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Ab stract: The KoŸmin South lig nite open- cast pit is the south ern most ex po sure of Palaeo gene (lower Oli go cene)
de pos its in cen tral Po land. This study is fo cused on Palaeo gene peb bles of the so- called KoŸmin Grav els, re de -
pos ited in the Neo gene sands. These peb bles are not known from the ad ja cent ter ri tory of cen tral Po land and they
vary in pet ro graphic com po si tion, shape and sur face tex ture. The clas si fi ca tion of the pebble- size par ti cle form is
de ter mined as DI/DL (elon ga tion ra tio) and DS/DI (flat ness ra tio). A great number of peb bles are disc- shaped
(oblate- shaped) and blade- shaped or they can be clas si fied as platy, bladed and very bladed peb bles. The
ob late–pro late in dex (OP) is less than –2 for 45% of the par ti cles (typi cal of beach peb bles), the mean spheric ity
(yp) is 0.56 (typi cal of beach peb bles), and the mean round ness (RWt) is 0.73 (typi cal of beach peb bles).

The data ob tained from SEM analy sis of quartz peb ble sur face mi cro mor phol ogy are char ac ter is tic of high
me chani cal en ergy of the lit to ral en vi ron ment. The sur face of some peb bles is ex cel lently pol ished with v- shaped
in den ta tions and grooves. The av er age com po si tion of the heavy min eral frac tion oc cur ring with these peb bles is
marked by the pre domi nance of zir con (ex ceed ing 70%). All the above- mentioned data, in the light of ex ten sive
lit era ture, in di cate that more mor pho logi cal fea tures of the ana lysed peb bles have been in her ited from the
lit to ral/beach en vi ron ment. Moreo ver, a de tailed pet ro graphic study was very use ful for de ter min ing the prove -
nance of these peb bles. The most char ac ter is tic rocks are greyish- blue quartzes. They are known only from the
Sude tes Mts., situ ated on the NE slope of the Bo he mian Mas sif. Thus, the rock frag ments were trans ported at least
300 km by riv ers from the Sude tes to the lit to ral/beach zone of the Palaeo gene sea. Then, the residually- marine
beach peb bles were re de pos ited into the Neo gene de bris flow and/or flu vial de pos its. The present- day area of the
KoŸmin South lig nite open- cast pit was tec toni cally ac tive at that time.
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IN TRO DUC TION

The mor phol ogy of sedi men tary par ti cles is de fined in
vari ous ways, some times in cor rectly. That is the rea son why 
I use the term “mor phol ogy” ac cord ing to the mean ing pro -
posed by Blott and Pye (2008) in the pres ent con tri bu tion.
In their opin ion, the term “mor phol ogy” in cludes two as -
pects of a par ti cle, i.e. “shape” and “sur face tex ture”. They
de scribe the ana lysed ob ject mor phol ogy at the macro- and
micro- scales, re spec tively. Shape is used to de ter mine the
fol low ing fea tures: form (length, width and thick ness),
roundness (rela tive round ing or an gu lar ity), and spheric ity.
Pebble- size par ti cles are meas ured with a ruler or cali per
and then the re main ing form ra tios and form fac tors can be
quan ti fied, as well as the form dia grams can be con structed
(e.g., Wen tworth, 1922; Wadell, 1932, 1933; Zingg, 1935;
Krum bein, 1941; Pow ers, 1953; Folk, 1954; Sneed & Folk,
1958; Dob kins & Folk, 1970; Blatt et al., 1980; Il len berger,

1991; How ard, 1992; Blott & Pye, 2008). Con versely, the
sur face tex ture of the par ti cle re quires mag ni fi ca tion of
200–3,000 (e.g., Krins ley & Do na hue, 1968; Krins ley &
Doornk amp, 1973). Thus, scan ning elec tron mi cros copy
(SEM) must be used to study the mi cro mor phol ogy of
pebble- size par ti cles at the micro- scale.

Many authors con sider that the shape and sur face tex -
ture, i.e. mor phol ogy, are im por tant prop er ties of sedi men -
tary par ti cles. These ex ter nal geo met ri cal fea tures of peb -
ble-size par ti cles pro vide in for ma tion re lated to their prove -
nance, trans port pro cesses and de po si tional en vi ron ment.
Such stud ies are of ten sup ported by in ves ti ga tions of the
peb ble pe trol ogy and the heavy min eral as sem blage con -
tent. There fore, the above- mentioned in te grated re search
meth ods can help to re solve the geo logi cal prob lem of the
trans port his tory of the par ti cles. To avoid or re duce a mis -



take, the ob tained re sults should be com pared with stud ies
of mod ern sedi men to logi cal pro cesses (e.g., Kue nen, 1956,
1964; Sneed & Folk, 1958; Dob kins & Folk, 1970; Strat ten, 
1974; Boul ton, 1978; Blatt et al., 1980; Mat thews, 1983;
Dowde swell et al., 1985; Mas sari & Parea, 1988; Gale,
1990; Postma & Ne mec, 1990; Gale & Hoare, 1991; Benn
& Bal lan tyne, 1994; Sand ers, 2000; Pon tee et al., 2004; Os -
borne, 2005).

Grav els within the Palaeo gene and Neo gene de pos its
were spo radi cally de scribed from cen tral Po land un til the
end of the 20th cen tury. In the sum mer of 2004, an un ex -
pected dis cov ery was made in the KoŸmin South lig nite
open- cast pit in the vi cin ity of Turek (Fig. 1). These coarse-
grained de pos its were termed “KoŸmin Grav els” (Wid era & 
Kita, 2007). On the other hand, the peb bles in cluded in the
grav els seemed to be much more in ter est ing. It is, there fore,
the aim of this pa per to ana lyse the mor phol ogy of the
above-men tioned fos sil peb bles. An other ob jec tive of the
pres ent con tri bu tion is to in di cate a source area for the peb -
bles from the KoŸmin South lig nite open- cast pit.

GEO LOG I CAL SET TING

The KoŸmin South lig nite open- cast pit is geo logi cally
lo cated near the mar gin of the NW Euro pean Palaeo gene
and Neo gene Ba sin (Fig. 1A; Vinken et al., 1988). In the
study area and in the ad ja cent ter ri to ries of cen tral Po land,

Palaeo gene de pos its typi cal of ma rine (glau co nitic sands,
beach grav els) as well as of non- marine en vi ron ments (flu -
via tile sands, la cus trine clays, lig nites) have been dis cov -
ered and docu mented over the last years (Wid era, 2007;
Wid era & Kita, 2007; Do bosz & Wid era, 2008). There fore,
the maxi mum Palaeo gene shore line was shifted by Wid era
and Kita (2007) at least a few kilo me tres south of the
KoŸmin South lig nite open- cast pit (Fig. 1B).

It is one of seven open- cast pits in the Wielko pol ska re -
gion (cen tral Po land), where the Mio cene lig nites are ex -
ploited. The study area oc curs in the north ern most frag ment
of the Ad amów gra ben (Fig. 1C). This tec tonic struc ture
was ac tive in the Palaeo gene and Neo gene times (Wid era,
2004). The most in ter est ing geo logi cal ob ser va tions in -
cluded in this pa per were made in the NE part of the KoŸmin 
South lig nite open- cast pit (Fig. 1D).

The Palaeo gene and Neo gene lithos tra tigra phy in cen -
tral Po land has not been es tab lished for mally. It is caused by 
un fa vour able fa cies con di tions, of ten with non cal care ous
shal low marine- brackish to ter res trial (la cus trine, flu via tile) 
sedi ments, in which mi cro fos sil groups are very rare. In
places, the lithos tra tigraphi cal cor re la tion is based on a
comparison of fa cies, li thol ogy and se quences of the Pala-
eo gene and Neo gene de pos its. Only de tailed paly no logi cal
in ves ti ga tions of the lig nite seam ho ri zons are use ful in in -
ter re gional cor re la tion in the parastra tigraphic mean ing
(Schindewolf, 1960; Vinken et al., 1988; Pi wocki & Ziem-
biñska-Tworzyd³o, 1997). There fore, the lithos tra tigra phy
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Fig. 1. Lo ca tion map. A – study area in the back ground of the North west Eu ro pean Palaeogene and Neo gene Ba sin in Eocene and
Oligocene (mod i fied af ter Vinken et al., 1988); B – com pi la tion of the south ern ex tent of the Palaeogene ma rine de pos its in cen tral Po land 
(mod i fied af ter Vinken et al., 1988; Widera & Kita, 2007); C – lo ca tion of the KoŸmin South lig nite open-cast pit in the Adamów graben;
D – de tailed lo ca tion of in ves ti gated area with geo log i cal sec tion in the KoŸmin South lig nite open-cast pit; for lo ca tion see Figs 2, 3



of the study area in cen tral Po land (Wid era, 2007) may be
eas ily cor re lated with that of other parts of the NW Euro -
pean Palaeo gene and Neo gene Ba sin (Vinken et al., 1988),
for in stance, with the neigh bour ing ter ri to ries of east ern
Ger many (Grimm et al., 2002).

The lithostratigraphy of the study area is not com plete.
The Ce no zoic starts with a hi a tus that rep re sents a time in -
ter val from the low er most Paleocene to the up per most Eo-
cene. In fact, the age of the Palaeogene de pos its ranges from 
the up per most Eocene un til the end of the early Oligocene
in the study area (Piwocki & Ziembiñska-Tworzyd³o, 1997).
The Palaeogene de pos its lie un con form ably on Up per Cre -
ta ceous rocks. Gen er ally, the Palaeogene in the Adamów
graben con sists of the Lower Mosina, Czempiñ and Up per
Mosina for ma tions. Un for tu nately, the Czempiñ For ma tion
is ex posed only in the KoŸmin South lig nite open-cast pit
(Fig. 2). The Lower Mosina and Up per Mosina for ma tions
are known from bore holes lo cated about 400–500 m from
the above-men tioned ex po sures.

The Czem piñ For ma tion is situ ated be tween the Lower
Mos ina and Up per Mos ina for ma tions in the lithostratigra-
phic scheme. It is com posed of vari ous non- marine sedi -
ments de vel oped in la cus trine and flu vial fa cies, mainly
clays with frag ments of lig nite. These lig nites cor re spond to 
the Fifth Czem piñ Lig nite Group in cen tral Po land (Pi wocki 
& Ziembiñska- Tworzyd³o, 1997) and the Fifth Lu sa tian
Seam Ho ri zon in east ern Ger many (Grimm et al., 2002). In
con trast, the Lower and Up per Mos ina for ma tions are
known from bore holes situ ated a few hun dred me tres north
of the KoŸmin South lig nite open- cast pit. Both for ma tions
are com posed of in ten sively green glau co nitic sands and
they are com pa ra ble with the Rupel- Basissand and the Ru -
pel ton of the Ru pel For ma tion in east ern Ger many, re spec -
tively (Grimm et al., 2002). Then, a stra tigraphi cal hia tus is

pres ent above the early Oli go cene de pos its. This hia tus rep -
re sents a time in ter val of up lift and ero sion in the late Oli go -
cene (Wid era, 2004).

The Neo gene suc ces sion starts with a great number of
grav els, the so- called KoŸmin Grav els, at the base (Fig. 2).
They are poorly- sorted and matrix- supported, with out grad -
ing and strati fi ca tion (Fig. 3). Their base is ero sive and they
form tabu lar as well as lens- like in shape pock ets, up to 0.5
m thick. De pos its simi lar to those from the Ad amów gra ben
were de scribed by Dok tor (1983) in the Car pa thian Fore -
deep. This author in ter preted them as de pos ited by de bris
flows (Dok tor, 1983).

Sands with grav els, in clud ing the peb bles in ves ti gated
in this pa per, are named the KoŸmin For ma tion, the age of
which ranges from the Early to Mid dle Mio cene (Wid era,
2004, 2007). Dur ing this time span, a few lithos tra tigraphic
units, from the Rawicz to Ad amów for ma tions, were de pos -
ited in most of west ern Po land (Pi wocki & Ziembiñska-
 Tworzyd³o, 1997). The first Middle- Polish Lig nite Seam,
called the First Lu sa tian Seam Ho ri zon in east ern Ger many
(Grimm et al., 2002), is pres ent at the top of the lower–mid -
dle Mio cene de pos its (Fig. 2). This lig nite seam and a few
me tres of over ly ing clays, silts and sands be long to the
Poznañ For ma tion, which is re ferred to the Rauno For ma -
tion in the neigh bour ing ter ri to ries of east ern Ger many
(Grimm et al., 2002). On top of the Palaeo gene and Neo -
gene de pos its rests a Qua ter nary cover.

MA TE RIAL AND METH ODS

The field work was car ried out in 2004–2006 when most 
of the im por tant sedimentological and lithostratigraphic ob -
ser va tions as well as sam pling were car ried out. The to tal
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Fig. 2. Sim pli fied geo log i cal sec tion show ing lithostratigraphic po si tion of the KoŸmin Grav els (mod i fied af ter Dobosz & Widera,
2008). For lo ca tion see Fig. 1D



length of ex po sures bear ing peb bles reaches a few hun dred
metres, but their thick ness is lim ited to 0.5 m in the KoŸmin
South open-cast pit. A to tal of 15 sam ples, in clud ing 686
peb bles, were col lected and sub jected to the petrographic
(686 par ti cles) and mor pho log i cal (228 par ti cles) study.
First, all the sam ples were sieved to clas sify them ac cord ing
to the scheme pre sented by Folk (1954). Sec ondly, peb -
ble-size par ti cles were sep a rated from each sam ple and sent
for fur ther re search. The par ti cle size of peb bles is de scribed 
in this pa per us ing the ter mi nol ogy of Wen tworth (1922),
mod i fied by Fried man and Sanders (1978). It in cludes the
ma jor classes and their sub di vi sions, e.g. coarse peb ble (16
to 32 mm), etc. How ever, it is more prac ti cal for sta tis ti cal
cal cu la tions and graphic pre sen ta tions when phi (F) di am e -

ters are used, e.g. coarse peb ble (–4 to –5 F), where the phi
(F) scale is com puted by the fol low ing equa tion:

F = –log2 (grain size, mm).

Here, ac cord ing to Osborne’s (2005) pro posal, this
equa tion may be writ ten as: F = –log2 (DI, mm), where DI is 
the length of the in ter me di ate axis of the peb ble-size par ti cle 
ex pressed in milli metres. Con versely, the fol low ing size
classes of peb bles were dis tin guished by Matthews (1983):
small (–2 to –3 F), me dium (–3 to –4 F) and large (–4 to –5
F). Both clas si fi ca tions are use ful for a com par a tive study.

The ba sic meth ods used in the lab o ra tory are mea sure -
ments of the length (DL), width (DI) and thick ness (DS) of a
peb ble-size par ti cle. In prac tice, three per pen dic u lar (or -
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Fig. 3. Ex po sures of the KoŸmin Grav els in clud ing the in ves ti gated peb bles. A, B – grav els sit u ated at the top of the up per Cre ta ceous
strata; C, D – grav els sit u ated at the top of the lower Oligocene strata: 1 – weath ered  up per Cre ta ceous marls and gaizes, 2 – lower-mid dle
Mio cene sands of the KoŸmin For ma tion, 3 – weath ered lower Oligocene clays of the Czempiñ For ma tion; for com par i son see Fig. 2



thogo nal) di men sions are mea sured: the lon gest (DL), in ter -
me di ate (DI) and short est di am e ter (DS). All mea sure ments
pre sented in this ar ti cle were made di rectly us ing a dig i tal
cal i per. Then, on the ba sis of the ob tained mea sure ment re -
sults, a few form factors were calculated:
– DI/DL (elon ga tion ra tio; Zingg, 1935),
– DS/DI (flat ness ra tio; Zingg, 1935),
– OP = {10{[(DL–DI)/(DL–DS)]–0.5}}/(DS/DL) (ob late–
prolate in dex; Dobkins & Folk, 1970),
– yp = (DS

2/DLDI)
1/3 (sphe ric ity – “max i mum pro jec tion

sphe ric ity”; Sneed & Folk, 1958).
The roundness was pre lim i nar ily de ter mined us ing the

vi sual chart of Pow ers (1953). Then, a quan ti ta tive mea -
sure ment of par ti cle round ness (RWt) was ob tained ac cord -
ing to a mod i fi ca tion of Wen tworth’s for mula (1919; see
also Dobkins & Folk, 1970). Here, round ness may be ex -
pressed as: RWt = (Dk/Di), where Dk is the di am e ter of the
in scribed cir cle in the sharp est cor ner and Di is the di am e ter
of the larg est in scribed cir cle on the max i mum projection
outline of the particle.

A com bi na tion of the elon ga tion ra tio (DI/DL) and the
flat ness ra tio (DS/DI) is used to con struct the Zingg di a gram 
(1935), where four shape classes are de fined. Ac cord ing to
Blott and Pye (2008), these classes were re named by a great
num ber of sci en tists as well as be ing ad di tion ally mod i fied
by Blatt et al. (1980) as: disc (ob late), bladed, roller (pro-
late), and equant. In con trast, Sneed and Folk (1958) pro -
posed a tri an gu lar plot for the clas si fi ca tion of grain shape.
The fol low ing form fac tors are on the tri an gle sides: DS/DL, 
(DL–DI)/(DL–DS) and yp = (DS

2/DLDI)
1/3. The cor ners of

the Sneed and Folk di a gram (1958) are rep re sented by:
platy, elon gated and com pact form classes, re spec tively.

Other stud ies of peb ble pe trog ra phy, sur face tex ture,
heavy min er als and bore hole data can be treated as com ple -
men tary ones in this pa per. How ever, they yielded in for ma -
tion that sup ports the study of peb ble mor phol ogy at the
macro-scale.

Petrographic re search was car ried out for 686 peb ble-
size par ti cles. The ob tained re sults should in clude the
source area (or ar eas) from where these peb bles were de -
rived to the study area in cen tral Poland.

The sur face tex ture of peb ble-size par ti cles was ex am -
ined with scan ning elec tron mi cros copy (SEM). The meth -
od ol ogy and in ter pre ta tion of the ob tained re sults fol lowed
the stan dard pro ce dure sug gested by Krinsley and Donahue
(1968) as well as Krinsley and Doornkamp (1973). Ac cord -
ing to the above-men tioned au thors, the SEM study is a tool
dif fer en ti at ing an cient trans port and de po si tion processes at
the micro-scale.

The heavy min eral anal y sis of 5 sam ples was stud ied.
The 0.1–0.25 mm frac tion was sep a rated in bromoform with 
a den sity of 2.8 g/cm3 (Mor ton & Berge, 1995). Such heavy
min eral frac tion in ves ti ga tion is also rec om mended for pre -
par ing the De tailed Geo log i cal Map of Po land at the scale
of 1:50,000. 200–300 grains were counted for each sam ple.
The aim of this anal y sis was to show the dif fer ence in the
rel a tive con tent of heavy frac tion in prob a bly ma rine (2 of
the lower sam ples – num bers 1 and 2; see Fig. 2) and flu vial
sed i ments (3 of the up per sam ples – num bers 3, 4 and 5; see
Fig. 2). The heavy min eral as sem blage, to gether with the

peb ble shape and the quartz par ti cle sur face tex ture, can be
help ful in the re con struc tion of the transport process and
depositional environment.

Ad di tion ally, more than a hun dred bore hole logs of the
Palaeogene de pos its were ex am ined in the sur round ing area
of the KoŸmin South lig nite open-cast pit. These bore holes
were drilled in the search for lig nite de pos its and their depth 
ranged from a few tens to more than 100 m and quite of ten
ended in the Me so zoic sub stra tum. The ex am i na tion of the
bore hole logs yielded in for ma tion about the po si tion of the
KoŸmin Grav els in the lithostratigraphic scheme and their
extent.

RE SULTS

Sed i ment clas si fi ca tion and pe trog ra phy

The stud ied peb bles oc cur to gether with finer-grained
and coarser-grained par ti cles, which, ac cord ing to Folk’s
(1954) sed i ment clas si fi ca tion scheme, can be de ter mined
as grav elly sands (Widera & Kita, 2007). They con sist of:
sand (>75%), gravel (ca. 25%) and mud (<5%). The gravel
frac tion is com posed mainly of peb bles and spo rad i cally of
cob bles, ac cord ing to the no men cla ture of Wen tworth
(1922). These cob bles, not taken into con sid er ation in the
pres ent work, rep re sent an gu lar lo cal Mio cene sand stones
and Cre ta ceous marls and/or gaizes. Here, an ex cep tion is
one well-rounded flint par ti cle (DL = 11 cm), which was
found and doc u mented in the KoŸmin South lig nite open-
cast pit (Widera, 2007). In con trast, the rest of the grav els
be long ing to the peb ble frac tion were ex am ined in de tail.

The pe trog ra phy and pre lim i nary round ness, us ing the
vi sual chart of Pow ers (1953), were ana lysed for all 686
peb bles (Fig. 4). They are pre dom i nantly com posed of
quartz par ti cles – 94.6%. The lydite, flint, sand stone, marl
and gaize par ti cles com prise only the re main ing 5.4% (Fig.
4A). Very im por tant as well as in ter est ing is the col our va ri -
ety of the quartz peb bles: white, milky-white, honey-yel -
low, pink, grey ish-blue and grey (see Widera & Kita, 2007).

Macromorphology

The round ness was de ter mined vi su ally for each group
of the quartz par ti cles. Most of the quartz peb bles are gen er -
ally rounded or well rounded. 270 of the milky quartz par ti -
cles, i.e. more than 84% of the great est group, be long to
rounded or well-rounded par ti cles. The value of rounded or
well-rounded par ti cles ranges be tween 64% and 84% in the
other groups. In con trast, the an gu lar and very an gu lar
quartz peb bles com prise 0–16% (Fig. 4B). The sub-an gu lar
and sub-rounded par ti cles dom i nate among the white
quartzes only, i.e. 6 par ti cles (67%) are sub-an gu lar or sub-
rounded, and 3 par ti cles (33%) are rounded or well roun-
ded. In gen eral, the quartz, lydite and oc ca sion ally flint peb -
bles are rounded and well rounded (Fig. 4B). It is note wor -
thy that their sur face is of ten pol ished and ex cel lently
smoothed (see Widera & Kita, 2007). On the other hand, the 
sand stone, marl and gaize par ti cles are quite of ten an gu lar
and very an gu lar with gen er ally frosted sur face.
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The form fac tors of 228 quartz and spo rad i cally lydite
peb bles from the KoŸmin South lig nite open-cast pit were
cal cu lated and pre sented graph i cally (Figs 5, 6). Ac cord ing
to the ter mi nol ogy of Wen tworth (1922), mod i fied by
Friedman and Sanders (1978), all 228 peb bles be long to
three classes. They in clude: very coarse (13%), coarse
(58%) and me dium (29%) peb bles. How ever, in the no men -
cla ture of Matthews (1983), these peb bles can be named as:
very large, large and me dium, re spec tively. In both clas si fi -
ca tions, the length of the in ter me di ate axis of the peb ble-
size par ti cle – DI – is a fun da men tal cri te rion. In this case,
DI var ies from 8.95 to 38.29 mm, but DL ranges from 11.81
to 58.56 mm and the val ues of DS are between 4.54 and
17.02 mm.

Ad di tion ally, the same fac tors were de ter mined for
some rep re sen ta tive non-quartz, i.e. flint, marl and gaize
peb bles of beach or i gin (10 par ti cles) from the KoŸmin
South lig nite open-cast pit. The re sults achieved are set to -
gether for easy in ter pre ta tion in the form of di a grams and
plots (Figs 5, 6). For flint, marl and gaize peb bles, DL

ranges from 41.43 to 84.19 mm, DI var ies from 35.81 to
57.18 mm and the val ues of DS are be tween 23.73 and 35.90 
mm.

More than half (63%) of the pre dom i nantly quartz peb -
bles are disc-shaped on the Zingg di a gram (Fig. 5A). The
par ti cles of bladed shape com prise 34% and roller par ti cles
3%. In con trast, non-quartz peb bles have higher val ues of
the elon ga tion ra tio (DI/DL) and the flat ness ra tio (DS/DI)
than the quartz peb bles. These non-quartz, i.e. flint, marl
and gaize peb bles are con cen trated in the up per-right cor ner 
on the Zingg di a gram, in di cat ing that the par ti cles are more
equant (Fig. 5A). The same data plot ted on the Sneed and
Folk di a gram pro vide par tially dif fer ent re sults be cause of
the large num ber of fields re fer ring to form classes. In this
case, the quartz peb bles are sit u ated in the cen tre of a tri an -
gu lar di a gram (Fig. 5B). They are blade-shaped (53%), very 
bladed (18%), platy (18%), elon gated (5%), as well as very

platy (3%) and com pact elon gated (3%). The Sneed and
Folk di a gram also sep a rates the non-quartz peb bles quite
well. These peb bles are pushed to wards very bladed par ti -
cles and are sit u ated closer to the centre of the triangular
diagram (Fig. 5B).

A com pi la tion of the other quan ti fy ing form fac tors
such as: sphe ric ity (yp, i.e. “max i mum pro jec tion sphe ric -
ity” cal cu lated ac cord ing to Sneed and Folk’s for mula,
1958) ver sus the in ter me di ate axis of a peb ble-size par ti cle
(DI), round ness (RWt, cal cu lated ac cord ing to a mod i fi ca -
tion of Wen tworth’s for mula, 1919) ver sus the in ter me di ate
axis of a peb ble-size par ti cle (DI), as well as sphe ric ity (yp)
ver sus the ob late–prolate in dex (OP in dex, cal cu lated ac -
cord ing to Dobkins and Folk’s for mula, 1970) are very use -
ful in pala- eoevironmental in ter pre ta tion (Fig. 6). Thus, the
sphe ric ity (yp) val ues range from 0.42 to 0.82 (Figs 6A,
6C) and the round ness (RWt) val ues are be tween 0.32 and
0.92 (Fig. 6B). The OP in dex val ues vary from –8.73 to
+8.33 (Fig. 6C). For these in dexes, the av er age val ues are:
yp = 0.56, RWt = 0.73 and OP = –1.46.

The first plot, i.e. yp ver sus DI, seems to be the best to
dis tin guish quartz from non-quartz par ti cles of a ma rine or i -
gin (Fig. 6A). In this case, the non-quartz (flint, marl and
gaize) peb bles are char ac ter ized by higher val ues of sphe -
ric ity for the same in ter me di ate axis length – the av er age
sphe ric ity value is 0.73. These par ti cles are lo cated in the
up per-right cor ner of the plot. Con versely, most of the study 
quartz peb bles are sit u ated in the lower-left cor ner of the
plot (Fig. 6A). The sec ond plot, i.e. RWt ver sus DI, does not
show a cor re la tion be tween these two form fac tors. Con sid -
er ing the same in ter me di ate axis length of the par ti cles, the
round ness val ues are sim i lar for all peb bles of vari able pe -
trog ra phy (Fig. 6B). More over, the av er age round ness val -
ues for the flint, marl and gaize peb bles (RWt = 0.65) are a
lit tle less than those yielded for the above-men tioned and
stud ied in de tail quartz peb bles. Here, for com par i son, are
drawn the av er age round ness val ues that were used as in di -
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Fig. 4. Pe trog ra phy and round ness of the peb bles: A – petrographic com po si tion of  686 par ti cles with sub di vi sion of the quartz peb bles 
(mod i fied af ter Dobosz & Widera, 2008); B – round ness of the quartz peb bles us ing the vi sual chart of Pow ers (1953)



ca tors of the beach en vi ron ment by Dobkins and Folk
(1970). Ac cord ing to Dobkins and Folk’s cri te rion, the av -
er age round ness of all peb bles, i.e. quartz and non-quartz,
re fers only to the beach peb bles (Fig. 6B). The third plot re -
flects yp ver sus the OP in dex (Fig. 6C), where the beach en -
vi ron ment is dis tin guished by cri te ria sug gested by Dobkins 
and Folk (1970) as well as Straten (1974) and Gale (1990).
Us ing Dobkins and Folk’s (1970) cri te rion, 45% of the ana -
lysed quartz par ti cles rep re sent the beach en vi ron ment, but
ac cord ing to Stratten’s (1974) and Gale’s (1990) cri te ria,
50% of them may be re garded as beach peb bles. More over,
80% of the flint, marl and gaize peb bles are not char ac ter is -
tic of the beach en vi ron ment, ac cord ing to the mean ing of
Dobkins and Folk (1970), Stratten (1974), and Gale (1990).

Micromorphology

The mor phol ogy of the quartz peb bles at the mi cro-
scale re flects a high me chan i cally en er getic en vi ron ment.
All the par ti cles ana lysed by SEM are rounded and they
some times have an ex cel lently pol ished sur face (Fig. 7).
Such ex cel lently pol ished sur faces of fine peb bles are also
known from the Palaeogene ma rine de pos its in south-west -
ern Po land (Kosmowska-Ceranowicz & Bühmann, 1982;
Dobosz & Widera, 2008). The sur face pol ish ing may have
been pro duced by chem i cal pro cesses (Kuenen, 1956, 1964) 
and phys i cal abra sion (Dobkins & Folk, 1970). In gen eral,
pol ished par ti cle sur faces are much more com mon on
beaches than in rivers (Krinsley & Donahue, 1968). More
char ac ter is tic fea tures cor re spond ing to a lit to ral en vi ron -
ment can be ob served at a higher mag ni fi ca tion (Figs 7B,
7C). The first ex am ple shows the v-shaped in den ta tions that 
were pro duced in high-en ergy syn-sed i men tary con di tions,
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Fig. 5. Clas si fi ca tion of the KoŸmin Grav els form: A – us ing
the di a gram of Zingg (1935) with mod i fi ca tion af ter Blatt et al.
(1980); B – us ing the di a gram of Sneed and Folk (1958)

Fig. 6. Plots of ma jor par ti cle pa ram e ters. A – sphe ric ity (yp)
ver sus in ter me di ate ax ial length (DI); B – round ness (RWt) ver sus
in ter me di ate ax ial length (DI); C – sphe ric ity (yp) ver sus ob -
late-prolate in dex (OP in dex); for other ex pla na tions see Fig. 5



dur ing which the peb ble sur face was pol ished. In the sec ond 
ex am ple de scribed, in spite of the above-men tioned v-sha-
ped in den ta tions and grooves, a few sil ica glob ules are vis i -
ble (Fig. 9C). Their or i gin can be linked with the Mio cene
post-sed i men tary pro cesses when sand stones and con glom -
er ates were pro duced (Widera, 2007). The pres ent fea tures
of the quartz sur faces re fer to those re garded by Krinsley
and Doornkamp (1973) as typ i cal of high me chan i cal en -
ergy en vi ron ments, e.g. the lit to ral zone of the sea.

Heavy min er als

The re sults of the pre lim i nary heavy min eral anal y sis
quite clearly in di cate dif fer ences be tween sed i ments of var i -
ous or i gin and ages (Ta ble 1). The most char ac ter is tic is a
rel a tively equal and high con tent of zir con (72–73%) in two
of the low er most sam ples cor re spond ing to the peb ble-bear -
ing ho ri zon (see Fig. 2). These de pos its prob a bly orig i nated
ini tially from the Palaeogene beach and fi nally from the

Neo gene de bris flow. On the other hand, there is a rel a tively 
small con tent of zir con (7–21%) in the up per 3 sam ples rep -
re sent ing the Mio cene river sands or sand stones (Ta ble 1;
cf. Fig. 2).

Source area

Most of the lo cal peb bles are not use ful in the de ter mi -
na tion of their source area be cause they were de rived from
the Cre ta ceous and Mio cene strata also oc cur ring in the vi -
cin ity of the KoŸmin South lig nite open-cast pit. On the
other hand, the lydite and grey ish-blue quartz source ar eas
are lo cated rel a tively far from the study area (Fig. 8). The
lydite is known from the Holy Cross Moun tains and from
the Sudetes, which form an in te gral part of the Bo he mian
Mas sif. How ever, the grey ish-blue quartz is doc u mented in
the west ern Sudetes only (Fig. 8). Tak ing into con sid er ation 
the trans port di rec tions, the grey ish-blue quartz grains can
only be re garded as the most use ful in the peb ble prov e -
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Fig. 7. Quartz peb ble sur face micromorphology (SEM – scan ning elec tron mi cro pho to graphs). A – gen eral view of ex cel lently pol -
ished quartz sur face of prob a bly beach or i gin; B – quartz sur face show ing the v-shaped in den ta tions; C – quartz sur face show ing the
v-shaped in den ta tions, grooves and sil ica glob ules; note the sil ica glob ules are in di cated with white ar rows

Ta ble 1

Com po si tion of the heavy min eral frac tion of dif fer ent or i gin (ana lysed by T. Dobosz)

Sample
no.

Am
 (%)

Py
(%)

Bi
(%)

Ch
(%)

Ep
(%)

Ga
(%)

Tu
(%)

Zi
(%)

Ru
(%)

Ky
(%)

St
(%)

An
(%)

Si
(%)

Ap
(%)

Other
(%)

1 6.3 1.3 0.3 0 1.7 2.7 0 72.0 4.0 3.7 1.0 1.0 0 1.0 5.0

2 2.0 0.3 2.3 0 0.3 2.0 0 73.0 4.7 8.0 0.3 1.0 0 0.3 5.2

3 0 0 12.0 2.4 14.4 0 12.0 21.0 0 14.5 2.4 12.0 1.2 2.5 5.6

4 0 0 0 2.4 14.0 20.4 7.2 7.0 1.0 16.8 8.4 0 1.2 9.6 4.0

5 0 0 6.0 0 13.2 10.8 9.6 14.0 0.5 9.6 4.8 6.0 4.8 14.4 5.3

Sam ples 1 and 2 rep re sent prob a bly re worked ma rine de pos its; sam ples 3, 4 and 5 cor re spond to flu vial de pos its; Am - am phi bole, Py - pyroxene, Bi - bi o -
tite, Ch - chlorite, Ep - epidote, Ga - gar net, Tu - tour ma line, Zi - zir con, Ru - rutile, Ky - kyan ite, St - staurolite, An - an da lu site, Si - sillimanite, Ap - ap a tite; 
note that the zir con con tent is typed in bold. For sam ples lo ca tion see Fig. 2



nance in ves ti ga tions (Kosmowska-Ceranowicz & Büh-
mann, 1982). They were de rived from gneiss and gran ite-
gneiss rocks of Pre cam brian age that are ex posed close to
the lo cal i ties of W¹dro¿e Wielkie, Wigancice Z³otoryjskie
and Bogatynia (Grodzicki, 1998; Dobosz & Widera, 2008).
Thus, the most prob a ble source area for the stud ied peb bles
is in the Sudetes Mts., lo cated in the NE part of the Bo he -
mian Mas sif (Fig. 8).

DIS CUS SION

The pre dom i nance of quartz peb bles pro vides in for ma -
tion on the en vi ron men tal con di tions dur ing trans port. One
of the most im por tant fea tures is the re sis tance of quartz and 
oc ca sion ally lydite par ti cles to phys i cal and chem i cal wea-
thering as well as to abra sive pro cesses. In places, the lack
of less re sis tant rocks, de rived from the same ter ri tory, in di -
cates a long dis tance be tween the source and de po si tion
area, i.e. be tween the KoŸmin South lig nite open-cast pit
and the Sudetes in the Bo he mian Mas sif. Thus, the en tire
dis tance of river trans port is over 300 km (see Fig. 8). Note
that the soft and an gu lar sand stones, marls and gaizes were
car ried by rivers for a rel a tively short dis tance, prob a bly not 
more than a few kilo metres. On the other hand, quite hard
and rounded flint par ti cles could have been de rived even
from rocks lo cated some tens of kilo metres from the study
area (Dobosz & Widera, 2008; Widera & Dobosz, 2009).
Gen er ally, the flint peb bles are big ger than the quartz ones.
That is the rea son why the dis tance of flints’ trans port was
much more shorter than that of quartzes.

Both Zingg (1935) and Sneed and Folk (1958) di a -
grams are most pop u lar for vi sual pre sen ta tion of the shape
of sed i men tary par ti cles, in clud ing peb bles. The au thors in -
di cate the ad van tages and dis ad van tages of these di a grams
(e.g., Dobkins & Folk, 1970; Benn & Ballantyne, 1992;
Blott & Pye, 2008). There fore, the peb ble shape is pre sented 
on both the above-men tioned di a grams for a com par a tive
study (see Fig. 5). In my opin ion, these di a grams are use ful
for dis tin guish ing the par ti cles of vari able pe trog ra phy and
or i gin. How ever, they do not de fine the sed i men tary en vi -
ron ment of the peb ble-size par ti cles on the ba sis of their po -
si tion on the di a gram only. Be cause of an im por tant shape
prop erty that can be ex pressed vi su ally, I rec om mend the
use both the Zingg (1935) and Sneed and Folk (1958)
diagrams.

The re sults of the pre lim i nary heavy min eral anal y sis
pro vide some in for ma tion. In the case of the basal peb -
ble-rich ho ri zon, there is an un ex pect edly high zir con con -
tent, av er ag ing around 72.5% (see Fig. 2 and Ta ble 1). As
this is in con trast to both the youn ger al lu vial de pos its and
the above-men tioned older source rocks lo cated in the
Sudetes, where an av er age zir con con tent is about two, three 
or more times lower (Grodzicki, 1998), this phe nom e non
should be dis cussed here. In places, it is sug gested that the
orig i nal heavy min eral as sem blage frac tion com po si tion
was suc ces sively re worked and se lected dur ing river trans -
port. Then, one of the most re sis tant min er als, i.e. zir con,
was sorted in a high-en ergy lit to ral en vi ron ment. The en -
rich ment of the heavy min eral frac tion in the mod ern and

an cient lit to ral/beach en vi ron ments was also ob served and
sum ma rized by Komar and Wang (1984) and Paine (2005).
More over, these au thors rec og nized the lit to ral/beach en vi -
ron ment, es pe cially that formed in J-shaped bays, as the
most ef fec tive in heavy min eral con cen tra tion. Fi nally,
beach de pos its in clud ing the study peb ble-size par ti cles as
well as those with a very el e vated zir con con tent were prob -
a bly de pos ited by de bris flows as poorly sorted de pos its in
con di tions re fer ring to the tectonic activity of the Adamów
graben during the transition between the Palaeogene and
Neogene (Widera, 2007).

On the ba sis of sed i men tary fea tures it is pos si ble to in -
di cate sim i lar ity be tween de po si tion of grav elly se quences
in the area of rapid tec tonic sub si dence, e.g. the Adamów
graben and in the foredeep of ac cel er ated up lift, like for in -
stance close to the Carpathian mar gin. In both cases a sig -
nif i cant role in de po si tion and/or redeposition of the Mio -
cene coarse-sized rocks was played by de bris flows. It is
note wor thy that the grav els oc cur ring in the Carpathian
Foredeep are much more var ied in thick ness and lithofacies
fea tures (Doktor, 1983) than those in the study area.

There seems to be a very in ter est ing prob lem re gard ing
the beach type where the above-pre sented char ac ter is tic
mor phol ogy of the peb bles was pro duced. It is im por tant to
es tab lish whether the peb bles were formed on more grav elly 
or on more sandy beaches. Stud ied in de tail peb bles are
more spher i cal and their shape is quite sim i lar to the peb -
ble-size par ti cles that are ob served on grav elly beaches else -
where in the world (e.g., Dobkins & Folk, 1970; Matthews,
1983; Massari & Parea, 1988; Gale, 1990; Postma &
Nemec, 1990; Sanders, 2000; Pontee et al., 2004). Sim i lar
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Fig. 8. Pos si ble trans port di rec tion and a source area for peb -
bles from the KoŸmin South lig nite open-cast pit



re sults were also ob tained by ex per i men tal stud ies (cf.
Kuenen, 1956, 1964; Matthews, 1983; Osborne, 2005).

CON CLU SIONS

1. The fine-grained Neo gene de pos its in the KoŸmin
South lig nite open-cast pit (cen tral Po land) in clude grav els,
which are named the KoŸmin Grav els. Among them, the
most in ter est ing are ex traor di nary peb bles. The gen e sis of
these peb bles was in ferred from de tailed study of their mor -
phol ogy, i.e. “shape” and “sur face tex ture”. Ad di tion ally,
other com pli men tary in ves ti ga tions were car ried out: petro-
graphic ex am i na tion of the peb ble-size par ti cles, SEM and
heavy min eral anal y sis.

2. The yielded re sults of shape fac tors and sur face
micromorphology are con sid ered con clu sive ev i dence that
the quartz peb bles are of beach/lit to ral or i gin. They in clude
a high per cent age of disc-shaped, rounded and ex cel lently
pol ished clasts as well as a dom i nant zir con con tent. Con -
versely, their sphe ric ity is usu ally lower than in the case of
the non-quartz peb bles. Thus, they are char ac ter is tic of a
high en ergy en vi ron ment, i.e. they are typ i cal of wave-
dom i nated gravelly beaches.

3. The age of these peb bles could not be de ter mined di -
rectly be cause of the lack of shell frag ments, micro fauna,
dinocysts, glauconite, etc. On the ba sis of a prob a ble beach
or i gin and po si tion in the lithostratigraphic sec tions, with
re spect to the palaeo ge ogra phy of cen tral Po land dur ing the
Ce no zoic, the age of these peb bles can be es ti mated as the
early Oligocene. This age cor re sponds loosely to that of he
Up per Mosina For ma tion, the sed i ments of which have
been eroded in the KoŸmin South lig nite open-cast pit. Dur -
ing the tran si tion be tween the Oligocene and Mio cene, in
ac cel er ated tec tonic ac tiv ity, the beach peb bles were re de -
pos ited as de bris flows and then buried beneath the Neo-
gene fluvial deposits.

4. The most prob a ble source area for peb bles from the
KoŸmin South lig nite open-cast pit seems to be the Sudetes
Mts., lo cated on the NE slope of the Bo he mian Mas sif. This
opin ion is sup ported by the pres ence of grey ish-blue quartz
that is known only from the Sudetes.

5. In sum mary, I con clude that the mor phol ogy of peb -
bles is a very use ful tool for de ter min ing their trans port pro -
cesses. It is es pe cially im por tant when nei ther palaeontolo-
gical nor sedimentological ev i dence is pro vided, like in the
dis cussed example.
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