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INTRODUCTION 

The purpose of this study has been to measure and 

describe the size distribution, shape, roundness, and min- 

eralogic composition of sediments recently weathered from 

granite and at or very near their source, and to discuss the 

significance of the values found for these parameters. For 

this purpose fourteen samples were collected from, and near, 

two granite knobs in the Llano area of central Texas. Three 

samples of gruss (arkosic sand) were collected from exfolia¬ 

tion pockets in Bear Mountain, near Fredericksburg, and 

three from Sandstone Mountain, near Llano (see location map, 

Figure 1). Eight additional samples were taken from a 

small intermittent stream draining from Sandstone Mountain 

to the Llano River, a distance of about one half mile. 
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Rgure I. Location of Bear Mountain and Sandstone Mountain in Llano 

and Gillespie Counties, Texas. 
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PROCEDURE 

Sample Collection 

Samples of non-transported gruss were collected from 

exfoliation pockets in the granite of Bear Mountain and 

Sandstone Mountain. In order to minimize the effect of 

addition or removal of material,, only pockets near the tops 

of the mountains and having no inlet or outlet channels 

were sampled. In each case enough sample was taken to fill 

a six inch cloth sample bag. 

Samples collected from the stream at Sandstone Moun¬ 

tain are listed in Table 1 and in all subsequent tables in 

order of increasing distance from the mountain. Samples 

were collected from the stream bottom unless otherwise 

noted. The distance between sampling locations averages 

about 100 yards. 

Preparation of Samples for Sieving 

Most of the samples were treated with either a 15$ or 

a 30$ solution of hydrogen peroxide for the removal of 

organic material. All samples were then boiled in dilute 

hydrochloric acid with stannous chloride to remove iron 

stain. The samples were washed with water using Pasteur- 

Chamberland filters (Krumbein and Pettijohn, 1938., p. 6j) 

connected to a vacuum. This method was found to be the most 

satisfactory for passing large amounts of water through the 

samples. 
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If, upon drying, the grains formed aggregates, the 

sample was- gently rolled with a rubber pestle. Each sample 

was then split, using a Jones sample splitter, to an.amount 

suitable for sieving. 

The clays in the Bear Mountain gruss samples (43b, 44b, 

45b) formed a cake on the larger grains. This cake was re¬ 

moved by soaking the sediment overnight in a solution of 

ordinary Calgon to disperse the clays, stirring, and wash¬ 

ing the samples on a U. S. 325 mesh (44 microns) sieve. The 

material retained on the screen was dried and weighed, the 

amount passing through the screen determined by difference. 

Sieving 

All samples were run through a series of six sieves 

chosen from scale. The six sieves and pan were 

placed in a Tyler Ro-Tap for ten minutes. The amount re¬ 

tained in each sieve and in the pan was weighed to the near¬ 

est hundredth gram and this value converted to percent of 

the total sample. In samples 44b and 45b grains larger than 

1 cm. were measured with a ruler. 

Roundness and Sphericity 

Roundness and sphericity of each size grade were esti¬ 

mated visually using a binocular microscope. Ro.undness 

values were determined by comparison, using the Powers 

(1953) visual scale. This scale was used in preference to 
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other roundness scales because it describes an additional 

class, "very angular," In the'low roundness values. All 

size grades except the minus 0.25 mm. in samples 54 and 57 

were found to have an average roundness value at least as 

low as this "very angular" class. 

Sphericity was estimated visually by comparison with 

the chart in Krumbein and Sloss (l951j p. 8l). 

Mineralogic Composition 

The mineralogic composition of the six gruss samples 

and three of the stream samples was determined by index of 

refraction methods for each size grade less than 20 mesh 

(840 microns). Using a petrographic microscope, 300 grains 

were counted from a representative portion of each size 

grade mounted in immersion oil. Grains with an intermediate 

diameter greater than 840 microns cannot be conveniently 

studied by this method. 

The grains were immersed in a medium with index of re¬ 

fraction 1.532 because that index is best suited to distin¬ 

guish between the feldspars and quartz. Potassium feldspar 

is distinguished from quartz and plagioclase by negative 

relief. Plagioclase is distinguished from quartz by lower 

positive relief, cleavage, twinning, and alteration. Bio- 

tite and the heavy minerals are readily discernible. All 

bi- or polymineralic grains were classified as rock fragments. 
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Separation of Heavy Minerals 

The lower size grades of the bulk samples were com¬ 

bined and split with an Otto Microsplit to approximately 

7 to 10 grams. The maximum size grade combined depended 

on the relative amount of material in the larger sizes: if 

the bulk of one of the coarser fractions (40 or 60 mesh) 

greatly overshadowed the combined bulk of the smaller size 

grades, the coarser size grade was not included with the 

combined lower sizes. In no case was material coarser than 

that retained on the 40 mesh sieve used. 

After passing through the microsplit, the sample was 

centrifuged in bromoform for ten minutes at approximately 

2500 rpm. It was then stirred and re-centrifuged, this 

process being repeated twice. To separate the heavy from 

the light minerals thus obtained, the bromoform in the lower 

part of the tube was frozen and the light minerals in the 

upper part of the tube poured off. A representative portion 

of the heavy minerals of each sample was mounted in Canada 

balsam on a glass slide with cover glass. 

Hornblende Size Distribution 

The hornblende size distribution was measured in four 

samples by means of a petrographic microscope with a 10X 

objective and a 10X calibrated ocular. The long dimension 

of 300 hornblende grains was measured in three of the four 

samples. In sample 54 only 256 hornblende grains were 
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encountered in traversing the slide. The original measure¬ 

ment was in arbitrary "units" as marked on the ocular scale. 

The size distribution graphs were drawn in terms of these 

"units." Actual sizes in millimeters were later determined, 

and these values substituted for the "units" of the original 

graphs. 
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RESULTS AND DISCUSSION 

Roundness 

The roundness of a grain is defined (Wadell, 1932) 

as the average radius of the corners and edges of the grain 

divided by the radius of the maximum inscribed circle. 

Grains less than 0.25 mm. in samples 54 and 57 are 

"angular"; all other size grades of all samples average 

"very angular." Thus, there is no detected relationship 

between size and roundness of particles. No difference in 

roundness between the grains of the gruss in place and those 

of the stream sands is apparent. Because no variation was 

found in roundness values, they are not listed in tabular 

form. 

A number of anomalously sub-rounded and rounded quartz 

grains appear in the finer sizes of some of the samples. 

They are not common enough to have any effect on the esti¬ 

mate of the average roundness of any sample. 

The absence of detectable rounding and the resulting 

lack of any observable relationship between grain size and 

roundness are, in general, criteria of an immature sediment 

(Pettijohn, 1957* pp. 64, 66). The lack of rounding in the 

first few hundred yards of travel is not unexpected in view 

of the results of previous studies of the rounding of sand- 

size grains. According to Pettijohn (1957* P. 548), "All 

field and laboratory data show that rounding of sand is 
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a very slow process." Thiel (19^0) has shown in revolv¬ 

ing drum experiments that sand-size grains of quartz and 

feldspar are little rounded after the equivalent of several 

thousand miles of travel in a stream. Twenhofel (19^5, 

p. 69) states that " grains of quartz of sand dimen¬ 

sions are very little if at all rounded in streams " 

A few anomalously rounded grains seen in some of the 

finer size grades may be myrmekitic quartz released from 

fractured feldspar grains. Examination of the Sandstone 

Mountain granite in thin section has shown it to contain an 

unusually large amount of myrmekite and also of rounded 

quartz blebs, which may be "end-on" views of myrmekite. 

Sphericity 

Sphericity has been defined (Wadell, 1932) as 

volume of particle 

volume of circumscribing sphere 

This formula may be simplified to _D. , where d is 
dc 

n 

the nominal diameter of the particle, and dc is the diameter 

of the circumscribing sphere. 

The results summarized in Table 2 show clearly that a 

correlation exists between grain size and sphericity. The 

larger size grades are the more spherical. The relationship 

of decreasing sphericity with decreasing grain size holds 

for the non-transported gruss as well as the stream sands. 
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The association of decreasing sphericity with decreas¬ 

ing grain size is common in sediments. The relationship is 

generally attributed either to attrition or sorting. In 

this case neither attrition nor sorting will satisfactorily 

account for the relationship for reasons which will be dis¬ 

cussed later. 

The evidence 'indicates that the original "shape distri¬ 

bution" of the sediment is the dominant factor accounting 

for the correlation of sphericity with grain size and that 

the variation in sphericity is related to variation in 

mineralogic composition within and between the different 

size grades. The sphericity of a particular size grade is 

related to the relative amounts of feldspar versus quartz in 

that size grade, and also to the percentage of rock fragments. 

It is evident that the grains of the largest size grades, 

which consist largely or entirely of rock fragments, are 

the most- nearly spherical. Thus the rock fragments, at 

least the larger ones, have a fairly high sphericity. Com¬ 

parison of sphericity values in Table 2 with percent feld¬ 

spar in Table 3 and Figures 2, 3> and 4 shows that, in 

general, high sphericity correlates with a low percentage 

of feldspar. This is especially notable in the 120 and 230 

mesh material of samples 50 and 43b. In each of these the 

percent plagioclase is lower and the sphericity higher than 

in the same size grade in other samples. 
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Quartz grains in the samples studied are apparently 

more spherical than feldspar grains. This relationship 

was not noticed when sphericity estimates were made with 

the binocular microscope, but examination of thin sections 

of the Bear Mountain and Sandstone Mountain granites has 

shown that the quartz is generally more nearly equidimen- 

sional than the feldspars. Plagioclase is slightly elon¬ 

gate and may be more important than potassium feldspar in 

determining the average sphericity of a sample. The tend¬ 

ency of the feldspars to break along cleavage planes is 

probably a factor contributing to the low sphericity of the 

smaller size grades. 

Two alternative explanations of the size-sphericity 

correlation are attrition and sorting, neither of which is 

believed to be effective for the following reasons: 

(1) If the larger grains were more spherical because 

they have suffered more attrition than the finer sizes, a 

concomitant greater increase in roundness might be expected. 

(A large amount of "rounding" is necessary to produce a 

small increase in sphericity, if fracturing is disregarded.) 

Inasmuch as the grains in all size grades show virtually no 

signs of wear on corners and edges, the relationship of 

sphericity to grain size cannot be accounted for by attri¬ 

tion. 

(2) By selective removal of spherical grains from the 
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finer sizes, sorting might produce an apparent decrease in 

sphericity with decreasing size. This mechanism seems un¬ 

likely in the basin-shaped exfoliation pockets, from which 

material has apparently not been selectively removed. 

Mineralogic Composition 

The mineralogic,composition was determined for each 

size grade below 0.84 millimeters in all the gruss samples 

from exfoliation pockets, and for three of the stream 

samples (54, 55j 56). Results are shown in Table 3 and in 

Figures 2, 3, and 4. The great bulk of the sediment con¬ 

sists of quartz, plagioclase, and potassium feldspar, and 

rock fragments containing mostly these three minerals. 

■ A definite correlation between grain size and miner¬ 

alogy is apparent. The percentage of rock fragments in¬ 

creases at an exponential rate with increasing grain size. 

With one exception, sample 43b, the percentage of quartz in¬ 

creases with increasing grain size ih the size range examined, 

though it must obviously decrease in the very coarse sizes 

as the percentage of rock fragments becomes increasingly 

greater. Some trouble was encountered in distinguishing 

quartz from plagioclase at first, leaving the relative pro¬ 

portions of these two minerals open to some question in 

sample 43b, which was one of the first examined. In some 

of the samples the percentage of quartz shows a slight in¬ 

crease in the finest size grades. The percentage of 
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feldspar consistently increases with decreasing grain size 

down to about 0.1 mm. At this size both plagioclase and 

potassium feldspar show a slight decrease corresponding to 

the increase in percent quartz. Heavy mineral content, 

though minor, shows a consistent increase with decreasing 

grain size. The most abundant heavy mineral is green horn¬ 

blende. Others are zircon, sphene or monazite, tourmaline, 

clinozoisite, magnetite, and rutile. Biotite is concen¬ 

trated in the finer sizes. 

The relative percentage of quartz vs. feldspar in the 

various size grades appears to be dependent upon two factors 

l) the size distribution of quartz and feldspar in the 

granite, for in the thin sections of the granites quartz 

appears to be slightly larger than the feldspars; and 2) in 

weathering, the feldspars have a greater tendency to cleave 

into smaller particles than does quartz. 

The increase in percent quartz accompanied by a de¬ 

crease in percent feldspar noted in the finest sizes of 

some samples may be caused by the combination of two causes. 

One is the removal by chemical weathering of the feldspars 

in the smaller sizes because of their relatively large sur¬ 

face area. The increase in percent quartz in the fine size 

grades may also be due to the release of myrmekitic quartz 

from fractured plagioclase grains. As mentioned in the dis¬ 

cussion of sphericity, myrmekitic quartz may account for the 



-14- 

anomalously rounded quartz grains in the lower size grades. 
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gruss sample 28. 
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Size Distribution 

The discussion of the size distributions is presented 

here in five sections. The first is a description and dis¬ 

cussion of the origin of Rosin's law and lognormal size 

distributions, and a comparison of these two types of dis¬ 

tributions. In the second section previous work related to 

the present problem is reviewed and this information used 

as a basis for predicting the nature of the size distribu¬ 

tions in the samples studied. In the final three sections 

of the discussion the measured size distributions are de¬ 

scribed and their significance discussed. 

Rosin1s law and lognormal distributions. The most 

widely used frame of reference in describing the size dis¬ 

tribution of sediments is the lognormal distribution. A 

brief resume of the lognormal and other distributions is 

given in Pettijohn (1957* pp. 39-^2). The size distribu¬ 

tions of sediments from a wide variety of environments are 

close to lognormal, and deviations from lognormality are 

generally in the tails of the size distribution curve. If 

the cumulative frequency vs. size is plotted on log-prob¬ 

ability paper, any lognormal distribution is a straight line. 

Rosin's law was originally formulated to describe the 

size distribution of broken coal. Bennett (1936) reviews a 

wide range of empirical evidence supporting Rosin's law, 

and derives the law on a theoretical basis. In order to 
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facilitate the study of size distributions approximating a 

Rosin's law distribution, Geer and Yancey (1938) constructed 

a type of graph paper such that the graph of any Rosin's law 

distribution is a straight line. 

The Rosin's law distribution does not differ greatly 

from the lognormal distribution. The major difference is 

the relatively smaller percentage of the fine sizes in the 

Rosin's law distribution. This difference is apparent on 

Rosin's law paper in the greatly expanded frequency scale 

toward the finer sizes. Figure 5 graphically shows the 

similarities and differences between a Rosin's law and a 

lognormal distribution as plotted on log-probability paper. 

The Rosin's law curve was constructed by drawing a straight 

line on Rosin's law graph paper and transferring a number 

of points lying on this line to the log-probability paper. 

The lognormal distribution, which is a straight line on log- 

probability paper, was drawn such that the modes of the 

Rosin's law and lognormal distributions approximately 

coincide. 

With grain size plotted along the abscissa and cumu¬ 

lative frequency plotted along the ordinate, as in Figure 5^ 

a curve which is concave downward has a skewness value less 

than one. This means that the finer admixtures exceed the 

coarse and that the median size is smaller than the mode, 

i.e., there is a "tail" of finer material. The curve may 
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be made normal by changing the median and/or the mode so 

that the median and the mode coincide. This may be accom¬ 

plished by the addition or removal of material in any of 

several different ways. Figure 5 illustrates graphically 

the additions and removals of material necessary to change 

a Rosin's law distribution to a lognormal distribution with 

approximately the same mode. 

Referring to Figure 5.» the percent of the total sample 

in the size range a-b is equal to the difference between the 

cumulative percents at a and b (50$ - 20$ = 30$). To find 

the percent that should be present in a lognormal distribu¬ 

tion (with about the same mode)., points a and b are pro¬ 

jected to the straight line representing the lognormal 

distribution, and the amount in this size range is read as 

the difference between a* and b' (here b' - a' is 62$ - 20$ 

42$). Thus an amount equal to 12$ (the difference between 

42$ and 30$) of the sample must be added in the size range 

a-b in order to change this portion of the curve from a 

Rosin's law to a lognormal distribution. This same method 

may be carried out with succeeding pairs of points to show 

which sizes of a Rosin's law distribution are deficient and 

which sizes are in excess relative to a lognormal distribu¬ 

tion. The preceding analysis is merely intended to show the 

differences between a Rosin's law and a lognormal distribu¬ 

tion; no mechanism for the change from the one distribution 



Figure 5. Rosin s law and lognormal distributions. For explana¬ 

tion see text. Log-probability scale. 
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to the other in nature is implied. 

Expected distributions. Krumbein and Tisdel (19^-0) 

showed that weathered and completely disaggregated granite 

and gneiss (as well as other types of sediments) may closely 

approximate a Rosin's law distribution. Their conclusion 

was that the Rosin's law distribution may be the result of 

physical weathering (disintegration), this natural process 

producing results analogous to the mechanical crushing of 

coal. Hatch and Choate (1929) measured the size distribu¬ 

tion of crushed quartz, calcite, and granite and found it 

to be lognormal, in seeming contradiction to the conclusion 

of Krumbein and Tisdel. However, the quartz, calcite, and 

granite of Hatch and Choate were repeatedly pulverized, and 

only the material less than 325 mesh (0.044 mm.) was used in 

the size distribution. Epstein (19^-7) has shown statis¬ 

tically that repeated breakage of particles causes an 

asymptotic approach to a lognormal distribution. From this 

it does not seem unreasonable to assume that after the first 

step of crushing of the quartz, calcite, and granite the 

fragments followed a Rosin's law distribution; only the 

repeated crushing made the distribution lognormal. 

It is proposed here that the disintegration of granitic 

rocks ideally results in a sediment following a Rosin’s law 

distribution. Agents and processes acting on the sediment 

after its formation in general tend to change its size 
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distribution to lognormal. Two rather broad phenomena 

which may lead to this end are discussed below: 

The first phenomenon is the repeated fracturing and 

continued abrasion of sedimentary particles. As Epstein 

(19^7) has shown statistically, repeated fracturing of 

particles causes an asymptotic approach to a lognormal dis¬ 

tribution. Epstein makes the assumption that, after the 

ith step in the crushing process, the probability that any 

single grain will be crushed is independent of its size, 

but may be dependent on _i. Although the probability that a 

grain will be broken is statistically independent of the 

size of the grain, the probability is certainly a function 

of the grain size. The distinction between being "dependent 

upon" and being "a function of" may be a source of con¬ 

fusion here; though the probability that a grain will be 

broken is independent of its size, a graph of the probabil¬ 

ity that grains will be broken vs. the size of the grains 

would show a definite correlation between the two factors, 

i.e., that the probability of being broken is a function of 

size. Thus, Epstein's assumptions are not inconsistent with 

the common geologic knowledge that abrasion and fracturing 

of grains are a function of grain size. Since repeated 

fracturing causes the. size distribution to approach log- 

normality, it. does not seem unreasonable to assume that 

prolonged transport tends to impose a lognormal size 
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distribution on sediments. For further discussion of this 

point, see Rogers and Dawson (1958). 

A second possible method of obtaining a lognormal dis¬ 

tribution is deduced from the Central Limit Theorem of 

statistics. Kottler (1950, p. 351) gives this popularized 

version of the Central Limit Theorem: "If an observation 

depends upon the sum of the effects of a large number of 

small causes acting at random and independently of one an¬ 

other, the distribution of the sum tends to be normal." 

The size distribution of a sediment which has been acted 

upon by "a large number of small causes" may be expected to 

be lognormal. (Note that Kottler says the distribution 

tends to be normal, but that in sediments the size distri¬ 

bution tends to be lognormal. The reason for this differ¬ 

ence is not explained here; suffice it to say that in 

applying statistics to the study of sediments if the word 

"lognormal" is substituted for the word "normal," statis¬ 

tical measures more accurately describe the sediment.) A 

"large number of small causes acting at. random" is not in¬ 

terpreted here as meaning that geologic processes acting on 

a sediment must be random and cannot be selective in order 

for the sediment to attain a lognormal distribution. Rather 

the geologic processes may be selective in one way or an¬ 

other, but a random combination of these selective processes 

leads to a lognormal size distribution of the sediment. 
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Bear Mountain gruss. The Bear Mountain granite is 

medium grained (c. 1.5 mm.) and aplitic in composition 

(Barnes, 1942). Three gruss samples (43b, 44b, 45b) were 

collected from exfoliation pockets in Bear Mountain. Sam¬ 

ples 44b and 45b are from the same exfoliation pocket. 

Values of median size, sorting coefficient, and coefficient 

of skewness for the measured size distributions are listed 

in Table 6. The size distributions of the Bear Mountain 

gruss samples are shown graphically on Rosin's law paper, 

Figure "J, and on log-probability paper, Figure 6. These 

graphs show that the distribution is neither Rosin1s law nor 

lognormal. 

It was stated above that these gruss samples might be 

expected to show a Rosin's law distribution. In samples 44b 

and 45b the departure from a Rosin's law distribution is the 

result of a deficiency of material of diameter less than 

about 0.35 mm. This deficiency is probably partially off¬ 

set by a small second mode in.the silt or clay sizes repre¬ 

senting an excess of material with respect to a Rosin's law 

distribution. (The curve does not extend far enough into 

the finer sizes to show the second mode.) The basis for 

this supposed second mode is as follows: l) .The emulative 

percent in the various size grades must total 100$ of the 

sample sieved. 2) If the curves were extended keeping the 

rate of change of slope constant, or just at the same slope, 



-26 

( 
[ 

£ 
i 
( 
r 

F
ig

u
r#
 
6

. 
S

iz
s 

d
is

tr
ib

u
ti

o
n
 

o
f 

B
o

o
r 

M
o

u
n

ta
in
 

g
ru

s
s
 

s
a
m

p
ls

s
 

4
3

b
, 

4
4

b
, 

a
n

d
 

4
3
b

. 
L

o
g

-p
ro

b
a

b
il

it
y
 

s
e
a
ls

. 



-27- 

109 8 7 6 5 4 3 2 I .9.8 .7 .6 .5 .4 .3 .2 .1 .08 .06 .04 .03 

millimttsrs 

Figurt 7. Silt distribution of Boor Mountoin gruss sompltt 43b, 44b, and 45b. Rosin's law 

scolo. 



-28- 

the size would decrease at a much faster rate than the in¬ 

crease in cumulative percent. This means that a measurable 

percentage of the sample would be composed of colloidal- 

size and smaller particles. 3) If* on the other hand., the 

curve bends upward in the form of a second mode, then the 

cumulative percent increases faster than the size decreases, 

and particles smaller than clay or silt in size are not 

necessarily present. 

The two modes in the gruss may represent two different 

products of weathering; most of the sample is a disintegra¬ 

tion product, but the small mode in the clay sizes repre¬ 

sents a decomposition product. Even if the clay-size mate¬ 

rial were removed from the sample and the cumulative fre¬ 

quency replotted as if 100$ of the sample were greater than 

clay size, the graph would not be a straight line owing to 

a deficiency in the finer sizes of the disintegration prod¬ 

uct. The deficiency may exist because the granite has not 

disintegrated sufficiently that the finer sizes were 

supplied to the sediment. Further disintegration in place 

would bring the sediment nearer a Rosin's law distribution. 

Possibly the deficiency is more apparent than real, i.e., 

the result of faulty sampling or laboratory procedure. In 

sampling and in the laboratory, the probability of losing 

part of the material is greatest in the finest grades. 

It is interesting to note that the gruss samples in 
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different pockets in the granite have different median 

sizes and different sorting coefficients, as shown by com¬ 

paring sample 43b with 44b and 45b. The median size in 43b 

is about 1.5 mm. less than, and the sorting is much poorer 

than, in the other two gruss samples (44b and 45b) from the 

same mountain. The reason for this difference is not known. 

The smaller median diameter in sample 43b may be an indica¬ 

tion that this sample is more thoroughly weathered than 44b 

and 45b. As in samples 44b and 45b, 43b appears to contain 

a second mode in the clay sizes, and this mode is fairly 

large, amounting to possibly 15$ of the sample. To deter¬ 

mine whether or not this decomposition product masks a true 

Rosin's law distribution in the coarser disintegration prod¬ 

ucts, the cumulative frequency curve was plotted as it would 

appear with 15$ of the sample removed from the clay size. 

The resulting curve is not straight, indicating that even 

the disintegration products alone do not follow a Rosin's 

law distribution. 

The nearest approximation to a Rosin's law distribution 

in sample 43b is the nearly straight line extending from 

about 0.8 mm. to the finer sizes, (if the clay is removed 

from the sample, this portion of the graph will still be 

approximately straight but will have a steeper slope.) If 

this line is extended to the coarser sizes, it shows an ex¬ 

cess of material between 0.8 mm. and approximately 10 mm., 
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and a deficiency in sizes greater than 10 mm. The de¬ 

ficiency of material of diameter greater than 10 mm. is 
% 

easily explained on the basis that material of this size 

was not formed by weathering in this particular pocket. 

The excess of material in the size range below 10 mm. may 

again be accounted for by incomplete disintegration of the 

material in that size range. 

The evidence indicates that the Bear Mountain gruss 

samples would follow a Rosin's law distribution if l) 

weathering produced only disintegration products and not 

decomposition products., and 2) if disintegration of the 

coarser material were more complete. 

Sandstone Mountain gruss. The granite of Sandstone 

Mountain is fine grained (c. 0.5 mm.) and very similar in 

composition to the Bear Mountain granite (Barnes, 19^2). 

Three samples of gruss were collected from three different 

exfoliation pockets. The size distributions of these sam¬ 

ples are shown on Rosin's law paper in Figure 9 and on log- 

probability paper in Figure 8. It is apparent that the 

size distribution of these samples is very close to a Rosin's 

law distribution. The difference between the size distribu¬ 

tions of the samples from Bear Mountain and Sandstone 

Mountain appears to be a function of the degree of disin¬ 

tegration of the granite by weathering. The average size 

of the Bear Mountain granite is about 1.5 mm.; in the Bear 
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ples 28, 49, and 50, Log-probability scale. 
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- 

u sumpio c. o 

A sample 49 

1 □ sample 5 0 

p 

I .9.8 .7 .6 .5 .4 .3 .2 .1 .08 .06 .04 .03 

millimeters 

Size distribution of Sandstone Mountain gruss samples 28, 49, 

and 50. Rosin's law scale. 
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Mountain gruss samples studied, 1.9* 3.2, and 3.7 mm. The 

average grain size of the sediment is greater than the 

average grain size of the granite. At Sandstone Mountain, 

on the other hand, the average grain size of the granite is 

about 0.5 mm.; of.the gruss, 0.3^ 0.4, and 0.5 mm. The 

average grain size of the sediment is about the same as, or 

slightly less than, the average size in the granite.1 Thus, 

the Sandstone Mountain gruss is the product of more thorough 

disintegration than the Bear Mountain gruss. This seems to 

be the reason why the Sandstone Mountain gruss more nearly 

fits a Rosin's law distribution. Why one granite disinte¬ 

grates more thoroughly than another in the same area is not 

certain. As mentioned above, their compositions are very 

similar.. The difference in weathering may be a function of 

the amount of time the granites have been exposed or possi¬ 

bly a function of grain size or some other textural property 

of the granite. 

1 It should be pointed out that the median grain size 
for the gruss was determined from weight percent. The aver¬ 
age grain size of the granite was estimated from thin sec¬ 
tions, and is the average by number percent. It has been 
shown that median size in a sample determined by weight is 
not the same as median size by number. Thus the median 
size of the granite, determined by number percent, should 
not be compared directly with the median size of the sedi¬ 
ment, which was determined by weight percent. However, it 
is perfectly legitimate to compare the degree of disinte¬ 
gration in one granite with the degree of disintegration 
in another. Any correction factor necessary for comparing 
thin section data with sieving data may cancel out in com¬ 
paring the ratio of grain size in granite to grain size in 
sediment for two different localities. 
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Sandstone Mountain stream samples. The intermittent 

stream draining from Sandstone Mountain to the Llano River 

is no wider than five feet and only in a few places deeper 

than one foot. The stream drops a vertical distance of 

about 125 feet in a map distance of approximately one half 

mile. Eight samples,, numbers 51-53* 33* 54-57* In that 

order, were collected from near the source of the stream to 

near the place where the stream enters the Llano River. 

Size distributions of three stream samples are shown 

in Figure 11 (Rosing law paper) and Figure 10 (log-prob¬ 

ability paper). These graphs show that the sediment follows 

a Rosin's law distribution, as does the gruss from exfolia¬ 

tion pockets in Sandstone Mountain. The stream has not 

changed the nature of the distribution, though it has 

changed the median diameter and the sorting of the sediment. 

Apparently the stream has selectively removed material from 

the finer end of the size distribution, increasing the 

median diameter and improving the sorting of the sediment. 

This is in agreement with Pettijohn's statement (1957* 

p. 555) that "Sorting seems to be achieved very quickly, 

even by ephemeral streams " 

That the stream has not imposed a lognormal distribu¬ 

tion on the sediment is not at all contradictory to the 

statement above that "agents and processes acting on the 

sediment after its formation will in general tend to change 
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Figure 10. Size distribution of Sandstone Mountain stream samples 54, 55, 

and 56. Log •probability scale. 



99 

98.5 

98 

97 

96 

95 

94 

92 

90 

85 

% 80 

70 

60 

50 

40 

30 

20 

10 

5 

2 
I 
3 2 I .9.8 .7 .6 .5 .4 .3 .2 .1 

millimeters 

Figure II. Size distribution of Sandstone Mountain stream 

samples 54t 55, and 56. Rosin's law scale. 

-36- 



-37- 

its size distribution to lognormal." If a lognormal dis¬ 

tribution is imposed on the sediment by fracturing and 

abrasion, only prolonged transportation and reworking will 

produce this size distribution. No such effect could be 

expected in a small intermittent stream only a few hundred 

yards long. Likewise, no large number of random small 

causes has acted on the sediment in such a short distance. 

The size distribution curves, on log-probability 

paper, of the stream samples generally show a "hook" (e.g. 

Figure 10, sample 54) in the vicinity of 0.2 mm. which is 

not apparent in the graphs of the Sandstone Mountain gruss 

samples. No exotic mechanism need be called upon to account 

for the shape of the curve. In changing the sorting of the 

sediment, the stream merely changed the slope of the line 

on Rosin's law paper, but when this Rosin's law distribution 

is plotted on log-probability paper, the "hook" appears. 

It is a characteristic of a Rosin's law distribution (with 

that sorting coefficient) plotted on log-probability paper. 

Hornblende Size Distribution 

Heavy minerals constitute a very small percentage of 

the two granites which are the source rocks for the sediments 

studied in this problem. In these samples hornblende is the 

most abundant of the heavy minerals. The hornblende size 

distribution was measured in four samples, two from Sand¬ 

stone Mountain exfoliation pockets (28, 49) and two from 
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the stream at Sandstone Mountain (54, 56). Results are 

shown graphically in Figures 12, 13, l4, and 15. Median 

size, skewness, and sorting are listed in Table 7. Median 

size of hornblende grains may not be compared directly with 

median size of the bulk sample for two reasons: l) Horn¬ 

blende size distribution was determined by a grain count, 

whereas the bulk sample size distribution is based on weight 

percent. As mentioned earlier, size distribution by number 

is not directly comparable with size distribution by weight. 

2) The long diameter of hornblende grains was measured, but 

sieving of the bulk sample supposedly is a measure of the 

intermediate diameters of the grains. 

Possibly the hornblende grains follow a lognormal size 

distribution in the Sandstone Mountain granite (see Rogers 

and Dawson , 1958). Experimental evidence indicates that 

crystals growing in a homogeneous medium have a lognormal 

size distribution. The unusual texture of the Sandstone 

Mountain granite suggests that it did not crystallize from 

a homogeneous melt, but it does not seem unreasonable to 

assume that in the earliest stages of crystallization (the 

time of formation of the hornblende grains) the melt was 

more nearly homogeneous than during the final stages of 

crystallization. Thus, the size distribution of the horn¬ 

blende grains within the granite may be lognormal. 

If it is assumed that the size distribution of the 
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hornblende grains in the granite is lognormal, and that in 

weathering breakage of these grains is negligible, then the 

size distribution of the hornblende grains released by 

weathering should be lognormal. In the two samples from 

exfoliation pockets (49, 28), the hornblende size distribu¬ 

tion is very nearly lognormal. However, the hornblende size 

distribution in the two samples from the stream (54, 56) 

departs significantly from a lognormal distribution. Al¬ 

though the stream changed the median and sorting of the 

bulk sample, it did not change the nature of the distribu¬ 

tion, but the stream did change the size distribution of the 

hornblende grains. The coarser median diameter of the horn¬ 

blende in the stream samples indicates that the stream has 

selectively removed finer grains. However, the shape of 

the curve (disregarding numerical values of Sk) indicates 

an excess of material in the finest sizes measured. The 

excess is probably compensated for by a deficiency of grains 

smaller than the smallest size measured. This means that 

the smallest grains have been almost completely removed. In 

sample 56 (Figure 15), for instance, the curve indicates 

that there are no grains below approximately 1/20 mm. If 

2 or 3% of the sample were in the size range less than 
l/20 mm., the distribution would be lognormal. Apparently 

the stream has changed the hornblende size distribution 

from lognormal by removal of all grains less than l/20 mm. 
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The graph of the size distribution of sample 54 (Figure l4) 

may he made straight by the addition of material below 

about 1/30 mm. It is not clear why the stream has altered 

the shape of the size distribution of hornblende grains 

and not altered the shape of the bulk sample size distribu¬ 

tion. 
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Figure 12. Size distribution of long dimension of hornblende grains, 

sample 49. Log-probability scale. 
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sample 28. Log-probability scale. 
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Figure 14. Sire distribution of long dimension of hornblende 

groins, sample 54. Log-probability scale. 



-44- 

•5 .4 .3 .2 .1 .08 .06 .04 .03 
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Figure 15. Size distribution of long dimension of hornblende 

groins, sample 56. Log-probability scale. 
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SUMMARY AND CONCLUSIONS 

The size distribution of gruss samples was found to 

closely approximate a Rosin's law distribution. Departures 

from a Rosin's law distribution are caused largely by in¬ 

complete disintegration of the granite upon weathering. Al¬ 

though stream processes change the median and sorting of 

the sediment, the size distribution of stream sediments 

also follows Rosin's law. From these results and the re¬ 

sults of Krumbein and Tisdel (1940) it is concluded that, 

in general, the weathering of crystalline rocks tends to 

produce a size distribution obeying Rosin's law. The near¬ 

ness of fit of the size distribution of the sediment to a 

true Rosin's law distribution appears to be a function of 

the degree of disintegration of the source rock; those 

samples showing the smallest ratio of grain size in sedi¬ 

ment to grain size in granite most nearly obey Rosin's law. 

In other words, more thorough disintegration results in a 

size distribution more nearly following Rosin's law. 

The size distribution of hornblende grains in exfolia¬ 

tion pockets is lognormal. This distribution is expected 

because of the supposed lognormal size distribution of horn¬ 

blende within the granite, and negligible fracturing of 

hornblende grains in the weathering process. The stream 

changes the shape of the distribution curve by the selective 

removal of the finest sizes. 
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The cumulative effect of the various agents and 

processes acting on the sediment after its formation will 

in general impose a lognormal size distribution on the sedi¬ 

ment. The lognormal size distribution may be imposed on the 

sediment by abrasion and fracturing during prolonged trans¬ 

port , or by a random combination of processes and events 

acting on the sediment during its transportation and deposi¬ 

tion.- The nature of deviations from lognormality may be 

useful in interpreting the history of sediments. Further 

work may make it possible to attach some semi-quantitative 

significance to the Rosin's law distribution as an indicator 

of distance of transport or amount of reworking. Deviations 

from lognormality in more mature sediments may offer clues 

as to their transportational and depositional history. 

This subject is more thoroughly discussed by Rogers (1958). 

Because of the almost unlimited number of combinations of 

factors which may produce a given size distribution in 

nature, it is unlikely that size distributions alone can be 

used as a sound basis for describing mode of transportation 

or environment of deposition; but used in conjunction with 

other textural, environmental, and stratigraphic data, size 

distributions can be of substantial help in interpreting 

sediment history. 

Roundness values show no detectable variation with 

grain size. The vast majority of the grains are very 
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angular. No rounding of grains by transport in the stream 

at Sandstone Mountain is apparent. 

Sphericity is a function of grain size., which in turn 

is a function of mineralogic composition. Coarser grains 

are more spherical. This correlation is caused mainly by 

the increase in quartz ahd rock fragment content and de¬ 

crease in feldspar content with increasing size. 

The great bulk of the sediment is composed of quartz, 

potassium feldspar, and plagioclase. The percentage of 

quartz and rock fragments increases with increasing grain 

size, whereas the percentage of feldspar and heavy minerals 

decreases with increasing grain size. The variation of 

mineralogic composition with grain size is apparently a 

function of: 1) the grain size distribution in the granite 

and 2) the tendency of the feldspars to cleave as the 

granite disintegrates. 
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Sample 

43b Exfoliation pocket in Bear Mountain. 

44b 

45b J 
► One exfoliation pocket in Bear Mountain. 

49 

50 

28 J 

| Exfoliation pockets in Sandstone Mountain. 

51 

52 J 53 J 

^ Stream bed at Sandstone Mountain. 

33 Pocket in granite adjacent to stream. 

54 Side of stream channel. 

55 Small basin just above small waterfall. 

56 Stream bed. 

57 Stream bed, downstream from contact with 
metamorphics. 

Table 1. Location of Samples. 
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Sample Median Sorting Skewness 

VVQi Q1Q3/Md
2 

43b 1.870 5.44 .134 

44b 3.700 2.17 

0
0

 

45b 3.210 2.29 .922 

49 0.360 1.88 .852 

50 0.288 1.80 .853 

28 0.545 1.66 .909 

51 0.810 1.44 .975 

52 0.538 1.53 V
O

 

0
0

 

53 0.523 1.34 .989 

33 0.502 1.47 .992 

54 0.469 1.31 .958 

55 0.870 1.55 .965 

56 0.810 1.43 .945 

57 0.374 1.47 .935 

Table 6. Median Size, Sorting, and Skewness Values. 
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Sample Median Sorting Skewness 

Q-^/Md2 

49 .083 1.35 1.006 

28 .083 1.33 1.027 

54 .131 1.88 1.280 

56 .190 1.60 1.028 

Table 7. Median Size, Sorting, and Skewness of 
Hornblende Size Distribution. 


