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Depositional en vi ron ments of loesses from the Sandomierz sec tion, SE Po land,
based on lith o logical and SEM stud ies
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The litology of the Sandomierz sec tion de pos its have been ex am ined, with SEM anal y sis per formed on 4 quartz grain-size classes. All of
the Sandomierz de pos its con tain pre dom i nant quartz grains with signs of ae olian trans port. This re fers both to morainic till and muds un -
der ly ing the loess sec tion as well to loesses them selves along with soil com plexes. A much smaller, al though sig nif i cant con tri bu tion
com prises re de pos ited grains with fea tures of a high en ergy beach en vi ron ment. Their con tent in creases up sec tion. Dur ing sed i men ta -
tion of the LMg (youn ger up per loess) de pos its (later part of the Vistulian Gla ci ation) wind strength was in creas ing. This is in di cated by
the up wards in creas ing con tent of coarser frac tions within the in ter val, with si mul ta neously im proved sort ing, as well as by the in creased
con tri bu tion of gar nets and the greater con tent of zir con and rutile at the top. The in creas ing con tri bu tion of ae olian quartz grains, the
con sid er able con tent of grains re de pos ited from a beach en vi ron ment and the de creas ing amount of post-sed i men tary fea tures all sug gest
in creased wind speed. Low vari abil ity in the shape of the 1–0.5 mm quartz grains from the LMg ho ri zon in di cates short trans port and a
sim i lar nearby source of ma te rial. Al i men tary ar eas for this ho ri zon were com posed of young Pleis to cene muds and tills. A change in
depositional con di tions is ob served at the LMs/LMg bound ary (up per  part of the Vistulian Gla ci ation). Dur ing de po si tion of the LMs
(youn ger mid dle loess) ho ri zon, wind strength de creased, as shown by the con tent of heavy min er als and the smaller mean grain-size
along with the re duced con tent of aeolized quartz grains.
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INTRODUCTION

The Sandomierz loess sec tion (Fig. 1) is one of the most im -
por tant in Po land be cause of the pres ence of the main strati -
graphic se quences of loesses and  soils in a rel a tively com plete
lithological pro file and the oc cur rence of di rectly un der ly ing
de pos its (muds and  till). This sec tion has long been in ves ti -
gated by us ing var i ous meth ods (Konecka-Bet ley et al., 1987;
Konecka-Bet ley and Czępińska-Kamińska, 1991; Kenig,
1991a; Rywocka-Kenig, 1997). It has also pro vided a good ba -
sis for ap ply ing a new sedimentological tool — quartz grain
microtexture anal y sis by scan ning elec tron mi cro scope (SEM)
in or der to help de fine depositional enviroments.

The stra tig ra phy of the loess suc ces sion is adapted from the
Maruszczak scheme (1991). 

Ex am i na tions of quartz grain sur face from ae olian de pos its,
in clud ing loess, have long been con ducted in var i ous re gions of
the world (Smalley, 1966; Smalley and Cabrera, 1970; Warnke,

1971; Vita-Finzi et al., 1973; Borsy et al., 1984; Derbyshire,
1984; Pye, 1984; Goudie et al., 1984, Pye and Tsoar, 1987;
Coude-Gaussen and Balescu, 1987; Whalley et al., 1987;
Mahaney and Andres, 1991; Gaozhong and Deming, 1991).

In Po land, the first re sults from scan ning elec tron mi cros -
copy of silt frac tions from the Głogówek and Zwierzyniec sec -
tions were pub lished by Cegła et al. (1971). Their re port was fol -
lowed by a lit tle-known pa per by Pye (1983), deal ing with the
<0.063 mm quartz grain frac tion from the Tyszowce and Koma -
rów Górny sec tions. At the end of 1980s, com pre hen sive stud ies
were per formed by the pres ent au thor, us ing dif fer ent grain size
in ter vals of sand and silt grades (Kenig, 1987, 1991a, 1997).

STUDY METHODS

An as sort ment of lithological fea tures is a full back ground
re ferred to by the re sults of microtexture anal y sis of quartz
grains from loesses. Quartz grains con tained within loess have



been sub jected to the same en vi ron men tal pro cesses as those
loesses and, in ad di tion, they bear a re cord of fea tures ac quired
in their ear lier his tory. The trac ing of these mu tual re la tion ships 
forms a ba sis for even tual in ter pre ta tion.

De pos its from the Sandomierz sec tion were ex am ined in
terms of their li thol ogy, the fol low ing in ves ti ga tions be ing
undertaken:

— grain-size anal y sis and cal cu la tions of graphic grain-size 

pa ram e ters ac cord ing to Folk and Ward (1957) — Mz, s, Sk

and KG (Kenig, 2006, Fig. 2);
— anal y sis of heavy min er als from the 0.25–0.1 mm and

0.1–0.05 mm frac tions (only the finer frac tion was in ter preted
for loesses);

— anal y sis of light min er als i.e. min er al og i cal-pet ro graph i -
cal com po si tion of the 1.0–0.5 and 0.5–0.25 mm grain frac -
tions; re sults pre sented herein re fer to the coarser frac tion;

— cal cium car bon ate con tent de ter mi na tions for the
>0.1 mm frac tion;

— pH mea sure ments.
SEM analyses, en abled the iden ti fi ca tion of in di vid ual

mor pho log i cal pat terns re corded on quartz grain sur faces, pro -
vid ing in for ma tion on their his tory and that of the sed i ment.

The SEM in ves ti ga tions of quartz grain sur faces were per -
formed for 4 grain-size classes (1.0–0.5, 0.5–0.25, 0.25–0.1 and
0.1–0.05 mm). A de tailed de scrip tion of the method used was
ear lier pre sented (Kenig, 2006). The clas si fi ca tion of quartz
grain mor phol ogy ap plied takes ac count of a range of di ag nos tic
fea tures which de vel oped dur ing grain trans port, at a site of tem -
po rary or fi nal de po si tion and in a source area (Rywocka- Kenig,
1997; Kenig, 2006). The clas si fi ca tion also re fers to the lit er a ture 
(Krinsley and Doornkamp, 1973; Le Ribault, 1977).

RESEARCH RESULTS

LITHOLOGICAL FEATURES 

OF THE SANDOMIERZ SECTION DEPOSITS

The low est part of the sec tion (Fig. 2) is com posed of till
(sam ple 12) rep re sent ing the Odra Gla ci ation. The till shows a

heterogenous grain-size dis tri bu tion. The modal
value is sit u ated within the fine silt frac tion. There 
is a con sid er able con tent of clay and a low con tent 
of sand grade ma te rial. The Mz value is 6.35 phi,
be ing the high est within the en tire sec tion, rep re -
sent ing the small est value of the mean grain- size

at nearly the worst sort ing (s = 1.64, Fig. 3), char -
ac ter is tic of a mod er ately dy namic en vi ron ment.
The neg a tive skew ness in di cates a greater con tent
of coarser frac tion as com pared to the frac tion of
max i mum fre quency. 

The dom i nant el e ment of the 0.1–0.05 mm
frac tion is the gar net-zir con as so ci a tion (33%
each) with a dis tinct con tri bu tion of rutile (10.6%) 
and tour ma line (8.4%). It is char ac ter is tic that am -
phi boles are rare in this frac tion. In the
0.25–0.1 mm frac tion, the amount of am phi boles
is higher, reach ing 16%. This trend is the re sult of

the frac tion size and is also ob served in tills of other re gions
(Kenig, 1991b). The am phi bole grains are fresh with no signs
of weath er ing (Fig. 4A). The dom i nant com po nents are quartz
(72%), feld spars and crys tal line rocks (16%), and Palaeozoic
lime stones (12%) (Fig. 5). The tills con tain merely 5% of cal -
cium car bon ate and show al ka line pH val ues which dif fer en ti -
ate them from the over ly ing de pos its. 

The over ly ing muds (sam ples 9–11), lo cally of soliflu -
ction-delluvial or i gin, have been as signed to the Wartanian
stage. They are rel a tively uni form in terms of their granulo -
metry. The Mz pa ram e ter shows only a slight trend of up wards
in creas ing mean grain size. As the grain-size in creases, the
sort ing be comes poorer (Fig. 3). This is typ i cal of a vari able en -
ergy en vi ron ment and in creas ing flow com pe tence. The grain-
 size dis tri bu tion curves are mesokurtic and pos i tively skewed
(Kenig, 2006) i.e. shifted to wards finer frac tions in re la tion to
the con tent of frac tion of max i mum fre quency. Min er al og i -
cally, the de pos its rep re sent a gar net–zir con–rutile as so ci a tion
with tour ma line, so they show strong min er al og i cal af fin ity to
the un der ly ing till which may have been the source layer. Most
of the min eral a hab its are typ i cal (Fig. 4B). The min er al og i -
cal-pet ro graph i cal com po si tion shows a con sid er able con tri bu -
tion of clay-cal car e ous ag gre gates and ferruginous con cre tions
(Fig. 5), a typ i cal fea ture of a still basinal en vi ron ment. This
sed i ment is low al ka line and low car bon ate, with a ten dency to
an in creas ing CaCO3 con tent to wards the top where in fil tra tion
of car bon ates has oc curred.

The granulometry of the brown inter gla cial palaeosol (LSg,
sam ples C) shows a modal value within the ba sic frac tion
(0.05–0.01 mm) cor re spond ing to that of the loesses in this sec -
tion. The es pe cially high sand grade con tent in di cates a lo cal ac -
cu mu la tion of in sol u ble ag gre gates. This is con sis tent with the
min er al og i cal-pet ro graph i cal com po si tion with dom i nant lime -

stones and clay-cal car e ous ag gre gates (Fig. 5). That is why the s
pa ram e ter in di cates very poor sort ing of the de posit. The
grain-size dis tri bu tion curve is leptokurtic and neg a tively
skewed i.e. shifted to wards the coarser frac tions. The ex treme
po si tion of point C in Fig ure 3 can be ex plained by var ied dy -
nam ics of sed i men ta tion and, per haps pri mar ily, by post-
 depositional pro cesses re sult ing in win now ing of the finer frac -
tion and the for ma tion of in sol u ble cal car e ous ag gre gates. The
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Fig. 1. Lo ca tion of the Sandomierz sec tion (gen er al ized af ter Bielecka, 1964) 
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cal cium car bon ate con tent of the de pos its is 4.2%, pH is weakly
al ka line.

In the LMn ho ri zon (sam ples A and B) of the cher nozem soil 
the mean grain-size de creases and the sort ing be comes better,
though re main ing gen er ally poor. This sug gests a mod er ate-en -
ergy en vi ron ment. It is likely that the fin ing trend is also the re -
sult of the pres ence of or ganic mat ter. The grain-size dis tri bu tion 
curves are mesokurtic (mod er ately steep) and close to sym met ri -
cal (Kenig, 2006). The min er al og i cal-petrographic com po si tion
of the sand frac tion shows qual i ta tive vari a tions be tween the C
part of the sec tion and the A and B parts, es pe cially as re gards the 
con tents of ferruginous con cre tions and clay-cal car e ous ag gre -
gates. These com po nents are very fre quent in the cher nozem
layer, but they are ab sent in the brown ho ri zon where cal car e ous
ag gre gates, lo cally of a pseudo morph type, are pre dom i nant
(Fig. 5). The de pos its from sam ples A and B are non-cal car e ous
with pH de creas ing to neu tral.

The LMs ho ri zon (sam ples 6–8) is rep re sented by a
coarsing-up ward loess. The Mz de creases from 5.51 to 4.97 phi 
and the sort ing be comes better up wards. The grain-size char ac -
ter is tics of the LMs loesses are sim i lar to those of the Nałęczów 
Pla teau loesses (Harasimiuk, 1987). The con tent of op aques in
the LMs is <30%. Gar net reaches the high est con tri bu tion and
its con tent de creases up wards from 51.0 to 27.0%. Gar net oc -
curs in as so ci a tion with tour ma line and zir con (8.0–16.0%).

The sand frac tion con sists largely of clay-cal car e ous pseudo -
morph-type con cre tions and sin gle quartz grains (Fig. 5). The
rel a tively low cal cium car bon ate con tent (4–5%), dom i nant
fre quency of clay-cal car e ous con cre tions and lack of fer rous
pre cip i tates in di cate a hu mid cli mate dur ing de po si tion of the
LMs ho ri zon. The al ka line pH re mains con stant. 

Lithologically, the LMg ho ri zon (sam ples 1–5) is a
silt-grade de posit (loess) with the modal value sit u ated within
the fine silt frac tion. The con tri bu tion of coarse grains in this
ho ri zon in creases up wards, as shown by the de creas ing Mz pa -
ram e ter value from 5.95 at the base to 5.01 phi at the top. As de -
po si tion pro ceeded, the sort ing con se quently be came better

(from poor to mod er ate). This is clearly vis i ble in Fig ure 3 (s
rang ing from 1.45 to 0.95). The grain-size dis tri bu tion curves
(Sk) are pos i tively skewed, mesokurtic (KG up to 1.3) and
steep. In terms of grain-size char ac ter is tics, the loesses show
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Fig. 3. The Mz/s re la tion ship

1–12, A–C  — sam ple num bers

Fig. 4. Non-opaque min er als 0.25–0.1 mm

A — am phi bole, sam ple 12; B — tour ma line with in clu sions, sam ple 
9; C — sam ples 9 (a — an da lu site with in clu sions, b — to paz, c —
tour ma line); D — sam ple 1 (a — rutile, b — gar net, c — zir con)



sim i lar i ties to those of the LMg ho ri zon from the east ern part of 
the Nałęczów Pla teau (Harasimiuk, 1987) and the Horodło
Grzęda Ridge (Dolecki, 1987).

The heavy min eral frac tion is char ac ter ized by the up -
wards-in creas ing con tri bu tion of gar nets from 22.3 to 45.2%,
sug gest ing in creas ing wind strength, as con firmed also by the
up wards-im prov ing sort ing. A re cord of lower trans port en ergy 
at the bot tom of the loess suc ces sion is also sup ported by the
min eral com po si tion of the 0.25–0.1 mm frac tion in which a
gar net con tent de crease and a chlorite con tent in crease are ob -
served. The tour ma line and zir con con tents are ir reg u larly vari -
able. Heavy min eral grains from this ho ri zon show no signs of
de struc tion (Fig. 4C, D), hence it can be in ferred that they were
trans ported over a short dis tance and that their depositional en -
vi ron ment was not chem i cally ag gres sive. 

The dom i nant com po nent of the sand frac tion from the top
part of the LMg in ter val com prises ferruginous con cre tions
(Fig. 5). Clay-cal car e ous ag gre gates show ing fea tures of
pseudo morphs af ter plant re mains also oc cur there, but in
smaller amounts. They have a char ac ter is tic tube-like shape, lo -
cally with bub ble-like wid en ing. Be neath a layer of decalcified
sed i ments (3.0 m) there is a dis tinct in crease in the amount of
clay-cal car e ous ag gre gates (tu bu lar) at the ex pense of brown
Fe-Mn ag gre gates. X-ray anal y sis has shown a con sid er ably
higher con tri bu tion of amor phous Fe com pounds than Mn
com pounds in a sim i lar con cre tion taken from a loess sam ple of 
the Obrowiec sec tion in the Lublin Up land (Fig. 6). The quartz
con tent in this frac tion is low and de creases up the sec tion pro -
por tion ally to the in crease of other com po nents. The in creas ing 

con tri bu tion of quartz in the finer frac tions is a well-known fea -
ture re lated to frac tion size. Con cen tra tions of car bon ates, ob -
served in the up per por tion of the sec tion, are syngenetic to the
de posit and form encrustations on the pseudomorph walls. The
lower parts of the LMg in ter val also con tain epigenetic con cre -
tions (so-called loess dolls). The pH is al ka line and only at the
top of the ho ri zon does the al ka lin ity de crease to neu tral.

MICROTEXTURAL FEATURES OF QUARTZ GRAINS
IN THE SANDOMIERZ SECTION

The till at the base of the Sandomierz sec tion con tains
chiefly rounded (Fig. 7A) or subrounded (Fig. 7B), matt-
 frosted quartz grains of ae olian ap pear ance, and rounded,
glossy grains show ing beach en vi ron ment fea tures (Fig. 7C).
Sub se quent chem i cal and hydro cryogenic pro cesses are su -
per im posed on all the fea tures, re sult ing in grain cor ro sion
(Fig. 7D).

Same of the grains bear signs of ae olian re work ing that is
es pe cially typ i cal of the Mid dle Pol ish Gla ci ation tills in cen tral 
Po land (Goździk and Mycielska-Dowgiałło, 1988; Kenig,
1988). Young gla cial de pos its typ i cally show few me chan i cal
fea tures, and their dom i nant fea tures are diagenetic, e.g. in the
mo raines of Svalbard (Kenig, 1980).

The 0.1–0.05 mm frac tion quartz grains are dif fer ent in
shape. Grains from the till are pre dom i nantly an gu lar and mostly
ir reg u lar in shape (Fig. 7E). Ob ser va tions at higher mag ni fi ca -
tions en able rec og ni tion of ir reg u lar grains with vari ably
rounded cor ners (Fig. 7F). Most of the grains show smooth sur -
faces with low re lief, of ten en crusted in the form of flakes or
min ute etch ings. Con sid er ing in di vid ual sur face types, in par tic -
u lar the con vex ones,  there is no doubt that the sur faces show no
fresh fea tures of me chan i cal or i gin. The 0.1–0.05 mm frac tion
grains dis play re cords of chiefly chem i cal or i gin fea tures rather
than fea tures caused by ae rial or aque ous trans port (this frac tion
is no lon ger ca pa ble of fur ther round ing, be ing trans ported in
sus pen sion in air or wa ter). These fea tures de vel oped within the
source sed i ment in an arid cli mate. The grains were prob a bly
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Fig. 5. Min eral and pet ro graph i cal com po si tion 1.0–0.5 mm
of the Sandomierz sec tion de pos its 

For other ex pla na tions see Fig ure 3

Fig. 6.  Part of X-ray spec trum with Fe and Mn peaks, loess 
con cre tion from the Obrowiec sec tion, sam ple 5



blown in by the wind and in cor po rated into the till. As such, they
would be a sec ond ary de posit here. 

The mud suc ces sion (sam ples 9–11) con tains nu mer ous
rounded, frosted quartz grains with ae olian fea tures (Fig. 8A). 
Their sur faces dis play ae olian pit ting with a num ber of tiny
in ci sions (Fig. 8B). In the mid dle part of the de pos its there are
spo radic grains show ing fea tures in her ited from a high en ergy 

shore line en vi ron ment (Fig. 8E). The up per part of this in ter -
val  also con tains an gu lar grains with fresh conchoidal frac -
tures (Fig. 8C, D). Just af ter de po si tion, signs of fi nal stages of 
sur face de struc tion in the form of sil ica dis so lu tion or pre cip i -
ta tion (Fig. 8F) ap peared on all the grains. Pre cip i ta tion of
sec ond ary min er als and cal cite also took place. Only one main 
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Fig. 7.  Quartz grains from till

A — rounded and frosted grain; B — partly rounded, pol ished grain of ir reg u lar shape; C — v-shaped coastal
pits deep ened with chem i cal etch ing; D — abra sion v-shaped pits on abraded sur face; E — gen eral view of an -
gu lar grains, frac tion 0.1–0.05 mm; F — an gu lar grain 



source of grains is man i fested here: ae olian or gen er ally from
long ae rial trans port. 

The pres ence of grains dis play ing beach sed i ment fea tures
in these de pos its (Fig. 8E) in di cates the pos si bil ity that they
could be de rived from older Pleis to cene de pos its con tain ing
such ma te rial. At the top part of the mud suc ces sion, there is

also a re cord of an ad di tional, closer source area sup ply ing
fresh ma te rial con tain ing an gu lar quartz grains, pos si bly of
glaciofluvial type (Fig. 8C).

Most quartz grains from the lower part of the soil suc ces -
sion (sam ple C) are subrounded, fre quently ir reg u lar, and they
usu ally have matt-frosted sur faces. There are also some bro ken
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Fig. 8.  Quartz grains from muds

A — rounded and frosted grain; B — ae olian pit ting of a frosted grain with nu mer ous fine pits; C — an gu lar and
pol ished grain; D — fresh conchoidal frac tures on the grain from Fig ure 8B; E — frag ment of pol ished grain with
pre served v-shaped pits from a coastal en vi ron ment; F — de struc tion in a cav ern re sult ing in de vel op ment of si li -
ceous grains



grains (Fig. 9A). Ae olian pro cesses are not strongly ac cen tu -
ated on the grain sur faces. How ever, there are vari a tions in the
in ten sity of abra sive fea tures re corded as v-shaped  in ci sions
(Fig. 9B). Lo cally, the grain sur faces also have li chen-like pat -
terns and ori ented dis so lu tion traces. Ev i dence cryo genic and
chem i cal pro cesses that re sulted in round ing of grains was also

ob served. Dur ing ac cu mu la tion of the loess fol lowed by de vel -
op ment of a brown soil, cli ma tic con di tions were more se vere
with more dis tinctly marked hydrocryogenic pro cesses (freshly 
bro ken grains).

The up per part of the cher nozem soil (sam ples A and B)
con tains subrounded quartz grains, lo cally with re mark able

176 Krystyna Kenig

Fig. 9.  Quartz grains from oil succession

A — frac tured grain; B — abra sion v-shaped pits of vary ing in ten sity on ae olian-type sur face; C — rounded grain,
frosted with small frac tures; D — ae olian-type sur faces; E — nu mer ous fresh abra sion v-shaped pits on ae -
olian-type sur face; F — an cient conchoidal frac tures with traces of abra sion v-shaped and dis so lu tion pits 



scars (Fig. 9C) and the pres ence of in fre quent an gu lar grains
es pe cially in the lower por tion of the soil. Well-rounded grains
ex hibit ae olian-type de stroyed “worn” sur faces im part ing a
frosted ap pear ance (Fig. 9D). Youn ger min ute v-shaped im -
pact in den ta tions are ob served on the sur faces (Fig. 9E).
Aeolized grains with signs of later hydrocryogenic pro cesses
are pre dom i nant in this ho ri zon. The amount of microtextural

fea tures of chem i cal or i gin de creases to wards the youn ger por -
tion of the soil. Rare an gu lar grains  show the pres ence of
conchoidal frac tures. Dis so lu tion traces be come vis i ble on
some bro ken grain sur faces (Fig. 9F).

In the LMs ho ri zon (sam ples 6–8), rounded and frosted-
 sur face grains were ob served (Fig. 10A, B). How ever, it was
also pos si ble to rec og nize the mor phol ogy in her ited from the
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Fig. 10. Quartz grains from LMs

A — rounded and frosted grain; B — ae olian pit ting; C — frag ment of sur face with v-shaped coastal in ci sions; 
D  — sharp edged grains of the frac tion 0.1–0.05 mm; E — grain of ir reg u lar shape en crusted with amor phous sil ica;
F — ex fo li ated en crusted sur face  



pre vi ous high en ergy beach en vi ron ment, rep re sented by
v-shaped in ci sions (Fig. 10C). The in ten sity of cryohydrogenic
pro cesses was stron ger in this ho ri zon than in the youn ger one.
The trans port of grains was con se quently ae olian and only one
source of ma te rial is marked.   

Quartz grains of the finer frac tion are most fre quently an gu -
lar and ir reg u lar in shape (Fig. 10D). Grains with smoother cor -

ners and edges were ob served at high mag ni fi ca tions
(Fig. 10E). The grains are cov ered by an amor phous sil ica
layer. Lo cally, a flaked sur face with cracks within the layer was 
ob served (Fig. 10F).

In the LMg ho ri zon (sam ples 1–5), rounded and frosted-
 sur face grains are pre dom i nant (Fig. 11A). They are char ac ter -
ized by a pit ted ae olian sur face (Fig. 11B). Rare an gu lar grains
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Fig. 11. Quartz grains from LMg

A — rounded and frosted grain; B — ae olian pit ting; C — an gu lar grain; D — cav ern filled with ex fo li a tion of sil -
ica; E — v-shaped in ci sions of coastal en vi ron ment; F — sec ond ary, ro sette-type crys tal of gyp sum  



were ob served in sam ple 2 only. Their habit is due to both fresh
large-scale conchoidal frac tures (Fig. 11C) and dif fer ent mi -
cro-cracks. The grains were sub se quently af fected by chem i cal
pro cesses, sil ica dis so lu tion and pre cip i ta tion of sil ica encrus -
tations. This re sulted in the for ma tion of flake and gran u lar dis -
in te gra tion microtexture (Fig. 11D) and then in the de tach ment
of sil ica silt from grain sur faces. The amount of glossy grains
in creases up wards. Their sur face re lief is in her ited from a high
en ergy beach en vi ron ment (Fig. 11E). This ho ri zon in di cates
con di tions fa vour ing de vel op ment of sec ond ary gyp sum min e -
r als in the form of small ro settes (Fig. 11F).

The 0.1–0.05 mm frac tion of the LMg ho ri zon con tains
very an gu lar quartz grains (Fig. 12A). How ever, the cor ners
and edges of the grains ob served at higher mag ni fi ca tions are
more rounded. Their an gu lar ity is blurred by a vari ably de vel -
oped amor phous sil ica en crust ing (Fig. 12B). Most of the
grains have smooth con vex ar eas even when ob served at higher 
mag ni fi ca tions. Small flakes are vis i ble on some grains
(Fig. 12C). The sil ica layer was then sub jected to cor ro sion, be -
ing dis solved  and chem i cally etched to form a lo cal tri an gu lar
fig ure of chem i cal etch ings. The sub se quent pro cesses form ing 
nu mer ous sil ica flakes led to a blur ring of the orig i nal tri an gu -

lar shape (Fig. 12D). Me chan i cal fea tures of frac tures and in -
den ta tions on the grain sur faces are rare.

Gen er ally, the 0.1–0.05 mm frac tion grains have smooth
sur faces mod elled by chem i cal pro cesses, most prob a bly
within the source area. The ob served shapes and sur face tex -
tures of the quartz grains show similarities to those oc cur ring in
the LMs ho ri zon, as shown by the pres ence of encrustiations
formed in the source area un der arid climate conditions.

DISCUSSION

Quartz grains with signs of ae olian trans port are pre dom i nant 
in all the Sandomierz sec tion de pos its. This re fers to the un der ly -
ing till (Fig. 7A, D), mud de pos its im me di ately un der ly ing the
loesses (Fig. 8A), and to the loesses them selves (Figs. 10A, B
and 11A, B). The con tri bu tion of grains show ing fea tures of a
high en ergy beach en vi ron ment is sig nif i cantly smaller (Figs.
7B, 8E and 11E). The amount of these grains in creases up wards
reach ing the high est value in sam ple 1 (Fig. 13).
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Fig. 12. 0.1–0.05 mm quartz grains from LMg

A — sharp-edged grains; B — grain with edges smoothed by en crus ta tion of amor phous sil ica; C — fine ex fo li a -
tion of encrusted sur face; D — tri an gu lar shape of chem i cal etch ing masked with youn ger si li ceous ex fo li a tion 



The in ten sity of cryohydrogenic pro cesses was higher in
the LMs ho ri zon, as shown by the pres ence of nu mer ous forms
of gran u lar and flake dis in te gra tion, that de vel oped in cav i ties
on quartz grain sur faces (Fig. 13). How ever, in tense post-sed i -
men tary pro cesses did not de stroy the en tire orig i nal mor phol -
ogy rep re sented on the grains from the mid dle part of the LMs
ho ri zon as v-shaped in ci sions in her ited from the pre vi ous
beach en vi ron ment (Fig. 10C). Quartz grains from this ho ri zon
also show sec ond ary cal cite pre cip i ta tions in di cat ing that the
de pos its were sat u rated with re spect to so lu tions rich in sol u ble
car bon ates (Rywocka-Kenig, 1997).

The LMg ho ri zon quartz grains show fairly uni form
microtexture char ac ter is tics (Fig. 14). An over all in crease in
the amount of grains with ae olian fea tures was ob served here
(Fig. 11A, B). The con tri bu tion of re de pos ited beach grains
(Fig. 11E) is con sid er ably greater than in the un der ly ing
loesses. All the grain types dis play a dis tinct re cord of frost ac -
tiv ity, en hanced by later pro cesses of chem i cal dis so lu tion
(Fig. 11D). The pro cesses, how ever, were less in tense than in
the LMs ho ri zon. The up per part of the LMg ho ri zon con tains a 
larger amount of an gu lar grains and beach en vi ron ment grains
(Fig. 13). This in di cates short trans port. How ever, on the other
hand, the over all in crease in the amount of ae olian grains in the
LMg ho ri zon sug gests stron ger winds at that time (Fig. 14).

Low vari a tion in the 1.0–0.5 mm frac tion grains of the LMg 
ho ri zon in di cates short trans port and a sim i lar source of ma te -
rial. A change is ob served only in the up per, youn gest por tion
of the ho ri zon, where the greater con tri bu tion of an gu lar grains
sug gests ei ther an ad di tional close source of de fla tion or a
change in wind di rec tion. Si mul ta neously, the in creased con tri -
bu tion of rounded glossy grains orig i nat ing from a high en ergy
beach en vi ron ment, ob served to wards the top of the ho ri zon,
reach ing a max i mum in sam ple 1 (Fig. 13), also in di cates that

they were trans ported over a short dis tance due to a change in
wind strength or/and di rec tion.

The lat est in ves ti ga tions of ani so tropy of mag netic sus cep -
ti bil ity (AMS) more thor oughly show the west erly and
south-west erly wind palaeocurrents dur ing sed i men ta tion of
the youn gest loess in Po land. How ever, the pres ence of many
dif fer ent lo cal sources of ae olian ma te rial can not be pre cluded
(Nawrocki et al., 2006). Sim i larly, Chlebowski et al. (2003) see 
the pos si bil ity of nearby source ar eas for the loesses, sup ply ing
ma te rial from var i ous di rec tions and de pos its. 

The in creased dy nam ics of the trans port ing force (wind) in
the LMg ho ri zon of the Sandomierz sec tion is also in di cated by
the con stant up wards in crease in gar net (22.3–45.2%) as well as
by the en rich ment in zir con and rutile at the top (Fig. 2, HM II).
Ad di tional ev i dence is the in crease in coarser frac tion con tent
and better sort ing of the sed i ments dur ing ac cu mu la tion. 

An in crease in the con tri bu tion of quartz grains and re de -
pos ited grains with beach en vi ron ment fea tures, and a de crease
in the amount of post-sed i men tary cor ro sion fea tures oc cur at
that time.

In the 1.0–0.5, 0.5–0.25 and 1.25–0.1 mm frac tions of the
LMg ho ri zon, there is close anal ogy in the quartz grain shape
and sur face microtexture. Grains with a pit ted ae olian sur face
are dom i nant here. Grains show ing fea tures of a beach en vi ron -
ment and an gu lar grains are also pres ent. All of these grains
were sub se quently mod i fied by cryo genic chem i cal and phys i -
cal pro cesses in a hu mid cli mate. There was also an arid warm
cli mate event that al lowed pre cip i ta tion of well-de vel oped gyp -
sum crys tals. 

Quartz grains with a rel ict microtexture in her ited from a
beach en vi ron ment, in di cat ing redeposition from nearby source 
ar eas, are pres ent in many loess sec tions of var i ous re gions of
Po land. They are well known from the Odonów sec tion
(Kraków re gion, Rywocka-Kenig, 1997), the Nieledew and
Obrowiec sec tions (Lublin re gion, Kenig, 1993; Rywocka-
 Kenig, 1997) and the Orzechowce sec tion (Carpathian fore -
land, Kenig, 1997; Rywocka-Kenig, 1997).
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Fig. 13. Sche matic di a gram of wind strength in the LMs
and LMg ho ri zons of the Sandomierz sec tion

(af ter Kenig, 1997)

1–8 sam ple num bers

Fig. 14. Es ti mated con tri bu tion of ma jor microtextural fea tures of
quartz grains from the Sandomierz sec tion (Kenig, 2006)



Quartz grains from the loesses of South ern Po land show re -
mark able dif fer ences in the per cent age con tri bu tion of grains
dis play ing var i ous shapes and microtextures, as com pared to
the loesses of Slovakia (Nove Mesto and Vyskovce) and the
Hun gar ian Low lands (Paks, Basaharc) (Rywocka-Kenig,
1997). Sim i lar fea tures of quartz grains from the Czech Re pub -
lic area (rounded, matt-frosted, an gu lar) were re ported by
Röûi¹kov« et al. (2001). They point out that the most abun dant
me chan i cal fea tures due to ae olian trans port are re corded on
the 0.5–2.5 mm quartz grains. An gu lar grains of the finer frac -
tion were car ried in sus pen sion. 

The ef fects of chem i cal pro cesses on quartz grains orig i nat -
ing from soil ho ri zons are vis i ble in both the Sandomierz sec -
tion and in other sec tions (Kenig, 1993). Sim i lar fea tures of
chem i cal etch ing are also re ported from soil suc ces sions of
Rus sian loesses by Timireva and Velichko (2006). Those au -
thors ob served an increased con tri bu tion of chem i cal weath er -
ing fea tures on quartz grains from inter gla cial soils in re la tion
to those from loess ho ri zons. It is worth add ing that ad di tional
in for ma tion on the changes in hu mid ity con di tions within soil
ho ri zons can be pro vided by thor ough geo chem i cal in ves ti ga -
tions of Mn-Fe con cre tions (Mahaney, 2002).

CONCLUSIONS

The lithological prop er ties of loess ho ri zons along with
SEM ob ser va tions en able char ac teri sa tion of depositional en -
vi ron ments.

The most sig nif i cant dif fer ences within microtextural fea -
tures of quartz grains from the Sandomierz sec tion were ob -
served at the LMs/LMg bound ary. LMg con tains a larger

amount of aeolized grains, a smaller num ber of grains with
post-sed i men tary fea tures and a con sid er able con tri bu tion of
grains re de pos ited from a beach en vi ron ment. These are re lated 
to the higher con tri bu tion of coarser frac tions to wards the top,
im prov ing sort ing, and in creas ing con tent of gar nets. These
fea tures sug gest an in crease in wind strength during deposition
of the LMg horizon. 

Gen eral con clu sions from the lithological and sedimento -
logical changes are con sis tent with the re la tion ships il lus trated
in the graph of Pye (1987, fig. 9.16). This shows that the in -
crease in mean grain size in the LMg ho ri zon of the Sandomierz 
sec tion co in cides with  a higher ac cu mu la tion rate of the
loesses, with a si mul ta neous de crease in the con tri bu tion of the
clay frac tion and a vari able car bon ates con tent. There fore, it
can be in ferred that there was rel a tively low rain fall and poor
veg e ta tion cover over the loess ac cu mu la tion ar eas. 

It has been shown that both the loesses and the un der ly ing
de pos its from the Sandomierz sec tion (and also from other loess
sec tions of Po land) con tain quartz grains orig i nat ing from a high
en ergy beach en vi ron ment. This is a re gional fea ture re lated to
the lithological struc ture of nearby de fla tion ar eas. Such grains
are ab sent from other loess sec tions of Eu rope and else where.
The source area for the loesses was com posed of Pleis to cene de -
pos its of dif fer ent ages, which con tained the quartz grains orig i -
nat ing from older sed i ments. This could be nei ther Neo gene ma -
rine de pos its nor preglacial sed i ments of the Sandomierz Ba sin
be cause they are rep re sented by fa cies con tain ing poorly
rounded quartz sands (Mycielska- Dowgiałło, 1978).
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