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INTRODUCTION

In preparing this thesls the object has been to
determine, by comparisons, a possible source of the
Carboniferoua sandstones; It 1s perfectly obvious
that the material came from some older formation.
Considering all the possibie sources from which the
Carboniferous sandstone could have originated, we,
have the Pre-Cambrian igneous rocks of the St.Fran~
cols Mohntains, the basal Cambrlan sandstone or the
La Motte formation, the Ruubidoux formation (chiefly
sandstone), and the 5t. Peter formation (essentially
sandstone).

The fact that the crystalline rocks of the St.
Francols Mountains were covered by Pre-Carboniferous
sediments to a great extent, and that by Carbonifer-
ous times erosion had greatly reduced the mass of
igneous rocks outcropping, and also the relative geo-
graphic positions of the outcrops of Carboniferous
sandstone and the Pre-Cambrian rocke have led us to
eliminate the igneous rocks as being the least pos-
8ible of the sources above mentloned.

The La lMotte sandstone is, next to the Pre-

'Gémbrlan, the least possible source. It is belleved



that sufficient amounts of this formation had not
been eroded at the time of deposition of the Car-
boniferous sands to account for much of the material.
This is evidenced by the fact that the areal dis-
tribution is not great as compared to the bulk of
the Carboniferous sands. Then, too, much of the
area of La Motte now exposed has been denuded since
Carboniferous times. These facts when considered
with the geographic relations of outcrops, led us
to eliminate the La Notte formation from our con-
silderations as a possible source.

There remains the Roubidoux and the St. Peter
formations as possible sources. The Carboniferous
areal distribution 1s so related to that of both of
'these formations that it might have been derived
from either. The Carboniferous rests unconformably
on the Roubidoux over considerable area. This in-i
dicates to us that during Carboniferous times the
Roubidoux was exposed to erosion, and that,no doubt
some of the materlal must have been derived from
‘the Roubidoux. On the other hand the long erosion
escarpment of the St. Peter  which faces in a gen-

eral direction towards the outcrops of Carboniferous



may be the result of erosion during Carboniferous
times.

In making our conparisons we heve determined
the relative sizes of grains of the Carboniferous,
St. Peter, and Roubidoux sandstones. This was
done by collecting representative samples from
various points of the exposed areas of these form-
ations, and making screen tests of these samples.
Curves have been plotted showing the relation be-
tween sizes and percentages. Photomicographs have
been teken of a few samvles with the 1dea of show-
ing any difference or similarity betwesen the
angularity of grains of sand of the three formations.

It is believed that these comparisons will show
to which formations (the Roubidoux or the St. Peter)
the Carboniferous is most similar. The one which
it most nearly resembles will be teken as the most
likely source of the material for the Carboniferous.
We resalize that msny assumptions have been made and
there aré & great many chances for esror. It may
be that the Carboniferous sands were derived from
2ll of the sourcee mentioned in the first part of
the introduction, and also from other sources not

mentioned and not apparent to the authors - However,



we offer the conclusions of this thesis as a2 result
of laboratory experiments which we were emabled to
conducet, and not as absolute or as even definite in-
formation as to the ahsolute source of the Carbonifer-

ous sandstones of the Ozarks.



DESCRIPTION OF FORMATIONS

Roubidoux:

The Roubidoux formation consists of several
alternéting limestone or dolomite and sandstone
members. Its thickness varies from 70 to 150
feet, averaging, perhaps, about 100 feet.

In most places the séndstone is more abundant
than the dolomite. In Phelps and Dent Counties
are especlally good ouﬁcrops of the sandstone
members of the formation. Within the Rolla Quad-
rangle the formation consists of seven members,
four sandstone and three dolomite. Here the
aggregate thickness of the sandstone amounts to
about 7O feet and the dolomite to about 30 feet.

A study'of the accompanying map (Page 30) will
show the areal distribution of the Roubldoux.

As to the lithological characteristies, the
Roubldoux sandstone is composed of a rather ang-
ular or sub-angular sand, which, in most places -
friable and usually stained red by Oxide of iron.
In some places it 1s quartzitic due to a silic~

ification by weathening.



3t. Peter:

The 3t. Peter sandstone outcrops in a belt
slong the Mississippl and Missourl hiver fronm
Cape Girardeau County northward into Jefferson
County.

'he sand of this formation is very pure,
often analyzing as high as 98% 8i0,. Because of
its purity it is very whi te in color. The grains
when examined under a microscope are muoch more

~rounded than the Roubidoux sand grains.

Carboniferous:

The Carboniferous sandstone outorops in
Phelps; Maries, ‘ranklin, Gasconade, and Osage
Counties, lying between the outerops of the Roubi-
doux and St. Peter formations.

The Carboniferous occurs as massive irregular
deposits of sandstone grading into clays and
shal es. Stratification planes are almost en-
tirely absent. The noticeable characteristio
of the whole is its typicel purple color.

The sand grains are moderately well rounded.
‘When examined under a microscope the degree of
angularity is very nearly the ssme ss it is for

3t. Peter.



The color of the Carbonifer ms sandstone varies
in different localities. In some places it is very
whi te and pure resembling the outorops of 5t. Peter,
and in other places it is sfained red to brown by

oxide of irom.
Age of Hormations.

Carboniferous (Pennaylvanian)

Ordovician St. Peter

Cambrian Roubhidoux

10



SXPLANATION OF CURVES AND TABLES

Curve 1 is obfained by plotting the average
percentage retained on each screen against the
screen 8ize in millimeters. The average anslysis
of eight representative sanples of Roubidoux was
used. Por the St. Peter, thirteen analyses were

averaged and for the Carboniferous, nine.

Curve 2 is obteined by plotting the cumulative
average percentage agairnst the screen size in mill-
imeters. The Tyler Standard Screen Scale was used

in plotting the curve.

Curve 3 was plotted to show the maximum dif-
ference between the percentage retained on the
soreen for the Roubidoux and Carboniferous. That
sample of the Roubidoux whioch showed the largest
percentage of large grains in the screen ansalysis
was plotted against the sample of Carboniferoms, the
screen analysis of which showed the largest percentage
of emall grains. The sample of the St. Peter which
showed the largest parcentage of large grains was al-
80 plotted.

This shows graphicelly the maiimum'differenoe
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in the quantity of any grain size of the original

and the derived sandstone.

Curve 4 was plotted to show the minimum
difference in size between the grains of the three
sandstones. Screen analyses which were most neerly

alike were chosen.

Curve 5 was plotted to show the relation of
some other sandstones to the ones under consider-
ation. The La lotte (Miscellanedus No.1 ) 1s the
1owest sandstone member in Missouri. Tﬁe Potsdam
sandstone (liscellaneous Ne. 2. ) is from Wisconsin
It has been correlated with the La liotte of llis-
sourl. The curves for the other sandstones are

the same as those used in Curve 1.

Table 5. The terms used in this table may
need some explanation. The tera"uniformity co-
efficient"” 1s defined as "the ratio of the size
of grain.which has 60 percént of the sample finer
than itself to the size which has 10 percent finer
than itself.

That 1s, in a sand, if Jjust 10 percent were
finer than ! mm. and just 60 percent finer than 2

mmn., the uniformity coefficient would be 2. 1In
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other words fifty percent of the sauple lies
between lmm and 2mm. in diameter. It merely
expresses a ratio of variation of size of grain.
The term "effective size" is defined as a
slze "suth that 10 pércent of the sample is of
smeller grains and 90 percent is of larger grains
than the size given". That is, if 10 percent of
the sand passed a 1{mm. screen and 90 nercent was
retained on the screen, lum would be the effective
slze. As efféctive size is ome of the factors
used in determining the uniformity coefficlent
this together with the uniformity coeflficient de-
fines rather closely the size and uniformity of a
sand, and where effective size 1s also shown,the
coefficient of uniformity means much more than 1t

otherwise would.



ROUBIDOUX
Sample 28 36 48
S
No.1 Ae8 165 3167 |2
No.? 21e2 14215049 |25 e1 | 4e1 [ DB | Ol | O3
NOe?d 1060 |28.0 2263|1366 | 8e® | "e?| 01| 045
No.1 440 |12.2 7760264 | 96| 120 [ 001 | D66
Noe5 4¢277e3 | 43653 |196T | 2671 | De1| 001 | No4
No.H 5e¢0 1861734 (20¢1 125 | 10| N1 | No4
No.«7 Be7 |18 (394 (257 | 567 | 162 Da3| Oa”
NOe3 - - - - - - - -
NOoo9 1e1l| 4e6[(16e3 |17 (3065 |"202| 23| 11
115CoNOpd | 1e2| 8e1|17e1|10e7 3168 | 245 | O01| 0o
H1SCeNOoB | B5e0[2306|34a1 |25 | 92 27| 0a2] 0.7
U1SCeNOeG | 36| 948(2246(39.8 (2045 [ 3e2| 0e2] 042
1SCoeNOeS | 262|11e8]2862(2363 (2762 | 7| 048| 160
MisCeNOeD [13e9 [40.7 (3261 10.4 (2.2 0.2 0.,0] Os1
Table 1

14



ST «!’ETER

Sample 28 | 95 | 48 | 65 | 100] 150] 200|Fined
No.1 0.3 |5el [2446 (155 [20e3[2.3 |03 [0.1
NO+2 1e0 [1841 (42,3236 (0.1 [1.3 |0.2 |0.1
No.3 Ned [1.0 [27.6]49.3]|18.8|1.2 [0.2 [0.3
No.4 1eD [DeD [Me2 2862|146 (5.7 |19 [7ed
NO WD NeB [19.4 (3244 [23.5[1.9 [9.4 |0.2 [1.0
No o0 Ne3 [4.9 [2647(79.0(21.2]|4.0 (0.7 |1.9
Noo? 0.4 9.2 |34.8(79.8|20.5|4.4 [0.8 |0.3
NO.S 1e3 [5e1 [1341[25.3|43.0(9.8 (0.6 [0.5
NO o9 0e6 |4.9 [1647]4040(33.8(|3.3 (0.2 |0.2
Noe10 |02 |3¢3 [34.5(38.1]17:0[68.1 (0.5 0.2
Noe11l 0.6 |7.1 [35.5[12.7[12.2]0.9 |0.1 [0.2
N0e12 [0e4 |340 [16.4 [41.5(26.9|9e8 [1e3 |0.5
No.13 [0.9 (8.4 [11.8[18.7]36.8[21.4]|2.8 |1.1

Table 2



CANGONIFIROUS

Samnle 28 35 4.8 65 100 |10 |°00 |iines

NOel | TeB | 10.2| 2440| 24.4] 21.3[3.0 [0.8 | 1.6
Noe2 | 0.2 2.2 |11.0]24.0]42.1[15.0(1.6 [0.3
Noe3 | 7.8 |45.4| 7.2 11.3 ¢4 [1.0 [0.9 [1.0
Xoed |0.3|5.7 |19.170.2[356.1|8.3 |0.8 |[0.3
NoeB | 1.0 | 70 | 21.6| 32.9] 2843|5349 | 1.9 [ 0.9
N0eB | Be5 | 21.4] 29.1[23.3[ 15.7[ 2.9 |0.2 | 045
Noe7 | 2.3 | 11.2]25.2]20.5] 219|563 [1.1 | 2.8
No.8 | 0.1 2e2]10.722.2 471|157 1.0 0.2

No«9 Ne5 | 268 182 [1660] 27| P47 12 | 12




MIAOTTY AMTOUTS

Sample | "8 | 35 | 48 | 85 [ 100| 150 | 200 |"ined]

g
NOO1 0.2 7172651769 |20.8 2.6 067 De1

No.2 0.2 2,7/ 161 r71.9 N8 8.0 D.,7 N.2

1able 4



iroubidoux Ste.i’cter Carboniferous

nfPfectd Unife.|i:Ffects Unif. [fiffect.| Unif,
oef= voef - Coef -

Size |icient]| size [iclent Size |iclent

1 ¢169 | 2.04 || +168 | 1.65 || +158 1.82
2 0222 | 1.0 || 4208 | 1.73 || +104 1.70
3 e208 | 1.96 || «172 | 1.61 | .221 2.11
4 c136 | 1.82 || s127 | 2427 || 4147 1470
5 e230 | 1.70 || «230 | 1.55 || 148 1.81
6 «186 | 190 || <155 | 177 [ <170 2.14
4 208 | 1.83 || «160 | 1.95 | +147 1.97
8 - - «139 | 1.61 | 127 1.74
9 | .126 | 1.04 | <156 | 1.62 | 111 | 1.87
10 - - 8568 | 1.82 - -
11 - - <187 1}58 - -
12 - - " «138 | 1.82 - -
13 - - 116 | 1475 - -
ave | o192 | 1.83 | .163 | 1.75 || +148 | 1.83

Table 5
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AVEFAGE SCREEN ANALYSIS

Screery Size s Millimeters

|
|
|
f $

Fercentage Fetared on Screen.

CURVE 1




CumuATIVE DIFECT iacram oF Averace ScreeN
ANALY St 5

o
8
Y
X
s
3
LY
A
0
N
LE;
®

|
|
i
Q K
~3 <

Cumukative Fkrcerzfas;rz

CURVE L




CURVE SHowine Maxirture LIFFERENCE

IN S1ZE BETWEEN THE FouBIDOUX AND
ST FETER AND THE CARBONIFEROUS.

™ T - . T T Tl
| | | |

P
+
)
§
3
&
1]
XN
¥y
by
3
L
ot

rercemage fraramed on Scween

Cupve 3




Corve Swowme THE Mivimurt DIFFERENCE

IN O1ZF BETWEEN THE TOUBIDOUX AND
OS7-FETER AND THE C ARBONIFEROUS

rze i idlimeters

=

Screen

AR PRNSSINN AR DNERERA Y -
@ $ 0

Fercentage  fretarned on Screen.

CURVE <




CURVE OSHOWING ELATION [ETWEEN
ANALYSES OF LAMOTTE, FOTSLAM,
frouBIPoUXy ST FETER o CARBON/FEROUS.

p
N
g
3
3
N
)
g
N
2
)]

l ]
b O

9 9 )
= M [ N

I
b
Fkrcz:vfaye Ferameg or Screen.

Curve S










26

CONCLUSION

From a careful study of several sandstones,
collected from variouws points in Missouri, especially
those of the Roubidoux, St. Peter, and Carboniferous,
it seems that the Carboniferous sandstone resembles
very closely, both in appearance under the miocro-
8scope, and by screen analysis, the 5t. Peter sand-
stone.

The graine of these two sandstanes seem to have
about the same degree of rounding. his lack of
angularity is in marked contrast to that of Roubi-
doux. Photomiorogrephs (1) and (2) are the samples
of Koubidoux, (3) is of St. Peter, and (4) is of
Carhoniferous. It caen readily be seen that in
photomicrographs (1) and (2) the grains are much
more angular than either (3) or (4), but that in (4)
the grains are even less angular then those in (3).
Although this difference of angularfty is fairly
well illustrated by the acoompanying photomicrographs
it was even more apparent in microscopic examinations
where successive portions of various sumples could
be examined. |

In ocolor the St. Peter and Carboniferous sand-

stones resemble each other very closely. In the
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ma Jority of samples examined the color is almost
whi te in marked contraet with samples of Roubidoux
which in most cases is heavily iron stainsd. Some
of the samples of Carboniferous contained consider-
sble iron oxide. This might be accounted for by
the fact that some of the Carboniferous sandstones
were possibly derived from the disintegrated Roubi-
doux formation. It might also be caused by a sec-
ondary infiltration of iron oxide as a cementing
material. The latter was apparent in the micro-
gsooplic examinations of some samples which showed a
film of iron oxide adhering to practically white
grains.

As stated in a preceding paragraph the Carbon-
iferous sandstone lies uncomformably on the Roubi-
doux formation. This indlostes that & portion if
not all the Roubidoux formation was submerged at
the time of the deposition of the Carboniferous
sands. That the 3t. Peter sandstone, being at a
higher stratigraphic horizon, would be at a higher
elevation, and therefore subjeoct to erosion at the
time of the deposition of the Carboniferous sands,

is not illogical.
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The marked uniformity in size of grains of St.
Peter and Carboniferous sandetones is shown by com-
parative curves contained in this treatise. This
would lead us to believe that the distance from
the point of weathering to the point of deposition
of the Carboniferous sands was not great. The ag-
companying map shows that the distance between the
erosion soarp of the 3t. Peter sandstone and the ex-
posure of Carboniferous sandstone is relatively small.

The curve of average screen analysis shows that
the Carboniferous sandstone shows a slight excess of
large grains over that of the St. Peter sandstons.
This might easily be aceounted for by the fact that
a portion at least of the Carboniferous Sands have
been derived from the Koubidoux formation. In some
of the samples examined under the microscope there
appeared to be & concretionary growth or rather a
tight cementing of small particles which would of
course account for some larger particles.

A gradual reduction of size in re-worked ma-
terial is to be expected. A study of accompanying
cur ves shows that this reduction in size though

gl ight is very persistent. ‘'he maximum difference



in size seeme to be at about 65 mesh. It seems
probable that sands slightly larger than this
would be subject to greatest abrasion. Al though
the maxXximum surface exposure per unit volume is
less than in smaller particles, the cushioning
effect of water film below this size will more
than offset the extra surface expesure.

T'he foregoing comparisons and examinations,
although in no way conclusive proof of the faots,
have led us to believe that the Carhoniferous
gandstone of the Ozark Region has been in a large
measure derived from the weathering and redeposition

of the St. Peter sandstone.

£9
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