Geological Quarterly, 2006, 50 (2): 239-246

Petrographic characteristics of fluvioglacial deposits
of the Odra lobe, Poland: a statistical analysis
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Gorska M. and Zabielski R. (2006) — Petrographic characteristics of fluvioglacial deposits of the Odra lobe, Poland: a statistical analy-
sis. Geol. Quart., 50 (2): 239-246. Warszawa.

The fluvioglacial deposits of the Odra lobe, laid down during the Pomeranian phase of the last glaciation in northeastern Germany and
northwestern Poland, have been analysed petrographically and interpreted in a regional perspective. The deposits have been classified in
terms of the percentage of 10 selected petrographical groups and 5 petrographical coefficients. Statistical analysis of their values has
shown significant petrographic differences that relate to the morphological characteristics of the study area. The greatest petrographic
diversity was observed between Mecklenburg—Western Pomerania and the Odra lobe as well as between the Odra lobe and middle
Pomerania. The differentiating features are: crystalline rocks, grey Palacozoic limestones and flints and all of the petrographical coeffi-
cients. The differences within the Odra lobe itself are small by comparison with those in the neighbouring regions. They are the most evi-
dent between Uckermark and the Mysliborskie Lakeland. The differentiating features are: flints and quartz as well as a maximum of four
out of five petrographical coefficients.
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SHORT HISTORICAL OUTLINE the Odra lobe area have been limited to analyses of material from
a few boreholes, or, rarely from exposures. The data produced
allowed only limited regional correlations to be undertaken.
The region of the Odra lobe has attracted scientific interest Studies of the petrographic composition of the glacial tills
for more than 100 years (Keilhack, 1897, 1899, 1904; and the fluvioglacial deposits of the Odra lobe date back to the
Hesemann, 1932). This part of a more extensive group of 1930°s (Minnich, 1932; Hesemgnn, 1932_» 1960} Mojski,
glaciomarginal features of the Pomeranian phase of the last gla-  1968), and were used to characterize deposits relating to the
ciation is located in north-east Germany (NE Branden- Pomeranian phase of the last glaciation. These early interpreta-
burg-Uckermark) and northwestern Poland (Fig. 1). Questions  tions now need to be reassessed. Coarse material has been ex-
tackled by previous research have included attempts at explain- ~ amined without taking into consideration its derivation from
ing the characteristic curved (arch-like) course of this piece of d1ffer.ent geomorpholpglcal units such as eg.: the glacio-
the glaciomarginal zone. The probable reasons for such a shape ~ Marginal zone or the hinterland. Neither have these petrograph-
were mainly explained by in terms of the geological structure  ical features of the glacial tills and the fluvioglacial deposits oc-
and morphology of the bedrock, which was covered later by the ~ curring in the Odra lobe been compared with the corresponding
Pomeranian ice sheet (e.g. Hannemann, 1970; Kopczynska- deposits occurring to the west and to the east of the lobe. The
Zandarska, 1970; Karczewski, 1989, 1996; Piotrowski, 1991a, analygis of the petrographical composition of the fluvioglacial
b, 1999; Kurzawa, 1999, 2000, 2001). More recently, the influ- ~ deposits which may account for the supplement to the re-
ence of surge processes on the genesis of the Odra lobe has be-  searches commonly conducted as far as the glacial tills are con-
came a possibility, as such a mechanism has been proposed for ~ cerned has been passed over entirely in the researches area liter-
adjacent regions, i.e. for the Parsgta lobe, located to the east ~ ature (Gérskg, _20036? RquOWSki» 1999, 2006).
(Jania and Bukowska-Jania, 1997). Previous petrographic stud- ) The remaining papers n the ﬁe.Id of petrogr: aphy of the gla-
ies of the gravels of the glacial tills and fluvioglacial deposits of ~ cial tills and the fluvioglacial deposits of the discussed area con-
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Fig. 1. Location of the ice-front Odra lobe (grey dashed line) of the
Pomeranian phase, and ice limits of relevant phases of the Scandina-
vian icesheetin NW Poland and NE Germany (Smed, 2002, changed)

sist of the analytical studies and were associated with the produc-
tion of the Polish and German geological maps. These studies
(eg. Cepek, 1962, 1969, 1973, 1975; Schulz, 1964, 1968;
Riihberg, 1987, 1999; Piotrowski 1990a, b, 1991a, b, 1996,
1999; Mastowska and Michatowska, 1994, 1995; Mastowska,
1999) were documentary kind rather than synthetic

More recently, research into the Odra lobe in Poland and in
Germany has been undertaken (Gorska, 2002a—f, 2003a, b,
2004, 2006; Gorska et al., 2001, 2002; Gorska and Stach, 2006,
in prep.). They were aimed at characterizing the petrographic
composition of tills and of fluvioglacial deposits derived from
the main part of the Pomeranian ice sheet, and from its foreland
and the hinterland. It is hoped that such research might identify
petrographic features that could distinguish the sediments of
the Odra lobe from the contemporary sediments of the adjacent
regions, deposited during the Pomeranian phase advance.

METHODS

Analysis of the petrographic composition of the gravel
fraction primarily figure material derived from glacial till.
However, such analyses have also been carried out on fluvio-
glacial, periglacial and fluvial deposits (Schulz, 1961; Wisnie-
wski, 1971; Littig, 1991, 1999; Meyer, 2000; Rutkowski,
1999, 2003, 2006). Because these are common in the area stud-
ied we decided to conduct research into fluvioglacial material,
in which adequate sampling is easier.

The lack of any regional synthesis, of the results of petro-
graphical analyses of gravels (4-10 mm) and coarse gravels
(20-60 mm) of fluvioglacial deposits of the Odra lobe has
stimulated research into this area in both Poland and Germany.
In this paper, we stress the significance of statistical analysis of
selected petrographic features of the 4-10 mm fraction. The
petrographical composition varies, which is a consequence of

geology of alimentation and transition zones and probably dif-
ferent style of glacial transport. Statistical analysis shows,
which petrographic groups or coefficients characterize particu-
lar regions; which differences are significant; and whether the
compositional differences reflect the development of morpho-
logical elements of the lobe.

The results of our statistical analysis, when combined with
those of published studies, will allow a full synthesis of the gen-
esis of the Odra lobe to be given.

158 samples have been taken in 75 study sites, located more
or less evenly along the glaciomarginal zone of the
Pommeranian phase (Fig. 2, Appendix A). Samples were col-
lected in three regions:

A — Meklemburg-Front Pomerania (29 samples from 22
sites: 1-22);

B — Odra lobe;

B1 — western part, Uckermark, Germany (9 samples from
5 sites: 23-27);

B2 — middle part, Mysliborskie Lakeland, Poland (23
samples from 11 sites: 28-38);

B3 — eastern part, Choszczenskie Lakeland, Poland (48
samples from 20 sites: 39-58);

C — middle Pomerania (49 samples from 17 sites: 59-75).

These areas were chosen due to changes in the position of
the glaciomarginal zone and the distribution of geographical re-
gions (Kondracki, 1968, 2000; Liedtke and Marcinek, 1994).

In the petrographic analysis of the gravels (4-10 mm) of the
fluvioglacial deposits the research methods used follow those
of earlier studies (Godrska, 2000, 2006). Material from the flu-
vioglacial deposits sampled were divided into 10 petrographic
groups: Kr — crystalline rocks, Wpl — grey Silurian and Or-
dovician limestones, Wp2 — red Ordovician limestones, Wk
— Cretaceous limestones, D — dolomites, Pp — Palaeozoic
sandstones, L.p — Palaeozoic slates, Krz — flints, Q — quartz,
Qml — milky quartz. On their basis 5 petrographic coefficients
were calculated: O/Kr, Kr/W, A/B, Krz/Kr, Q/Kr, where:

O — sum of Pp, Lp, Wk, Wpl, Wp2, D;

W — sum of Wpl, Wp2, D;

A — sum of Pp, Lp, Wk, Wpl, Wp2, D;

B — sum of Kr, Krz, Q, Qml.

These petrographic groups and coefficients may, statisti-
cally, be treated as variables. Standard statistical parameters of
variables are given in Appendices B-F.

The research proceeded in two stages. Stage I separated the
petrographic features of the fluvioglacial deposits of the Odra
lobe from those of neighbouring areas. Stage II aimed to iden-
tify petrographic features within the Odra lobe that reflect the
foreland, the marginal zone and the hinterland.

Stage Il will be published separately, and the stage I results
are published here.

A statistical test was used to estimate differences, or lack of
them, between the petrographic variables. It is important to
choose an appropriate test. The z-Student’s test is commonly
used to evaluate the differences in means between two groups.
Theoretically, the #-test can be used even if the sample sizes are
very small as long as the variables are normally distributed
within each group and the variation of scores in the two groups
is not reliably different. If these conditions are not met, then the
differences in means between two groups can be evaluated us-



Petrographic characteristics of fluvioglacial deposits of the Odra lobe, Poland: a statistical analysis 241

13° 18

53 = . -
~= Pomeranian stage - main phase
~—— other phases
o7 study site

0 25

50 km

4 083 g

Os2 a60\47cus ']\. ) .
4500 44" _j/ Smighin”

‘mie  4Umg,

Fig. 2. Location of study sites in the Odra lobe and adjacent regions within the extent of the Pomeranian phase
(after Liedtke, 1981; Kliewe and Kozarski 1979; changed)

SfA-Ch — subphase Angermiinde—Chojna, SfP-M — subphase Penkun—Mielgcin, SfR — subphase Rosenthal, SfV — subphase Velgast,
SfG — subphase northern Riigen—Wolin—Gardno, SfB — subphase Bornholm

ing one of the nonparametric alternatives to the z-test, for exam-
ple the Mann-Whitney U-test.

The interpretation of the test is essentially identical to the in-
terpretation of the result of a #-test for independent samples, with
the exception that the U-test is computed on the base on rank
sums. The U-test is the most powerful (or sensitive)
nonparametric alternative to the #-test for independent samples.
The results of the test are presented in Appendices G and H. The
most important feature for interpretation of the test is the p-value;
this represents the probability of error involved in accepting the
hypothesis about the existence of a difference. Commonly in sci-
ence, so called critical value (o) is fixed on 0.05 or 0.1 (in this
paper o = 0.05). When p < a, it means that differences between
variables (e.g. percentage content of crystallines) are significant
and that samples are derived from two statistically varied popu-
lations. Comparable analyses have recently been made by
Zabielski (2000, 2004), of the petrographic composition of grav-
els from tills in the Konin region.

INTERPRETATION

Between the Odra lobe (region B) and the adjacent re-
gions: A (Mecklenburg—western Pomerania) and C (middle

Pomerania) there are the significant differences in the
petrographic composition of the 4-10 mm fraction gravels.
This is seen in the variables (features) Kr, Wp1, Krz, Q as well
as in all the petrographical coefficients (Appendix G). How-
ever, the differences between the regions A and C are marked
for a smaller number of variables — primarily for Wk, Krz,
(Wpl is borderline as far as significance is concerned — Ap-
pendix G) as well as for the coefficients Krz/K and Q/Kr. The
statistical parameters of the selected variables (Kr, Wp1, O/K)
are shown graphically in the form of “box and whisker”
graphs (Fig. 3).

Differences in petrographic content appear also within the
regions of the Odra lobe (between B1 and B2 or B2 and B3;
Appendix H, Fig. 4), but they are less significant than in the ad-
jacent regions. Content of Krz (flints) is at least three times
smaller in the lobe than in the A region and Q also dominates in
the eastern part of the lobe (B3) and in middle Pomerania (C).
Values of petrographic coefficients have significant differences
mainly between subregions B1 and B2 (Appendix H). Only
Q/Kr has similar values. On the other hand it is the only coeffi-
cient differentiating the central from the western part of the
Odra lobe (B2 and B3, Appendix H).

From the statistical comparisons presented above, it is
clear that the petrographic content of the 4-10 mm fraction of
the Odra lobe fluvioglacial deposits, recorded as petrographic



242 Maria Goérska and Ryszard Zabielski

AB BC

AC

Fig. 3. “Box and whisker” graph for the
percentage of crystalline rocks Kr and
grey Lower Palaeozoic limestones Wpl as

well as for the values of the petrographical

coefficient O/Kr of the 4-10 mm fraction
in the regions AB, BC and AC

Error bars — standard deviation, bold bar —
standard error, small quadrangle — average
value

B2 B3

Wp1%
30

20
2.5

Fig. 4. “Box and whisker” graph for the
percentage of the crystalline rocks Kr and

2.0

oK

0.5!

grey Lower Palaeozoic limestones Wp1 as
well as for the values of the petrographi-
cal coefficient O/Kr of the 4-10 mm frac-
tion in subregions B1B2, B2B3, B1B3; for
other explanation see Figure 3

groups and coefficients, shows differentiation between re-
gions A, B and C and within the lobe (B1, B2, B3). This is
seen as significance levels of difference (p corr., see Appendi-
ces G and H). They are different within the region of the Odra
lobe and the adjacent regions.

Regions A, B, C are characterized by a strong differentia-
tion of petrographic features. Subregions Bl, B2, B3 show
weaker differentiation. This is seen in the smaller number of
differing variables and by the lower value of significance of the
differences (p corr., Appendices G and H). Hence on that basis
it is possible to reveal a presumed relationship between the fea-
tures of the petrographic composition of the 4-10 mm gravel
fraction and the geomorphological units in the research area
analysed. This might be connected with the various mecha-
nisms of sediment transport in the ice sheet zone which formed

the Odra lobe. Obviously, on the basis of the features of the
petrographic composition of the deposits of only one facies, it
is difficult to unambiguously show their origins with respect to
the diverse dynamics of the ice sheet in the research area. The
results of more comprehensive research would further illumi-
nate this issue.
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APPENDIX B

Basic statistical parameters of the petrographic
groups and coefficients of fluvioglacia

] ] deposits of region A
Region Study sites
1. Krassow 9. Krakow am See Perc. bound. ) Stand
2. Biischow 10. Zietlitz 17. Rethwisch A/N=29 | Mean 95% | 95% Min. | Max. | “q.~
3. Pernick 11. Bliicherhof 18. Sophienhof 0 ’
A 4. Pinnowhof 12. Langhagen 19. Adamsdorf Kr 40.78 | 39.13 | 42.44 | 33.43 | 53.76 | 4.34
5. Passee 13. Hallalit 20. Warlin
6. Tiitzen 14. Jabel 21. Kreuzbruchhof Wpl 20.63 12800 | 31.26 | 18.36 | 37.87 | 4.30
7. Mankmoos 15. Kargow 22. Koldenhof Wp2 1.96 | 1.64 | 228 | 0.52 | 4.17 | 0.84
8. Qualitz 16. Klein Flotow
Wk 0.13 | 0.03 | 0.23 | 0.00 | 0.90 | 0.26
Bl 23. Buchholz 25. Gétschendorf 27 Stolzenhagen
24. Milmersdor 26. Althiittendorf - wtotzemage D 0.01 | 0.00 | 0.04 1 0.00 | 035 | 0.06
28. Golice 32. Chelm Gérmy 5 . Pp 15.07 | 13.84 | 16.29 | 8.58 | 21.52 | 3.22
. . 36. Trzcinsko Zdroj
29. St. Objezierze 33. Chojna Lp 3.62 | 2.68 | 457 | 0.81 | 994 | 249
B2 . . 37. Nawodna
30. Laziszcze 34. Mate Stoki 38. Strzel
31. Metno 35 Czartoria - Strzelezyn Krz 544 | 439 | 649 | 0.19 | 10.54 | 2.76
B 39 Plomich 46. Pomich wies ' Q 271 | 1.71 | 3.71 | 0.24 | 10.41 | 2.63
. 53. Krapiel
40. Chrapowo 47. Rajsko 54. Trabki Qml 0.16 | 0.08 | 0.25 | 0.00 | 0.81 | 0.23
41. Krzgein 48. Podgorzyn 55' Wiele Pomorski
B3 | 42 Plawno 49. Netkowo - W O/Kr 1.26 | 1.16 | 1.36 | 0.71 | 1.72 | 0.26
43. Rakowo 50. Z6lwino 26. Ifisko
: Wi - £OTWIN 57. Storkowo Inskie 1 Kr/W 1.33 | 1.20 | 1.47 | 0.89 | 2.66 | 0.37
44. Korytowo 51. Strzebielewo .
45. Rzecko 52 Radziszewo 58. Storkowo Ifiskie 2 A/B 1.06 | 0.96 | 1.16 | 0.58 | 1.59 | 0.26
59. Wiewiecko 65. Milkowo Krz/Kr | 0.14 | 0.11 | 0.16 | 0.00 | 0.26 | 0.07
. . , 71. Kotacz
60. Woliczno | 06.LipowaGora | ) () o Q/Kr 0.06 | 0.04 | 0.09 | 0.01 | 023 | 0.06
61. Kalisz Pomorski 67. Prosinko 73.C Wik
c 62. Mirostawiec 68. Chlebowo T R
63. Osick Dr. 69. Dobrostaw 75' Ledvezek Perc. bound. — percentile boundaries, Stand. dev. — standard
64. Bobrowo 70. Ostrowas s deviation; symbols of petrographic groups and coefficients

explained in the text
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APPENDIX C

Basic statistical parameters of the petrographic

groups and coefficients of fluvioglacial

APPENDIX D

Basic statistical parameters of the petrographic groups

and coefticients of fluvioglacial deposits

Basic statistical parameters of the petrographic
groups and coefficients of fluvioglacia

deposits of subregion B3

deposits of subregion B1 of subregion B2

BIN=9 | Mean oo PO ] Ma, | S0 BIN-23 | Mean | e bound Min. | Max, | Stand

—95% | 95% dev. —95% | 95% dev.
Kr 41.52 | 37.51 | 45.53 3513 | 50.44 5.22 Kr 37.07 | 34.22 39.92 | 24.68 | 52.23 6.60
Wpl 31.28 | 2477 | 37.78 1529 | 44.80 8.47 Wpl 36.82 | 34.39 39.26 | 26.50 | 49.80 5.62
Wp2 1.95 1.18 2.72 0.54 3.72 1.00 Wp2 2.27 2.01 2.53 1.29 3.60 0.60
Wk 0.04 0.00 0.13 0.00 0.35 0.12 Wk 0.03 0.00 0.09 0.00 0.58 0.12
D 0.00 - - 0.00 0.00 0.00 D 0.02 0.00 0.05 0.00 0.41 0.08
Pp 1538 | 11.29 | 19.48 6.32 25.21 5.33 Pp 15.17 13.70 16.65 7.84 20.44 3.41
Lp 4.75 2.45 7.06 0.28 10.37 3.00 Lp 4.40 3.04 5.77 0.36 11.07 3.17
Krz 1.64 0.55 2.73 0.35 4.36 1.42 Krz 0.58 0.33 0.84 0.00 2.39 0.59
Q 2.66 1.83 3.49 1.27 4.54 1.08 Q 2.02 1.67 2.36 0.56 3.46 0.80
Qml 0.26 0.04 0.49 0.00 0.88 0.30 Qml 0.34 0.22 0.45 0.00 0.97 0.27
O/Kr 1.32 1.09 1.55 0.86 1.66 0.29 O/Kr 1.66 1.46 1.85 0.83 2.76 0.45
Kr/W 1.38 0.91 1.85 0.80 2.79 0.61 Kr/W 0.98 0.85 1.11 0.61 1.77 0.30
A/B 1.19 0.98 1.40 0.73 1.51 0.27 A/B 1.53 1.36 1.70 0.78 2.44 0.40
Krz/Kr 0.04 0.01 0.07 0.01 0.10 0.03 Krz/Kr 0.02 0.01 0.02 0.00 0.06 0.01
Q/Kr 0.06 0.05 0.08 0.03 0.09 0.02 Q/Kr 0.06 0.05 0.07 0.01 0.11 0.03

APPENDIX E APPENDIX F

Basic statistical parameters of the petrographic
groups and coefficients of fluvioglacial
deposits of region C

Perc. bound. ) Stand. Perc. bound. ) Stand.

B3/N=48 | Mean Min. Max. dev. C/N=49 | Mean Min. Max. dev.
-95% 95% -95% 95%

Kr 36.64 | 34.63 | 38.65 | 16.06 | 5220 | 6.92 Kr 43.65 | 40.58 46.73 31.00 | 79.57 | 10.70
Wpl 37.97 | 3580 | 40.14 | 14.52 | 53.59 | 7.46 Wpl 3142 | 28.62 34.23 933 | 48.00 | 9.78
Wp2 2.00 1.79 2.20 0.59 4.72 0.70 Wp2 1.78 1.50 2.06 0.00 4.00 | 097
Wk 0.10 0.00 0.21 0.00 2.52 0.37 Wk 0.01 0.00 0.03 0.00 025 | 0.05
D 0.03 0.00 0.07 0.00 0.93 0.14 D 0.00 - - 0.00 0.00 | 0.00
Pp 1520 | 1413 | 16.27 8.27 | 2375 | 3.68 Pp 14.61 | 13.37 15.85 7.45 | 27.00 | 4.30
Lp 3.52 2.63 4.41 0.17 | 1128 | 3.05 Lp 3.68 2.37 4.98 0.00 | 25.00 | 4.54
Krz 0.51 0.33 0.70 0.00 3.31 0.64 Krz 0.17 0.06 0.28 0.00 1.94 | 0.39
Q 2.85 2.45 3.24 0.31 6.77 1.36 Q 3.88 3.14 4.62 0.00 10.55 2.58
Qml 0.40 0.28 0.52 0.00 1.84 0.43 Qml 0.37 0.22 0.52 0.00 3.00 0.53
O/Kr 1.73 1.52 1.93 0.88 4.92 0.69 O/Kr 1.29 1.15 1.44 0.25 2.11 0.50
Kr/W 0.99 0.86 1.13 0.30 3.46 0.47 Kr/W 1.66 1.27 2.06 0.66 7.57 1.37
A/B 1.56 1.39 1.74 0.86 3.87 0.59 A/B 118 1.04 1.32 0.25 1.99 | 0.48
Krz/Kr 0.01 0.01 0.02 0.00 0.08 0.02 Krz/Kr 0.00 0.00 0.01 0.00 0.04 | 0.01
Q/Kr 0.08 0.07 0.09 0.01 0.22 0.04 Q/Kr 0.09 0.07 0.10 0.00 021 | 0.05
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APPENDIX G

Results of the U-test for the petrographic groups and coefficients of 4-10 mm fluvioglacial gravel of the Odra lobe (B)
and the adjacent regions (A, C) of the last glaciation Pomeranian phase

U-Test sum of ranks 7 p sum of ranks 7 p sum of ranks 7 P
variable | A/N=29 | B/N=80 | ¢ COT- 1 B/N=80 | C/N=49 | ¢ corr. A/N=29 | C/N=49 | cor. corr.
Kr 1956 4039 2.475 0.013 | 4530 3855 -3.251 0.001 1084 1997 —0.636 | 0.525
Wpl 855 5140 ~5.074 | <0.001 | 5825 2560 3.033 0.002 956 2125 -1.959 | 0.050
Wp2 1464 4531 ~0.898 | 0369 | 5528 2857 1.592 0.111 1210 1871 0.667 | 0.505
Wk 1767 4228 1.682 | 0.093 | 5401 2984 1.703 0.088 1323 1758 2923 | 0.003
Dp 1577 4418 —0.340 | 0.733 | 5298 3087 1.584 0.113 1170 1911 1300 | 0.194
Pp 1561.5 | 44335 | —0.230 | 0.818 | 5480.5 | 29045 | 1.361 0.173 1233 1848 0.905 | 0.366
Lp 1604 4391 0.062 | 0951 | 5499 2886 1.451 0.147 12455 | 18355 1.034 | 0301
Krz 2644 3351 7209 | <0.001 | 6239.5 | 21455 | 5.218 <0.001 1837 1244 7.465 | <0.001
Q 1356 4639 | —1.639 | 0.101 | 4633 3752 2752 0.006 902 2179 2,518 | 0.012
Qml 1176.5 | 48185 | —2.928 | 0.003 | 5372 3013 0.853 0.394 1009.5 | 2071.5 | —1.495 | 0.135
O/Kr 1056 4939 | -3.696 | <0.001 | 5859 2526 3.198 0.001 1113 1968 -0.336 | 0.737
Kt/W 2235 3760 4389 | <0.001 | 4475 3910 3518 | <0.001 12045 | 18765 0.610 | 0.542
A/B 923 5072 | -4.608 | <0.001 | 5846 2539 3.135 0.002 1038 2043 —1.111 | 0.266
Krz/Kr 2638 3357 7.168 | <0.001 | 6130 2255 4.619 <0.001 1835 1246 7.299 | <0.001
Q/Kr 1251.5 | 4743.5 | =2.355 | 0.019 | 4790.5 | 3594.5 | —1.987 0.047 | 874 2207 ~2.807 | 0.005

N — number of observations; Z corr. — value of the corrected test according to tied ranks for the quantity above 20; p corr. — significant level counted for
Z corr.; significant values are bolded

APPENDIX H
Results of the U-test for the petrographic groups and coefficients of 4-10 mm fluvioglacial
gravel of the Odra lobe

U-Test sum of ranks 7 P sum of ranks 7 p sum of ranks 7 .

variable | BI/N=9 | B2/N=23 | °™ corr. || B/N=23 | B3/N=48 | coIT. cort. BI/N=9 | B3/N=48 | corr. corr.
Kr 194 334 1.907 0.057 817 1739 -0.135 0.892 341 1312 1.751 0.080
Wpl 104 424 -1.865 0.062 749 1807 -0.971 0.332 155 1498 -2.320 0.020
Wp2 122 406 -1.111 0.267 974 1582 1.794 0.073 250 1403 -0.241 0.810
Wk 151 377 0.207 0.836 762 1794 -1.242 0.214 242 1411 -0.604 0.546
Dp 144 384 -0.626 0.532 818 1738 -0.307 0.758 247.5 1405.5 -0.763 0.445
Pp 151 377 0.105 0.917 833 1723 0.061 0.951 275 1378 0.306 0.759
tp 162 366 0.566 0.572 947 1609 1.462 0.144 320 1333 1.291 0.197
Krz 200 328 2.162 0.031 906.5 1649.5 0.972 0.331 397 1256 2.994 0.003
Q 178 350 1.236 0.216 645 1911 -2.249 0.025 257 1396 —0.088 0.930
Qml 129 399 -0.826 0.409 821.5 1734.5 —0.081 0.936 226.5 1426.5 -0.763 0.445
O/Kr 98 430 -2.117 0.034 851 1705 0.283 0.777 186 1467 —1.641 0.101
Kr/W 201 327 2.200 0.028 864 1692 0.442 0.658 367 1286 2.320 0.020
A/B 93 435 -2.326 0.020 855 1701 0.332 0.740 187 1466 -1.619 0.105
Krz/Kr 197 331 2.037 0.042 898 1658 0.867 0.386 388 1265 2.796 0.005
Q/Kr 169.5 358.5 0.880 0.379 613.5 1942.5 -2.636 0.008 202 1451 -1.291 0.197




