is ca. 200,000  years BP 
(S hack leton  &  O pdyke, 1976). T he O dran ian  sub-stage rep
resen ts the first ice advance during  this glacial stage. T here
fore, w e have  assum ed a s im plified  age boundary  at 200,000 
years B P fo r all calcu lations o f  the post-O dran ian  uplift 
rates, tak ing  into accoun t th e  fact tha t ice-sheet advances 
into cen tral E urope w ere re la tive ly  short.

T hree  phases o f  the post-O dran ian  uplift can  be recog
nised , and  they  are docum ented  by the form ation o f  alluvial 
levels o f  the U pper, M iddle and  L ow er terraces and  the ir in
cision  (Fig. 36). The first phase  w as characterised  by  rap id  
uplift, w ith  an  incision  o f  va lleys dow n to about 70 m  (the

heigh t d ifference betw een  the C ieszów  horizon  and the U p
per Terrace). A s th e  U pper T errace started  to  be  form ed, 
m ost p robab ly  during  the W artan ian  sub-stage, th e  first up 
lift period  w as no t longer than 50,000 years. It g ives the ero 
sion rate o f  at least 1.5 m m /year. T he heig th  d ifferences be
tw een  the U pper and M iddle  terraces and  betw een  the M id
dle and L ow er terraces are m uch low er, a lthough the total 
tim ing  o f  these phases is ca. 150,000 years. T he possib le 
erosion rates are 0.15 m m /year and 0 .0 5 -0 .1  m m /year, re 
spectively  (Fig. 37). T he p resen t-day  long itud inal p ro files o f  
rivers are irregu lar and  the heigh t o f  w ate rfa lls  v aries from  1 
to  4  m . T his m ay ind icate  th a t th e  L ate  H o locene m ove
m ents a long  the faults, a lthough no t ex tensive, still ex ist and 
they are su ffic ien t to  preserve irregu lar p rofiles, in sp ite o f  
large headw ard  erosion.

CONCLUSIONS

1. The landscape o f  the W ałb rzych  U pland  developed  
during th ree m ain  stages. T he O lig o cen e -E a rly  P liocene 
stage w as characterised  by co nsequen t fluv ial valleys 
fo rm ed in th ick  w eathering  m antles w ith  ou tflow  to the 
northw est. D uring the L ate  P lio cen e -E a rly  P leistocene 
stage there w as a com plete  change o f  hyd rograph ic  system  
w ith  new , subsequent rivers flow ing  to  the no rtheast. The 
flat landscape o f  the C ieszów  horizon  -  a  m ain  geom orphic  
elem ent o f  the region -  w as form ed during  tha t tim e. The 
M iddle P leistocene developm ent o f  the landsape is very 
com plex, and described  below .

2. T he W ałbrzych U pland  w as covered  by con tinuous 
ice cover during  the O dran ian  sub-stage (O lder Saalian). 
T he Scandinavian  ice sheet advanced  from  the N E  and  N  
and reached  the in terio r o f  the S udeten  M ts. up to  a  d istance 
o f  several k ilom etres from  the m oun tain  m argin . T he th ick 
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ness o f  ice w as ca. 150 m . D uring the E lsterian, at least a 
m arginal p art o f  the W ałbrzych  U pland, w as once covered  
by ice.

3. T he possib le  p re-E lste rian  fluv ial system  is docu
m en ted  in one, deeply  inc ised  (abandoned) valley , filled 
w ith tw o tills , although no fluvial g ravels have been docu
m ented  from  that tim e.

4. T he W ałbrzych  U p land  bears d istinct traces o f  fluvial 
landscape from  before the last g laciation  o f  the region (pre- 
O dran ian  stage). This fluv ia l system  is docum ented  by ter
races w ith  g ravels, fla tten ings covered by tills (w hich are 
p resum ab ly  buried  terraces), and the abandoned  valleys. 
T he latter are now adays in filled  w ith glacial deposits, a l
though in tw o o f  them  fluv ial g ravels have been docum ented  
from  below  the glacial cover. T he p re-O dran ian  fluvial 
landscape show s an am biguous ev idence o f  tecton ic  m o v e
m ents, a lthough they  are possib le .

5. T he post-O dran ian  rivers d issected  the glacial cover 
and in part, especially  in th e ir m iddle  and low er courses, 
form ed valleys in quite new  places, incising  the bedrock. 
Four stages o f  valley  deve lopm en t m ay be recognised, 
w hich are docum ented  by four terraces: the U pper T errace 
form ed during  the W artan ian /E em ian , the M iddle T errace 
form ed d u ring  the M iddle W eichselian , the L ow er T errace 
form ed during  the L ate G lacia l/E arly  H olocene, and the 
L ow erm ost T errace form ed during  the h isto rical tim es.

6. T he post-O dran ian  va lley s have been  form ed due to 
in tensive and  short-term  up lift o f  the m ountain  up land  w ith 
sim ultaneous re-ac tiva tion  o f  fau lt lines. The m ain  geom or- 
pho logical effects o f  th is up lift are: the form ation  o f  aban
doned  valleys, bo ttle-like shapes o f  new ly  incised  valleys, 
w ith a lternating  w ide valleys (depressions) and narrow  val
leys or river gorges; highly  irregu la r longitudinal profiles o f 
channels w ith  m any breaks and  even rapids and w aterfalls; 
vary ing  num ber o f  terraces and  their heights a long  the v a l
leys; tilting  o f  terraces, w ith  several convergen t system s in 
the m oun tain  in terio r and  terrace  d ivergence near the 
Sudetic M arg inal Fault; truncation  o f  terraces and form ation 
o f  fau lt scarps a long the S udetic  M arg inal Fault. T he m ain 
geo log ical effects are: variab le  th ickness o f  a lluvial depos
its, the synsed im en tary  th ickness  increase o f  a lluvial depos
its a long  som e fault lines, and  breaking o f  the con tinu ity  o f  
som e alluv ial surfaces at th e  Sudetic  M arg inal Fault.

7. T he up lift o f  the W ałb rzych  U pland  w as induced  by 
isostatic  rebound  after the O dran ian  g laciation , although it 
w as suppo rted  m uch by another, m ost probably , a localised  
cx tensional endogenic  com ponent. B oth together have g iven 
a to tal up lift du ring  the L ate Q uaternary  o f  about 4 0 -5 0  m. 
E rosion rates during the u p lift w ere  at about 1.5 m m /year at 
the beg inn ing  (ca. 2 0 0 ,0 0 0 -1 5 0 ,0 0 0  years BP), and m uch 
low er during  the Late P le istocene  and H olocene (0 .15 -0 .05  
m m /year). T he uplift, though  very  slight, continues until 
now .
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S tre szc ze n ie

PÓŹNOCZWARTORZĘDOWY ROZWÓJ DOLIN 
RZECZNYCH I EWOLUCJA NEOTEKTONICZNA 

POGÓRZA WAŁBRZYSKIEGO, 
SUDETY ŚRODKOWE, 

POLSKA POŁUDNIOWO-ZACHODNIA

D ariusz Krzyszkowski & Renata Stachura  
W artykule przedstawiono rozwój rzeźby fluwialnej Pogórza 

Wałbrzyskiego (Fig. 1), ze szczególnym uwzględnieniem środko
wego i górnego plejstocenu. Pogórze Wałbrzyskie położone jest w 
części brzeżnej Sudetów, wzdłuż Sudeckiego Uskoku Brzeżnego 
(Fig. 2, 3), pomiędzy rzekami Strzegomkąna północy i Pełcznicą 
na południu. Do interpretacji cech geomorfologicznych terenu za
stosowano mapy morfometryczne (Fig. 4-6), przekroje przez do
liny i działy wodne (Fig. 7, 9, 12), profile podłużne rzek (Fig. 10,
11) oraz wykonano terenowe kartowanie geomorfologiczne i geo
logiczne dolin rzecznych (Fig. 8). W wyniku kartowania tereno
wego ustalono występowanie czterech poziomów terasowych, 
nazwanych odpowiednio od najstarszej: terasą wysoką, średnią, 
niską i najniższą. Ponadto zaobserwowano wysoko położone 
spłaszczenia stokowe przykryte glinami lodowcowymi, w dwu 
przypadkach także z udokumentowanymi żwirami rzecznymi oraz 
opuszczone doliny rzeczne (Fig. 27). W artykule opisano także 
osady rzeczne wszystkich teras z wybranych (typowych) od
cinków rzek: Strzegomki i jej dopływów koło Dobromierza (Fig. 
13-16), Chwaliszowa (Fig. 17, 18) i Starych Bogaczowic (Fig. 19, 
20) oraz Pełcznicy pomiędzy Szczawienkiem a Świebodzicami 
(Fig. 21-26). Przedstawiono skład petrograficzny żwirów rzecz
nych i skład minerałów ciężkich oraz przedyskutowano ich zmien
ność regionalną i stratygraficzną (Fig. 28-29). Oprócz osadów 
rzecznych udokumentowano, zarówno w dolinach jak i na wyso
czyznach, osady glacjalne, w tym gliny lodowcowe. Ustalono dla 
nich kierunki transportu lokalnego na podstawie cech składu pe
trograficznego glin oraz orientacji zaburzeń glacitektonicznych 
(Fig. 30-32).

Rzeźba Pogórza Wałbrzyskiego ukształtowała się w trzech

etapach: oligoceńsko-wczesnoplioceńskim, późnoplioceńsko- 
wczesnoplejstoceńskim i środkowoplejstoceńskim (Fig. 33). Ten 
ostatni etap rozwoju rzeźby, najbardziej skomplikowany, jest 
przedmiotem szczegółowych rozważań w zaprezentowanym arty
kule. Pogórze Wałbrzyskie było przykryte lądolodem Skandynaw
skim w czasie ostatniego zlodowacenia tego obszaru, tj. zlodowa
cenia Odry (wczesny stadia! zlodowacenia środkowopolskiego), 
oraz co najmniej w swoich częściach brzeżnych w czasie zlodowa
cenia Elstery (poludniowopolskiego). Grubość lodu dochodziła do 
150 m. Rzeźba fluwialna sprzed zlodowacenia Elstery jest słabo 
udokumentowana (jedna opuszczona dolina wypełniona osadami 
glacjalnymi). Zaobserwowano natomiast liczne ślady rzeźby flu
wialnej sprzed zlodowacenia Odry (interglacjał mazowiecki?). 
Jest ona udokumentowana przez terasy, spłaszczenia stokowe z 
pokrywami glin, które reprezentują pogrzebane terasy, oraz przez 
liczne opuszczone (pogrzebane) doliny ze żwirami rzecznymi i 
osadami glacjalnymi (Fig. 30. 34). Ten przed-odrzański system 
fluwialny wykazuje bardzo mały związek z tektoniką regionu, z 
wyjątkiem części dolin w pobliżu Sudeckiego Uskoku Brzeżnego. 
Na Pogórzu Wałbrzyskim zrekonstruowano (po zlodowaceniu 
Odry) cztery fazy rozwoju rzeźby fluwialnej, udokumentowane 
przez terasy. Terasa wysoka pochodzi prawdopodobnie z okresu 
Warta/Eem, terasa średnia ze środkowego Vistulianu, terasa niska 
z późnego glacjału/początku holocenu a terasa najniższa powstała 
w czasach historycznych (Fig. 27). Datowanie osadów rzecznych 
ma charakter konwencjonalny, ze względu na całkowity brak osa
dów organicznych czy szczątków paleontologicznych w badanych 
profilach. Występowanie lessów na niekórych terasach pozwoliło 
na względne odniesienie ich wieku w stosunku do górnego pleni- 
glacjału zlodowacenia Wisły.

Doliny po-odrzańskie były formowane w czasie krótkiego i 
bardzo intensywnego podnoszenia obszaru górskiego, z jednoczes
nym uaktywnianiem stref uskokowych. Główne efekty morfolo
giczne tego podnoszenia to (Fig. 35): butelkowy kształt nowo two
rzonych dolin, powstanie odcinków przełomowych dolin, nie- 
wyrównane profile podłużne koryt rzecznych, zmienna liczba 
teras i ich wysokość wzdłuż dolin, pochylenie teras, obcięcie teras 
i powstanie skarp uskokowych wzdłuż Sudeckiego Uskoku Brzeż
nego. Główne efekty geologiczne to (Fig. 36): zróżnicowana miąż
szość aluwiów w wyniku rotacyjnych ruchów podłoża, synsedy- 
mentacyjny wzrost miąższości aluwiów na skrzydłach zrzuconych 
niektórych uskoków i brak ciągłości niektórych pokryw aluwial- 
nych położonych poza Sudeckim Uskokiem Brzeżnym. Podno
szenie Pogórza Wałbrzyskiego nastąpiło najprawdopodobniej w 
wyniku odprężenia glaciizostatycznego po zlodowaceniu Odra- 
nian, na które nałożyły się ruchy tektoniczne wzdłuż reaktywowa
nych uskoków. Całkowite, czwartorzędowe, tektoniczne podnie
sienie obszaru wynosi 40-50 m. Prędkość podnoszenia wynosiła 
początkowo 1.5 mm rocznie (ca 200 000-150 000 lat BP), a po
tem, w górnym plejstocenie i holocenie, była znacznie mniejsza 
(0,15-0,05 mm rocznie) (Fig. 37). Podnoszenie to, choć bardzo 
małe trwa do czasów obecnych.


