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Absteact

An attempt was made to interpret the mode of transport and the depositional
environment of sandstones of the Val Gardena Formation in the area between Cer-
kno and Smrefje by analysis of frequency distribution of lengths of long axes of
sections of gquartz grains. The examined sandy fraction should have been trans-
ported by fluvial currents principally in the saltation and partly the suspension
population, and in a smaller degree in the rolling population of grains,

Kratka vsebina

7 analizo porazdelitve dolgih osi presekov kremenovih zrn peséenjakov gri=-
denske formacije na obmoéju med Cerknim in Smrefjem smo skusali podati inter-
relacijo nadina transporta in sedimentacijskega okolja. Analizirana pefCena
rakeija naj bi bila transportirana z reénimi tokovi Erfteinu v obliki poskakujode,
deloma suspenzijske in v manjii meri kotalete populacije zrn.

Introduction

The largest continuous belt of the clastie rocks of the Val Gardena Formation in
Slovenia extends in the area between Cerkno and Smrecje where they take part of
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the Ziri-Idrija nappe unit (Mlakar, 1969). According to the twofold subdivision of
the Permian they are attributed to the lower part of the Upper Permian. The beds
underlying the Val Gardena Formation consist of dark grey clastic rocks of pre-
sumingly Carboniferous age, while their upper part might be of the Lower Permian
age. The contact with them is discordant. The passage into overlying beds of the
Upper Permian carbonate rocks is gradual and concordant.

The most frequent rocks of the Val Gardena Formation are developed in the red
sandstone facies, in which conglomeratic and muddy facies are interbedded. As a
consequence of their proportion the highest attention in the study of the Val Gardena
Formation was attributed to the sandstones.

A sandstone as a clastic sedimentary rock consists of terrigenous grains and of
chemically precipitated minerals. Its properties depend therefore upon the properties
of grains and their fabric. The characteristics of an aggregate of sediment grains (P)
can consequently be defined as a function of their composition (c), size (s), shape (sh},
and their fabric, described by orientation (o) and packing (p) (Griffiths, 1961, 1967).

P={fic s ch, 0, p)

Determination of one of the given parameters is usually interdependent upon the
others. The basic properties of solid cemented rocks that cannot be disintegrated into
primary particular grains without the influence on their primary size and shape, can
be determined only in thin sections. In this case, an additional variable, the direction
of the section across the grain aggregate of the rock must be considered.

In the following, only the size, or distribution of sizes, of terrigenous grains in the
considered rocks shall be dealt with.

The grain sizes in sandstones that can be disintegrated into their primary individ-
ual grains is usually determined by sieving. During disintegration the original fabric
of grains, that is their orientation (o) and packing (p), is destroved. From this aspeet,
the determination of grain size (P,) depends only upon the composition (c), size (s)
and shape (sh) of grains.

P, = f{c, 5, sh)

Owing to the importance of grain size, or of its distribution in sandstones from the
technological, as well as from genetic aspects, various authors (Friedman, 1958,
1062; Adams, 1977; Harrell & Erikson, 1976; Johnson, 1994) attempted to
determine the correction factors for transformation of the lengths of long axes of
grain sections in thin sections into the grain sizes as determined by sieving. One
comes across the problems of the definition of grain size that is dependent upon the
method applied (Allen, 1968) and the determination of the “true” size in thin sec-
tions, which also represents a mathematical problem. Analysis of the mentioned
problems are bevond our frame, Lately they were discussed by Johnson (1994),

For a long time in sedimentary petrology, many attempts were made to use the
grain size of the sediment for determination of their depositional environment.

Grain size distribution in clastic sedimentary rocks is dependent upon the charac-
teristics of source rocks, mode of weathering, distribution of grain size in weathered
material, mode of transport, conditions of sedimentation and finally of postdeposi-
tional processes. An interpretation of the depositional environment by grain size dis-
tributions is based upon the assumption that they are predominantly affected by
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hydrodynamic properties of the currents during transport and sedimentation, which
would be typical for the distinet depositional environment, The latter represents the
most difficult problem, since equal or very similar depositional processes and corre-
sponding hydrodynamic conditions may oecur in various depositional environments,
and thus affect the grain size distributions in a similar manner, Therefore the studies
of grain size distributions are only in part successful in determining the paleodeposi-
tional environments and the depositional processes related with them.

In spite of the stated limitations an attempt was made to use the distribution of
lengths of long axes of sections of terrigenous quartz grains of the sandy fraction for
interpretation of the mode of transport and of the depositional environment of the
Val Gardena sandstones in the Cerkno-Smredje area.

Sampling and methodology

In total 209 point samples have been analyzed in detail from 18 local profiles-seg-
menis (0OZS), which all together comprise a thickness of 1234 m. The local
profiles-segments can be assembled into five regional composite profiles (OZP):
Skufje. Sovodenj, Zirovski vrh, Goli vrh and Lavrovec, as arranged in the direction
from NW to SE. They represent the fairly well studied volume of the Val Gardena
Formation,

The long axes of 200 sections of quartz grains were measured with the micrometer
ocular at 150 x magnification in 206 thin sections. The measured guartz grains were
randomly selected by point counter. The influence of composition on size determina-
tion was reduced by measuring the quartz grains only. They are also the principal
component in the composition of the Val Gardena sandstones and represent on aver-
age 63 % of the population of all terrigenous grains. The lengths of long axes, up to
54 (0.03 mm), were subdivided into classes of 1/4 & wide, and below that into classes
of 1/2 & wied, down to the smallest measured size of about 7 & (0.008 mm). The rela-
tive and cumulative frequencies were calculated on the basis of these data for the use
in further analysis.

Results

The cumulative frequency distribution curves of the lengths of long axes of sec-
tions of quartz grains were drawn in the @ units on the abscissa and the probability
scale on the ordinate. By using the cumulative frequency distribution curves the
graphic statistical parameters: graphic mean size (MZ), inclusive standard deviation
(8I), inclusive graphic skewness (SKI) and graphic kurtosis (KG) (Folk & Ward,
1957) were determinated. From the same curves also the metric sizes at 1% (C) and
median (MD), as well as quartile deviation (QDa) (Buller & Me Manus, 1972) were
also obtained. The average size (M), standard deviation (8), skewness (SKEW), kurto-
sis (KURT), simple measure of skewness (ALFA) and mean cubic deviation (MCD)
(Friedman, 1967) were also caleulated with the moment estimates. Thev were cal-
culated in spite of difficulties related with the partly open classes in the domains of
the smallest and the largest grain sizes, as warned by Folk (1566). The mentioned
parameters for individual analyzed samples are listed in table 1, and the deseriptive
statistics of grain size data are summarized in table 2.
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Table 1. Granulometrie parameters

CASE NAME QZp QZ8 M 5 SKEW KURT ALFA Mz

PLO/8fa00 ZIROV. W. P10 .08 808 405 3.164 CELE 2.03
P1a/8/200 ZIROV. V. PLD .20 - 504 AT 3. 66D E14 2.13
PLOSS/120 ZIRDW. V. PlD 2.41 543 . 320 2.424 0as 2.40
P10/9/300 ZIRONW. V. P1OD 2.4%9 . 785 L1588 2. 8BB4 a77 2.50
P1O/16/500 ZIROV. V. PLO 2.93 .723 588 1.8B6 e 2.93
PLO/16/130 ZIEOV. W, PLD S -781 -B38 3.511 asg A dm
PLO/25/500 ZIROV. W, P10 1,96 ~aTh . 035 2,694 on? 1.95
PLO/25/175 ZIROV. W. P10 273 =739 -BEL L.740 267 2.67
PLO/ 34100 EIROV. W, P10 1.98 6RO =558 ¥.ATL 115 2.00
Pi0/34/300 ZIROV. V. P10 2.50 +SBD 651 3,355 13E 2.50
P10/ IS/BO0 ZIROV. V. PiD 1.84 592 053 2.764 019 1.B5
PiO/a0/100 ZIRCW. V. P10 1.89 585 21348 2.461 027 1.30
Fi0/a0/250 ZIROV. V. P10 233 641 o e 3:.151 -,D52 2.35
P10/53/500 ZIROV. V. P10 1.82 LB56 -.529 3.072 =, 149 1.85
P10/53/7150 SZIROW, ¥. Mo 3.45 803 BT4 3.321 452 3,12
P10O/5T/100 ZIRCV. W. Fla 254 L TBS <BLD 4.663 235 2.35
F10S57 /700 ZIRCW. W. PLO 4.32 . T69 J2B1 1.8%3 -118 3.95
1076120 ZIRCW. W. B1O L7 782 .37 2.808 D46 1.50
P10/76/220 ZIROW. V. PLO 1.08 627 - . 230 2.541 057 85
P1G/78/500 ZIRCW. V. P1D B0 593 -.M4B 2.5891 =.010 L
Pi0/78/130 ZIROW. V. PLO 1.07 614 -.108 1.087 = . 025 1.13
Plo/fe1/220 ZIROV. V. PLO 1.04 606 155 2.74% .034 1.05
Pl0/81/320 ZIRQV, V. P10 1.60 730 180 2.570 074 1.690
H53/1 ZIROV. V. H53-54 SBL 598 206 2.581 044 - B3
HE3/6 ZIROV. V. H53-54 2.35 LB60 o 2.550 034 2.37
H54/246 ZIRDN, W, H53 =54 1.26 613 26 L 3.103 ae0 1.27
H54/2 ZIROM, W, H53-54 1.20 -B08 -, 131 2.665 029 1.232
H54/10 ZIRON, W, H53-54 .15 646 -, 188 2.711 - 051 L]
H54/11 ZIRON. W, H53-54 o F -645 - 513 2.915 050 BE
H54/21 ZIROW. VW, H51-54 I.51 .E34 277 2.804 o7l 1.90
HE4 /23 ZIRON. W, HE3-54 L.07 -BLY D73 2.782 017 1.08
H54/31 ZIROV, W, HE3-54 2B .B13 - 224 3,354 - 052 1.02
H54/33 ZIROW. W, HS3-54 1751 -TD5 -190 2.58% 066 152
HE4 /15 ZIROV. V. H53-54 1.20 -699 -317 2.5916 <108 2.18
HE54,/223 ZIROW. V. HEX-54 1.38 . TB8 -401 2.907 +196 1.38
HE4 /a8 ZIRDV. V. HEX-54 1.17% - 189 =157 2.503 077 117
HE4 5D ZIRDN. V. H531-54 1.88 596 - 169 2.505 -. 036 1.90
H54/202 ZIRDW. V. HE3-54 1.82 o i =300 3.010 + 141 1,63
H54 /160 ZIRDV., W, H53-54 2.43 . TES .353 2.513 .158 2.432
H54/66 ZIRDW. V. HS3-54 .78 - T26 110 2.547 D42 1.80
H54/71 ZIROW, V. H53-54 1,52 665 QL3 2.656 004 1.50
H54/72 EIROV. WV, H53-54 1.88 JB54 -408 3.019 s1L3 1.%0
H52/401 ZIROV, W, H52 86 JB27 105 3,395 026 97
H52/402 ZIROV. V. H52 1.11 611 . 125 3.188 023 110
H52/404 ZIRDV, W, H52 1.50 LB08 -276 2.678 LD&2 1.48
H52/407 ZIROV, WV, H52 2.05 . 758 - 317 2.805 L164 2.05
H52/465 ZIROW., W, H52 1.71 + AT 245 3.258 -094 3. TR
H52/427 ZIRDV, W, H52 1.75 ~T63 ABE 3.1326 2221 1,75
52/ 428 ZIRDV, WV, HS2 2,68 .7B2 -702 i.782 - 336 2.63
H52/431 ZIROW., W. H52 1.78 -T04 .B45 3.B62 -295 1-7
H52,/491 ZIROW, W, H52 L. 67 301 +153 2.441 =113 1.68
H52/495 ZIROV, V. H52 173 1672 176 2.936 -053 1.5
K1/7.2 ZIROW. ¥, KL .33 -&607 .35 2.792 .008 233
K1/7.2f1 ZIRCV. W, KL 2.51 .580 .36 3.108 -0&A 2.50
K1/13.1 ZIROW. W, KL 1.37 -630 552 2,541 138 1.37
El/20.3 ZIROV, W, EL i.84 - 700 L0771 2. 648 -024 1.85
Kl/28.0 ZIRCY. VW, EL 2.50 G548 L2248 3.207 -0l 2.50
Kl/32.7 ZIROW. W. KL 1.47 +TT2 .B54 3.57% -3913 1.40
KE1437.7 ZIROW. W, EL 2.28 654 L2000 4.267 -D56 2.30
Kl/46.3 ZIROY. W. KL 1.51 =782 1.082 4. B34 -5413 1.53
El/51.0 ZIROV. V. KL 1.96 -BED GRS 4.287 =198 1:93
Kl/51.0/1 ZIRCW. V. KL 2.02 T 1.013 5.171 -465 198
K1/54.7 ZIROW. W. EL 2.55 -TBE 645 3.790 =313 2.55
Kl/71.0 ZIRCV. V. KL 1.37 820 + 325 3.B59 -510 1.25
Kl1/76.8 ZIROV. V. EL 2.28 =) + 368 3.523 115 2.47
K1/79.3 ZIROV. V. EL 2.60 742 +336 3.384 137 2,62
Kl1/B1.9 ZIROV. V. EL: 1.83 719 J4B3 3.25% - 195 1.82
K1/84.9 ZIROV. V. KL 1.87 611 L5085 3.05% .118 1,87
Kl/E8.9 ZIROV. W. EL 2.75 632 425 3.508 107 2.70
Ralf0o.7 ZIROW. V. RA1 2.31 « THS .218 1.444 - 105 2,53
Ralf2.4 ZIROV. W. RAL 1.18 537 L7685 4.077 118 1:25
Ral/f4.75 ZIROV. V. RAL .58 624 +B56 2.783 207 .85
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Tabela 1. Granulometri¢ni parametri

81 ERI KG c D Qba MCD Re Sa Su  $S5u BLAY
LT84 -.098 1.165 707 233 o 216 o 2 1 2,70 77
JB72 133 1.151 107 250 082 LR 0 i 1 2.60 7
BT .14 1,086 . 500 196 L O5E _OBS 0 i 3 2.40 54
T4 0.000 1.066 . 500 e D63 077 0 i o 100
643 -124 L9585 L3154 .134 S04l . 223 o 1 il 100
714 . 283 1.093 .297 131 .D3E .199 o 1 1 3.20 S8
JEE3 o, 600 1.038 LGED 258 .DET .an7 o 1 a 100
708 .110 1,038 392 .158 D52 L2687 0 2 1 3.30 a4
JB11 - 012 1,080 707 250 .o70 175 o 1 1 3.00 35
LB75 .170 1,038 .379 .183 LO47 ~135 0 b 1 3.29 90
.G88 0.000 .a73 LT07 L2717 .078 019 0 1 0 100
5B .04l 948 107 268 078 .027 a 2 Q 100
.44% - D& 589 -ER1 2196 L0858 - 052 a -2 1 .90 B4
JE4E - 151 1,097 1.000 .2ER .078 -.149 o -2 o 100
JEB3 L1858 .949 L350 in .03a 453 a 2 & 100
704 - 253 1,138 107 .210 LDB7 .295 1 1 1 1,00 &7
L7086 .203 1,014 A7 . D& 022 .118 g 1 1 4,00 62
.728 .020 1,028 1.320 . 354 125 046 0 i 1 2,30 a7
JGSE 0.000 1.002 1. 866 555 V176 =057 1 a ] 100
.603 -052 1,025 1.414 . 5565 <150 -.010 o 1 o 100
618 .OES 1,013 1.320 AET 142 -.035 0 2 o 100
641 .108 o954 1,189 500 147 034 o 2 ] 100
723 022 543 .S0% 330 117 074 0 F] i] 100
616 _DES 954 1.320 LET4 169 .044 o 2 ] 100
JETL _D41 1,000 L5000 .19 .0E2 .034 o 2 o 100
591 047 1.025 1.000 AZ0 118 06D 0 1 1 2.00 50
623 032 588 1.18%9 435 128 - 029 o y o 100
651 -.012 973 1.741 574 182 -.0%51 o =2 i] 100
5§38 .118 1.101 1.516 574 161 030 il 2 ] 100
893 . 045 1.013 ~ 758 268 oAl 0T o -2 1 2.40 BO
611 L0123 1.050 1 Rl e L1 483 136 o017 o 3 o 100
583 0%0 1.066 1.682 500 129 -, 083 1 2 a 100
598 115 952 -933 166 116 067 o 2 ] 100
691 ,181 L5711 5395 .38 074 108 o 2 i 3.40 96
786 L0986 950 1.516 332 153 L1596 1 2 i 1.80 kL]
£56 034 569 1330 451 176 L0797 o 2 1] 100
595 = 013 599 - TS50 258 o075 -, 036 o 2 o 100
Tad .09% 1,107 1.189 330 117 141 0 =2 i 2.00 73
B0 221 1.109 500 196 067 158 o 2 1 2.70 73
723 0,000 a43 788 187 102 042 a 2 1 3.00 9E
883 0. 000 1.002 .833 354 2113 204 i 2 a 100
573 165 CIrS S707 277 .08l 114 a 2 (1] 100
591 047 1.025 1.569 (518 145 026 1 2 o 100
611 012 1.050 1.231 ABT .131 025 a x E Z.00 93
578 117 1.025 .41 366 %9 062 a 2 1] 100
T66 108 1.014 -732 250 g7 164 o 2 "] 100
T14 021 1.035 933 aos 10l ~ 094 Q 1 b 2.65 L]
T41 112 1.075 .501 08 101 221 a 2 o 100
131 108 917 L420 185 asd L3136 ] 2 1 4.00 13
689 163 1.230 707 08 [T L2958 0 2 i 2.50 B
227 ~004 -951 1:110 308 w182 112 0 2 o 100
651 050 1.025 801 23T 054 053 Q 1 i 3,00 27
E16 =, G20 964 ~ 500 196 060 ~D0OB Q 1 o 1p0
£548 0,000 1.038 451 11T L0486 (13 0 1 ¢] 100
€38 L078 1.175 1.000 392 2105 138 a 2 ] 100
T08 =, 011 963 856 277 .08 o24 o -2 o 100
623 086 1.080 500 171 . 050 ol0 o -2 v] 100
179 152 1.282 1.110 392 L124 393 a -2 ] 100
<593 0.000 1.148 (637 .203 054 056 G -2 1 2.80 32
122 L0713 i.302 .9EE .42 L1D4 542 a i 1 Z .00 a8
611 103 1.120 .GA3 268 L0689 L1398 0 i i 3.20 98
E94 168 1.0 LGA3 268 .0B2 464 0 2 1 3.00 95
706 -, 011 1.014 585 171 . 058 313 a 1 1 3.50 95
-887 L0431 1.042 1.682 420 180 510 Q 1 1 2.00 B8
-85 -, 116 .956 .5o0 L1586 067 . L0 a 1 1 2.90 B2
.70 L1328 1.070 .555 AL . 052 137 i i ] 100
.708 L1486 .9E3 S812 L3287 .09 L1958 a 2 a 100
L EE68 L3021 .807 L6337 AST 081 118 a 2 ] 100
563 0,000 1.112 .392 154 .038 107 1 1 ] 100
iy | - 757 1.087 555 .165 .osa L108 0 -2 a 3,40 M
478 -.160 1.391 1.072 406 042 .118 0 2 1] 100
i T -.009 .97 2,071 .555 L2324 208 0 2 1] 100
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CASE MAME QFF CES M 5 SKEW KURT ALFR MZ
Ralf&.0 EIROW. W, RAL 1.64 -602 B8 3,416 =138 L.65
Ral/7.25 EIROV, W, Rl 1.75 s 1.039 E;315 -403 1.73
Ral/B.0 EIRDV. V. RAL .15 a48 1.255 4.184 <113 « 55
B74/485.2 GOLI V. BT4 1.88 B4 D 471 3.718 123 1.85
B74/452.15 GOLI v. B74 2.29 J920 545 3.037 JA23 2.21
B74/445.05 GOLI V., a74 1.33 542 +TAE 4.574 A1e 1.30
BT4/424.8 GOLI V. B74 i | +B13 +011 2. 781 ,anl 1.75
BT4 /406 .8 GOLL ¥, B74 .53 +587 +TTB 4.369 + 67 2.52
B74./399.0 GOLI V. B74 1.51 .510 +193 2.770 a4 L. 80
B74/370 .4 GOLI V. B4 1,69 -B51 = . 054 1.104 =015 1.70
B74/328.9 GOLI V. B4 2.45 652 =145 1.145 .40 2.45
B74,319.7 GOLI V. B4 Z2.98 -635 -B58 1.B52 -16B .55
B74/311.3 GOLI V. B4 2212 -539 - 368 1,613 -096 2.10
B74/307.7 GOLI V. B4 1.86 ~a37 =130 2470 =020 L.BB
B74/279.2 GOLI V. B4 2.37 5348 «B38 3.241 L1648 2.87
BY4,/25%.3 GOLI V. B4 4.3% 567 349 3.127 D63 Z.38
B4 /228.5 GOLI V. B4 353 -GB6 =TT 3.388 - 252 3.52
B74/168.0 GOLI V. B4 1.87 =515 =LET 3.305 016 Z.87
BT4/146. 4 GOLI V. B74 2.64 -B2% 916 3.873 Hrr 2.58
B74/121 .4 GOLI V. BT4 2.71 BED L824 4.363 237 2.68
BT4/102.5 GOLI V. BT4 1.78 113 158 3.131 -05% 1.78
B74/83.0 GOLI V. B74 2.42 .639 423 3.313 L1108 Z.40
BT4/53.1 GOLI V. B74 2.54 V179 72X 4.109 341 2.67
B74/31.8 GOLI V. B74 .41 -1 508 3.094 1381 2.42
B74,/22.2 GOLI V, B74 2.46 . T0L (645 1.246 222 2.43
Guwf7.3 LAVROVEC GV 3.35 (147 . TBE 3.740 329 3.15
Gu/flo.n LAVROVEC GV 2.50 BET 197 2.945 058 2.50
Gw/25.3 LAVROVED oV .78 615 L1986 31.236 L0ED 2.70
Gw/f33.3 LAVROVEC Gv 2.18 563 333 3.578 058 2.15
Gw/is.o LAVROVEC GV 2.65 LSal L340 3.240 - 054 2,65
RaZ2/f1.3 GOLI v, RAZ 2,22 549 .612 3957 -101 2.20
Rad 3.3 GOLI ¥V RA2 .27 -565 -526 3,603 - D35 2.27
Ra2/3i.6 GOLI v Rh2 2.07 586 072 1360 -D15 2.07
RaZz/5.2 GOLT v RA2 1.30 578 -402 2. 665 -07a 1.327
Raz/&.0 GOLI ¥V RA2 2.35 -583 -3689 1,396 -073 2.35
Ra2/ 8.5 GOLI ¥ RA2 1.62 -530 434 3.525 064 1.62
RaZz/f10.7 GOLI V RA2 1.886 -5dl . 285 2.BE7 -07s 1.85
Ral/f3.&6 LAVROVEC RA3 1.26 518 454 3.01% =117 1.30
Ral/fs. 1 LAVROVEC RA3 1.486 -655 263 Z.505 07T 1.50
Pr/B.5 LAVEOVEC PR 2.13 -6232 382 3,323 092 2.13
Pr/fl2.2 LANREOVEC PR 2331 -640 403 3.549 106 &.3d
Pr/23.3 LAVEQVEC PR Z.45 =577 197 ¥. 359 &1 2.48
Pr/26.0 LAVREOVEC PR 1.82 .46 -2332 2.913 179 1.88
Af0.8 SOVODENT A 1.82 500 -- 140 3.301 =102 1_8%
af2.3 SOVODENT A .40 711 -.041 2.800 -.015 2.38
AfLL1.7 SOVODENT A 3.03 1.126 .521 2.508 L1458 3.00
AS13.0 SOVCDERS A 2.72 . 187 325 3477 159 2.70
ASLT 1 SOVODERT A 2.78 - T3l -442 3.008& 128 2.78
Af25.0 SOVODENRT A é.11 T8l -284 2.718 -141 2.10
Af29.2 SOVODERT A 3.55 -808 .238 2.4393 178 4.53
AS29 .5 OVODERT A 2.32 -598 -320 1 -TAT +312 3.27
AS3L.E SOVCDERD A 2.24 -Tal 321 3.620 131 2.18
Af33.4 SOVODEND A 1.52 -BE7 -80& 3.004 562 3.43
Af34.1 SOVODERT A 2.29 -B3D .916 4. 068 .- 2.28
AS3E.0 SOVODERD A 1.66 -TE3 266 2.5693 097 1.63
ASS0. 0 SOVODERT A 4.BG -B91 - 304 1.9%20 -. 063 5.28
ASSE.3 SOVODENT A 1.59 -B11 +192 2.741 +103 1.57
ASBS5.5 SOVODERI R 1_BE -GBS LBED 3.531 L2B3 1.83
ASSG. 0 SOVODERI R .30 -B23 -&17 3,111 232 3.30
AS100.0 SOVODERJ B 3.51 =117 . 350 3.152 +129 3.50
AS104 .5 SOVODERT A 1.EB - T11 406 2.803 14T 3.75
Af104 .5 SOVODERT A .77 944 .874 3.338 a4 2.75
AS113.0 SOVODERT A 135 .80z -.028 3.020 -. 014 1.40
Bl/11.0 SOVODERTI B 2.24 . 766 238 2.742 107 2.32
Bi/6.0 SOVODERI B 4.18 BT +303 3.411 034 3.18
BLfT.D SOVODERI B 1.40 BEL 276 2.720 La8a 1.40
Blf4.58 SOVODENJ B 1.56 656 L2TH 3.111 JOTH 1.60
B2/10.3 SOVODENT B 2.08 <115 446 3.327 163 2.02
B2/4.7 SOVODERT B 3. T 739 087 2.792 ik 3.70
c/n.7 SOVODERT s 1.81 583 523 3.508 -104 3.82
cfz2.2 SOVDDER] c 1.73 535 4589 3.041 036 i.72
C/a.3 SOVODENT c 4.31 .724 =.140 2.588 053 4.30
C/6.6 SOVODERJS c 4.1% B28 158 3.069 039 4.18
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51 SKI KG C MD oha ML R Sa Su ¢$5u BLY
L5891 1ek M .13z .33o L DEL .13% o 2 1] 100
£58 L107 1.0861 L 841 .38 HCTH 403 n 2 o 2.50 EE
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CASE NAME OZP 0Zs ™ 5 SKEW KURT ALFA MZ

E/212.0 SOVODENT E 2.3% 781 347 2.783 165 2.42
EF207.3 SOVODENJ E 2.40 600 238 3.323% .05l 2.42
EJf202 .8 SOVODENT E Z.56 579 1591 Z.81% L037 2.60
E/197.8 SOVODEMT E 3.00 JERY 613 1:941 L201 .03
B/192.3 SOVODENT E 1.96 JBED .3165 2.901 064 1.93
E/186.13 SOVODEN.T E .47 JEED 475 2.709 130 2.15
Ef178.5 SOVODENT E 2.49 851 .o7o Z.907 012 2,50
E/173.7 SOVODENS E 2 .85 533 .241 3,077 036 2.53
E/158.1 SOVODENJ E 1.29 ST -162 2849 -028 i.28
E/154.0 SOVODERT B 3.1 (GET .392 3.272 L1186 3.33
E/149.0 SOVODEN] E 2.38 .533 -.4Té 3.309 -.R72 Z.43
Ef142.3 SOVODENT E 1.46 BZE (BB 3,694 163 3.40
E/135.0 SOVODENT E 3.03 B A L3168 31.512 LORT 3.03
E/126.4 SOVODENT E 3.41 LERO (571 3.333 J1B0 3.40
E/122.0 E 2.63 .595 .3s0 3,002 074 2.63
B/119.5 SOVODENT E Z.4B L6286 .312 3,175 .am 2,80
E/110.8 SOVODENT E 4,25 713 .118 2.601 043 4.28
ES108.4 SOVODENT E 2. 29 662 -233 3.044 JOBR 2527
E/99.4 SOVODENT B 2.50 .627 -_D26 3. 134 -.006 2.50
BE/91.E EOVODENT E 1.87 L6399 +116 2.568 (040 1.63
E/51.0 SOVODENS B 2.0% .EBT ;331 3.268 L0&7 2.02
E/840. E 1.7% JE51 .126 3.083 021 1.758
E/BD.T E 2.337 LT3R L378 2.651 L1582 2.18
E/BD.4 SOVODENT E 2.33 J817 L3492 3,156 047 2.28
B/78.4 OVODER] E 341 B35 ,3B7 2.80% .08% 3.47
E/T4.4 SOVODERT E 2.0B 650 Al 3.722 -0Bs 2.08
E/72.7 SOVODENT E 1.33 (TS5 1129 2.791 LO58 1.35
E/TL.5 SOVODENT E 2.09 142 636 3,285 L2B0 2:05
Ef69.4 SOVODENT E 1.71 763 027 3.014 L0132 1.78
E/64.7 SOVODEMT E 3.35 554 T4E 4.394 156 3.27
Ef61.0 SOVODENT E 2.7 JBLE -074 2.563 018 2.95
Ef52.0 SOVODENJ E 3.23 .587 L3346 2.591 074 1.10
Ef45.7 SOVODENT E 1.15 634 -.354 3,330 -.081 1.15
Ef44.4 SOVODENT E 2.25 (EBE =365 3,257 +118 2.27
B/35.1 SOVODENJ E 2.70 i 488 3.301 224 2.68
Ef23.3 SOVODENJ B 1.87 §34 275 3.305 L0700 1.85
E/14.4 SCVODENJ E 1.558 752 428 2.55% 182 1.53
E/D.3 SOVODENS B 2.09 02 C1:58 3.085 100 2.08
E/B.B SOVODENS E 1.38 §27 ang 3.015 07s 1_38
E/E.5 SOVODEN E 1.6% 645 510 3.848 L1389 1.63
D/82.3 SOVODENT 1] 1.E5 .01 L350 3.347 . OTE 1_B2
D/E%.5 SOVODENT D 2.26 627 515 3.852 ;137 2.28
D/68.4 SOVODENT D 1.43 620 034 22699 . Q0B 1.42
D/54.0 SOVODERT D .78 (678 (102 3.317 -.032 %
D/52.0 SOVODENT b 1.12 666 -, 143 2.842  -.04Z B B |
D0/30.5 SOVODENT D 1,07 £75 152 3,119 047 1.07
0/27.5 SOVODENJ D 1.40 .682 L35 2.881 112 1.43
D/25.5 SOVODENT o 1.30 L122 .138 2.204 .0a7 1.30
0/17.9 SOVODENT D 1.19 g5  -.210 3,792 -.D4Z 1.18
Df15. 0 SOVODENT D 1,57 50 -.261 3.077 -.161 1.58
8/5 SKOFJE -3 &.37 BBH 1648 3.038 055 2.37
5/4/2 SKOFJE 5 2.85 LSBT 166 3.331 O7a 2.87
573 SKOFJE 5 Z.58 617 =120 2.800 -.D28 2.55
5/ SKOFJE 5 2.40 674 521 2_B%4 159 3.37
V2/14.87 SKOFJE v 1.96 GHE 315 2.509 102 1.87
Vajia.9 SKOFJE V2 1.78 LBBE S166 2.598 049 1.81
v2/21.3 SKOFJE Va 2.14 635 L1758 2.730 .045 2.18
v2/a4.0 SKOFJE Vi 1.85 NTF] L2586 3.159 .05l 1.87
Vi ig. a5 SKOFJE v 2.16 596 273 2.39% . 058 2:17
v2o/217.0 SKOFJE vao 1.84 JE4B 656 3.654 178 1.80
VZ0/217.4 SKOFJE V20 1.56 L5852 .207 2. 648 043 1.57
Va5 91,8 SKOFJE vis 2.34 . 153 =127 2,862 054 2.35
V25/100.4 SKOFJE Vs 1.59% .TOE .904 4.245 .318 1.55

Symbels for variables of granulometric parameters are evident from the text; OZS - segments,
profiles on the ries in the uranium mine of Zrovski veh P 10, H53-54, H52 on the surface
KL, RAl Ha2 RAJ GV, A B, C, D, E, S and the cores B74, V2, V20, V25
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513 -.03% LBEE 233 102 026 027 a i 0 100
623 ,185 .oaa 257 105 a0 116 o -2 1 3.2 58
LATE -.129 1.304 616 183 g3 -.072 g -2 Q 1o
.875 170 .73 +233 098 V2T 169 0 1 1 3.30 50
603 082 1.025 . 354 125 035 .0a7T Q -2 1 2.80 L
E¥6 235 9Bl .233 103 025 L180 0 1 1 1.20 40
B0 117 1.0091 .379 165 044 074 0 1 1 2.90 75
. BEE 056 1.0B5 483 117 . 054 077 o 1 1 3.00 CF]
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G5B .08& 1.230 L5574 250 058 067 0 i 1 2.50 EQ
/523 .028 1.054 LT0T 297 .073 021 i i 1 2,30 B6
766 . 044 1.025 555 218 o717 152 0 2 & 100
495 .003 1.161 L4315 201 .043 047 ] 1 1 2.90 a0
£75 .022 1.038 . 225 092 024 .0a9% [ 1 & 100
B2E 100 1.175 707 241 ,0E2 085 0 -2 1 2.60 B2
754 0.000 1025 1.320 292 1139 058 0 1 o 190
742 100 1.252 107 241 077 L260 0 i 1 2,80 86
654 (146 1.014 1.035 LA08 .0598 L012 o 2 [ 100
543 D64 1.083 241 . 108 026 .156 0 i 1 4,00 92
603 9.000 1.02% L40E 149 042 -0l8 o 1 o 100
4&8 L1585 1.011 .3259 113 029 074 0 1 1 1.40 &8
SEE 0.000 BTT 1.816 451 127 o891 | 1 i 100
611 044 1.013 574 210 [ 2118 0 1 1 2.90 B4
L7151 L3E ,917 L4135 154 058 .24 0 1 i 160 50
E18 023 1.076 T L2277 o078 .00 0 1 i 2.50 B8
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671 004 1.061 1.000 166 115 -11a o 2 o 100
T34 104 . BD2 1.072 420 J1ES D47 o 2 il 100
530 064 1.168 1.414 451 101 -.042 o et i 100
gaa -, 034 L8632 1.932 130 131 -.160 1 L il 100
£71 051 1.002 595 196 062 OES 1 2 a 100
,EES L1B6 1.011 354 144 036 o7 1 2 1 3.70 53
603 0,000 964 +51B 171 052 - 028 o 1 Q 100
EB6 164 943 420 196 LOES L1160 o 3 1 3.40 52
EE8 -143 06 616 264 bt .102 0 2 1 2.80 85
Ed6 _145 1.002 (i1 257 031 .04% i i1 o 100
(1 -114 934 (595 210 a7 L0485 i F o 100
SED . D0E 948 707 7 o7 LOED 1 F 0 100
SEE .162 .916 500 233 066 as8 i 2 o 100
L B1B 071 1.076 (637 287 pal 178 i 2 1 2.50 86
555 14T 999 B4L 354 ,a5E _D43 o 2 0 100
784 058 1.107 637 ;196 LOED 054 0 1 1 1.20 88
675 285 1.261 . T07 277 073 .318 o 2 1 2.80 B8

Oznake spremenljivk, granulnmetnén rametrov so razvidne iz tekasta; OZS — segmentd,
profili v rovih ru a urana Zirovski P10, H33-54, H52, na povriini KL, RAl, RAZ, RA3,

GV, PR, A, B, C, D, E, § in vrtinah B74, V2, V20, V25



202 Draﬂumir Skaberne

Table 2. Descriptive statistics of some granulomertic parameters
Tabela 2. Opisne statistike nekaterih granulometriénih parametroy

Eprem. N min M M 5D BK KD

M 208 - 4,86 2.16 + T8 65 .51
5 208 45 1.13 (1] 09 .53 1.94
SKEW 209 -t 1.36 33 «31 «18 17
KURT 208 1,89 .32 3,18 w57 1.38 4.33
MZ 209 55 E.2B 2.16 TE 69 58
E1 209 45 L | £13 11 1.17 2.49
BKI 209 =, 78 .50 47 =l | =1.34 13.64
EG 209 .50 1.58 1,06 . =y 3.31
€ 209 -.D8 5.28 .13 =50 4.07 31.51
] 2039 03 66 .26 - 13 - TE + 35

sprem. — symbols for variables of granulometric parameters are evident
from the text; N - number of cases (samples); min - minimal value; M -
main; 5D - standard deviation; SK - slkewness; KU - kurtosis

sprem, - oznake spremenljivk so razvidne iz teksta; N - Stevilo enot

(vzoreev); min - minimalna vrednost; max - maksimalna vrednost, M -

srednja vrednost; 5D - standardni odkoln; SE - asimetriénost; KU -
splo&fenost

A relatively good correspondence of the graphic and the moment measures for the
mean and the standard deviation can be seen in the table 2. The lengths of long axes
of sections of quartz grains in the examined samples vary from 6.09 ¢ (0,015 mm) to
-2.4 @ (5.3 mm) with the mean of 2.16 ¢ {0.22 mm). The grains are from poorly to well
sorted, on the average moderately well sorted, and their distributions are mainly
symmetric. The distributions are very positively to very negatively skewed in the
extremes. With respect to the kurtosis, the curves are mostly mesokurtic, but some
very platykurtic or very leptokurtic curves could also be observed. The descriptive
terms used are related to the quantitative limits as reported by Folk and Ward
(1957). In general, the distributions of grain size in the analyzed samples are close to
normal with the mean size of 2.16 & (0.22 mm) and the average standard deviation of
0.68 @ (0.094 mm).

Discussion and interpretation

The analysis of the distribution of grain size and its interpretation can be
approached in two ways. In the first one, the cumulative frequency distribution curve
of grain size is regarded as a whole, and it is attempted to be interpreted on the basis
of hydrodynamic characteristics. In the second way, the characteristics of statistic
parameters of distributions of grain size from known receni depositional environ-
mentis are considered and attempts are made to determine empirically the discrimi-
nant functions between them,

One of the pioneers of the study of cumulative frequency curves was Doeglas
{1946). He found that grain sizes follow the arithmetic probability function, and that
their distributions represent a mixture of two or more populations that are the conse-
quence of various mechanisms of transport. Inman (19449) distinguished three basic
types of transport: rolling, sliding and saltation on the bottom, and suspension. He
also contributed some thoughts on the graphic parameters of grain size distribution:
mean grain size, sorting (standard deviation) and skewness. Sindowski (1957) con-
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tinued Doeglas's work, but he utilized the log-probability diagrams for represent-
ing the cumulative frequency curves, and he empirically subdivided them into groups
that belong to sediments of various depositional environments: aeolic, limnic, estuar-
ine, littoral and shelf environment. Moss (1962, 1963) believed that the grain size
distribution consists of normally distributed subpopulations that are transported by
rolling-sliding, saltation and in suspension. The individual subpopulations have their
mean size and sorting. Later Visher (1065) studied the dependence of grain size dis-
tribution on the sedimentary structures in fluviatile deposits and the various deposi-
tional processes in diverse depositional environments (Visher, 1968),

Based on these concepts an attempt was made to determine the individual genetie
populations from the cumulative frequency curves. All three populations of grain
sizes, transported by either rolling and sliding (Ro), saltation (Sa) and in suspension
(Su}, could be determined in the examined samples. Their presence is shown in table
1. In the same table the position of the inflection point between the saltation and sus-
pension populations is presented. This point is estimated according to the maximum
grain size in suspension (#5u) and the amount of grains that were transported as a
bedload (BL %), by rolling or sliding and saltation,

The basic cumulative frequency distribution curves are shown in figure 1,

The presence of rolling and sliding populations could be established only in
5.26 % of the 209 analyzed samples. When present, their amount varied from 1.5 to
16.0 % with an average of 5.9 %. The minimum size of the mentioned subpopulation
is 0.75 @ (0.6 mm) to 0.2 @ (0.87 mm), with the mean of 0.43 & (0.74 mm).

The population of saltation grains was established in 99.04 % of the examined
samples. This population occurs as a unigue population in 40.8 %, whereas it is
divided in the remaining 58.2 % into two subpopulations (Fig. 1b). Their intersection,
the inflection point between the two subpopulations of saltation grains, is above the
line of unigue saltation population in 46.2 % of the cases, and it is marked by a 2 in
table 1. This means that the saltation population is positively skewed in 46.2 % of the
cases, and contains more smaller grains with respect to their expected amount in a
symmetrical normal distribution, In 12 % of samples, this intersection between the
two subpopulations occurs below the line that represents the unigue saltation popu-
lation, and is marked by a -2 in table 1. This suggests a negatively skewed saltation
population, which contains more larger grains with respect to their expected amount.
This indicates a certain hydrodynamic separation even within the population of
saltation grains itself, which was already noticed already by Visher (1965, 1969).

The distribution of grain size of the analyzed samples showing that the grains
transported as bedload by rolling, sliding and saltation in the thin layer in the bot-
tom, represents no less than 89.2 % of all grains.

The population of suspended grains was established in 52.15 % examined of the
samples, and of these only two samples, or 0.05 %, contain only this population of
grains. The average amount of suspended population is 10.8 %. The amount of sus-
pension population is 18.65 % on average, taking into account only the samples con-
taining it. The maximum grain size in the suspension population is 2 @ (0.25 mm) to
4.50 ¢ (0.04 mm), and on average 2.90 ¢ (0.15 mm), with standard deviation of 0.51 ¢
(0.05 mm).

With respect to comparisons of presented data (Tab. 1) with those of Visher
(1989, 1104, Tab.1), the analyzed distribution of grain sizes are interpreted as a prod-
uct of fluvial sedimentary environment. The detailed hydrodynamic interpretations,
as made on the basis of grain size distribution by Middleton (1976), Breyver
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Fig. 1. Basic groups of cumulative grain size distribution curves for the analyzed samples with
genetic interpretation: a) Ro -rolling-sliding, Sa - saltation, and Su - suspension populations of
grains; b) cumulative distribution curve represented by a single saltation population (KI1-7.2/1)
or by two subpopulations that form a positively skewed (K1-83.9) and a negatively skewed (P10
53/500) saltation population
Sk 1. Osnovne skapine kumulativnih porazdelitvenih krivulj velikosti zrn analiziranih vzoreev
z genetsko interpretacijo: a) Ro - populacija kotaledih — drsetih, Sa - poskakujotih, Su - sus-
pendiranih zrn; b) kumulativna porazdelitvena krivulja, predstavljena z eno populacijo (Kl-
7,2/1) ali dvema podpopulacijama, ki sestavljata pozitivno asimetricno (K1-83.9) in negativoo
asimetri¢no (P10 53/500) populacijo poskakujodih zrn

(197%) and others, are beyond the frame of the present study. Only that Middleton
(1976) determined the average shear velocity of the transporting medium on the basis
of the interruption (position of inflection point) between the populations of grain
sizes that are transported by rolling and sliding, and the population of grain sizes in
intermittent suspension that coincides with the lower part of the population of salta-
tion grains shall be mentioned.

In study of dynamics during the transport and sedimentation, Passega (1957,
1964) utilized the ratios between the largest grains at 1 % on the cumulative curve {C)
and the median (Md) in metric units, of a larger number of homogenous, but struc-
turally diverse samples. The importance of maximum size that should reflect the
maximum power of the current, was also recognized by other researchers.

Passega (1957, 1964) distinguished two modes of transport: rolling and suspen-
sion. He further subdivided the suspension into the graded and homogenous suspen-
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sion at the bottom, and the pelagic suspension. The Passega's (1957, 1964) diagram
in which the data of analyzed samples were plotted, shows that the prevailing part of
the material was transported in form of the graded bottom suspension that could cor-
respond to the saltation population (Moss, 1962, 1963; Visher, 1969).

Besides the hydrodynamic interpretation of the cumulative frequency distribution
function and its importance for the hydrodynamic of the depositional environment
the graphic and the moment statistical parameters were also considered.

The factor analyzizs (Skaberne & Smolej, 1981) indicated that the mean grain
size and the skewness are interrelated. They are loading the first factor with the
highest loadings by skewness. The second factor is defined by the standard deviation
and the kurtosis, with the highest loadings by the standard deviation. The scatter-
plots of independent variables of the graphic mean grain size (MZ) versus the inclu-
sive graphic standard deviation (SI) that separate the aeolic and the fluvial sediments
(Friedman, 1961), the beach and the fluvial sediments (Frie dman, 1967); the
shore bars and the fluvial sediments (Moiola & Weiser, 1886) were therefore test-
ed. According to the diseriminant function of Moiola and Weiser (1968) all the
analyzed samples were attributed to the fluvial deposits, whereas the solution on the
ground of Friedman's diagrams (1961, 1967) is not significant.

A better resolution between the beach and the fluvial deposits provide Friedman's
diagrams of the inclusive graphic standard deviation (SI) versus the inclusive graphic
skewness (SKI) (Fig. 2a) (Friedmanmn, 1967) by which 85.6 % of studied samples were
attributed to the fluvial deposits, An even better resolution was given by the bivari-
ate diagram of the moment derived standard deviation (S) versus the mean cubic
deviation (MCD) (Fig, 2b), (Friedman, 1867), in which no less than 85.7% of
analyzed samples plot in the field of fluvial deposits.

An interesting diagram for defining the depositional environments on the basis of
granulometric parameters of the median (MD) versus the arithmetic quartile devia-
tion (QDa) in metric units was proposed by Buller and Mc Manus (1972). The dia-
gram discriminates between the “quietwater”, fluvial, eolic and beach deposits (Fig.
3). In the envelope of the fluvial sediments plot no less than 97.6 % of the analyzed
samples.

Conclusion

The grain size and its distribution are influenced by a multitude of factors which
limits their application for the interpretation of the paleodepositional environment,
In case of their use also other relevant criteria, such as the sedimentary structures,
spatial succession of facies, fossils, other textural parameters, ete. must be taken into
consideration.

In the analyzed samples the graphic and the moment derived estimates of the
mean grain size and the standard deviation correspond relatively well in spite of
open classes on both ends of the distribution curve, whereas the estimates for the
skewness and the kurtosis correspond somewhat less well.

The distribution of lengths of the long axes of grain sections, as determined in
thin sections, can serve in certain cases as a satisfactory approximation to distribu-
tions of sizes of real grains. Their representations on log-probability diagrams can be
used for interpretation of the mode of transport. Most of the analyzed sandy fraction
of the Val Gardena sandstones belongs to the saltation population. The suspension
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Fig. 2. Bcatterplot for dl:stinﬁuis.h.mg between the fluvial and beach clastic

sediments: a) plot of graphic standard deviation (SI) versus inclusive

graphic skewness (SEI); b) plot of standard deviation (S) versus mean
cubic deviation (MCD) (Friedman, 1967)

31 2. Bivariatna diagrama za lotitey med refnimi in obalnimi klastitnimi

sedimenti: a) diagram med grafiénim standardnim odklonom (SI) in

inkluzivno gralifno asimetritnostjo (SKI); b) diagram med standardnim
odklonom (S) in srednjim kubiranim cdklonom (MSD) (Friedman, 1967)
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Fig. 3. Scatterplot of metric median (Md) versus gquartile deviation (@Da) and their envelopes
representing fluvial (1), shore (2), eolian (3) and %uiet water {4) environments (Buller &
McManus, 1972)

S1. 3. Bivariantni diagram med metri¢no mediano (Md) in kvartilnim odklonom (QDa) s polji, ki
opredeljujejo recéne (1), obalne (2], eolske (3) in mirmovodne (4) sedimente (Buller & McManus,
1872)

population is present in about one half of the analyvzed samples, with the average
amount of about 20 %. The rolling and sliding population was established only in 5 %
of analyzed samples, with the mean amount of about 6 %,

On the basis of statistical parameters of the distribution of lengths of long axes of
sections of quartz grains of the Val Gardena sandstones in the area between Cerkno
and Sovodenj their depositional environment is interpreted as fluvial. This interpre-
tation is also confirmed by other criteria such as: sedimentary structures, vertical
succession of lithofacies and their lateral correlation, ete. (Skaberne, 1995).
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Interpretacija sedimentacijskega okolja na osnovi porazdelitve
velikosti zrn peicenjakov grivdenske formacije na obmodju med
Cerknim in Smredjem, Slovenija

Uvod

Klastitne kamnine gridenske formacije grade v Sloveniji najveéji sklenjeni pas na
obmodju med Cerknim in Smreéjem, ki pripada idrijsko-#irovski narivni enoti (M 1 a-
k ar, 1969). Po dvodelni razdelitvi perma jo uvri¢amo v spodnji del zgornjega perma.
Talnino gridenski formaciji predstavljajo temno sive klasti¢ne kamnine, ki jim pripi-
sujemo karbonsko starost; njihov zgornji del pa je lahko tudi spodnjepermske staro-
sti. Kontakt s talnino je diskordanten. Prehod v krovnino, ki jo sestavljajo zgornje-
permske karbonatne kamnine, pa je postopen in konkordanten,

V gridenski formaciji so najbolj zastopani pedéeni faciesi. V menjavi z njimi se
javljajo e konglomeratni in muljasti faciesi, v katerih so ponekod prizotne tudi
kalcitne in dolomitne konkrecije. Glede na zastopanost smo pri raziskavah grivdenske
formacije posvetili najvedjo pozornost peséenjakom.

Kot klastiéna sedimentna kamnina je peddenjak sestavljen iz terigenih zrn in ke-
mitno izlotenih mineralov. Zato so njegove lastnosti edvisne od lastnosti zrn in nadi-
na njihove povezave. Tako lahko znaéilnost agregata sedimentnih zrn (P) opredelimo
kot funkeijo njihove sestave (c), velikosti (s), oblike (sh), orientacije (o) in zgo&éenosti
(p) (Griffiths, 1961, 1967).

P =1 (¢, 5, sh, o, p)

Doloéitev enega podanih parametrov je obifajno delno odvisna od drugih. Osnov-
ne lastnosti trdno veranih kamnin, ki se ne dajo dezintegrirati na posamezna zrna
brez vpliva na njihovo prvotno velikost in oblike, lahke dolo¢amo le v zbruskih. V
tem primeru se navedenim pridruZi e ena spremenljivka, to je smer preseka prek
agregata zrm kamnine.

V nadaljevanju se bomo od navedenih lastnosti omejili na velikost oziroma poraz-
delitev velikosti terigenih zrn v obravnavanih kamninah.

Velikost zrn peskov in peféenjakov, ki se dajo dezintegrirati na posamezna zrna,
obitajno dolotamo s sejanjem. Pri dezintegraciji pa uni¢imo povezave med zrni ozi-
roma njihov zlog, ki ga opredeljujemo z orientacijo (o) in 2gos¢enostjo (p) zrn. Tako je
doloéitev velikosti zrn (P,) odvisna le Se od sestave (c), velikosti (s) in oblike (sh) zrn,

P =1(e, s, sh)

Zaradi pomembnosti velikosti zrn oziroma njihove porazdelitve v pestenjakih
tako iz tehniénega kakor iz genetskega vidika so razlitni avtorji (Friedman, 1958,
1962; Adams, 1977; Harrell & Eriksson, 1979; Johnson, 1994) skugali dolo&iti
korekcijske faktorje za spremembo v zbruskih dolofene velikosti presekov zrn v
velikosti zrn, opredeljenih s sejalne metodo. Pri tem se srefujemo s problemi definici-
je velikosti, ki je odvisna od uporabljene metode (Alle n, 1968} in dolofitvijo “prave”
velikosti v zbruskih, ki predstavija tudi matematiéni problem. Analiza omenjenih
problemov presega nas okvir in jih je v novejfem &asu obravnaval Johnson (1994).

V sedimentni petrologiji se e od nekdaj prizadevajo uporabiti zrnavost sedimenta
za doloditev okolja njihovega nastanka,
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Poraedelitey velikosti zrn v klastiénifl sedfimentnih kamninah je odvisna od zna-
tilnosti izvornih kamnin, natina preperevanja, porazdelitve velikosti zrn v preperin-
skem materialu, naéina transporta, pogojev usedanja in konéne od postsedimentacij-
skih procesov. Ugotavljanje sedimentacijskega okolja na osnovi porazdelitve velikosti
zrn temelji na predvidevanju, da nanjo najbolj vplivajo hidrodinamiéne lastnosti to-
ka med transportom in sedimentacijo, pri éemer naj bi v dolotenem sedimentacij-
skem okolju vladale zanj znadilne hidrodinamiéne razmere. Prav slednje predstavlja-
jo enega najvedjih problemow, kajti enaki ali zelo podobni sedimentacijski procesi
oziroma hidrodinamiéne razmere nastopajo v razliénih sedimentacijskih ckoljih in
tako podobno vplivajo na porazdelitve velikosti zrn.

Zato so doloditve palecsedimentacijskega okolja in sedimentacijskih procesov v
njih na osnovi porazdelitve zrnavosti le delno uspesni.

Kljub navedenim pomislekom smo se odlodili poskusiti uporabiti porazdelitve
velikosti presekov terigenih kremenovih zrn pedtene frakeije za interpretacijo nacina
transporta in opredelitve okolja sedimentacije grédenskih pesfenjakov med Cerknim

in Smreéjem.

Vzoréevanje in metodologija

Analizirali smo 209 totkastih vzoreev iz 18 podrobno posnetih lokalnih profilih -
segmentih (OZ5), ki zajemajo skupno debelino 1234 m in bolj ali manj reprezenta-
tivno predstavljajo raziskovani volumen gridenskih kamnin. Lokalne profile - seg-
mente lahko poveZemo v pet regionalnih sestavljenih profilov (OZP): Skofje, Sovo-
denj, Zirovski Vrh, Goli Vrh in Lavrovee, ki so navedeni v smeri od NW proti SE.

V zbruskih smo pri poveavi 150 x z mikrometrskim ckularjem merili dolge osi
200 kremenovih zrn. Kremenova zrna so bila sluéajno doloéena s tockovnim Steveem.
Z izborom ene vrste terigenih, kremenovih zrm smo zmanjSali vpliv sestave na
dolo¢anje velikosti, V sestavi gridenskih ped¢enjakov so kremenova zrna tudi najbolj
zastopana, saj predstavljajo popreéno 63 % populacije vseh terigenih zrn. DolZine
presekov smo razdelili do velikosti 5 @ (0.03 mm) na razrede, Siroke 1/4 &, nato pa na
razrede 1/2 ¢ do najmanjie merjene velikosti 7 & (0.008 mm). Wa osnovi teh podatkov
smo izraéunali relativne in kumulativne frekvence, ki so sluZile za nadaljnjo analizo.

Rezultati

Ma osnovi kumulativnih relativnih frelkvenc smo izrisali kumulativne porazdelit-
vene krivulje dolgih osi presekoy kremenovih zrn s ¢ skalo na abcisi in z verjetnostno
skalo na ordinati. Iz kumulativne porazdelitvene krivulje smo odéitali vrednosti za
izrafun grafitnih statisti¢nih parametrov (Folk & Ward, 1957); grafi¢no srednjo
vrednost velikosti (MZ), inkluzivni grafiéni standardni odklon {SI), inkluzivono grafi-
¢no asimetriénost (SKI) in grafitno splodtenost (KG). Poleg tega smo podali velikosti
v mm pri 1% (C) in mediano (MD) ter izradunali kvartilni odklon (QDa) (Buller &
Mc Manus, 1972). Kljub tezavam, ki izhajajo iz delno odpriih razredov v obmoéju
najvedjih in najmanjiih #zrn, na kar opozarja Folk (1966), smo poleg grafiénih sta-
tistiénih parametrov iz podatkov relativnih frekvene v razredih 1/4 ¢ z momentnim
raéunom izradunali statistiéne parametre: povpredno velikost (M), standardni odklon
(S), asimetri¢nost (SKEW), sploitenost (KURT), preprosto mero asimetri¢nosti
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(ALFA) in srednji kubirani odklon (MCD) (Friedman, 1967). Navedeni parametri
s0 za posamezne analizirane vzorce zbhrani v tabeli 1, opisne statistike granu-
lometrienih statistiénih parametrov pa podajamo v tabeli 2.

Iz tabele 2 je razvidno, da se grafiéne in momentne vrednosti za srednjo vrednost
in standardni odklon sorazmerno dobro ujemajo. Velikost dolgih osi presekov lkre-
menovih zrn se v raziskanih vzorcih spreminja od 6,0 @ (0,015 mm) do -2,4 & (5.3 mm)
in znasa povpreéno 2,16 @ (0,22 mm). Zrna so slabo do dobro, popreéno srednje dobro
sortirana, medtem ko so njihove porazdelitve vedinoma simetri¢ne. V ekstremih so
porazdelitve zelo pozitivno do zelo negativno asimetriéne. Ce pogledamo splodtenost,
vidimo, da so krivulje weéidel normalne (mezokurtiéne), zasledimo pa tudi zelo
sploéene ali zelo ofiljene krivulje. Navedeni opisni izrazi se nanafajo na kvantita-
tivne meje, ki jih podajata Folk in Ward (1957). V splognem lahko reéemao, da so
porazdelitve velikosti zrn v raziskanih vzorcih relativno normalne s povpreéno
velikostjo 2,16 & (0,22 mm) in povpreénim standardnim odklonom 0,68 @ (0,094 mm).

Razprava

Analize porazdelitve velikosti zrn in njene interpretacije se lahko lotimo na dva
natina. V enem upostevamo kumulativno krivuljo porazdelitve velikosti zrn kot celo-
to in jo skufamo interpretirati na osnovi hidrodinamitnih znaéilnosti. V drugem
primeru pa obravnavamo znacilnosti statistienih parametrov porazdelitev velikosti
zrn iz znanih, recentnih sedimentacijskih ckolij in skufamo med njimi empiriéno
ugotoviti diskriminantne funkcije,

Eden izmed pionirjev preudevanja oblike kumulativaih krivulj je bil Doeglas
(1946). Ugotovil je, da velikosti zrn slede aritmetiéni verjetnostni funkeiji in da nji-
hove porazdelitve predstavljajo mesanico dveh ali ve¢ populacij, ki so posledice ra-
zlitnih mehanizmov transporta. Inman (1949) je v transportu prepoznal tri osnovne
tipe: kotaljenje ali drsenje in poskakovanje po dnu ter suspenzijo. Poleg tega je podal
nekaj misli o grafiénih parametrih porazdelitve velikosti zrn: srednja velikost, sorti-
ranost (standardni odklon) in asimetritnost. Sindowski (1957) je nadaljeval delo
Doeglasa, vendar je uporabljal log-verjetnostne diagrame prikazovanja kumula-
tivnih krivulj in jih glede na obliko empiriéno razdelil v skupine, ki pripadajo sedi-
mentom razliénih sedimentacijskih okolij: eolskemu, limnifnemu, estuarijskemu,
obalnemu in elfnemu okolju. Moss (1962, 1963) je ugotovil, da je porazdelitev veli-
kosti zrn sestavljena iz normalno porazdeljenih podpopulacij, ki se premikajo s kota-
ljenjem in drsenjem, poskakovanjem in v suspenziji. Posamezne podpopulacije imajo
svojo povpreéno velikost in sortiranost. Kasneje je Visher (1965) v retnih sedimen-
tih preudeval odvisnost porazdelitve velikosti 2rn od sedimentnih tekstur in razliénih
sedimentacijskih procesov v raznolikih sedimentacijskih okoljih (Visher, 1969).

Na osnovi teh spoznanj smo skusali v kumulativnih krivuljah opredeliti posame-
zne genetske populacije. V raziskanih vzorcih smo lahko dolo¢ili vse trl populacije
velikosti zrn, ki so se premikala s kotaljenjem in drsenjem (Ro), poskakovanjem (Sa)
in v suspenziji (Su). Njihova prisotnost je prikazana v tabeli 1. Poleg tega smo v isti
tabeli podali poloZaj prevojne tofke med poskakujofo suspenzijsko populacijo. Ta
to¢ka je dolofena z ocenjeno maksimalno velikostjo zrn v suspenziji (4 Su) in odstot-
kom, kolitino zrn, ki so se transportirala po dnu z mehanizmi talnega transporta
(BL %), s kotaljenjem, drsenjem in poskakovanjem.

Osnovne oblike kumulativnih porazdelitvenih krivalj so prikazane na sliki 1.
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Izmed 209 raziskanih vzorcev smo ugotovili le v 5,26 % prisotnost kotalece in
drsede populacije. Ob njeni prisotnosti se njena koli¢ina spreminja od 1,5 do 16,0 %
in znasa povpretno 5,9 %, Minimalna velikost v omenjeni podpopulaciji je 0,75 < (0.6
mm) do 0,2 @ {087 mm), povpredno 0,43 @ (0,74 mm).

Populacijo poskakujoéih zrn smo zasledili v 99,04 % raziskanih vzorcih. Ta popu-
lacija sestavlja enotno populacijo v 40,8 %, medtem ko se v preostalih 58,2 % razdeli v
dve podpopulaciji (sl. 1 b). Presediste, prevojna tocéka med obema podpopulacijama
poskakujodih zrm je v 46,2 % primerih nad premico enotne podpopulacije v tabeli 1
oznateno z 2. To pomeni, da je poskakujoda populacija zrn v 46,2 % primerih pozitivoo
asimetriéna, oziroma vsebuje veé manjiih zrn v primerjavi z njihovo pri¢akovano ko-
li¢ing, V 12 % vzorcev je to presecisée med podpopulacijama pod premico, ki predstav-
lja enotno populacijo poskakujoéih zrn v tabeli 1 oznadena z 2, kar kaZe na negativno
asimetriéno populacijo poskakujodih zrn, oziroma vsebuje vef vediih zrn v primerjavi
2 njihovo priéakovano koli¢ino. To kaZe na dolodeno hidrodinamiéno separacijo tudi v
sami populaciji poskakujoéih zrn, na kar je opozoril ze Visher (1985, 1969).

Ce pogledamo porazdelitve velikosti zrn v raziskanih vzoreih, vidimo, da pred-
stavljata populaciji zrn, ki se premikajo s talnim transportom, s kotaljenjem, drsen-
jem in poskakovanjem v tanki plasti po dnu kar 89,2 % vseh zrn.

Populacija suspenzijskih zrn je bila ugotovljena v 52,15 % raziskanih vzorcev, od
tega vsebujeta dva vzorca ali 0,04 % le to populacijo zrn. Povpreéna koliéina sus-
penzijske populacije znasa 10,8 %. V primeru, da analiziramo le vzoree, ki so vsebo-
vali suspenzijsko populacijo zrn, znasa njena koli¢ina povpretno 18,52 %, Maksimal-
na velikost v suspenzijski populaciji je 2 é (0,25 mm) do 4,50 @ (0,04 mm), povpreéno
2,90 ¢ (0,15 mm) = standardnim odklonom 0,51 @ (0,05 mm).

Glede na primerjavo prikazanih podatkov (Tab. 1)z Visherjevimi (1968, 1104,
Tab, 1) interpretiramo analizirane porazdelitve velikosti zrn kot produkt reénega
sedimentacijskega okolja. Podrobnejfe hidrodinamifne interpretacije, kakor so jih na
osnovi porazdelitev velikosti zrn izvajali Middleton (1976), Viard in Breyer
(1979) in drugi, pa presegajo nag okvir interpretacije. Kljub temu naj omenimo, da je
Middleton (1976) na osnovi prekinitve {(poloZaja prevojne toéke) med populacija-
ma velikosti zrn, ki se transportirajo s kotaljenjem in drsenjem, in populacijo zrn v
prekinjeni suspenziji (intermitted suspension), ki sovpada s spodnjim delom popu-
larije poskakujoéih zrn, dolofil povpredno stri#no hitrost transportnega medija.

Pri preutevanju dinamike med transportom in sedimentacijo je Passega (1957,
1964) uporahbil razmerja med najveéjimi zrni pri 1% na kumulativni krivulji (C) in
mediano (Md) v metrskih enotah strukturno raznolikih vzorcev. Pomembnost mak-
simalne velikosti, ki naj bi odrafala najvecjo moé toka, so prepoznali tudi drugi
raziskovalei.

Passega (1957, 1964) je locil dva nadina transporta: kotaljenje in suspenzijo.
Suspenzijo je nadalje delil na graduirane in homogeno suspenzijo ob dnu in na pela-
gitno suspenzijo. Na osnovi posameznih nad¢inov transporta je opredelil obalne, re¢ne
in turbiditne tokove in pelagi¢no suspenzijo. Iz Passegovega diagrama (1957,
1964), v katerega smo wvnesli podatke analiziranih vzorcev, je razvidno, da se je
pretezni del materiala transportiral v obliki graduirane talne suspenzije (graded bot-
tom suspension), kar bi odgovarjalo populaciji poskakujotih zrn (saltation popula-
tion) (Moss, 1962, 1963; Visher, 1969).

Poleg hidrodinamiéne interpretacije kumulativoe porazdelitvene krivulje in njeno
uvrstitey v hidrodinamiéno sedimentacijsko okolje smo preucevali tudi grafiéne in
momentne statisti¢ne parametre.
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5 faktorsko analizo (Skaberne & Smolej, 1981) smo ugotovili, da sta
povpretna velikost in asimetritnost med seboj odvisni in sta vezani na prvi faktor, ki
je obremenjen predvsem z asimetriénostjo. Drugi faktor opredeljujeta standardni
odklon in sploféenost, pri demer ga prvi najbolj ocbremenjuje. Zato smo pregledali le
bivariantne diagrame z neodvisnimi spremenljivkami med grafiéno povpretno
velikostjo (MZ) in inkluzivnim grafiénim standardnim odklonom (SI), ki locuje
eolske sipine in refne sedimente (Friedman, 1961), obalne in refne sedimente
(Friedmanmn, 1967); obalne (obreZne) sipine in reéne sedimente (Moiola & Weiser,
1968). Diskriminanine funkcije Moiola in Weiserja (1968) opredele vse raziskane
vzorce kot redne sedimente, medtem ko doloditey na osnovi Friedmanovih dia-
gramov (1961, 1967) ni znadilna,

Boljso lo¢ljivost med obalnimi in reénimi sedimenti kaZeta Friedmanova diagra-
ma med inkluzivnim grafiénim standardnim odklonom (SI) in inkluzivno grafiéno
asimetriénostjo (SKI) (sl. 2a) (Friedman, 1967), v katerem je 85,6 % raziskanih
vzorcev opredeljenih kakor recni sedimenti. Se boljSo loditev kae bivariantni dia-
gram med momentno dolofenim standardnim odklonom (S) in srednjim kubiranim
odklonom (MCD) (sl. 2b), (Friedman, 1967), v katerem je kar 95,7 % raziskanih
veorcev v polju reénih sedimentov.

Zanimiv diagram za opredeljevanje sedimentacijskih okolij na osnovi granu-
lometriénih parametrov med mediano (MD) in aritmetiénim kvartilnim odklonom
{QDa) sta podala Buller in Mc Manus (1972}, Ta lofuje “mirnovodne”, refne,
eolske in obalne sedimente (sl. 3). V polje re¢nih sedimentov pade kar 976 %
raziskanih vzorcev.

Sklepi

Na wvelikost zrn oziroma njihovo porazdelitev vpliva mnogo dejavnikov, zato je
njihova uporaba pri interpretaciji paleosedimentacijskega okolja omejena. Ob njiho-
vi uporabi v te namene pa moramo upostevati Se vse druge relevantne kriterije, npr.
sedimentne teksture, prostorsko sosledje faciesov, fosile, druge strukturne parametre
itd.

V analiziranih vzercih se grafiéni in momentno izrafunani podatki srednje veliko-
sti in standardnega odklona, kljub odprtim razredom na obeh konceh porazdelitvene
krivulje, relativno dobro ujemajo, medtem ko so razlike pri asimetri¢nosti in
splogtenosti nekolike vedje,

Porazdelitve velikosti presekov zrn, dolodenih v zbruskih, so lahko v nekih prime-
rih zadovoljiv priblizek porazdelitvam pravih velikosti zrm. Njihovi prikazi na log -
verjetnostih diagramih lahko slufijo za interpretacijo naéina transporta. Veéina razi-
skane peStene frakeije gridenskih pes¢enjakov pripada poskakujoéi populaciji. Sus-
penzijska populacija je prisotna v pribliZno poloviei analiziranih vzorcev s povprefno
kolidino pribliZzno 20 %. Kotaleda in drsefa populacija pa je bila ugotovljena le v 5 %
analiziranih vzorcev, s povpretno koli¢ine priblizno 6 %.

Na osnovi statistiénih parametrov porazdelitey velikosti presekov kremenovih zrn
peitenjakov gridenske formacije med Cerknim in Smreéjem interpretiramo okolje
njihovega nastanka kot refno. Tako interpretacijo potrjujejo tudi drugi kriteriji v
podrobno posnetih profilih: sedimentne teksture, vertikalno zaporedje litofaciesov in
njihova lateralna korelacija itd. (Skaberne, 1995),
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