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INTRODUCTION

Recent lithological studies of the loess of France are also concerned
with heavy minerals (Duplaix, Malterre, 1946; Caille ux, 1954;
Alimen et al, 1965 Blum, Maus, 1967, Lautridou, 1968; Bu-
raczynski, 1971, 1978; Coutard et al, 1972, 1973; Esteoule et
al,, 1972; Monnier, 1974). It has been shown that there is a differentia-
tion of the mineral composition in different loess series and distinct
differences in the weight content of heavy minerals between younger
and older loesses. These studies are helpful in the comsideration of the
distribution of loess dust sources and the dynamics of loess accumulation.
The results allow to draw a comparison between the loess of France,
other regions within the continent as well as those of other continents
(Swineford, Frye, 1955; Briggs, 1965, Buraczynski, 1978).

The first attempt at the interpretation of the heavy mineral analysis
in the French literature was made by Alimen, Dubois and Napo-
leone (1965). They found out that the initial material for the loess of
Provence had been formed of different rocks from the neighbouring re-
gions, and quaternary formations from the northern foreland of the area
in question. The results of the heavy mineral analyses indicate a local
origin of the loess material and a considerable spatial differentiation of
the minerals. Loess areas characterized by different sets of heavy min-
erals have been distinguished (Duplaix, Malterre, 1946).

The studies of the content of heavy minerals are of great importance



104 Jan Buraczyhski

for the purposes of stratigraphy. They indicate changes in the distribution
of heavy minerals in vertical profiles (Alimen et al., 1965; Lautri-
dou, 1968; Buraczynski, 1971). There is however, no distinct differ-
entiation of heavy minerals in particular loess series and in fossil soils.
The studies of Alimen et al. (1965) show- a certain increase in the
occurrence of resistant heavy minerals in soils in comparison to loess.

The present study contains the mineralogical characteristics of the
Middle Rhine Lowland loess. In this area classical outcrops of loess can
be found, which have long since aroused -the interests of geologists and
geographers. The Achenheim loess profile was described by Wernert
(1957), who gave its stratigraphical characteristics based on archeological
and paleontological investigations. Some other profiles have also their
detailed stratigraphical descriptions (Gouda, 1962; Bronger, 1966;

Khodary-Eissa, 1968). There has been no detailed elaboration of
those profiles in the mineralogical respect.

DESCRIPTION OF THE STUDIED PROFILES

Detailed studies of the content of heavy minerals have been made
for the loesses of the Rhine valley and for the purpose of a comparison
of the loess profiles of Normandy and Provence (Fig. 1).

The morphological situation of the loess profiles under study varies
widely (Théobald, 1955; Vogt, Thévenin, 1976). The Achenheim
profile No. 3 is situated in the middle Schiltigheim terrace (150 m) and
the Achenheim profiles Nos. 1, 2 in the high Hangenbieten-Mundolsheim
terrace (170 m). The Blaesheim profile No. 4 (180 m) lies on the slope of
the Gloeckelsberg hill. The Griesheim profile No. 5 (180 m) is situated
at the foot of the sub-Vosgesian hills on the surface of the Bruche cone.
On the border of the upland of Alsace the Niederbetschdorf profile No. 7
(172 m) was described. The profiles situated on the sub-Vosgesian hills:
the Bischoffsheim profile No. 6 (225 m) and the Equisheim profile No. 9
(220 m). On the eastern side of the Rhine, in the area of Baden, the Botz-
ingen profile No. 8 (260 m), situated on the slope of the Kaiserstuhl hill,
was described (Khodary-Eissa, 1968). The Allschwil profile No. 11
(320 m), in the upland of Sundgau, lies in the southern part of the Rhine-
graben.

The distribution of the loess in the Middle Rhine Lowland and the
situation of the examined profiles are shown on the map (Fig. 2).

For the purpose of a comparison of the heavy mineral composition
in the loesses of Alsace and of other areas, studies for the selected pro-
files of Normandy and Provence were made. The Saint Romain profile
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Fig. 1. Distribution of loess in France (according to Alimen, 1867, in the Rhine-
graben completed by the author); 1 — areas of the loess cover, 2 — maximal range
of continental glacier (Riss)) A — Rhinegraben (profiles 1—12), N — Normandy
(profile 13), P — Provence (profiles 14—15), B — Paris Basin (profile 18)
Rozmieszczenie lessOow we Francji (wedlug Alimen, 1967, w rowie Renu uzupei-
nione przez autora); 1 — ohszary z pokrywga lessowa, 2 — maksymalny zasieg 1ado-
lodu (Riss), A — Nizina Srodkowego Renu (profile 1—12), N — Normandia (profil
13), P — Prowansja (profile 14—15), B — Basen Paryski (profil 16)




106 Jan Buraczyhski

No. 13 (123 m) is exposed on the slope of a dry valley in the western part
of Pays de Caux (Lautridou, 1968). The St. Paul-lez-Durance profile
No. 14 1280 m) lies in the Durance terrace (Bonifay, 1968).

The lithological and stratigraphical characteristics of the profiles,
under discussion, is shown graphically. Individual loess series and fossil
soils with marked genetic horizons are differentiated (Fig. 3).

RESULTS OF ANALYSES

A heavy mineral analysis was made for 65 samples of loess and for
2 samples of river sands from the profiles of Alsace, for 3 samples of
the loess of Normandy, and for 3 samples of the loess and 1 sample of
the sand of Provence. Detailed studies were made of the heavy mineral
composition of the Achenheim profiles (40 samples). Other profiles were
studied for a comparison with the profiles investigated in detail (Tables 1,
2; Fig. 4).

Weight content of heavy minerals in the 0.1—0.05 mm fraction is
rather high in loess and amounts to 0.4—2.9% (mostly about 0.8—1.5%).
In the sands of the base this content is considerably higher, 4.9—6.5%
(Tables 1,2). In the loess series affected with the soil processes, the con-
tent of the heavy fraction is higher, but this dependence is not distinct
in all profiles. Without taking into consideration fossil soils, the older
loess has somewhat less heavy minerals. In the Achenheim profile No. 2
the most abounding in heavy minerals is the younger loess (in the series
VII and VI — 1.4%, V — 1.5%), whereas the older one is less, so (series
IV and III — 1.2%, II — 0.7% and I — 1.1%).

A characteristic feature of the loess of Alsace is a considerable (double
or triple) predominance of the opaque minerals over the transparent ones.
Only in some of the loess series from the Achenheim, Blaesheim and
Equisheim profiles the transparent minerals prevail, which makes about
60% of the total amount of the heavy minerals. In the profiles of the
southern part of the Rhine Valley (Allschwil and Bétzingen) and those
of Normandy the transparent minerals have a decided predominance
(60—70%). In this loess there is no glauconite, or it appears in single
grains. An exception is the Achenheim profile No. 1, where in some
samples of the younger loess there is more of it, at most 6.8%. Muscovite
occurs in large but variable quantities. Its amount was approximate be-
cause the content over 50% grains made counting impossible. The portion
of muscovite in loess is shown in the table as a per cent of the total
amount of all the minerals (Tables 1, 2).

In the group of opaque minerals there are: magnetite, ilmenite, iron
oxides, and manganese oxides. Iron oxides are most of all to be observ-
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ed (there is about 50% of them), and their amount in the Bischoffsheim
profile reaches 80% of all opaque minerals. The second important con-
stituent is magnetite. In the older loess there can be faund nearly as
many magnetites as iron oxides, or sometimes magnetite even prevails
(the Achenheim profiles Nos. 2, 3 and Blaesheim, Botzingen and All-
schwil). The content of manganese oxides reaches a few per cent, only in
the profiles situated on the slopes of the sub-Vosgesian hills (Bischoffs-
heim and Equisheim) their percentage is 10—30%. Sulphides occur oc-
casionally, in some profiles only. In the Achenheim profile No. 1, series
VI—VII, their amount reaches 5.6% (Table 1).

The analysis of transparent heavy minerals comprised on the average
about 400 grains in each sample, in some cases considerably more, up to
1,000 grains. In the group of transparent minerals the following are
dominant in order: epidotes — amphiboles — zircon — garnet —
tourmaline — rutile. A high occurrence of minerals not resistant to
weathering (about 30%, sometimes even up to 50%) is characteristic of the
French loess. Of the resistant minerals zircon always dominates over
tourmaline, garnet and rutile, although in some profiles tourmaline
prevails or is in balance with it (Bischofisheim series IV, Niederbetschdorf
series V—VI).

Epidotes occur in variable amounts to 5—25%, up to 45%. The
content of epidotes is given both for epidote and zoisite. The amount
of zoisite does not exceed 2%, and in the younger loess it appears only
in single grains (Fig. 4). In the younger loess 10—15% of epidotes is dis-
covered, and in the older one — often over 20%. The loess on the sub-
~Vosgesian hills (Bischoffsheim and Equisheim) contains only 5% of epi-
dotes. A similar content was discovered in the Griesheim profile (B u-
raczynski, 1971). The highest percentage of epidotes (30—40%) was
discovered in the loess of Baden (profiles in Botzingen and Allschwil).

Amphiboles occur in considerably differentiated amounts, 1—
40%. In the younger loess there is usually 20% of amphiboles, in the
older one their amount drops to 5—10%. In the river sands of the Rhine
they constitute 30% of transparent minerals, in the Vosgesian sands only
17%. A prevailing constituent of the amphiboles is hornblende, only in
the Equisheim profile actinolite is predominant, occurring in amount
2—4 times as high as hormblende. In the Achenheim profile No. 2 horn-
blende prevails in the younger loess (8%), in the older one it drops to 2%.
In the humus horizon of the brown lessivé soil (series III) there is 19%
of amphiboles, while 12% of the amphiboles constitutes hornblende
(Fig. 4).

Chlorites occur in loess in the amount of 1—15%, in some cases
their amount reaches 2.5%. The highest amount of chlorite can be found
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in the youngest loess: in series VII — 15—26% and in series VI — 10—-
15%. The profiles of Bischoffsheim and Niederbetschdorf are an excep-
tion here, as there is 1—5% of chlorite. In the older loess chlorites
usually occur in amounts smaller than 5%.

Biotite occurs in variable amounts (0—50%), in most cases, how-
ever, in the amount of a few per cent. In principle, the younger loess has
less biotite than the older one. This dependence, however, best seen in
the Achenheim profile No. 2, is not always distinct (Fig. 4). The younger
loess (series VI—VII) contains 20—50% of biotite, and the older one
(series I—V) — 0.5—2.0%, the highest amount being 5.4%.

Zircon occurs in loess in the amount of 5—28%. In the younger
loess its content is a little smaller, about 10%, in the older oneiit increases
up to 20—25%. In the soil horizons a distinct decrease in the content
of zircon appears. Blum and Maus (1967) also discovered a small
content of zircon (10%) in the soils of Baden.

Garnet constitutes 5—10% of transparent minerals. However, in
some profiles it reaches even 25% (Bétzingen and Allschwil). In the older
loess (series I) of the Achenheim (No 1) and Bo6tzingen profiles it occurs
in a higher amount than zircon, tourmaline and rutile.

Tourmaline occurs in the amount of 2—15%, up to 35%. In the
Achenheim profile (No. 2) in the soil horizons (series V and III) and in the
oldest loess (series I) an increase of its content can be seen. In the whole
profile of Bischoffsheim, tourmaline occurs in considerable amounts (15—
20%), in the Niederbetschdorf profile there is even more of it (30—35%).

Rutile occurs in small amount (1—5%), in some series its content
Increases up to 12%. The younger loess usually contains below 5% of
rutile, the older one about 7%.

In this review of the contents of transparent minerals in loesses,
considerable variations in different loess profiles can be seen. Besides
the quantitative differences, each series is characterized by different
groups of minerals, which play a decisive quantitative role here. For the
sake of clarity, each series can be characterized with respect to quality
of the occurrence of minerals arranged according to their importance.
The mineralogical characterization of the Middle Rhine Lowland loesses
appears as follows:

The loesses of Alsace (averages from the profiles of Achen-
heim, Blaesheim, Griesheim, Bischoffsheim, Niederbetschdorf, Equis-
heim). * i

* In the list of heavy minerals zircon is shown with monazite, and rutile with
anatase and brookite. Explanation of symbols: > twice as much, > 50% more,
— more, = similar amount. To the left from the symbol “ there is more than 10%
of minerals, to the right from the symbol ’ there is less than 5%.
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DISTRIBUTION OF LOESSES
IN THE RHINEGRABEN

nam

3

Loess-cover of the middle
terrace

Loess-cover of the highland
and of the high terrace

Edge
Loess profiles examineted

10 20 km

Zaklad Geografii Fizycznej UMCS
Lublin 1974

Rozmieszczenie lessow w rowie Renu

Annales UMCS, Sectio B, vol. XXXII/XXXIII, 4

Fig. 2. Distribution of loesses in the Rhinegraben

Jan Buraczynski
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pediments: 1 - structureless "arid" loegs, 2 - striated loess,
3 - non-calcareous loess /decalcified/, 4 - solifluction loeas, 5 - dusty
deluvia, 6 - slope sedimmants with verious-grained debris, 7 - river eanda
and gravels; i oils : 8~ chernozem, 9 - humus horizon,.10 - eluvial

horiron /lessivage/, 11 - brownish horizon /Bt'l/' 12 -brownlsh horizon

/Bu/, 13 - calcium-carbonates concretions, 14 - tube-like calcium-carbo-
nates concretions, 15 - pseudomycelis, 16 - charcosl, 17 - chanels after
roots mystem with secondary infilling, 18 - gleying symptoms, 19 - Terru-

ginous conerstions, 20 - manganeses conoretione, 21 -
malacofauna, 23 - bone, 24 - absolute age in years B,Dl.

"krotovinaa”, 22 -

Fig. 3. Lithological-stratigraphical profiles in loess of Middle Rhine Lowland (1—12), Normandy (13), Paris Basin (16), Provence (14)
Profile litologiczno-stratygraficzne lesséw Niziny Srodkowego Renu (1—12), Normandii (13), Basenu Paryskiego (18), Prowansji (14)
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Zawarto$¢ mineratéow ciezkich w profilu Achenheim 2

Fig. 4. Content of selected heavy minerals in loess of profile Achenheim 2 (for explanation see Table 1)
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VII CHL>AMF=EPI—ZIR—GAR"—BIO—RUT—TUR—TIT'—PYR
VI AMF>BIO—ZIR=CHL—EPI—TUR"—RUT—GAR>TIT>PYR
V  AMF—EPI>ZIR=TUR>GAR=RUT">CHL=BIO'—TIT—PYR
IV ZIR— AMF—TUR=EPI>GAR—RUT—CHL—BIO">'TIT—PYR
III EPI>ZIR—GAR=TUR=AMF—RUT"X'CHL— TIT—PYR—BIO
II EPI=ZIRNGAR—RUT=TUR=AMF">'TIT—BIO—CHL>PYR

I EPINGAR—AMF=ZIR>TUR=RUT">'BIO>CHL—TIT— PYR

The loesses of Baden (averages from the profiles of Botzin-
gen and Allschwil).

VII EPI>GAR=CHL>BIO=AMF>ZIR">'TUR—RUT—TIT—PYR
VI EPINCHL— GAR—AMF —ZIRNBIO">'TUR—RUT=TIT>PYR
V  EPINZIR—GAR—CHL— AMF>BIO=PYR">RUTX\TUR—TIT
IV EPINZIR>GAR=PYR>BIO”—'AMF=TIT=TUR—RUT>CHL
II1 EPINZIR>GAR—CHL—BIO"XN'TUR—AMF—RUT—TIT—PYR
I GAR>ZIR=EPI>NCHL=BIO"XN'TUR—RUTXTIT=AMF=PYR

From the above list it appears that in each series of loesses important
roles are played only by six minerals, with the content above 10%. The
remaining minerals occur in small variable amounts. In the younger loess
amphiboles and epidotes stand out. Additionally, in series VII chlorites
appear and in series VI biotites. Zircon occurs in the third place, often
in balance with tourmaline. Garnet usually occurs in the fifth place.

The younger loess of Alsace is characterized by the set: amphiboles
— epidotes — zircon — tourmaline — garnet with a variable amount of
chlorite and biotite. In series IV zircon and tourmaline prevail, with
amphiboles and epidotes occurring in variable amounts. In the older loess
epidotes prevail and of resistant minerals — zircon. It is characterized
by the set: epidote — zircon — garnet and tourmaline — rutile —
amphiboles occurring in variable order.

In the loesses of Baden epidotes and garnet prevail, with chlorite —
biotite and zircon — amphiboles occurring in variable amounts. The
older loess is characterized by the set: epidote — zircon — garnet and
chlorite — biotite, occurring in different amounts. This set is similar to
the one observed in Alsace, tourmaline and rutile playing a smaller role

in it,
WEATHERING OF MINERALS

Variations of the heavy mineral content are effected by the changes
of the feeding areas as a source of loess. They are also caused by the
Processes of weathering (Alimen et al., 1965; Andel, 1959;
Briggs, 1965, Chalczeva, 1972; Duplaix, Malterre, 1946;
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Griffiths, 1967, Malicki, Morawski, 1973; Maruszczak,
Morawski 1976; Maruszczak, Racinowski, 1968; Moraw-
ski, Trembaczowski, 1971; Racinowski, 1976; Rjabczen-
kov, 1960; Young, 1966).

Unweathered ynunger loess contains less opaque minerals and less
resistant minerals of the transparent mineral group; whereas in older
weathered loess these types of minerals prevail. The differences in the
content between the opaque minerals of younger and older loesses are
slight. To support them by documentary evidence the per cent contents
of opaque and transparent minerals in different loess profiles of Alsace,
Baden, Normandy and Provence were compiled (Tables 1, 2). The increas-
ed occurrence of the opaque minerals and of the most resistant ones
among the transparent group is one of the manifestations of weathering
and a standard in weathering-soil processes. The differences in contents
of heavy minerals in older and younger loesses can also be the result of
primary differences of accumulated dust.

Under the influence of weathering in the loess profiles there occur
changes in the proportion of the groups of transparent minerals, connect-
ed with their different resistance levels to mechanical and chemical
deterioration. As a result of weathering, the medium resistant and little
resistant components pass into the group of opaque minerals and turn
into secondary loamy minerals (Rohdenburg, Meyer, 1966, accord-
ing to Maruszczak, Morawski, 1976). The content of resistant
minerals does not change, showing only a relative increase.

In order to present the intensity of the content changes of the min-
erals, under the influence of weathering various coefficients showing
proportions of the selected minerals are used — zircon/garnet, zircon/
amphibole and the like (Manikowska, 1966; Racinowski, 1969;
Morawski, Trembaczowski, 1971). The coefficients used in
the Polish literature were compiled by Morawski and Tremba-
czowski (1971). Chalczeva (1972) proposed additional coefficients
indicating the intensity of the variations of primary minerals under

unweathered epidote

weathering conditions: K3= ;
weathered epidote

. rutile without secondary transformations .
» K= , an
! rutile with secondary transformations

ore minerals+ titanium group

Ky= .
secondary ore minerals+titanium group
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To estimate the degree of weathering of heavy minerals in loesses

the most frequent mineral content index is: ON , where O — stands
for zircon, rutile, tourmaline, disthene, staurolite; S — for apatite, epi-
dotes, garnet, sillemanite; N — for amphiboles, biotite, chlorite, pyro-
xenes (Racinowski, 1969; Buraczynski, 1971; Morawski,
Trembaczowski, 1971, Maruszczak, Morawski, 1976; M a-
ruszczak, Racinowski, 1976).

The relation of the resistant minerals to those little and medium re-
sistant varies in younger and older loesses. In the loess of Alsace co-

0
efficient S+N shows little differentiation, from 0.2 to 1.0 (Achenheim 2).

When calculating this coefficient for every mineral, little differentiation
is observed and the relevant differences often become less discernible.
It seems more suitable to take into account only the selected resistant
and little resistant minerals, which are characteristic of a given set of
minerals. Characteristic resistant minerals of the Middle Rhine Lowland
are zircon and tourmaline, and the slightly resistant mineral hornblende.
Zircon and tourmaline occur in the granites and gneisses of the Vosges
and of the Schwarzwald, and hornblende is a companent of the meta-
morphic and magma rocks of those mountains.

ZIR+TUR
In the present paper the coefficient —H—(SR—— is used. Based on the

investigation of the degree of weathering of some minerals, the coefficient
of weathering of chlorite, epidote and hornblende were calculated as the
relation of unweathered to weathered material. Detailed investigations
of the opaque minerals were also made, from which the coefficient
Fe,0,+ ilmenite

———-——-  was calculated. This coefficient is an attempt of em-
magnetite

Ploying the opaque minerals to specify the degree of an advancement
of the weathering-soil processes.

ZIR+TUR 1 1
The coefficient of weathering _I-E)—R—_ in the Achenheim profile

No. 2 ranges from 0.2 to 14.0 (Fig. 5). In the younger loess in series
VI—VII it amounts to 2.0—2.5, and in series IV—V — to about 3.0. In
the slope wash of the floor of series IV it increases to 10.9. By the mineral
content of the slope wash it indicates that they are originated and have
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a close connection with the denudation of series IlI. In the older loess
zircon and tourmaline considerably prevail over hornblende. In the brown
lessivé soil the coefficient under discussion amounts to 5.7—13.5 (series
III). In the humus horizon of this soil it drops to 2.6, in the By, horizon
it amounts 11.7, and in B — 5.75. The loess of series I—II have a high
coefficient, 8—14. In subloessial sands of the Rhine; on the other hand,
the coefficient is very low — 0.3, with a small part of resistant minerals.
In the younger loess of the Bétzingen profile (series V—VII) the coef-
ficient amounts to 0.8. In the older loess in series III—IV it amounts to
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Fig. 5. Coefficients of weathering of heavy minerals in loess of profile Achenheim 2
Wskazniki zwietrzenia mineratéw ciezkich w lessach profilu Achenheim 2



Table 1. Heavy minerals in loess of Achenheim profiles
Mineraly ciezkie w profilach lessowych Achenheim

i AR Content of the 0O P A QU E TSR T R o T TU G T R PR S T i ey LT - 100 %
HEPZE B Ee main groups of M I N ER A L S
2 || . |.E® i heavy minerals AMPHIBOLES PYROXENES EPIDOTES 4
' ‘g”’ a8 |8me — GAR | TUR | 2IR |uON |RUT | PIT| ANA| BRU|SPI |AND | SIL [DIS | STA | SER| BIO CHL s
e | EEh S EE; ord | cLa | TRM | MaG | IL4 | Feo |LnO | SUL | AMF HOR ACT | LaM | PYR AUG DIO | HYP | EPZ EPI 201 g
"l oaAa | 1 nw | w nw | ow nw | w nwl w nw | w nw | w
ACHENBEIN -1
VII| 6| 1.0 1.61] 20 [59.5| 6.8( 33.7(17.9 12.1)68.4 no | 1.4 |11.7 5.9 3.2 1.3 3.0 1.3 0.4 1.3 9.4 8.5 0.9 |10.3| 8.5 8.1| = 2.8| 3.6/ 1.7 =-|0.9( - -| 1.5 0.2| - 1.7 26.2 0.4
VII | 11| 2.0 o.a1'| 5 |66.9 | 1.1 [32.0; 25.7( 14.7, 54.3| no | 5.3 |17.8 11.0 3.8 2.0, 2.5 0.7 0.3]1.5[15.5] 14.5 0.3 9.4| 7.9| 5.4/ 0.5| 4.3]16.8| 1.8 0.51.3| = 1.5 0.5 1.0[ 9.3 3.3 9.4 0.3
VI [19 ] 3.6 |1.1¢ 10 | 63.7| = 36.3|20.4 | 20.2| 53.8| no | 5.6 | 28,3 20.5 1.3 3.9 5.2 2.9 - |2.3]27.7| 26.4 1.0 4.6| 2.6| 8.5| = 6.2| 8.5/ 0.6 -|2.3}| - -| 0.6 - - 0.3 4.6 %
‘ VI | 26 | 5.0 [ 1.04 15110-0 - 30.0{23.1 | 18.8 55.5| no | 2.6 [15.9 4.2 4.2 4.5 2.7 1.2 0.3{0.9[17.1] 15.3 1.2 {12.6 | 3.0] 8.4] - ) 12.0[{15.0| 2.1| 0.6/0.6 | - 0.9 o0.6{ 0.3 - .6 7.% e
v 50 | 9.8 | 0.77 51431 - 56.9 34.2127.6‘ 37.0] no | 1.2 |32.4 23.8 2.4 s.0f 5.3 0.9 1.7 [1.2|17.3]| 15.0 0.9 | 6.8| 6.7 6.2] 1.3| 5.6/12.6] 1.2 -|0.9| - -| 0.3f 0.3 - 0.6 2.3 &
‘ v 52 [10.2 [ 0.89 2]57.5| 3.6/ 38.9131.2! 28.4! 39.8( mo | 0.6 {37.1 29.8 3.2 1.9 4. 1.6 1.9 (1.3]14.9] 13.3 0.9 | 5.7]| 3.5| 6.3]1.0| 4.8]11.1} 1.0 - (2.2 | - -1 1.3 0.6] 2.2 0.6 2.9 -
' v 52a/10.5 | 0.62 5|52.3| 1.5| 46.2|25.2 29.2! 44.2| no| 1.4 |38.8 32.1 3.0 2.1 4. - 2.1 (1.5 14.6| 11.8 2.4 8.5( 3.0l 4.6/ 0.3 3.0(10.3f 1.2] - (2.4 - -] 0.9[ 0.9]| 2.7 0.9 3.6 -
v 56 |11.0 | 0.86 -|47.9| - 52.1/27.5 | 31.5| 40.3| 0.7 | = 12,0 2.8| 4.8 0.9/0.2| 2.2 2.0 = : = - 2.0[18.3)5.011.7] 1.1 | 7.1]10.7] 15.2]| 0.2| 8.0} 2.0 3.3 -| - | 0.2 - 0.7 1.3 - | 0.3 10.4| 0.5 7.5| 0.4
v |6 12.0‘0.49 +|60.6] - 39.4/43.0 19.6| 37.4| - - 20.9| 4.0( 11.2| 1.6[1.6] 2.0 2.5 = [ - |o.7{1.8]|10.9] 2.5 7.3] 0.2 | 5.5]12.1]| 11.1] - 6.2 0.9| 2.7 0.2/0.2| 0.2 - | 1.1 1.4/ 0.2| 0.2, 18.0[ 0.1 6.0] 0.5
III | 71 |14.0 | +| 64.2] - 35.8/23.7 | 15.3| 60.7| 0.3 | = 9.2| 2.0 4.0 0.9/0.1| o.5/ 1.9 0.3 0.2|0.2(1.2]19.5| 7-3{11.2| 0.5 | 8.9 13.3] 28.7| - 7.5| 3.1} 0.7| 0.5 0.2 0.5 0.5 1.0 1.2 - - 0.2{ 0.2 2.7}|0.2
111 | 76 [15.0 | 1.15 +[57.0] - 43.0(25.6 | 31.2| 42.5; 0.7 | - 20.2| 5.4 8.6{ 1.5(1.7! 1.9 1.4 = | - - |1.4]21.8] 7.9{13.2| 0.7 {10.3| 9.6 10.8] 0.2| 6.0| 1.8 0.7 0.2/0.5| 0.2 -} 0.9 1.2| - [0.3 6.3 0.2 6.7]|0.7
II | 81 [16.0 | 1.21 +|45.2] - 54.8/23.2 ; 23.3| 52.9| 0.6 | - 19.2 | 6.1 3.7 3.5{1.6| 1.4 2.9 - - - |2.5[14.6| 7.0| 7.6 - 6.8114.7( 12.6| 0.5/ 5.8 1.3[ 3.0, 0.50.2| 0.5 =-| 0.8 0.8 - | 2.0 7.9 1.q 5.3( =
1 83 |19.7 | 1.88 +| 45.7] - s3.3/13.8| 13.6, 72.6| = = 10.8| 1.1 3.9 1.4]1.5 1.0/ 3.7 - - [0.5]3.2] 33-9| 8.7(23.4| 1.6 |12.6| 7.4 8.7| - 6.6| 2.6 2.1 0.3] 0.5/ =-| 1.3 2.4} 0.5 | 5.3} 0.1 0.9]0.3
1 85 [20.7 | 2.37 +|39.8 - 60.2 36.5|15.1 47.8| - - 20.5| 1.5| 10.5| 1.2 3.2| 3.1 © - | = |0.5]0.3|28.1] 4.9/22.9( 0.3 [13.8] B.1| 9.9, - 5.2{ 1.6 1.0 0.2{0.2| 0.5 -| 0.2 2.1 - = 2.3] 0.2 s5.3| =
ACHENHEIMNM =-14d I | |
v |95' 5.5 | 2.26 20| 41.1| - 58.9| 22.4 | 39.0| 37.9| 0.7 | - 15.1] 0.7] 11.7| 0.2 0.8 1.1 2.9f - [0.5]|0.2|1.3|26,4| 4.520.6| 1.3 | 9.5| 3.T|17.7| - 4.0 1.9] 1.3} - 0.5 1.1| 0.8] 0.3 0.5 - - | 0.3 0.4 14.1 0.3
sand| 96 | 6.5 | 4.87 | 72.2| - 27.8/64.7| 8.4 26.9| - - 17.0( 2.4| 9.2| 0.3/1.5| 2.0 1.7l - |0.3| = |1.2|21.1 2.5'17.2 1.1 1.0 4.5|13.3| - 8.2| 2.9{ 1.0{ 0.2| - 0.5 - | 0.2 0.3 - -  20.2] - 4.0{3.4
ACEENHEIMN =2 . ' |r
VII [ 10 | 2.0 [1.25 5 |56.9| = 43.1/25.0| 20.1| 54.5| 0.4 | = 15.1| 0.9( 9.6| 0.3/ 0.4| 2.6/ 3.8 - [0.2]| = |3.6[15.5 3'9i 9.9/ 1.7 | 7.9 8.6| 14.1| = 3.8[ 1.4 1.9/ 1.0/0.5| 0.5 0.5 0.5/ 0.5 0.3| =~ 6.7| 1.7/15.5 { 0.2
VI | 14| 3.0{2.93| 40 | 36.1| O0.1| 63.8/19.6 24.7| 55.3| 0.4 | - 8.3| 0.4| 4.0/ 0.3/ 0.4| 2.3 1.2 - [0.1]0.1{1.0| 6.1 1.5 4.2] 0.3 | 6.3]| 4.7| 6.0| - | 0.9 0.8] 2.2 - | - - 0.2| 0.2[ 0.1 2| =  48.0( 1.113.6 0.1
vI | 18| 4.0 |1.04| 10 | 57.0| 0.1 42.925.9| 17.9| 56.2| - s 9.9 0.7 5.8] | 1.5 1.1] 1.9 - - 0.4 |1.512.1| 3.8| 7.5| 0.6 |10.3 | 6.2|10.4| = 3.7| 2.8| 1.3| 0.2(0.2 | 0.2| = | 2.4/ 0.6/ 0.2|1.5/ 19.7| 2.2{13.8 |0.4
VI | 22| 5.0(|1.71| 50 | 37.1| - 62.9/29.3| 20.3| 50.1] 0.3 | - 9.9/ 0.4 7.5 0.4 0.3 1.1 1.6/ =x |0.1 | - [1.5 |11.4(4.3| 6.4/ 0.5 | 5.4 | 4.6 14,1 - 1.3 2.3| 1.0] 0.5/0.3 | - | 0.3] 2.0/ 0.8 - 28.0( 1.2/14.9 |0.4
VI [ 26| 6.0|1.64| 10 | 49.9| 0.2| 49.9(24.7| 19.3| 55.4| 0.2 | - 12.6 | 0.7 7.7 0.4 1.6/ 1.2 1.4 - = - [0.2 (1.2 |f0.3|2.6]|7.1|0.5 | 5.6 | 8.2]|10.6]| - 2.9| 2.2| 2.6f 0.3/0.2 | 0.2 - | 1.4] - - - [ 26.0{0.914.5 |0.2
v 34| 8.011.38 - | 58.4) - 41,6/ 39.0| 23.5| 37.5; - - 10.3] 1.9 7.0 0.3 4+ 1.1 1.4 0.2 - |0.6 |0.6 |26.0|8.8[16.9| 0.3 [16.0 [10.9 |18.3| - 4.9/ 2.9| 4.6{ 0.3] - -1 0.3 0.6/ 0.9] = j0.1 0.8{0.1| 1.0 |0.6
vV |38 9.01.65 3 |54.5 - | 45.523.9/27.8| 48.3 - | - |13.6] 0.7 9.4/ 0.5 0.4 1.7| 2.6[ = |1.10.6 |0.9 |18.8|3.9/14.6| 0.3 |15.3 |10.4 [19.4| - | 2.0/ 3.5|2.3( 0.3]1.1 | 0.3] - | 1.4} 0.3] 0.3 1.4|0.1 6.0 (0.3
IV | 41| 9.6 |1.16 + | 42.4| - 47.6/ 22.9 | 32.2| 44.9| - - 12.3| 0.7 1.7 o0.2' 1.0 2.0f 3.9 = | = 0.5 [3.2 |25.6|7.0(17.4| 1.2 [11.9 | 7.2 |11.3]| - 3.0 3.2| 2.2 0.5/0.7 [ 0.5 = | 0.5| 0.5 = 3.9 2.4 9.7 |0.4
IV | 42 {10.0 |0.89 + | 50.7| - 49,3 35.1 | 29.4| 34.9;, 0.6 | - 13.2] 1.3 6.3 o0.7] 2.2| 1.1l 2.0f - | = 0.7 1.3 [18.6 | 4.1113.4| 1.0 [12.8 | 6.9 [16.1 | - 1.8( 4.5/ 2.9/ 1.80.7 | 1.3] = | 1.6/ 0.910.2| - | 5.4(1.2| 7.7 |0.4
IV | 48 112.0 [1.29 + | 54.7 - 45.3(32.1] 22.3| 44.3] 1.3 | - 12.8| 2.4 5.8 o.z] 0.7 2.3 3.5/ 0.2 - 0.5 |2.8 |16.1 | 4.1[10.6 (1.4 [10.5 | 7.2 |17.5{0.9| 4.0| 4.0| 3.5( 1.4]2.3 | 0.9| - | 0.9| 0.5] - - ‘ 4.4|1.6, 8.0 | -
IV | 61 |14.7 |1.52 5 | 58.5| = 41.5( 33.3| 18.2| 45.7' 0.8 | = 6.4 0.6 2.6/ 0.1 1.1] 0.6/ 2.0| 0.1]0.1 [0.3 1.5 |19,4 | 3.0[15.3 | 1.2 [13.6 [10.4 (24.4 (/0.3 | 4.9|1.7] 3.5| 2.6[0.3 | 2.3]| 0.3| 1.2]| 3.2} 0.3 | = | 0.3]0.3| 2.6 | =
III | 66 [15.6 [1.43 + | 55.2| - 44.8) 34.7 | 23.2 41.4! 0.7| = 19.4 1.0l 1.0/ 0.2 1.7| 3.0 2.8| 0.710.2 (0.6 {1.3 [14.9[2.5(11.6 0.4 | 8.1 [12.0 [19.0 0.2 | 7.1{ 3.4|1.5{ 1.1l0.6 | 1.1] = | 1.1/ 0.4] 0.6 | =  1.3]0.3| 4.0 [1.1
IIT | 69 |16.2 {0.99 + | 65.0] - 35.0| 43.1 | 18.5| 36.9 1-5‘ - 9.1 0.3 4.8 o.1| 1.2| 1.6 1.3 - | - - 1.3 |17.5]3.2[13.2 0.8 {13.4 | 9.6 |26.3| - | 7.2|1.4]|2.4] 1.9/0.5 | 0.8] 0.3 1.3[ 1.1] 0.3 | - 1.9 0.1 3.6 -
11X 73 17.0 |1.25 + | 66.5 = 33.5/ 43.0 | 13.8{ 41.9| 1.3 | - 6.2| 0.2 3.1 0.1 0.4/ 1.6 1.6] - |0.8 0.3 |0.5 ([21.2|5.4{15.5]|0.3 {13.1 [10.9 |[27.7 ] - 6.3{1.9| 3.8/ 1.110.3 | 0.5 - | 2.2| 0.5] 0.8 | = 0.5 - | 1.1 |0.3
III [ 78 [18.0 | 1.31 + | 57.8] - 42.2|31.2 | 25.8( 42.5| 0.5 | =~ 9.8 1.1| 4.8 | 1.6/ 1.5 2.1| 0.2(0.3 (0.3 {1.3 [14.7( 3,1[10.1| 1.5 (12.4 [14.5]|19.4 | = 5.2| 3.1 1.8] 1.8{2.1 | 0.3] 0.5 1.8] 2.3] 0.5 | = | 1.5 = ! 4.7 1.5
III | 82 |20.0 {1.50 + | 59.8] - 40.2[39.5|18.8) 40.6{ 1.1} - | 4.8| 0.4 2.0 0.4 1.2 0.3 1.6 - (0.3 - [1.3]24.0]1.9(20.5]1.1 [14.2 |[10.9 [21.6 |0.5] 4.5| 3.5| 2.4| 2.1}1.6 | 1.1| - | 1.3] 2.1] 0.3 - - | wi]2.4 |10
II | 86 {22.0 |0.60 + | 601 - 39.9/ 46.6 | 28.0( 24.2] 0.6 | 0.6 4.3| 1.1 1.7} 0.3 o0.6| 0.3 1.2 - 0.3 |0.3 (0.6 {23.9| 4.6[17.0( 1.4 [10.8 | 4.8 |23.3|0.8| 6.5]| T.1| 2.3| 2.8(2.8 | 1.1| = | 1.4]| 2.3} 0.3| = | 0.6 | = '.3.1 -
II | 90 |24.0 [0.81 + | 60.9| 0.4| 38.7]36.6| 23.6] 39.3| 0.5 | - 3.8] 0.3 1. -| 0.8/ 0.8 - - - - - |26.2)5.4[20.8| - [15.6 \ 8.5 |22.4 |0.3| 3.3|3.8| 2.5| 2.2(2.5 | 1.6| 0.8{ 1.9| 2.7/ 0.5 | -., 0.6 | - ';o.a -
1 95 126.5 [1.09 + | 64.2] - | 35.e(38.3] 25.1| 36.1| 0.4 | 0.1] 6.8 0.1/ 3.7 0.2 0.5 1.2/ 1.4{ 0.1]0.1 [ - |1.0 [17.4 4.1{12.8]0.5 [15.3 ‘12.2 17.6 | - 8.9(4.2/0.9| 2.4[0.5 | 0.2| - | 3.3 1.4] = | = 1.9 /0.3] 4.2 1.1
| oona, 96 |27.0 |6.55 17.3 - 82.7) 36.5 | 45.2] 18.3| - - 29.0| 0.4 21.2 0.3 2.4/ 1.4| 3.4| - l0.4 0.7 |2.3 |22.2]0.819.5 1 5.8 | 2,5| 3.4 /0.7 2.5| 4.3[1.6] 1.4/ = io.4 0.7 1.6| 0.7 1.4 [0.1 7.8 |0.6| 8.8 (1.1
ACHENBEIM - 3 i l |
VII 2| 1.5 |0.74 + "61.5 0.2| 38.%35.3| 24.3| 40.4| - - 8.5 1.ao| 3. 0.4 0.7) 0.4 3.2| 0.2/0.5 [1.1 [1.4 112.1]3.8/7.9|0.4 [10.3 {11.0 |16.0 [0.3 |12.1 | 6.8 4.3| 2.5~ 1.4 = |11 = - - [ 50{ = |5.0 [0.4
VI 5| 4D [2.11)| 20 | 31.7) 0.6| 67.7|34.0| 22.2| 43.8/ - - | 46| 0.3 3. o; 0.1) 0.3| 0.7] - | = - . 5.710.5 L4:9 0.3 | 6.0 | 4.9 [10.2 [ - 2.9(1.0/0.7] 0.1 - 0.4({0.3/0.5| = - - l4a.s5| - ';11.4 0.1
VI 7 | 5.0 [1.17 5 [57.2| 0.1] 42.7/17.1122.4| 60.5| - - 11.3| 0.3 7.1 - 1.4 1.0 3.4] - |0.2 |0.2 [3.0 [20.9|0.8 48.6 [1.2 |6.2 [10.3 {13.0 ]| - 5.4(2.0(3.9/1.0]- 0.7 - |1.0{1.7]0.71 = | 2.7| - n5.5 |0.3
v | 9|60 |1.78] 10 |631] - | %6.319.4]22.1] 585 - | - [11.7] 0.2] 9.0 -] 1.4/ 0.2) 1.4] - [0.3 [0.2 P9 [17.1 [1.3 ps.3 [o.5 | 9.0 [12.4 [10.4 f0.5 | 9.2 2.0 (41| 1.8p.2 [0.5]0,5(23]0.2] - |- | e&|- 7.8]-

Explanatione:

MUS - muscovite, OPM - opaque minerals, GLA - glauconite,TRM - traneparent minerals, MAQ - magnetite, ILM - ilmenite, OFe - oxide Fa, OMn - oxide Mn, SUL - sulphure, AMP - amphibole, HOR - hormblends,
ACT - actinolite, LAM - lamprobolite, PYR - pyroxene, AUG - augite, DIO - diopside,HYP - hypersthene, EPZ - epidote + zoisite, EPI - epidote, ZOI - goiaite, QAR - garnet, TUR - tourmaline, ZIR - zircon,
MON - monazite, RUT - rutile, TIT - titanite, ANA - anatase, BRU - brookite, SBEI - spinel, AND - andalusite, SIL - sillimanite, DIS - disthenes, STA - staurolite, SER - merpentina, BIO - biotite, CHL -

chlorite, nw -unweathered minerals, w - weathered minearals, no - not examined.

Annales UMCS, Sectio B, vol. XXXII/XXXIII, 4 Jan Buraczynski
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Table 2. Heavy minerals in loess of Alsace, Normandy and Provence

Mineraty ciezkie w profilach lessowych Alzacji, Normandii i Prowansji

Annales UMCS, Sectio B, vol. XXXII/XXXIII, 4

Jan Buraczynski

i ol Content of the P AQUE T R A N S P A R E N T I8 BN anERRSRSRRA S s = 100 % :
g | oo 8w main groups of | y E 8 R AL S
ag | Hg| L “Ea I heavy minerals AMPHIBOLES PYROXENES EPIDOTES
il T §pt g GAR | TUR | ZIR |MON |RUT | TIT| ANA| BRU|SPI |'AND [SIL | DIS |STA | SER CHL
Lgua Imu: ca : OPM | GLA | TRM | MAG | ILM | PeO |MnO | SUL | AMF HOR ACT LAM | PYR AUG DIO | HYP | EPZ EPI 201 -
b= ocAa W w nw | w nw | w nw| w nw | w
! o 3 ' ? l
BLAESHEIM -4 |
viz | 5| 2.5/ 1.9a| 15 | 31.7] o.1|es.2 | 32.4]| 21.9| 45.7| - - |20.1| 9.4 7.3 2.1 - |[o.5]1.8] - | - |o0.2|1.6{15.9] 1.9/12.8| 0.7 ] 9.3] 2.1| 6.5/ -| 1.1 2.Jo.3 0.2/0.3| - |o0.2]0.3] 0.3]0.3 10.8} 0.7(26.0 | 0.5
V1 13 3.5]0.95 5 | 47.6| - |52.4|58.6 23.3[ 15.6| 2.5 - 8.7 2.7) 4.5 0.41 - | 0.5( - - |0.1[0.4| 8.2] 1.5/ 6.6/ 0.1| 2.2 8.8 8.8 - 2.2 2.50.5(/0.4]0.1y0.1| - |0.5]| 0.3]0.3 3.0 - |52.1} 0.3
v [ 20] 2.510.91| 15 | 70.7| 0.2[29.1 |57.7] 12.6| 27.9] 1.4 - | 9.2| 4.6] 3.3 0.2 - |o.a]0.2]| - | - | - ]o.2] 19.1 5.1!13.2 0.4 9.7|10.8f 11.2| - | a.8 3.70.9{0.2|0.7|/0.4]|0.2]|0.9| 2.4| - 9.9| - Iao,s W
BISCHOFPPEHEIN -6 | '
vi| 12| 2.5(1.42| 10 | 8.7 + [17.3|10.0| 7.8| 79.1| 3.4 - |19.1]12.4| 3.0/ 2.0f - [1.5]0.5| - | =] - |09-5| 4.0/ 1.0/ 2.0| 0.8 [11.715.2f 14.7| 0.5] 11.2] 2.001.3(0.8( - | - [ - l0.2| - |0.5 1241 - | 5.0 | 0.2
vi | 15| 3.0 1.49 5 [84.3] - ([157( 8.9] 6.4/ 76.9] 7.6 - |32.6]22.8/ 2.7 2.7 - {3.0]0.3] =/} - - [0-3] 6.8{ 2.7| 3.3] 0.5 7.9|11.7]| 15.2| 0.3 4.9] 7.30.8} - - - - |05 ~]0.3 43 -|423] 0.3
v | 20| 4.0|2o08| 15 | 8.0 - |12.0| 7.9| 5.6| 77.6| 8.9 - |23.7]19.2| 0.9 1.1 - 1.1} 1.4 = | - | - [1.4 4.8 2.31 2.5 - [11.8]17.2] 12.7 1.8 3.42.8|0.8] - [ - | - |0.3] 0.3 - 3.7 0.3 3.9 -
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Fig. 6. Content of selected heavy minerals in loess of Ratyczéw I, profile the Lublin Upland (according to Buraczynski et al, 1978). For explanation see Table 1
Zawarto$¢ mineraléw ciezkich w profilu Ratyczéw, Wy2yna Lubelska (wedlug Buraczynskiego et al, 1978)
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Table 3. Coefficient of weathering of heavy minerals in loess of Alsace, Normandy
and Provence
Wskazniki zwietrzenia mineratéw ciezkich w lessach Alzacji, Normandii i Prowansji

Serieo | Lepth | pyp,ryR | Pa,0 .ol | n.:iOR | n.w.EPT | n.w.CHL
la::n ] THR -—2;‘)‘-:-— w. BPT | "w.CHL
1 2 B) 4 S 6 7

Achainhe im 2
Vi1 2.0 2.16 2.98 0.09 0.39 0.11
VI 3.0 2.43 4.08 0.10 0.36 0.08
vI 4.0 2.55 2.86 0.12 0.51 0.16
v1 5.0 2.37 2.40 0.05 0.67 0.08
v1 6.0 2.24 3.04 0.09 0.37 0.06
v 8.0 3.28 1.56 0.27 0.52 0.10
v 9.0 2.95 3.18 0.07 0.27 0.17
w 9.6 2.20 37 0.09 0.40 0.25
v 10.0 3.03 1.83 0.21 0.31 0.16
v 12.0 3.01 2.07 0.41 0.39 0.20
™ 14.7 | 10.87 1.92 0.2) 0.20 0.11
111 15.6 2.58 1.86 0.09 b.21 0.07
111 16.2 7.04 1.28 0.06 0.24 0.0)
111 17.0 | 11.70 1.29 0.06 0.35 0.00
111 18.0 5.75 2.19 0.23 0.31 0.00
111 20.0 | 13.54 1.50 0.20 0.09 0.00
11 22.0 [ 10.03 P2 0.65 0.27 0.00
11 24.0 | 14.04 1.72 0.16 0.26 0.00
10 2.5 7.84 1.60 0.03 0.22 0.04
pand 27.0 0.27 1.74 0.02 0.04 0.07
Bliaohoffaheim 6
. vl 2.5 1.97 8.69 4.13 0.50 0.00
v1 3.0 1.07 9.35 8.44 0.82 0.00
v 4.0 1.49 10.53 21.3) 0.92 0.08
™ 5.6 1.40 15.38 12.33 0.89 0.00
v 6.6 1.81 9.57 2.02 0.27 0.00
Botsingen 8 I
VII .0 0.79 1.72 J.47 0.87 0.15
V1 7.0 0.85 2.10 3.19 0.61 0.83
v 1.0 c.84 1.04 3.39 0.36 0.00
v 12.4 2.24 2.02 8.50 0.48 0.03
v 13.3 7.26 0.68 2.86 0.66 0.00
111 14.0 { 10.00 1.97 0.22 0.24 0.00
1 18.0 |  33.7 1.16 0.00 0.48 0.02
Zquisheinm 9
vII 2.0 3.92 2.34 2.45 0.2) 0.10
vl 4.0 5.88 4.54 1.16 1.18 1.08
VI 5.0 2.24 2.93 0.74 0.12 0.03
Iv 6.0 6.62 1.87 2.85 0.58 0.00
v 7.6 4.82 4.60 4.55 0.25 0.00
Allschwill 1
vI1 ‘1.0 2.04 2.41 1.94 0.4 0.11
Vi1 ‘1.5 1.94 1.95 0.88 0.35 0.09
vI 2.2 1.47 2.3 0.43 0.40 0.00
v1 4.0 3.06 1.87 1.62 0.29 0.07
v 5.0 | 14.06 1.40 0.00 0.28 0.00
St. Romain 1)
vI1 2.2 1.84 T.62 0.50 0.11 0.0%
v o 12.7 6.33 0.09 0.17 0.00
11 9.7 | 19.58 3.02 0.00 0.17 0.00
St. Paul -les-Durancae 14
vII 1.0 2.29 '6.66 0.57 0.12 0.1
v 5.0 1.4 4.15 2.1 0.83 0.16
11 6.7 3.05 4.92 0.682 0.52 0.03
sand 42.60 2.76 0.00 0.3 0.02
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7—10, while in series I, characterized by a strong weathering of horn-
blende, it reaches even 34.0 (Table 3).

The degree of weathering of loesses can be defined by examining
the content of weathered materials. Such investigations were carried out
for hornblende, actinolite, augite, epidote and chlorite (Tables 1, 2). In
all the series of the examined loesses a strong weathering of the little
resistant minerals (amphiboles, biotite, chlorite and pyroxene) was found.
Unweathered minerals constitute only 5—10%, exceptionally 30%. Bio-
tites are almost altogether weathered in the whole profile (Tables 1, 2).
Chlorites and hornblende, on the other hand, show a considerable content
of some unweathered minerals. In the younger loess of the Achenheim
profile No. 2 (series VI—VII) the coefficient of weathering of chlorite
hornblende amounts to 0.1, while in series IV—V it increases to 0.2,
for hornblende up to 0.4 (Table 3). In the older loess (series I—III) chlorites
are almost altogether weathered. The content of unweathered hornblende
shows large fluctuations. In the brown lessivé soil in horizons A, and B,
hornblende is strongly weathered, with the coefficient 0.06—0.09, while
in loess the.coefficient increases to 0.2 (series III). The decalcified loamy
loess of series II contains much fresh hornblende, with the coefficient 0.65.
The eolic carbonate loess of series I shows a strong weathering of chlorite
and hornblende, with the coefficient 0.03. The subloessial sands of the
Rhine contain strongly weathered chlorites (0.07) and hornblende (0.02).
Vosgesian river sands have a lot of unweathered hornblende (0.25).

Much more unweathered hornblende occurs in the loess of piedmont
hills where in the Bischoffsheim and Bétzingen profiles it considerably
prevails and makes over 90%. The coefficient of weathering of hornblende
is the highest here, over 3.0; in the Equisheim and Allschwil profiles
it is somewhat less — 1.0—2.0 (Table 3).

In the loess of Alsace epidotes have a considerably higher percent-
age of unweathered minerals. In the younger loess of the Achenheim
profile No. 2 (series VI—VII) epidotes are little weathered (0.4). There
are even more unweathered epidotes in the solifluction loess, where the
coefficient amounts to 0.5. Brown soil (series V) contains a lot of un-
weathered epidotes, in the upper part of the brown horizon the coef-
ficient amounts to 0.52, and in the lower one — 0.27. More weathered
epidotes occur in the brown lessivé soil (series III); in A, and A, horizons
the coefficient amounts to 0.2, and in the B;, horizon it increases to
0.3—0.35. For the older loess (series I—II) the index amounts to 0.3. The
subloessial sands of the Rhine have strongly weathered epidotes (0.04),
the Vosgesian sands show a smaller degree of weathering of epidotes
(0.15). A smaller coefficient of weathering have epidotes in the loess on
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piedmont hills. For the younger loess in the Bischoffsheim and Bdétzingen
profiles it amounts to 0.6—0.9, and for the older loess to about 0.3.

The loess of the Middle Rhine Lowland shows irregular weathering
of minerals. The spatial differentiation of the weathering degree indicates
a large supply of unweathered material originating from the mountains
that surround the Rhinegraben. In the Bischoffsheim profile a large
supply of unweathered material from the slopes of the Vosges is marked.
This supply is of a very short local transport. Hence, in this loess there
occur unweathered minerals of hornblende and epidotes, with a small
addition of weathered minerals. However, the loess in the axial part
of the Rhine valley, contains a lot of heavily weathered minerals. The
differentiation of the weathering degree indicates different feeding areas.
This opinion is supported by the investigations of mineral weathering
in the loess of other areas of France. The loess of Provence contains
mainly unweathered minerals, which is connected with a short transport
of material from nearby areas. A similar fact was found by Alimen
et al. (1965). However, the loess of Normandy has strongly weathered
minerals. According to Lautridou (1968) they come from the estuary
of the Seine, composed of the sediments of different ages, that occur in
the Paris Basin (Table 3).

COMPARISON OF HEAVY MINERAL COMPOSITION
OF THE LOESSES OF FRANCE WITH THOSE OF OTHER AREAS

In loesses of different areas a quantitative and qualitative differentia-
tions of heavy minerals are observed. The content of heavy minerals in
fraction of 0.1-—0.05 mm in the loess of Alsace is rather large and in the
younger loess amounts to 1.5% of the weight and in the older one — 1.0%.
In this respect the loess of Alsace is similar to the proluvial loess of
Central Asia, where the younger loess contains 2.0% of heavy minerals,
and the older one only 0.5% (Mavljanov, 1958). The younger loess
of Brittany contains less heavy minerals than the older one. In the upper
younger loess there is 0.1% of them, in the lower one about 2.0% how-
ever, in the older loess their content increases to 3—6% (Monnier,
1974). The loess of Provence contains 1—3% of heavy minerals. In the
Polish loesses small amounts of heavy minerals are observed, usually
below 0.5% (Maruszczak, Racinowski, 1968; Racinowski,
1976). In the Lublin Upland in the younger loess of the Ratyczow profile,
0.3% of heavy minerals were found, and in the older loess slightly more
0.35% (Buraczynski etal., 1978).

Transparent and opaque minerals occur in loesses of different areas
in different proportion. A characteristic feature of the loesses of Alsace
is twice as large a part of opaque minerals in comparison to that of the
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transparent ones. In the southern part of the Rhine Valley transparent
minerals slightly prevail. The loess of Normandy and the younger loess
of Central Asia show some similarity to the loesses of Alsace as far as the
prevalence of the opaque minerals is concerned. The loesses of Provence
have a little more transparent minerals. In the Polish loess transparent
minerals prevail over opaque ones twice or even three times, as shown
by Buraczynski et al. (1978).

Transparent minerals are chamacterized by a large variability and by
different sets of minerals depending upon the area. In younger and older
loesses they show a different content in the vertical profile (Fig. 4, 6).
In the loesses of Alsace among the transparent minerals prevail amphi-
boles (20 and 10%), * epidotes and zircon (10 and 20%), garnet (about 10%),
tourmaline (5—10%). Biotite (10—30 and 2%) and chlorite (15 and 3%)
occur, in variable amounts. In the loesses of Normandy the composition
of minerals is as follows — zircon (20 and 30%), epidotes (20 and 10%),
amphiboles (15 and 5%), tourmaline and rutile (5 and 15%), garnet (8 and
3%), and in the loesses of Provence — garnet (20 and 15%), epidote (15
and 10%), amphiboles and tourmaline (10 and 5%), rutile (about 10%),
zircon (7 and 20%), biotite (20 and 2%) and chlorite (over 25%) in variable
amounts (Lautridou, 1968; Alimen et al, 1965).

In the Polish loess the minerals that appear in the highest quantities
are garnet and resistant minerals. On the example of the Ratyczéw profile
(Fig. 6) the content of minerals (which is altogether comparable with
the profiles of the Rhinegraben on the account of the identical method of
investigations — (Buraczynski et al. 1978) is as follows — garnet
(35 and 25%), zircon (12 and 10%), tourmaline and rutile (about 9%), epi-
dotes and amphiboles (4 and 8%).

The mineralogical composition of the loesses of Central Asia is repre-
sented by profile from Tashkent (Mawljanow, 1958). In this profile
medium resistant minerals — amphiboles (37 and 46%), epidotes (25 and
20%), as well as zircon (20%), biotite (6%), garnet (3%), tourmaline and
rutile (2 and 0.5%) decidedly prevail.

The qualitative content of heavy minerals in the loess of different
areas appears as follows:

The loess of Alsace

younger — AMF>EPI—ZIR— TUR—GAR and CHL— BIO variably
older  — EPI=ZIR>GAR and TUR—RUT—AMF variably

The loess of Normandy

younger — EPI—ZIR>AMFXGAR—RUT—TUR

older — ZIRNTUR—RUT>EPI—DIS=AMF

* The first number denotes an average quantity of the mineral in the younger
loess, and the second — in the older loess.



Heavy Mineral Composition of the Middle Rhine Lowland Loesses 517/

The loess of Provence

younger — GAR—EPI>TUR—AMF—ZIR—RUT

older — ZIR—GAR>RUT=EPI>TUR>AMF

The Polish loess (Ratyczéw)

younger — GARMNZIR—TUR=RUT—CHL>AMF=EPI
older — GARMZIR—TUR=RUT—EPI—-AMF>TIT
The loess of Central Asia (Tashkent)

younger — AMFXEPI>ZIRNBIO>GAR

older — AMFXZIR—EPINBIO>GAR

A large variability of the sets of minerals can be seen above. In the
loesses of Alsace and Central Asia amphiboles and epidotes as medium
resistant minerals prevail. Zircon occurs in the second or third place, and
garnet only in the fifth. In the loesses of Alsace chlorite and biotite occur
in variable amounts, occupying very different places. Also in Brittany
in the Port-Morvan profile (Monnier, 1974), amphiboles (60 and 45%)
and epidotes (20 and 40%) prevail on the understanding that there
is twice or three times as many of them as in the loesses of Alsace.
In the loesses of Normandy a greater role is played by resistant minerals
— zircon, tourmaline and rutile. Epidotes and amphiboles play a great
role in younger loesses, where they occur in amounts similar to those
of resistant minerals. In the loesses of Provence, however, garnet comes
first. The Polish loesses show a different qualitative composition. In the
first place occurs garnet, then resistant minerals — zircon, tourmaline
and rutile.

ZIR+TUR
The coefficient of weathering —Iﬁ—— is different and does not

change in the vertical of loess profile. The younger loess of Alsace has
the coefficient 2—3, and the older one 8—14. The younger loess of Nor-
mandy has'a similar coefficient 1—2. However in the older loess it
amounts to much more — 15 and even 33. In the formations of the base,
in the strongly weathered loams the coefficient reaches the value of 72
(counted by the data of Lautridou, 1968). The loesses of Brittany
and Provence have a low coefficient, which suggests a small weathering.

The coefficient appears quite different in the Polish loesses, which
decidedly distinguishes them from the French ones. Its value is relatively
high and shows great fluctuations. In the younger loess the coefficient
is high — 5—15. In the brown lessivé soil it amounts to 2—38, and in the
loess under the soil — 6—16, up to 32, similarly as in the Achenheim
profile No. 2. However, in the older aeolian loess the coefficient is smaller
than that in the younger loess and amounts to 4—8.
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CONCLUSIONS

On the basis of the investigations carried out a certain connection
between the heavy mineral composition in loess and its facial character
was shown. In the aeolian loess of the Middle Rhine Lowland a slight
prevalence of amphiboles and chlorite or biotite is observed. In some
profiles (Bischoffsheim, Botzingen), a high content of chlorite and biotite
in the younger loess is also found in the solifluction loess. This regularity
is more distinct in the Polish loess (Racinowski, 1976; Bura-
czynski et al., 1978).

The mineral composition reflects, to a large extent, the weathering
and soil processes. In horizon 4, heavy minerals occur in smaller amounts.
In fossil soils (horizons A,, B) an increased amount of opaque minerals
was found. Soil horizons are differentiated by a higher degree of weather-
ing of transparent minerals which indicates an increased coefficient of
weathering (Morawski, Trembaczowski, 1971; Marusz-
czak, Morawski, 1976).

The characterization of heavy minerals of the loess of the Rhine-
graben indicates that their source material were different local rocks
(magma, metamorphic and sedimentary), Rhine alluvial and deluvial
covers. Hence, in loesses of different areas a considerable differentiation
of the heavy mineral content is observed, depending on local conditions.
Attention has been paid to the connection of mineral composition of loess
with base rocks, and to the local character of the heavy mineral set (T o-
karski, 1936,1961; Duplaix, Malterre, 1946; Malicki, 1949,
1967; Alimen et al, 1965, Blum, Maus, 1967, Lautridou,
1968; Maruszczak, Racinowski, 1968; Buraczynski, 1971,
Morawski, Trembaczowski, 1971; Malicki, Morawski,
1973; Racinowski, 1976). A differentiation of mineral composition
in the younger and older loess of the same profile and in loesses of differ-
ent areas are shown (Fig. 7). A change of the qualitative and quantitative
composition of heavy minerals is connected with different feeding areas
and by weathering processes.
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STRESZCZENIE

W pracy przedstawiono charakterystyke mineratéw ciezkich w lessach Niziny

Srodkowego  Renu, ktére badano w profilach lessowych polozonych w roéznej sy-
tuacji morfologicznej, na terasie sredniej i wysokiej, na wzgérzach wogeskich, wy-
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tynie Alzacji { Sundgau. Poszczegélne profile lessowe scharakteryzowano pod wzgle-
dem zawarto$ci mineratéw, skladu iloSciowego oraz stopnia zwietrzenia niektérych
mineratéw przeiroczystych. Badania mineralogiczne pozwolily ustalié pochodzenie
pylu oraz byly pomocne przy podziale stratygraficznym lessu.

Zawarto$¢ wagowa mineraléw ciezkich w lessach we frakcji 0,1—0,05 mm jest
wysoka i wynosi przecietnie 0,8—1,5%. Less mtodszy jest bogatszy w mineraly ciezkie
(1,5%) w poréwnaniu z lessem starszym (0,7—1,1%). Charakterystyczng cechg lesséw
Alzacji jest dwu-, trzykrotna przewaga mineraléw nieprzeiroczystych nad przeZro-
czystymi. Zawarto$¢ mineraléw przezroczystych w lessach wykazuje duig zmienno$é
w réznych profilach, charakterystyczng dla poszczegélnych pozioméw lessowych.
Lessy Alzacji charakteryzuja zespoly: w lessie miodszym: amfibole—epidoty-cyr-
kon—turmalin—granat, ze zmiennym udziatem chlorytu i biotytu; a w lessie star-
szym: epidot—cyrkon—granat oraz turmalin—rutyl—amfibole wystepujgce w zmien-
nej kolejnosci.

Niezwietrzaly less mtodszy zawiera mniej mineraléw nieprzeroczystych oraz od-
pornych z grupy przeiroczystych, za§ w lessie starszym zwietrzalym przewazaja te
mineraly. Wzrost mineraiéw nieprzezroczystych oraz najbardziej odpornych wsrod
przetroczystych jest jednym z przejawéw zwietrzenia lessow. Pod wplywem wie-
trzenia zachodzg zmiany proporcji grup mineraléw przeiroczystych zwigzane z ich
ré6zng odpornoscig na niszczenie mechaniczne i chemiczne. Zawarto$é mineraléw od-
pornych nie zmienia sie, wykazuje tylko wzgledny wzrost.

Celem uwypuklenia zmian skladu mineraléw odpornych i nieodpornych pod

cyrkon+turmalin

wplywem wietrzenia zastosowano wskaZnik uwzgledniajacy cha-
hornblenda

rakterystyczne mineraty dla Niziny Srodkowego Renu. Wskaznik ten w lessie mtod-
szym wynosi 2,0—3,0, a w lessie starszym 5,7—13,5. Natomiast w piaskach podlesso-
wych jest on bardzo niski (0,3). Stopien zwietrzenia lessu okreslono takze przez ba-
danie stopnia zawartosci zwietrzalych amfiboli, epidotéw i chlorytéw. Lessy Niziny
Srodkowego Renu wykazuja zmienne zwietrzenie mineraléw zaréwno w profilach
pionowych, jak i w rozmieszczeniu przestrzennym. Lessy polozone w osiowej cze$ci
doliny zawierajq duzo mineraléw silnie zwietrzalych, a polozone na wzgérzach pie-
montowych majq ich niewiele. Przestrzenne zr6znicowanie stopnia zwietrzenia mine-
raléw wskazuje na duzg dostawe materialu niezwietrzalego pochodzacego z gér ota-
czajacych réw Renu.

Stwierdzono duze zr6znicowanie jakoSciowe i iloSciowe zespoléw mineraléw ciez-
kich w lessach réznych obszar6w Francji, zwigzane z budowg geologiczng obszaru.
Potwierdza to poglad o zwigzku skiadu mineralnego lessu ze skatlami podloza oraz
o lokalnym charakterze zespolu mineraléw ciezkich. Zmiany skiadu jako$ciowego
i iloSciowego mineraléw ciezkich wskazujg na rézne obszary alimentacyjne, jak roéw-
niez spowodowane sg procesami wietrzenia.

PE3IOME

B pa6oTe mpeacTaBieHA XaPAKTEPUCTHMRKA TAXKEJIbIX MMHEPAJOB B JECCAX HUIMHLI
cpenHero PefiHa, KOTOpPhbIe MCCJEAOBAJMCL B JIECCOBBIX NPOPUAAX DPaCNONOMEHHBLIX
B pa3sHbix Mopdosoruyeckux ob6craHOBEKax, HA CPeXHEeR ¥ BLICOKOK Teppacax, Ha BO-
Fe3CKKX BepIUKHAX, BO3BLIULIEHHOCTH Jab3aca u CyHaray. OTaeabHble J€CCOBhIe Npo-
duayu oxapaxTepu3lOoBaHbI MO COJEPFKAHMIO MHHEDAJIOB, KOJMYECTBEHHOIO cocTaBa
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U CTeNeHM BbLIBETPMBAHMA HEROTOPBIX NPO3PAYHbIX MHHEpAJoB. MuHepajoruyeckue
MCCIeA0OBAHMA MO3BOJUIAM ONpPefesUTbh NMPOMCXOIKJAEHME NbLIM K [OMOraM B CTPATH-
rpaguuecKoM Mmoapa3fesleHHun JIeCCOoB.

BecoBoe cojepiaHue TAMKEIbIX MUHepaJoOB B Jeccax, BO ¢pakipos 0,1—0,05 mm
BbICOKOE M B cpenHeM cocraBiager 0,8—1,5%. Bosee Moaoabmt Jiecc Goraye TAZKEJIbIMK
muHepasamy (1,5%). XapakTepHO¥yt 4epToi JieccOB JJb3aca ABJAAETCA ABY M Tpex-
KpaTHOe mnpeobiajaHue MMHEPAJIOB HENpPOo3pauHbIX HaA npo3pauHbiMu. CoaepmaHnue
npo3payHbiX MMHEPAJIOB yKa3biBaeT Ha 60JbLIYI0 M3MEHYMBOCTL B OTAENbHBIX NPOu-
JAX, XapaKTepHYIO AJA OTAEJbHBIX JECCOBbIX rOpM3oHTOB. Jlecchl Oab3aca Xapak-
TepHL! cocTaBaMu: Jecchbl Dosee Mojoable — aM@ubONbl — SOMAOTbI — UMUPKOHMA —
TypMaJIMH — TIPAHAT, C M3MEHAIOIMMCA COfepXKAaHMEM XJopuTa B OHOTHMTA; JecChl
Gonlee apeBHME — 3NUAOT — UMPKOHMIA — rpaHaT, a TaKpKe TypPMaJIUH — DPYTWIb —
aM@u60abl NPUCYTCTBYIOLME B UIMEHAIOUMACA NOCJIE€JOBATENbHOCTH.

HeBbiBeTpuBlIMIICA OGoJiee MOJIOfON JieCC COAEPIKMT MeHee MMHEepaJiOB Henpo-
3payHbIX, & TaKJKe yCTOM4YMBbIX M3 IPYNIbl NPO3pPayHbIX, B MECTO TOro B Jjecce boaee
APEBHMM BbIBETPMBIUMMCA MNpeobjiafaloT MMEHHO yKa3aHHble MuHepanabl. PocT yua-
CThbA MMHEPAJIOB HeNnpo3paiHbIX M HauboJjee yCTOVYMBELIX M3 NPO3PayHbIX ABJAAETCA
noKa3aTeJleM CTelleHM BLIBETPUBaHUA JeccoB. IO BAMAHMEM BbIBETPMBAHMA OPOMUC-
XOAAT M3MEHEHUA ITPOINOPLUMM IrPynn MMHEPaJIOB NMPO3pa4yHblX CBA3aHHbIE C MX PA3HOA
YCTOMYMBOCTLIO HA MEeXaHM4YECKME M XuMuyeckyue paspyiueHua. ConepmaHue yCTOR-
YUBLIX MMUHEPAJIOB He M3MEHAeTCHA, HO JMiUb BeAeT K OTHOCUTEJbHOMY DOCTY.

Ana Toro 4ToObl NOAYEPKHYTh M3MEHEHMA COCTaBa MMHEPAJIOB YCTORYMBLIX M He-

UMPKOHMA + TyPMaIUH

YCTORYMBLIX BblBETPUMBAHMIO, NPUHATO MNOKA3ATeNb Y4MTbIBA-
poroBas obMaHKa

IOIMA XapaKTepPHble MMHEpaJibl JJA HM3MHBI cpefHero PedHa. 3TOT moka3saTesb ANA
Gonee MoJsonoro Jjecca cocrasader 2,0—3,0, a aaa Gonee apeBHero 5,7—13,5. Ana
IeCKOB MNOACTMJANIOILMX JIeCChl OH cocraBaseTr juub 0,3. Kpome TOro creneHb BbiBe-
TPMBAHMUA Jiecca ONpefesAlach MCCAefOBaHMEM CTelleHM COAepPHAHMA BbIBETPUBLUKX-
cA amM@pubosoB, INUAOTA M XJopuTa. Jlecchl HU3MHBI cpeAHero PeftHa NoKa3blBalOT M3-
MEHEHMA B CTENEeHM BbIBETPMBAHMA MMHHEPaAJIOB KaK B BEePTHMKAJbHOM TaK M B rOpH-
30HTAJbHOM HanpaBJjlIeHMAX. Jlecchl NPOCTMPAIOIMECA B OCEBOR 4YaCTHM JOJMHbI
cofepaT MHOTO MMHEDPAJOB CHUJLHO BbIBETPEBLUMXCH, B TO BpPEMA KaK JiecChbl pacmo-
JIOXKEHHble Ha NEeMOHACKMX BO3BBILIEHMAX COJAEPEKAT MX HeMHOro. IIpocTpaHCTBEHHadA
AnddepeHumanma cTeneHu BbIBEeTPMBAHMA MMHEPAJIOB yKa3biBaeT Ha 6GoJabluoit Opu-
BHOC HEBBbIBETPEBIErocA MaTepuaJla M3 rop oKanMasdluux poB PerHa.

KoHcratupoBano 6oabiuyo au@depeHUMpPOBKY Ka4eCTBEHHYIO M KOJMYeCTBeH-
HYIO TAXKeJbIX MMHEpPaJIOB B JieccaX pa3HblX PAHOHOB PpaHLMM, CBA3AHHYIO C reo-
JOru4yecKMM CTPOEHMEM JAHHOIO payioHa. OTO NOATBEPMJAeT B3rJjAj O CBA3M MuUHe-
PajlbHOro cOCTaBa Jiecca C OOPOJaMy OCHOBAaHMA M O JIOKAaJIbHOM XapaKTepe COCTaBa
TAXKEJAbIX MMHepaJoB. M3MEHEeHMA Ka4yeCTBEHHOTO0 M KOJMYEeCTBEHHONO 00CTaBa TA-=
JKeJbIX MMHEPaAJOB YKAa3bIBAlOT Ha pa3Hble aJMMEHTAalMOHHble IJIOAaAM M HA TO,
YTO OHM IMOJBEPrajiMCh B Pa3HOR CTeNneHu NMpollecCaM BbIBETPMBAHMA.

OBBbAACHEHUA PUCYHKOB U TABJMIL]

Puc. 1. Pacnosomxenue jneccop B0 dpaHummu (mo I. Aaumen 1967, B poBe Pefina
C JONOJIHATEeJbHbIM MATEPHAJIOM aBTOpa); 1 — mJoMAAM C JeCCOBbIM MNOKPOBOM,
2 — MaKcuMaJbHaA rpaHuua ojepeHenusa (Pucc), A — pos Penitna (npopuan 1—12),
N — Hopmauaua (npodpuab 13), P — IIpoBanc (npodpuau 14—15), B — Ilapumckui
Bacceitn (CepepodpaHuy3cKas 1M3MEHHOCTD), Npocuab 16.
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Puc. 2. Pacnojoxenue neccoB B poBe Penna.

Puc. 3. JIuronoruuecko-crparurpacdudeckue npoduau JeccOB HUIMEHHOCTH Cpefa-
Hero Peitna (1—12), Hopmanauu (13), [Tapumckoro 6accerntHa (16), ITIposanca (14).

Puc. 4. CogmepxaHue TAXKEJbIX MMHEPAJNIOB B npoduie AxeHxanm 2.

Puec. 5. Iloka3lareny BbIBETPUMBAHUA THANKEJIbIX MMHEpPAJOB B Jieccax npoduas
Axenxatim 2.

Puc. 6. Comepxailiite TAMXKeNbIX MMHEpPaJOB B mnpoduie Parteinys — Jiobanu-
CKafA BO3BbUIIEHHOCTb (Mo fI. BypaunHckomy u apyrux 1978).

Puc. 7. CocraBieHue conepmaHMA MMHEPAJOB DPa3HON yCTONHMMBOCTHY NPOTUB BbI-
BETPUMBAHHUIO B Jleccax pa3HbIX paioHOB; A — Jeccelr PdpaHuuu: 1 — Axenxans,
2 — Daw3ac, 3 — Hopmauaua, 4 — Ilposanc; B — neccw! IMoabuun 1 Asauu: 1 — Pa-
ThIuyB, 2 — Henenes, 3 — Kasumex, 4 — IMuembicab, 5 — TamkeuT (rpadpuxk B no
naHHbiM fI. BypaumHcru u ap. 1978, P.. PaumnoBckm 1976, I A. MaBaaxoBa 1958).

Taban. 1. TaAXenble MuHEpaXbl B Jeccax npodunest AxeHxanm.

Taba. 2. Taxkenble MUHepanbl B Jleccax Aab3ac, Hopmauauu u ITpoBanca.

Ta6a. 3. Iloka3zaTenu BbIBETPMBAHMA THXKEJNbIX MMHEPAJIOB B Jjeccax DJJb3ac,
Hopmauaum mu IIpoBaHca.



