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A TEXTURAL ANALYSIS OF THE BEDFORD &
OF LORAIN GOUNTY, OHI:




TEXTURAL ANALYSIS OF THE BEDPORD SHALE
OF LORAIN COUNTY, OHIO

PART I
INTRODUGTION

Throughout the course of the school year 1947-
48 the writer has collected specimens %f,%ﬁ% Bedford

shale from various localities within Lorain County, Ohio,
%%X%ﬁf%luﬁﬁﬁ'ﬁiﬁﬁﬁﬁlﬁgiﬁéi analyses have been made of the
speeimens in order to determine the textural end petro~
logic varistion between the two fscles, snd whether each
of the fecles wae deposited under aimiler conditions.

AGHNOWLEDR D TS
The writer is indebted to Dr, Fred ?&w@ﬁs&@ who

first sugpested this topie of study, for his g&%&%ai
supsrvision of the investigution and of the @?&E&ﬁ%%i?&:
of the ﬁ@mﬁaarigﬁ; Hany of the photogrechs used in this
thesls were contributed by Dr., Foremsn,

Thanks are due %o ¥r. Duncan %ﬁié%&ﬁﬁiﬁﬁ for his
kind assistence in the ceollecting of

aume of the specluens

from the seversl outercps throughout the county.



L DESCRIPTION OF TH

GENER % BEDFORD oB

ALE
The Bedford shale was nsmed by I, S, @%@%@???1

1
Geological Survey of %Eﬁﬁ, %%&t i, Heport of
ﬁrﬂgrﬁgﬁ, De ﬁlg iﬁﬁ§*

e st AR i Sy

in z%?ﬁ f?ﬁ@ the expsellent seotion thet is sxposed in

Tinkers Greek gorge nesr Bedford, Cuyahoge County, Ohlo.
The thickness hers is sbout BS £$%3,‘§%i'%a% rock is
ghiefly & soft blue shele with bands of thin flasgstone

and of hard, %ﬁi@ﬁﬁ%&%% coneretions, ,
?ﬁﬁﬁ4wﬁﬁiiﬁ southwestward into ﬁ%ﬁ up the Cuyaw

h@g& ?ﬁlﬁﬁg %@?&ﬁé 33@%&?11&%, 8 ﬁﬁwfﬁﬁi ligﬁt hlﬁ%«g@ayg

fiﬁ@

grained ssndstone {the Huelid %%ﬁﬁ&%@ﬁ% l@ﬁ%i&} lies
near the base of the formation. 4lso, In, and for some
distance to the west of Gleveland meny sections %hﬂ% some
bleck shale in the besal part of the Eﬁéfﬁfﬁ* ﬁhiﬁ shale
hag every appesrance of h@&&% reworked %iﬁag ﬁﬂég end on

this sccount it ie included in the Bedford ﬁﬁﬁia:igg@%&ﬁ~,

Clevelend @%&iag%,

of in the m&r}@g’i

®cushing, Leverstt, and Van Horn - Geology end
Minersl Resources of the Cleveland District, ohlos Us Ss
818, pp. 40-42, 1981,

Geologleal Survey, Bulletin

s . : )

In Lorain County, the Bedford sbale consists of



two general facles, a lower blue-gray snd en upper
chogolate-red, At the contact with the underlylng
Clevel
to six iﬁ@&%ﬁ}iﬁ thickness), %&ga&&%&éﬁggfﬁg

and shales are two thin ﬁ%ﬁ%?§§ﬁ$ $§§ﬁ¥% {up

in sendy
blue-gray shale,

These basal sandstone layers gontain 8 grest
deal of ocarbonete, and locally, as for example in the
outorop at North Amherst, beve %&fﬁi@i@&%’%ﬁﬁaﬁﬁg of
they might be

@&z%ﬁaa%aa {principally calcium) thet
classed as limestone,

As f%?~§ﬁ the writer is awere, no chemical
snalysis bhes been msde of these basel layers in lorain
ﬁ&aa@yﬁ' Eﬁ@ﬁ?@?; gn analyeis of the same basel sande
stone layers from the seotion st Tinkers Oreek nesr Bed-
| @%&%&ﬁﬁ'&f @ﬁiﬁ State

ford, Ohioc, by Professor D, J« De

%?r&asar, Cu 8. =~ The Devonisn ﬁﬁﬁ/ﬁi&ﬁiaaiggiaﬁ
Pormation of Nerthesstern Ohis; Geologlesl Survey of

Ohio, Tourth Series, Bulletin 15, p. 82, 1912,

S o S 4 SR i

University, will serve to show the high carbonste content:

Glay 17.5%
8ilicious vesidue Guarta 8.8

Feldepar 10,8
g‘igg’i}ﬁ ; - Ba03
yﬁﬁ@g i B30
fa g@‘% ﬁ%a 60

g 00g | 17,08



From two to five fest above these two sandstone
beds, smell lenses of sandstone (not more than 1/4 inch
"in thickness) msy be found. Both the shele and the

sendetone lenses westher to a buff color but are bluee

gray when unweathered,
On exposurs the shale hﬁﬁ%&g iﬁiﬁ~$@$§ small
reotangular fragments (epproximately 1/8 by 1/4 ineh)

that suggest shrinksge-cracked mud, This rapid weatherw

iﬁg\iﬁ becsuse of the high content of silts snd clays

which meke the shale very soft sad tender when wet,

%ﬁ@ﬁgﬁ it %%@@%@% falrly firm on thorough drying.

| This blue-gray facles varies in thickness up
to approximately 18 feet, where 1t grades ia%a the mueh
thicker overiying red facies.

So @%@é&&l ig this change iﬁ'aglaw‘iﬁ some

localities that s mottled effect is apparent, due %o
amell layers and lenses of %%%”gxag‘fﬁ@igg interbedded
within the red fsocles. E B

' The only spparent difference in &k@ two facles
in hend %@%ﬁiﬁ%ﬂ% is in color, although, ss shown by the
,5$ﬁ@&§ﬁﬁ§iﬁ% histogrens and ﬁﬁ&ﬁlﬁﬁiv&'$§§$&é; the bluew

grains

grey facies in general hes a greater percentage of

in the egosrser grades than does the red fagles, 'The red

fasciss, then, is even wesker than the blue, so that its
characteristie ocourremes in outorop is as a red mud, and

heand speclimens of the unweathered rock cen be collected



only when an excavation is %@iﬁg;ﬁéﬁﬁﬁ

%@5&5&% of the uneven contact %ﬁ@k‘%ga over-
iying %&r$§'$&§§$tﬁﬁag the Bedford %%ﬁl&’%@%ﬁ%ﬁ graatly
in %Qiﬁ%ﬁ%ﬁ% iﬁ Loraln County. @azl ?&%ﬁ?éﬁ of Lorain
to i@ﬁ f@@% in %ﬁiﬁ%ﬁ%&ﬁa%

County gﬁaﬁ it to vary from 8

,%ﬁgﬁbﬁyg, E. Hs - The ?&i&%%&i@ ﬁﬁrﬁtigrﬁ§hy of
i%?%iﬁ ﬁﬁﬂﬁafg Ghio: Masters ?%egiﬁ, ﬁ%ﬁ?@iﬁ ﬁ@i&ag@,

GEOLOGIC AGE OF THE BEDFORD SHALE

Geologlsts are 1n no genersl egresment ss to ithe
ge of the Bedford shele. For many y@ayﬁyﬁh%fﬁﬁéfﬁ?é

was classified ss Carboniferous, G. H. Girty®, in 1912,

5%@%*?@%% Acadenmy of Solience. Annsls, Volume 22,

De 288, 1912,

was one of the first geologlat to mep the Bedford as
Devonian on the basis that "this disconformity

‘Devonian in ege. The same yesr C. S, Prosser assi

between %@ﬁ auﬁf@ré and Berea formetions %ﬁg@%&@r with
raot that @%&&ﬁﬁg fossils in ﬁ@?iﬁ%ﬁﬁ%@?ﬁ.éﬁiﬁ 25d northe
wastern E@s?w3i¥a§ia ceour nearly %g‘ﬁh% %@@a of the
Beres g@gﬁgtgﬁ% g regerded, ... ﬁ& é#iﬁﬁﬁg@ in favor of

drawing the line of separstion between the Devonian and



- Carbonifercus systems at this herizon,"®

5%3@%%%§; Ge S ~ 9pe gits, pe 511

Many geologlsts’, however, comtinue to classify
onadwick, G, H. - The Great Catskill Delta, and
Revision of Late Devonien ﬁﬁﬁ@%&%i&ﬁ; ?&ﬁwﬁ%&?&ﬁaﬁ
Geologist, Volume 60, p. 880, 1833,
Hoorey Re Gy ~ Historiesl CGeclogy; p. 270, 1933,
Burroughs, ¥. G. - The Unconformity Between the
eyea Formstlons of Nerthern Ohlo:

Bedford and the E
Journal of Geology, Volume XIX, Number 7, p. 655, 1911,

the ?@ﬁfﬁ?ﬁ’ﬁﬁ‘ﬂaﬁﬁﬁkifﬁﬁﬁﬁﬁiiﬁ.ﬁﬁﬁg

In 1914 the United States e
adopted De
of the Bedford shale, and 3&1&1~a3&g%$£§$3 it thus,

ologleal Survey

nation
&

%}: g as the ﬁ%ﬁ @:&51

%%iigﬁx%h, Hy Go = §$xi%®& of Geologle Names

the United States; U, 8, Geologleal Survey, Bulletin
896, Part I, p. 143, 1938, |

Host g@al@gi&%& of teday follow this sclassi-
fisation,

BEDFCRD - B

EREA CONTACT

the irrveg

wlar ocontect of the



Berea %ﬁﬁﬁ@ﬁ%ﬁ@ has r@@%i?@& much dis~

the ﬁ?%?i?i@ﬁ
'@ﬁgﬁiaﬁ; and g%&%&%iﬁgg are not g%ﬁ in %gﬁ%&mﬁﬁ% &ﬁ to
the %igﬂifi%?%@% of tgig %ﬁ@%&s

%ﬁiﬁ i&?ﬁg&i&?
%ﬁa% the Beds

Ve 4*-ﬁﬁr§§agi$ in éiﬁ@&%ﬁ*z%

, @@ﬁﬁ%@%, propeses that "During %ﬁ% %ﬁfi&% 
ford &axiﬁ%ﬁ %&ﬁ abave the level @f %&@ %%&3 i%% surfuce

was %iﬁaﬁﬁﬁﬁé* stresns @ut%iﬁg ﬁﬁ%g ﬁ?%%ﬁ%i& and wide

valleys. The 1@%@? ?Q?ﬁ%@ﬂﬁ of these %@il@yﬁ %@@ﬁmﬁ

drowvned, In the gaia@ water thus f%xm&ﬁ, the rivers de~
posited sediment wﬁiaﬁ 1%%%@ became
log

Badford lend area gyaﬁﬁ@ily was %ﬁﬁ%ﬁﬁi
g
%

8 blue shale,

yiﬁﬁzlg‘@ﬁlﬁﬁgiﬁg to the Beres f@?ﬁﬁ%ﬁﬁﬁg The entire

sandstons f@?@%@i@ﬁ‘%&% laid down.

Progaer ;@‘%&%ﬁ%% simply thet %&% et wad Aha
plane., wlO

‘Beres formstions "are separeted by an srosional

i§§r$ﬁ%$§; Cs 8¢ = gDe git., p. 811,

%ﬁﬁﬁwﬁil believe this contaet o be bocsuse of

11

&agﬁzﬁgg leverstt, and Van Horn - gp. git.,

into ”aﬁ&a&a&gﬁ by %ﬁa ﬁ&?&%&%ﬁ that %r&%gﬁ% iﬁ.%&% gands
‘of the Beres %ﬁfﬁ@%iﬁﬁ*



PRUNA %"}E@ THE Baorol :

%ﬁ@%‘&f‘%%@

Bedford shale is barren of fossil
k%%ﬁ%iﬁﬁ*‘ At the &ﬁﬁﬁ?ﬁ%‘iﬁ,%@ﬁ?ﬁf Uresk st North Am-
ﬁ%ﬁ%& a few f?agma@%@ of &%ﬁil %@lﬁ%??@&% and ﬁ?ﬁ%&i$~~"'
%@ﬁﬁ were fﬁ%ﬁ% in %ﬁ% very basal zaggrﬁﬁ In the |
S @%E.ﬁ%ﬁ%&%i fosalls

geology ﬁﬁ%@%ﬁ,étfﬁﬁgﬁiiﬁ‘ﬁéllﬁg

raported %ﬁ'ﬁaﬁa‘ﬁé@a g@&i@ﬁt@é fﬁﬁ@fgaiﬁfﬁaﬁﬁi E&gﬁr
at the North Amherst loeslity snd from eguivalent beds

BOONONEC IHPORTANCE

In psst yeers the Buclid sandstone lentll of the
ﬁ@éf@f@ aﬁgla in Guyshogn County wes %@ar@i%& for flage
stone ?&3%@3@5; @%?%iﬁ&&ﬁ?i? at Buolid, x%,iﬁ thers

Known commerclally as the Tuolid %}%%%%aaa*zg

12§ﬁ§§iﬁg§ 3@?@?&%@; and Ven Horn, ibid., p. 48,

As far as the writer is avare, in,%azﬁia Gounty
the Bedford is importent only as & soil derivetive.

LED OUTCROPS

%Qﬁm?ﬁ%@ OF SAMP

onterops of %%% %aﬁ?ay§ shale {(Fig. g}ﬁ'yﬁiﬁ of thege



10

Scale of Miles

MAP OF LORAIN COUNTY, OHIO
LOCATION OF SAMPLED OUTCROPS INDICATED

L]
»
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outerops are losated in Lorein County, one in Cuyahoge
County, gasﬁ to the east of é@%ﬁiﬁxﬁﬁﬂﬁiyg and ag%'im
Brie Q@ﬁﬁ%g‘&@?f@ﬁi&&%@iy 4 1/2 miles %o the west of
Lorain County,

loealit; 1 - sast bank of small gtrean (trib-
utary to Beaver Creek) spproximately 400 yards northe

eaant of Fleasant View Sansntorium on North Ridge Road.

Both blue-grey snd red facles sre %ﬁ?ﬁ%@% there. 7The

were collected at %ﬁiﬁ localiby:

following specimens
Specimen 1 « blue-grey faclies at

stresm level [apparently near bese of

Bedford), Shals weathers to & buff
color but 1s 1ight to blue-grey on un-

weathered surfaces. Many amall sands

stone lenses ocour here.

%%%%i%@& 2 - sendetone lens 1 1/2 feet
above stream level, Sandstone is fine
grained, g%@aiwgr@§‘iﬁ @@$@ﬁ§ and 3/16 =
1/4 ineh in thickness. '

ﬁy@ﬁiﬁém % ~ shocolate-ved to reddishe
brown shale ¢ 1/2 feet above stresn level,
This is the lowest ed of the red facles
at Loeslity 1.

Specimen 6 - chovolate~red shele 15
feet above stream level, On weathering,
this shale breaks into small rectengular
%i@&@ﬁmﬁﬁgraxiﬁﬁﬁgiy 1/8 iﬁﬁ%'%?‘lf% inch,



- 1s

~ Speelmen 7 - chovenlate-red shele 20
f@@% ﬁ%ﬁ?@xg%féﬁﬁ level., léﬁ;ﬁééiﬁiﬁﬁﬁi
fﬁxgaaﬁza @? f@uﬁ fﬁ@% of ?ﬁﬁAﬁﬁﬁi% @@aﬁ?ﬁ
%@@?@ %ﬁ& i@ea% ion from which %}&% %@%@iﬁ%ﬁ
’%$$ %ﬁk@ﬁ, and this %g in turn ﬁ?ﬁ?iﬂiﬁ by
wo foet @f’%ﬁ&&g@ﬁ %K&%i&ﬁ ﬁ?if% &z& rosd

| %%é,féziiﬁg; | .

%@ﬁafiﬁ:_gv» at confluence of Chance Cresk end

?Eﬁﬁiii#ﬁ ﬁi@%ﬁg two %i&ﬁ%Aﬁﬁfﬁkwﬁéfﬁgﬁﬁﬁﬁ”éf Henrietta,

At this locality the contact with the underlying Cleve

land sheles iﬁ;&ﬁ?@%@ﬁlhigk up on %ﬁ%"iﬁ%&%ﬁﬁgi&l@ sast

bank of %%% ?@ﬁéiii@ﬂ River. Only Qﬂ%yﬁgﬁaimaﬁ was

%ﬁll&ﬁﬁ%& &t %ﬁi& lﬁﬁ%liﬁ?« | |
Mggaéﬁﬁa 1w basal sandstons i&?%r*

Mﬁig fiﬁ% %?ﬁi&@§§ 1ight grey ﬁﬁﬁﬁ$§ﬁﬁﬁ

ﬁiﬁ&iﬁ%ﬁ of two layers {ﬁﬁ@h %@%?QX‘

g %3?‘ %

@i% iﬁ@@%ﬁ iﬁ @ﬁiﬁkﬁ&%ﬁ} %ﬁ%ﬁ?ﬂwv

thin %&ﬁ@ @f Jbypiesl ﬁiﬁ@*%?ﬁ? @%&1@:

Ln&%%it“ 3 = west side of Eﬁ&é’i@ﬁ@iﬁ% to cemetary

Bouth ﬁ@%@%&% {gﬂ}%rﬁ% on Oberlin 4 aﬁxﬁﬁxiﬁg thido,

, 1f§g,%%33* Only the w?saﬁﬁaﬁﬁmrﬁﬁ fﬁéi&& {overiain by

one foot of glaelal drifs) is %K?@ﬁ%ﬁ &%ﬁﬁ; @$ﬁ§$§~1%

Byenverg, 5. Ho - op. _oit., ppe B1-32,

PR T R Y

Bedford shale

interprets %ﬁiﬁkﬁxﬁﬁﬁgrﬁ ag an iﬁziﬁrz@f'%%%
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‘%ﬁgﬁﬁfiﬁg;%ﬁﬁﬁﬁgﬁ the Berea sandstone, Only one speslis
‘ﬁ%ﬁ wag collected %%»ﬁ%ﬁﬁii%ﬁ%li@g;i
| Specimen 1 = chocolete~red shale. Wear
the surface the shale is weathered to &
reddish, very stloky sley, and it is
ﬁ%%ﬁ%ﬁﬁ??kﬁﬁ dig in for ﬁ???ﬁﬁ%ﬁﬁﬁﬁig
four feet before the unweathersd rock

is vesched,

Logallty 4 -~ West Braneh of %@%%ﬁ'%i?&?; approxi-

mately 500 y%zﬁﬁ'égwﬁatfﬁaﬁ.fr@&féﬁkﬁ ﬁ%@%@,@ﬁﬁ Hiehigen

Southern Railway bridge, at Olustead Falls, Cuyshoge

County. The contast with the Berse sandstone is observed
on east bask of the stream, Specimens were collected here

to determine 1f sny great verieotion ccours in the Bedford

iﬁ@ﬁéi$%%2§*%a’%h§ sapt of lorain County.

- Specimen 1 ~ chogolate-red shale three
~f%%$”a§@?$,@%fﬁaﬁ.iﬁﬁﬁis n exposed surface
%ﬁiﬁ‘g%ﬁ1§ %@a%hax$ into smell rectenguler
pleces %@%@@xé&&%@iy 1/8 by 1/4 inoh,

yﬁggﬁiﬁénig - blus-gray shale 10 feet above

strean level, and st gontset with overlyving

Berea sandstone,

Losality 5 ~ east bank of Beaver Creek approxi~

mately 180 y&xﬁ& ﬁﬁ?ﬁﬁyﬁg %&iﬁg& i%~§ﬁ§§§ Amherst.

contact with the 1@§%§1§ing Gleveland sheles is exposed

two feat above stresm level.
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The following spesimens were collseted at this
logalitys |
| Specimen 1 ~ bassl layer of Bedford two

feet %ﬁﬁ?% #%2@&m level. Hesre the carbonate

pontent is sufficient %o @iﬁgﬁﬁfgkﬁﬁﬁﬁﬁ fine
grﬁiﬁﬁég blue-gray layers f%ix»iﬁéﬁﬁé sotal
thickness) as limestone. 1‘

Speeimen 4 ~ blue-gray shale with thin
interbedded sandstone lenses Tour feet above
gtreen 1@?&1; | |

Bpeeinen § - %&a%ﬂg?%§fﬁﬁa1% slxz feet nbove
stream level, This shals ﬁ&ﬁﬁiﬁmﬁﬁrﬁﬁﬁﬁﬁﬁg
without véxiaﬁiaﬁg for ten f@@%;~%ﬁ$§a it is
overlain by two feet of drifd,

Loeality 6 ~ 100 yards ﬁﬁ%ﬁﬁ%yﬁéﬁ-frﬁm falls on
#east Branch %&aa%'%&?@rf&t Elyris, The conteot with
the @@@%ﬁ&i&g Bares sandstone lg @2@@@%& in %&@ easnt
valley wall, The following %%&ﬁi%%&%_%ﬁ%@ collected
at this locality: | | L

Specimen 1 - blue-gray shale at conlact
1/2 feet ﬁ%@?@ |

with Beres gendstons 18
- @treanm level. ,
Speclmen & - choscolete-red shale § 1/3

‘feat below contaet with Beyes sandetons

{15 feet above stresn

level}. Slumping
of the beds in vielanlty of Speclmen 3
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makes 1t ﬁ%@%ﬁ%ﬁf? to dig in f@y %%@r@xim
%&%&13’% - & f@%& before the f$y& roek ia

veached,

,;xsaii%{h?_« if% ﬁiii a@aﬁg%aﬁ f&%ﬁ;éﬁnﬁﬁiﬁﬁ of

?ﬁﬁ&ii&%ﬁ %i%ar &ﬁé é&aaﬁg Oresk, %Eﬁﬁg’mwﬁll at&%@%
trivutary %@ ?%?ﬁi&i@ﬁ,Qi¥ﬁr from

\ﬁ%@ %&5%; The &ﬂilﬁ%w
ing ﬁ%%gigﬁﬁﬁ %@r@ a&l&%a&%& a% this l@%ﬁziﬁgﬁ
%?%ﬂiﬁ@ﬁ 1= %iaéwgrgy shale i%@%ﬁiﬁ%&l&
~above %&ﬁﬁl ﬁaaﬁﬁt@a@ leyers, Below ﬁﬁ% two

gix ineh 5&%&@%@&% layers &aéﬁfiyi%£ $§%@iﬁ$&

1 a periss &fﬁﬁﬁﬁﬁﬁ’fﬁilﬁyﬁ%?ﬁ é%@@i@@%& on

‘the underlying Clevelend shales, The blues

@r&g shele of thie lﬁﬁ%ii%?‘%ﬁ%ﬁ%% upward
into the ved facles,

Speeinen 2 - chosolate~red shale 30 feet
sbove besal sandstone layers. Aun oceaslonsl
-greyish colored lens gives this faecles a

slightly mottled effect,

@ﬁﬂali§  $ = in road cut north of bridge over

@hﬁ%@%&'ﬁ@%@k,3ﬁ§§§$g§%ﬁﬁﬁig glx miles south-southwest

of ?%?%iliﬁﬁgkﬁri@ &&ﬁﬁﬁgﬁy A% this locality much greater

“fi?‘iﬁ ﬁg%ar@ﬁ% than is observed inm the lorsin Gounty

suterops. %@%@iﬁ%ﬁ% were sollected here in ordsr to de-

termine i any

great veriation ceours in the Bedford

immediately to the west of Lorain County.



ghele near north

Gpecinmen 1 =~ schocolate-red

end of outerop, There iz a gradational zome

ﬁflﬁﬁﬁyﬁgiﬁgﬁﬁiy four inches hetw
and the blue faclem,

man the red

Specimen o mfégaﬁw%aay,%ﬁglé;gﬁﬁf'ﬁgath'
end of ocuterop, spproximately 75 yerds north
of Cheppel COreek,.



OUTCROPS OF THE BEDPORD SHALE IN LORAIN COUNTY

Pig. 2. Locelity 2 ~ Contact with underlying Cleveland
shales approximetely 1/3 &istanse from top of oliff.

Pig., 5. Downstream from Losality 2, Contsot with under~
iying Cleveland shales spproximately 1/3 distance from
top of oliff. :
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OUTCROPS OF THE BEDFORD SHALE IN LORAIN COUNTY

Tig. 4. lLooality 7 ~ Contsot with underlying Cleveland
shales marked by hammer, ‘

Pig. 5 - Locslisy 1 - Blue-gray shale overlain by
chocolate-red shale,



y TEXTURAL ANALYSIS OF THE BUDFORD SiiALE
OF LORAIR COUNTY, oHIO
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for meehanioal analysis disoussed in detall, an entire
method can be used, o
types

volume waazﬁV%ﬁaaiﬁg for no one
the exclusion @Q %%haws, o analyze %&@ yarying

of sediments, Kﬁ the present %h&g%ax those methods
atudy of %ﬁ@,%@éfarﬁ shale

found %ﬁ$§’§§§liﬁﬂﬁlﬁ %o the
are enumereted and described at length,

The physical i%gaﬁaﬁ%iii@g<$f %ﬁﬁ1?ﬁiﬁ$ an en-
tire %&%ﬁ&%ﬁtﬁfﬁ formation, or for %ﬁ@@ matter, even sn

appreciable part of ons, renders it necessary to work

with semples. A sample is sssumed to be f@gﬁ@%ﬂﬁ%&%ﬁ?&
of %xfﬁ g&%ﬁ @f the ?ﬁ%&ﬁ%ﬁﬁa fwa% which it ig tuken.

F Y %&iﬁ@&%@ﬁﬁ% %y %@%ﬁ%@rﬁk; %ﬁara iﬁ 8 ﬁ%&@ﬁg %ﬁ&ﬁaﬁﬁﬁ

;%ﬁ@%ﬁﬁ; ﬁg Ko = %$%§$§$ @? ﬁﬁ%ﬁ&aﬁ&&l
Analysis of Sediments; University of Iowa Studles in
Hatursl ﬁiﬁ%ﬁ%y, Volune ﬁxg ﬁam%&y 11; gﬂ 32, 1%3%*

%iﬁﬁ&Awﬁﬁﬁﬁﬁ %ha% one %yyiaa& &f

%o %@i@%@% aa‘iéggj gpe

the outerop.

It is especially lmportant when dealing with a



ined sediment sueh ag the Bedford, that
avolded. If the sample is to

very fine

weathered surfeces bs

be representative, care must be taken thet all westher~

ad ﬁﬁﬁ&?i&lkiﬁbéiﬁﬁﬁﬁé away from §§$,§&iﬁ%fﬁf solleot-

ion. In all cases this has ﬂ%%%,§%°ﬁ$é§§£&%§ to dig
well into the deposit before

the ﬁ%&y@@fﬁﬁ,ﬁﬁli&%%ﬁé*
The writer has in gemeral aé&éf%%é sampling
methods, aygggtyﬁaﬁglé in sreas &f.ﬁ??%r@gx'k@$$g$§%i%y
of the deposit and a series of spot samples where
vgri%ﬁiaﬁﬁ'@@ﬁﬁg*w&?%iﬁaiiy or laterally.

'&'gaﬁﬁaiaﬁf was kept elose at hand so that

none of the sample was spilled or 1@%%.  §1§@§ bags
of fine woven muslin fitted with a drav-string were
ga%i&f&%%a&i&§”§$$5t§§>@%@taiaa§§g V%ﬁ&%& Wers pre-
ferred over other types containers begansge of thair

light weight and eese of

hendling, the sbsence of &

breskage risk, and the esse of clesning,
'PREPARATION FOR DISAGGREGATION

In the leboratory the semples were carsfully
boxes, whleh were left
sir dried befors

tranaferred to £lat cardboard

%ﬁ%@ﬁ%f@ékgﬁ thet sanples might be
aplitting.

ﬁ‘@rﬁiiﬁiﬂﬁﬁg;éiﬁﬁg@f@%ﬁ%&%ﬁ,%%%’égaﬁﬁﬁﬁrf to
obtain the material in such form thet 1t might be
guertered into smaller samples., Tbis was socomplished

with a wooden pestle, using & gentle tapplng (not a



ﬁa%$§g~§@ é%'%ﬁ% %&‘%fﬁg% the individuel

“rotary %?iﬁ%iﬁ%}
graine, %ﬁ% gaﬁgmgﬁ were then %ﬁ%ﬁ%ﬁ?@é with the Jones
- panple gg&iﬁ%@rg one part belng &ﬁ%é%@%&é to farther

disager ad

%ﬁ@%i&ﬁ;ﬁﬁﬁ th@ venainder ﬁ@ﬁ@?ﬂ%@ for any ne

E t &%éﬁ%*

&K&é@ﬁ&%ﬁﬁ%i&ﬁ or 48 Wé%%i

A g@%ﬁiﬁiﬁax§'$%@§y of @%?@%@1*@@%@%&& of dlg~

faoles, It is bellisved that & dlscussion of these
methods will be useful to others in the study of similar

Ff@iﬁ&g&é %ﬁ%ﬁiﬁg in %@%@ﬁ - ﬁ!iﬁ @@tﬁaﬁ wes

>f$ﬁﬁﬁ a&aﬁa& %g %ub%g in the &ﬁﬁﬁ?‘&f trﬁﬁaaﬁﬁgﬁ

1§§nﬁﬁy He We = %&tﬁ@l@gia ﬁ@%ﬁi&ﬁ ﬁf E&ﬁ% |
‘$wﬁia$ﬁ Upper ﬁ?ﬁ%&ﬁﬁﬁ&ﬁ ﬁ%&iﬁﬁ%@&ﬁ? %aakﬁ of the Black
Hills Eegi$ﬁ§ %; %# &@ﬁlﬁ@i@a& ﬁ%??%?} ?@af* Paper 1684,
‘§§a 1«34, 1@%%#

ﬂ&@i&ﬁ @f %ﬁ@’ﬁi&a& ﬁilxﬁ x&gi@ﬁg iﬁ ﬁﬁi&kgﬁgﬁg he
;*iaﬁaﬁ out that %ﬁﬁ @@%@ of @i%iﬂ%&%&%%&@ﬁ ?%riaﬁ with

%hﬁ x#i%ﬁ&?@ gantent of the sample,

The @fi%@r found thet even after a pericd of two
weeks' sosking {%iﬁ& Qﬁ%&%iﬁ%&i ﬁ%iﬂ?;ﬁg} spec imens of
%ﬁ@ Bedfora shale showed but 1&%@&% ﬁi%ﬁ%ﬁ?&%@%ﬁ@ﬁ, and

that under the %ieﬁagﬁgg% a %&rg@ 3%?@%ﬁ%g%% of &%%?@g%t%%



° remained uneffected.

Prolonged sosking in sodium oxalate or sodlum

carbonate solution - The writer f@aﬁé,%%iﬁ method to

- effect & gr@&%@r §$?$@3§&g& of disags

ég&tiﬁa than en
‘ @%ﬁi?%lﬁﬁ% ﬁiﬁ% of %@%kiﬁg in w&ﬁ%x alone, 1% is, how~

ever, far fx@ﬁki aal. ?&r complete iig@wwwwﬁﬁﬁi@ﬁﬁ this

~method must be supplemented by brushing the particle

with a stif?f %rua%, which inecreases the %&ﬁﬁﬁ%% of loss
in the fia@ gr&&@gu

Stirring in water - This mothod, combined with
freguent ﬁ%ﬂﬁﬁﬁ&%iﬁ&ﬁ, parved to a§$$g§
time of some 65 hours, It

regate & spscimen

only ﬁfﬁ%f & @ﬁ&%iﬁ%ﬁ atir@iaz

is éﬁii%?@ﬁ %ﬁ%ﬁ if the eirsular %ﬁ%i@ﬁ af the suspensgion

were ??@?@ﬁ%%&, the time element for ﬁiﬁ%égfﬁgﬁ%%ﬁﬁ by
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%ﬁia ﬁ&%ﬁ&ﬁ %ﬁﬁﬁﬁ be graa%ly rﬁd@@aﬁn

e s e

1ﬁﬁaa§$a§§g, Gy gﬁ‘u ?hﬁ ﬁ?ﬁ?ﬂﬁ@t@f ag o New and

Rapid Method for Determining the Golloidel Comtent of
Soils; Soll %@i&ﬁ@@,k¥ﬁia@$ B3y PP §1§w%%1, 1927,

Bouyousas™  found

this method effective for dispersing soils. It 1s not

recommended, however, because of the sconomioal aspect,

for disageregation of sediments similer o the Bedford

o

ghale,

Passing hydrogen sulflde gas %h?%fﬁi a8 waler

solution - There is much to be seid in favor of this




method, Disageregation 1
matter of o few hours, mud the ferric iron content
ig'gﬁﬁﬁaaé;@ﬁy@kfﬁrrﬁﬁﬁkgaﬁarﬁ waich aids in later

determination of minsrelogleal content under the petro-

gravhie %i@§$g§$§$§ ,ﬁﬁﬁayargkagiassia:gaéﬁ hood is
a%ailg%i@»%%§ fg§%a are very %i%@k%&ﬁiﬁg;fia some gages

producing extrome cases of nsuses,

Alternate hesting end cooling in a sodium thio-

sulphate {?@Q%& *hypo"] solution - gﬁﬁﬁﬁﬁ:ﬁﬁggﬁﬁﬁﬁ‘%ha
use of sodium scetate or &ﬁﬁiﬁ@‘%hiﬁﬁﬁiﬁﬁéﬁa {pheto
®*hypo"}, the %%zﬁg and & susll quentlity of weter being
added to the sample, which is beoted ﬁﬁﬁil the sample
absorbs the ﬁ%@é@ﬁﬁ%@ solutdon, Cooling and adding &
small erystal éi the aslt to act as & nueleus will
cause the selt to orystellize within the @&&gi@, thus
§r@mﬁtiag ﬁisﬁggy@gaﬁiaﬁg a7

%iag@il§ ¥. Gy = The ﬁﬁ&%&ﬁ%%iﬁa of ??&g%@ﬁﬁﬁl

g@ﬁ«iﬁg; %a& ’ﬁ}ﬂg lﬁggﬁ

Bens ;s ;‘ W M ¢ g s s

?ﬁi& pethod was nsed %g %h% @wiﬁﬁy with wﬁrg’fa¥%ﬁw

&31@ results, There are some img@rt&%ﬁ polints, however,
@3&@~&&%§ be ﬁi%@ﬁ%ﬁ@ﬁ here. ,’

The @&iﬁ%i&ity of “hypo” in ﬁ@% %&%@? ‘solutions is
vastly g¥$ﬁ§§§'3§%ﬁ~i§ cold weber solutions (74.7 parts

‘5}, %%?ﬁ gﬁ {j;w; 3{3143

"hypo" ver Eﬁ%ygﬁ?%@ water, by welg
parts "hypo® §@$ 100 parts %%%ﬁy§,§y w$i%ﬁ§* a% 0% 0,)
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If this slternate heating sad %&@li&g of the gaturated

solution is acoomplished in glass beakers, 1t will

??&éﬁﬁiy‘fﬁﬁﬁii‘iﬁ'%r%ﬁgiﬁg the %%%%%§*17ﬁﬁﬁ‘ﬁ?iﬁ%r

found this %ﬁ %& true even %ﬁ#}f5 ﬁ’@%éﬁ‘%raﬁﬁ &f pyrex

beakers was ﬁ%ﬁé* %ﬁviz poreelein or ensmelware dishes
serve well f%ﬁ this purpese, snd %@ﬁfﬁﬁﬁgﬁﬁ of loss from
%yagggg%'iﬁ %3iﬁiﬁ%@@§§«’vi | k |

The greatest daifficulty %ﬁgﬁaﬁﬁaxﬁﬁ by this
method is %ﬁ@'&égﬁyﬁi af the ﬁ&y&a“_gf@%rkﬁiaﬁgir;
ia &%ﬁ&%@li@&%ﬁy This de %ﬁgﬁ aaaﬁmgzigh@ﬁ by several

filtrations. In many cases it was found that the smallest
gﬁ%iﬁ& passed %&r&ag& aven 8 @ﬁ@%ﬁ?‘aﬁ% £§1%ﬁ¥ paper. A
%&?%@iﬁiﬁ Tilter, %@%ﬁ%@§§ was found to be guite satlse
faotory for this purpose, ,

One of the great advantages of this methnod is
its %ﬁ@%ﬂﬁ%;'féfyﬁﬁﬁ filtrate is retained snd used agein
. and sgain, Too, the originel cost of the "hypo” is smell.

. hie method is not @ time consuming ome, but

?%%%%% ¢ells for only shord iﬁ%@%@iﬁ@%ﬁt @%@@aﬁiaﬁ,

it i@ on these bases that thle &%t&%& wag adopbed
%g the %?i%&? for dlssggreation of the %%%%rﬁx gemples
anelyzed im,tﬁig,ggyar, end it is resommended for use in
sediments similer in neture to the Bedford shale,

ANALYSIS OF PARTICLE SIZE AND FREQUENCY

After disage

ﬁ%&ﬁtiﬁa hsd been socomplished the

speclinen was split iate two sgual @@f@%g A{This nay be
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a%&&ﬁ%ﬁi&E%% %§ %%%‘Eﬁaﬁg sanple %piiﬁ%&m or by "guare
"s} One of these gﬁ?ﬁgg properly lebeled, we

reserved ss én alternate, while the second portion was
subjeoted to & size snalysis,
| ﬁi%&aagﬁ the perseatage of soarse gﬁ&iﬁ in the

Bedford 5&@1@ is ususlly very smsll, i% %ﬁ%ﬁ be %fﬁ%%@ﬁ

as g gﬁéiﬁaﬁ% heving & range of sizes f?@%.%$%3$% to
fine, As &%ﬁ%gM% gomposite nethod afkaiﬁg %ﬁﬁlgﬁiﬁ is
ne08BHAYY. zﬁ.g@e@yéﬁaa@ with %&@ §%&§3&3 pracilios,
the line between cosrse and fine ﬁ%&iﬁéﬁﬁé'%ag chosen
8t 1/16 mm, This 1g the lower limlt of the send size

in Wentworth's classificetion {%ﬁ?@-&ﬁag%&ﬁ}; and
sleves may readily be obiained %&%&;gﬁgﬁéﬁ fine enough
to separate materisl st approximately tﬁi&kﬁiﬁﬁﬁ%iﬁag
Also, 1/16 mm, i@ near the upper ii&iﬁyéfxayﬁliéﬁﬁili%?
of Stokes' lew aaﬁ so furnishes a convenient line of

ﬁ%@ﬁréﬁ%i@ﬁﬁx$'

1ﬁﬁ@a§%§iﬁ and Pettlijohn */ﬁﬁaﬁﬁl @f a@ﬁi&&gﬁﬁyg

?%%xtg§$@ﬁ§§ §§ ﬁﬁﬁg 1688,

As %&t@,azi a@%%&%i%@ sediments the ooarse and

fine particles were ﬁ%&lﬁﬁ%ﬁ~$%§%r%%%i$ §$§%¥$@ particles
pipette method),

by sleving and fi%@~§%§%iéi%$'%g the

 AHALYSIS BY SIEVING |
@%@'@@ﬁ@%&?ﬁ&_@@@zg for g§§§$% %f-§@§£ﬁ@a$ﬁ wag
adopted for use ig the present &ﬁ%ig&ﬁﬁ*” §§i% elegaification

is given in Teble I,



%¥

TABIE X
WENTWORTH SCALE FOR GRADES OF SEDIMENTS

Sediment kﬁiﬁﬁ-&f‘k Sediments - Size of
- Particles Particles
{ma} o fmm)

Boulder gravel Coarse sand

/2
1/4
1/8
1/16
1/256

. zse o -
{obble gravel Medium sand

Pebble gfﬁﬁﬁl Fine send
Yery fine send
811t

Slay

Granule preavel

Yery coarse sand

o e &

The %, 9. Tyler Company, Cleveland, Chie, hes

plased on the market a aﬁriﬁﬁ of woven wire %ﬁ&%&ﬁa
with @géaiﬁgg to correspond very %i&g&lg“%i%ﬁ the Went-
worth grade scale. This gomparison is shown in the

following teble:

TABLE II
COMPARISON OF WRNTW

1D TYLER SIZES

Wentworth Scsle  Nesrest Corresponding  Tyler Screen
{mm) . sereen in mm. Mesh

4 , ﬁ;%@% : ) &
a T 1,981 | ®
1 0,991 | 16
1/2 0,495 4 as
1/4 0,248 \ 60
1/8 , 0,124 o 115
1/16 0.081 - 280



3 the verlous sieves

wers %fﬁ%ﬁg%§ i§rﬁ%$ nest; the fiﬁaﬁﬁ-&é¥ﬁiﬁ% through

which 811 grﬁi%%'%aai§'p§$§ {in the present csss the

1961 mun, ﬁi@%} at the top and the 0,061

at the. %@ﬁﬁ@ﬁ* % sarefully welzhed ﬁ&agﬁiﬁﬁ of the
?&ﬁ@ﬁﬁ%&@ ﬁ@é&ﬁ%ﬁﬁfﬁag,%hﬁﬁA@lgaaé,iﬁ_%h%fgﬁﬁ

In snalyais by sieving

il %i@?@

sleve, 4 smell Jet of water ﬁﬁéﬁr 1§@?§%éa%a%%rﬁ%§
dirested upon the sediment a&%ﬁi‘gzi %ﬁ%%%ﬁ%i'%iﬁh

its |
had passed throug

smellest diemeter less then the sleve opsning
h the sieve. The material thet re-

nained upon the sisve was then dried sad carefully
weighed, | | ;’ ;“

The same process was repeated with the sieve
sf the next smallest ﬁ@@ﬁﬁﬁg at top of nest.
bein and ?@%ﬁié@ﬁﬁl » %&a ‘

e

is ﬁﬁﬁ%ﬁ‘ by Eru

s

1% runbetn md Pettifohn - ._%-g,;sjsgu p. 142,

£ilm of water in the wet sieve prevents some small

particles fr%&i@&ﬁ%i&g through, so thas in all @a&aa‘
the web sieve separates should be resieved through
the %ﬁm@ ﬁi&?@@kwﬁaé\ﬁyg;,ia order to remove the finer
particies. |

411 the meterisl which al‘sim%ly passed through
the 0,061 mm*,%i%V$ was reserved for %ﬁ&iyﬁiﬁ by the
pipette method,




&9

BY THE PIPETES MUTHOD

ANALYS1S

The pipette &ﬁﬁﬁéé,ﬁﬁﬁ ﬁ%&é for grades less
%ﬁaa O ﬁ%& mm. , both %aa&a&a of i@@ %@ﬁﬁﬁﬁ%&ﬂ%@ ﬁﬁﬁ
agouraoy, and %ﬁ&ﬁgﬁﬁ of the smell ﬁ%ﬁﬁﬁ% of thxgmanﬁ
required, Tﬁi@ %%ﬁi%%ﬁﬁ% %ﬁﬁ%%ﬁ%ﬁ of a &i%@g g&&%ﬁ&&@,
8 20-00, yig&%ﬁ@ﬁ,ﬁaﬁwgﬁi §& or %ﬁ&w%ﬁg beskers, s hot
?zﬁ%&gkﬁﬁé %ak%ﬁﬁiy%i@ﬁl balenes, , | |
The pipette method is Eﬁ%@ﬁ'@@'gﬁﬁkﬁﬁ*kgaﬁ'@f
settling v%lﬁﬁi%i@g, propoged in 1851, k@ﬁiﬁ igw’@ggli@g
%o those g&r%ﬁ@&&% {between fine sand ﬁgé,ﬁailaiégi
dimensions) upon which the @f&%@fﬁi@% of the medlum
{%%*%ﬁi&il? the &%&ﬁiﬁy and ﬁk& @i%@@%a%g} exert 8
l&rg@ influenee in &@t&ﬁ@iﬁiﬁg the rﬁﬁa @f %@tﬁiiﬁgn
The law states '%z%m;
ve2(8,-8) ¢
9 n

where v e the rate of settling

Gy= density of %&%kgghéﬁé

dge denplity of the fiuld

g ® ﬁ%ﬁ%ﬁﬁ?ﬂ%iﬁﬁ,ﬁﬁﬁ o |
grevity {g%a;a@; sec,”%)

r w radius of the sphere in om.

1 = viecoslty affﬁﬁﬁfﬁiai&'
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The error @ﬁ%t,gﬁﬁarﬁ'éa@ %@;ﬁ%@ assumption |
that all %&% §%§%1§1%§ fia&? %ﬁ@ﬁ,ﬁgﬁﬁl mu, are spheres
is @1&&%@&,@3”@?@%@@1& and %%%%ﬁﬁﬁﬁﬁi%ﬁ‘%ﬁyﬁ%ﬁ_?@ggy

’l%?%$; | V

'§%x §§%§§$$§$ pur

| poses of ﬁﬁﬁiyﬁiﬁ ﬁ%@ ??iﬁ%@%&&ﬁ
on ﬁ&iﬁ% %@% yiggt%% %%%ﬁ%% 1g %@&%ﬁ %ﬁ? be %@ﬁ&iﬁar&é a8
follows: "If @ suspension i%-%ﬁ@f@@%i%?,&ﬁ&%ﬁﬁ so that

the g&@%&@l@§ %§% unifornly ﬁi@%@i&ﬁ%&%,%@ﬁ.i@ then set

Bt rest, all particles heving %vﬁ%%%ii&%}?@i&ﬁitykgﬁ@%%&?
than gﬁ@ will have settled below g“ ;t;}li;%m of dapth b below

ra&%i& in %ﬁ%@r @rigiﬁal &@%ﬁ%ﬁ%&%ﬁi&ﬁ @% éﬁ?%ﬁ §¢ be~
gause they %iii.%ﬁ?ﬁ asottled o only & ?&a@%ﬁ%& of this |

dlatanse in %%@a‘gg & emell ﬁﬁ&glﬁ_ig %&%@ﬁ,irﬁﬁ_ﬁﬁﬁa@

Loat ﬁim@ig,aﬁé“%?%gﬁr@%%é %o §f§§§§%;'*%hﬁ welght of

%@@ residus, %ﬁitﬁg&i@& by & ﬁxa;@@%iﬁaﬁiit? factor based
on the ratio %ﬁ th% pi

pette volume %o the total suspension
volums, will represent ﬁ%%~%§%a1 ﬁﬁ%@ﬁ%mﬁf material heving
setiling ?%iéﬁ%%i%ﬁ less than gg§,~

tifter the

firet pipstte %%%@i@ k$$ been @i%ﬁéﬁg%ﬁﬁ
the suspension is again shaken %ﬁé a g&%&@%? period of
time is allowed to elapse, so %&@%,gag%iﬁiﬁg-ﬁf a next

amaller sizs @ﬁy gottle %@iﬁ%‘é@%&ﬁﬂgﬁ The second pipette
agmeller then that of

ght of

sample will then contaln & resgidue

the first sample by an suount equsl to the wel

- material lying between the two chosen sizes or settling



B

%’%l&ﬁi’%iﬁ%: This gmf;@% may obviously be ?ﬁg&ﬁ%ﬁ%ﬁ
and by s@isa@l@ aammmmg @m %igﬁsﬁs of successive
residucs {m@h fﬁﬁiﬁiﬁliﬁé by the ?m;@m%@mm%ﬁ

:ﬁ‘&%‘i&@} the

@mmiz of meterisl in sny g

termined direstly,""0

grade %&%3‘ be de-

*grunbein and Pettijohn - 1bid., pp. 163-164.

The following table lists the time of settling
 for the varions gredes as computed by Stokes' Law:

TABLE 11X |
PUTED AGCORDING 70 STOKES

ﬁimﬁ%w@ "“%mmi;y Ea | Hr, | Hin., Dec.
in mm. imdwm} {m} ‘

56
82

1;3% B EE PR {}g%lg * é

¥

g .

1 ws
1 :
b

5

- 40881
1/64 sesess <0156
+0110
l}kﬁ% ﬁ&ﬁt& ﬁﬁ%?ﬁ

1/856 ssees ‘oone
lfgiﬁ shEEH
1/1024 vaes .

5 85 25 b

1/2048 s.ee 40004
- """t loooss - .oo 5126 15 o
1}%@@% TS T i%ﬁgg% !@%*&%ﬁ § 281 i a0 %

*e
€8

g %%

10 v
2l o
gl By
48 .

| aﬁéﬁﬁﬁ §§ |

fost
>0
w%mwm@m@%

The values in this %&%}m sre based on temperature of 20°C.

and an average specific grevity of the sediment equal to

. B.65, Seconds are neglscted in lower part of table.

{Table modified from Krumbein and Pettijohn.)
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In oese pipetting cannot be done at the correet

time, the %éﬁ&%&aﬁ%z depth ?@gﬁifgﬁkf@r eny delsy oan
ﬁﬁ%ily'%f am@%u@%ﬁ, time end &%§£% %@iﬁ% directly pro-
portional,.

ﬁagi& fi%%ﬁ in %&@g%ﬁ&%@r@ %il& make for an in-
ereasad ﬁﬁﬁﬁﬁﬁ @f %@%ﬁiﬁﬁg* ﬁ%&yﬁﬁﬁiaaﬁ &%y be made,
however, %@E'%%ﬁyara%ara chonges &aﬁzag 5&&%&@&%@%&@§¢
A %%%@%ﬁa%@rg aifference between ﬁﬁ?@%if«‘g«ﬁﬁﬁ of the
- graduste %111 ﬁﬁ?% ﬁ@r & eireulating %&%iﬁﬁ of the sus-
ggwx§i$ﬁg B %&ﬁéiﬁiﬁﬁiﬁﬁiﬁﬁ,%ﬁﬁﬁ be avﬁiégﬁi
pipette should be dried each time

Also, the
before fiiliﬂg, ﬁﬁé cere must be %@%@ﬁ to am%%g the
%ﬁﬁér% ﬁﬁﬁ%%ﬁ%ﬁ iﬁ%ﬁ the %@ig&iﬁg ﬁigg*

izgmmm%%%

 Once &%@ﬁf&%iﬁﬁ iﬁta the vgri$&$ ﬁiﬁ% %ﬁ&&%ﬁ hag
@%ﬁﬁ ﬁ%&%ﬁ%ﬁi&ﬁ&ﬁg it is ﬁ@%ﬁ%&&?? %& %ﬁﬁ%@@% the pep= |
iﬁ

‘ﬁﬁ$a i@ %@@@%ggxg for plotting hi%ﬁ@g&ﬁ&% and cupulative

%&ﬁtﬁg%ﬁ whish fell into sech of the size @fﬁ@%ﬁ*

%gxﬁaa af ﬁ%% gg&ai@%&g;

It is @%l& to nee 8 good f&?ﬁ for %@m@izia%*%%%

%@@ﬁi%ﬁ %& %ﬁ

%t &ﬁh&?ﬁ ?@f@wziag %@ %ﬁ% experimental

. data @%y fiﬁé 3@ &agg to interpret.

?h@ following %@g%@% of & sisve aﬁaiyﬁiﬁ {form
modified from Krumbeln and Fettdjoha) will serve to

2%

show the method of computing the g%ra%atagﬁ %ﬁi&h,fail

inte gr@ﬁ@g sosrsay %ﬁgﬁ 0,081 mma



@%%§§§,$§'ﬁz%@§ ANALYSIS

ﬁam§ia §ﬁ%@§§; &a&azity ? ﬁﬁsariﬁﬁiﬁtﬁ kwéﬁ%rﬁ shale
- Speclmen 1 ﬁiﬁ%ﬂ@f%?“f%ﬁié%

%%; %f test @%&?&@a 40,471 geliethod Uszed: Wet %iﬁ?ig@

Sereen  Grade Wb, ve= Wh.Per cent ﬁaﬁa}%%i?a
Openings Oize mum. talned ze ~ Per cent

0,495  0.991-.405 0,048 0,119 0,119
0,246  0,495-,246 0,085 '%ﬁiﬁ!ﬁé 04258
0,184 0.246-.124 0,053 0,131 0.386
0,061 0,124-,081  0.040 0,099 0.465

(04061 096 ,07 99,558

Sieve loss &*tﬁ!#*ﬁi&* ﬁ*gf?g le s
40,471 100,000

%ﬁ@ fﬁil@%ﬁﬁg %x&&%l@ of %ﬁ% fi?ﬁﬁ ﬁ&?@?&i
%&%ﬁ?ﬁ%ﬁ@ﬁﬁ‘@i&i indiocate the ﬁ%&@ﬁ%ﬁ%ﬁ@ﬁ@% proutine
hibg and yaraaagagag &f’ﬁ&ﬁ&riglg f&i&iﬁg in

of %i
 %§$ graﬁa gizes i@ﬁ% than 0,061 ﬁﬁﬁ‘@ﬁ% Eit@r of

%ﬂ%ﬁ&%%i@ﬁ ﬁﬁﬁ%ﬁiﬁg %ﬁ;%?l grams of a%ﬁi&%aﬁ less then
0.081 m; This sediment was disperssd with N/50 Nap
&@5_ 10 ﬁg& ﬁﬁlﬁﬁiﬁau‘

This mesus ‘that there sre 2.88

| gfﬁﬁﬁ ﬁﬁz‘ﬁﬁﬁ* 10 Hg per liter of %ﬁ%@%&%i@ﬁ* on
@?&@ﬁ?&%é&& @?%? Ghe ka@ ylgﬁa the sodium ﬁar%aﬁﬁ%&
%wyﬁﬁaiiiz@ﬁ,ﬁgﬁ 88 %ﬁa &&%ﬁﬁ?ﬁ@a {éﬁ%@f§i§%§ by
several %gg%ri%%ﬁ%&%;yéﬁ that ssch 20-p6, of the

gm@?ﬁﬁ@i&& yielded 0,021 grams of Hags COz uvon
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svaporation, This %ﬁiﬁﬁ‘mﬁaﬁ be %ﬁ%%%%ﬁ%%ﬁ”frmg'@gg

waigﬁﬁ of the ?%%iﬁﬁ% in the firet %@%geﬁ {0 vorrest

%i%?%fﬁk?ﬁ é§$ﬁ%§ {2inee. %h@ %ﬁ%ﬁ%%ﬁm¢%,~

ﬂ @@iﬁﬁﬁa are ﬁﬁ%%@%ﬁ%ﬁﬁ one from the Qﬁﬁggg 1t is not

a&%&gﬁarf to @ﬁ%ﬁ%ﬁt fﬁ% the ﬁiﬁ?“rﬁif;”@g%ﬁ% + gagh

residue sont ﬁi@%ﬁg the ﬁﬁ&ﬁ ﬁ%m%ﬁ% ﬁf eﬁlﬁiﬁﬁ %ﬁykaaa%%*§
Too, the @%éwaﬁa must %@ ﬁ%ﬁ%ﬁftﬁﬁ i&%@ %%x%@ of the
original voluke, . (Voluueé of pipette, 20-ce, iz 1/50
the volume of the sugpension.)

with these %”@%f&i points in ﬁiﬁ§§ 5 table is
erial in ‘

set up us f@li$%$3 ﬁhﬁ%ﬁﬁg the &7#&&% ﬁf‘ﬁv*

3

the suceessive grg&@ag {These %@i&&%ﬁ g&g be ﬁ%ﬁ?@%t&ﬁ '
into percenmtages of %ﬁ% %ﬁ%ﬁl %&ﬁ@iﬁ welght for histo=

_grems snd cumnlative curves,)

ﬁe&iﬁ&a iﬁ.%ﬁﬁkﬁﬁ # 3 {@%&3&@& than 1782 mo)ees 0801 g,
ﬁﬁéifﬁ ﬁ&§%$£ﬁ§% in besker % 1 w»&;wa»*#gﬁﬁs$ﬁ&:g_éﬁluiu
ﬁiffag@gﬁ%a %@@im@n@ alone in bosker # 1 visese 0,780 g,

Faotor for conversion to original volume sseess  _§§_,a?
%aﬁﬁrial fiﬁﬁ%lﬁﬁaﬁ 1/82 wﬁﬁ';#ﬁ*@*gas4§*,$*.a;%%y&J‘

%&%&rigl finer than 1/16 mm, *.@*gf**ﬁg,gﬂﬂﬁwkiééf__7 §_
Amount in 1/16~1/38 %ﬁ*~ﬁ$§ﬁ$ svs 1,000 g

Difference:;

Residue in besker # 1 (smaller than 1/32 mm,).. 0.801 g.
Residue in beaker § 2 (smaller than 1/84 mm.).._ 0,758 g.

ﬁiff%@@ﬁﬁ@: &&%tﬁ*us#ﬁaﬁ&#%bat&%ﬁﬁi@*;*;¥¥tﬁgiﬁ @aﬁéf
Factor for a@a&a&si&g to originel volume ssvev.__ 50 .
436»&3& in 1{%&»&}%@ mine

Lfﬁéﬁ I g&%ﬁg Ew



Besidue in b@&gﬁx # 2 (amaller then 1/64 ﬁm‘} e 0,755 ge
Residue in %@akaf # 3 {smaller than 1/128 ﬁ%;? « 0870 g
085 g«
Factor for @%ﬁ?@ggiaa to @&igina& ?ﬁl&ma seesene B0

. Amount in 1f%éwifxzﬁ e grade waveinsrnssisan %,35% g

ﬁiff%ﬁ‘%ﬁ%%i »ﬁ‘ﬂri&ik#&&*#ﬂﬂ#ii&&ﬁ*&i*#@kﬁ%#ﬁé@##%ﬁﬂiﬁ gﬁa

Bto.
 PLOTTING

Onoe analysis is complete, the results should be
whish is easily under-

presented in &‘grgghi%&i manner

standable, Of the many grapblesl %@%ﬁaﬁa %k&ﬁ~ﬁﬁ?@ been

and

~ grﬁgéaaﬁé the writer has made use of %ﬁﬁ'hig%@grﬁﬁ
the cumulative curve in the present snalysis,

) Histograms
the sinmplent
analysis,. %ia%a%&zg in millimeters was ‘used sz the in-

manner of %%ﬁ%iﬁg'%a@~réﬁglﬁﬁ~af mechanical

dependent ?ﬁ?iﬁ%ﬁ%; and fr&%%&a&?*i@@ra@%i&g& of %&%ﬁi
weight) as the dependent variasble. The ﬁl&%ﬁ,iiﬁiﬁ%
weyre drswn on a iﬂg%?iﬁhﬁiﬁ soale so thet %ﬁah worizontal
bapr ls %%a&& in wiﬁ%&; regerdless of the ﬁ?igiﬁﬁi differ-

enee in &%ﬁ#lﬁ%@ class iatarvﬁi%

UMULATIVE OURVES

A ousulstive curve ig & gurve besed on the original




e
e

histogram dats, A frequency scale from O to 100 per
gent was §l@%%§ﬁ'alﬁﬁ% the horizontal axls and the size .
the vertieal axis, . égﬁiﬁ.%&%~&iﬁa limits

were drewn on a 1@%&%&&&@&@ @ﬁMié f&ﬁ%&y than on &g

gﬁﬁzﬁ along

arithmetio %@ai@*-
A @&%&1&%@?@ gurve is= @@ﬁﬁ%@ﬁﬁ%@%fﬁg plotting
ordinates whieh represent the total smount of material

larger or sme

1ler then & glven dlameter, ‘E&'gﬁ@%%, this
togram block &%@#@ and
t the base of
each block 1s %ﬁ% total ﬁ%ig&%.@f‘ﬁl& %raga@iﬁg blocks,
There are two types of oumulative curves in
today = the "move %&aﬁ#.%&é,%ﬁé "less then®

to the right of @%% ??%@%ﬁiﬁg,ﬁﬁ&;>%$'ﬁ¥@

general use
nore than™
type curve, elthough 1% is immaterial whieh is used,

ourve, The present anslysis employs %ﬁé‘%

ginoce either f&rﬁiﬁﬁaa the same type of informstion.
gﬁ&%@ IN MECHANICAL ANALYSIS

| ﬁ% §%@vi§ﬁ@i§ ﬁﬁﬁaé; the @@ﬁé@ﬁﬁ?‘ga ﬁalﬁﬂaﬁ
,’i%ﬁﬁ 'ia&g %ﬁﬁg‘@ill ?@gﬁia
| iﬁ eyrors %ﬁi%ﬁ a&& probably quite Igygﬁg %gﬁ&r‘ﬁﬁrﬁﬁﬁ

1 ﬁ%@%iﬁ%ﬁ r&%ﬁ%r than &

in eollecting can be largely z@%&@@é %g*ﬁﬁ%@ in the
technique, | " |

For g&waag@a of iﬁ%%rgyatgtiaa %@%@@5?%& belisves
thet “errors in any grﬁéa emounting o igas than 1/4 per
cent of the whole sample btimes the square root of the per



sent of the grﬁﬁa {ﬁ& ar%ﬁ%@ary wgiai e 3 %@ r@g&%@&i

as aag&igi%i%*~$i

o RN
, %%ﬁ%%@@%ﬁ; Lo Ko » o @t;¢’nff

%@m%@@rtﬁ*a ﬁ%ﬁlﬁ of @xrﬁxa An %%ﬁﬁ%&iﬁﬁi a&aiysi&
is x%gyeéaﬁaé {%ﬁhﬁﬁﬁﬁ %&ﬁ&?&é&%ﬁﬁﬁ} as %akla E?‘af %ﬁi@
thesis, '




‘7_;2%%%3%i__:4ﬁ

e ek s O S e
zﬁampgﬁ ﬁ%% well 3§@aﬁaé& 13@3@&%3 @frax*

g _ 5

o 2@%@@1@ %e% %%%Eig o ~ zxﬁrgg errors iﬁ @%%rga .
kS 5 | o @@raéaﬁ;f |
L P :

% ;@%ﬁé&%k ﬁﬁt %%il ﬁi@%ﬁ@éi %Eﬁ@f@&ﬁﬁ in either fine
'+ ¢ - sor coarse grades.

i 3 .y ~ Lo
I V;Ea&%@%iwa scoldental loss :Deoreaws in elther fine
¥ tin collecting. , 10T goerse %ﬁ%ﬁ%%ﬂ
o % . \

G 1Subs g&&&% E&%ﬁ fr&% GO 4~-@@$&$@ in %ithﬁy fi@a

‘:ﬁgi, : :g'?@? soarse gf%é@%« .

| %ﬁ&@ﬁﬁﬁ &@1&@%@&%

ﬁﬁﬁﬁgﬁ;f iIncrease in elther i

,*aﬁ goarse gradea,

:

H . ,

;?aﬁi%§ gﬁliﬁ%ﬁng @?ﬁ%@iﬁ$* *Eﬁﬁrﬁﬁ se in elther fin% '
s ;@r ﬁﬁ@?ﬁ@ grades, ‘

| ‘ﬁgzit@iﬁg to too gm&li i, ,%ﬁygﬁ %xr&rg in coarse

1fraction. igvades,
£ :

%

:Loss of fine grades on %&9%*&%&?&&%& in fine ﬁ%@ﬁ%a
ior f%%m %1ﬁ%iagé a2 |

P
R
E
P
a
R
A
T
i

égfag in as&a&gti&a %ﬁﬁ% :?&&@%%1% ausgresse in
:fine grades washed from  :finest grodes with ine
‘»%&ﬁwﬁrﬁ“ﬁﬁyﬁ$1gkvM;;*ﬁﬁﬁﬁaa_iﬁ$ﬁﬁ%%?ﬁﬁﬁiﬁ%@s

%f?%ﬂﬁ in sleve opening ?ﬁ%ﬁiﬁ%ﬁl errors between

iooercsencas indicated.

R my‘s-» B

g

SRS inga. ’gfaagggv
A 3

B ﬁ&%&ﬁifﬁfﬁ;ﬁiﬁ?$ %?@&iﬁg%a *%ﬁﬁ@l errors betwean
A , ; '*ﬁ%&ﬁ%&a

L | : |
T Xae&&y@&t& aﬁ&%ﬁﬁg%k ,w%@ﬁ@?ﬁl ineresse in
b rd

1

iLoss of fine grades by :Desresse in finest

tlodgement in sleves or igrades.
a%lﬁ%ﬁﬁﬁfép ; §
‘*ﬁ%r»rﬁ in %@ig@iﬁg iLoeal large error, small

%f%i?%xﬁgy*_,,}mhw

SR A 51’  511; e
ti&ﬁ.@ﬁﬁ irule,
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 INTERPRETATION OF HISTOGRAMS

As stated in Part 11 of %#;@ %&@%&%; percentages

of the %otal welight for the ?ﬁri@ag §raé@g vary, depende

ing on the diemeters in millimeters. For conveniencs
in presentetion, ﬁaﬁ&v%r* the dlameters in millimeters
were @}é%ﬁﬁé along the ?@w%iaak ¥~-axis and the percent-
age by weight along the horizental x-axis in both histo-
grams and cumilative curves, |

Yuch &&y %@ isarned about a $&%&%§ﬁ% from the
study of his

tograns alone. In the firet plage, & histow

gram will show that %ﬁa&a s & partioulsr c¢lass which

“has the greatest ?&%%%@ﬁ@? of greins, end that the

ixﬁﬁgﬁﬁ@g'éaﬁééaggﬁ on elther side, "This class of
greatest fr&%aﬁ&ay iz oslled the modsl %igﬁﬁg Too, a
nistogram will show whether the rest of the grains tend

to oluster sbout the modal cless or to spread symmetrie

eally or unsymmetrically on elither side,
The small sendstone lenges found in the lower
beds of the &lﬁ@mgﬁag fecles of the Bedford shale have

a consplouous modal olass in the sieve sizes - in a
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grade corresponding %o Wentworth's ”gﬁgﬁﬁg sand." I%
_should be moted, howsver, that the greins falling in
this modal elass {0,991 &'%géﬁﬁkﬁ%,}'agapfﬁf the most
pard %ggr&ga%ﬁabf %ﬁ@@% %ggr%gatﬁﬁye§%'$a°giyﬁzﬁfﬁ@w
nented as %@ %@% as & uﬁit, «Eé it i@ %@&%ﬁ%l@ that

geregate form on arigﬁa&i é@@ﬁ%i@i&ﬁa

'y be ‘seen from %ﬁ@‘ﬁigtgéﬁaa of one of

thess %ﬁ&ﬁ% lenges (Figaza~ ‘mﬁ%ﬁ%g 1= Bpegines
to cluster

2), %h@?% ig‘a§ %@ﬁé@%@yﬁfgf the %?&iﬁ%
around the ﬁ?%@ gr@%al&x% size, %@% they are %%r%%ﬁ
%iﬁﬁiﬁ in t&% fiﬁ%? gradesn, %&&%ﬁm@ 8 ?@&? %%g@@% @f
ﬁﬁrti@g;

The sha
Bedford show mush varletion with @aﬁﬁyﬁgg[%iﬁ% the modal

ls layers of the %&m@wg§§§ f%$i&$ of the

sless renglnz from s11% %o ﬁlﬁyvﬁiﬁag*;]@ﬁ% grains show
nore gxaagiag sround @a@‘gr%ggzaﬁ% size then iz true of

: %&%;ﬁ%ﬁ&ﬁﬁ&ﬁé iéﬁ%&ﬁg Generally, however, this grouping
is not ﬁaﬁﬁéﬁxiﬁéi, and this facies of %ﬁ% Bedford caanot

be gonslidered as well soried,
The red f&@i@% of %%@ Bedford show
A*aagia% ﬁx%ﬁﬁé %h% @ﬁ%&i clags, which i% géﬁ%@%& is

& ﬁ&ﬁﬁ\%@%ﬁ@w

‘Jogated in he gi@y %ix@&; The red ﬁa@i&g 58 & %%gig,v
then, aamgiﬁtg &f gﬁ%li%r %rﬁiﬁ% and shows & b&%ﬁ&x dow
gres of %@r@iﬁg_%ﬁ%ﬁ,@iﬁﬁﬁr the sandstone lenses or the
blue-gray %hﬁzag o




TEXTURAL ANALYSIS -- HISTOGRAMS

1ameter]
‘n mm,

Percentages
g 20 20 Lo

iameter
in mnm,

Percentages
0 %O Q__uo

1.981

0.991

0.L495
0,246

0,12L
0,061
1/32
/6l
/2%
1/2
1/512
1/102l
1/20L8
1/L096

-+

Locality 1 - Specimen 1

1,981
0,991
0,495
0.2L6
0,124

0,061

1/32
V72

1/128

1/256

1/512

1/102l

1/20L38
1/L09¢

Jameter
in mm,

rercentages
1020 30

40 5

0

Iogcality

1l - Specimen 2

lameter

in mo, 10 20 30 Lo 50

Percentages

1,961
0,991

0,495

0.2L6

0,124
r.,061

I

locality 1 = Soecimen 5

1,981
0.991

0,495

0.2Lh6

0.12h

0.061

iameten
in mm,

Percentages
10 20 30

Iocality

1 - Specimen 6

1,981

L0 80

lameter
in mm,

10 20 3

Percentages '
0_LO 50

Iocality L - Specimen 7

Fig. 6a

1,981

0,991
0.L95

0.2l6

0.1z2h

0,061

1 /6L
1/128
1/256
1/512
1/102)
1/20L8
1/1,096

locality

3 - OSpecimen 1
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lameten Percentages
in mm, Q 20 130 L0 ©0

1.981

0,991

0.L95

0.2L6

0,12k
0,061

1/32

1/6L

1/128

1/256

1/512

1/102L

1/204

1/L09%

Locality L - Specimen 1

Diameten Yercentages
in mm. 10 .20 30 Lo ©0

1.981

O. 991‘
0,495

0.2L6

0.124

0,061

1/512

1/102}

1/20u%

1/L09¢

Locality 5 - Specimen L

izmetery Percentages

T

in mm, Q 20 30 LO 50
1.961 '

0,991

0.495

0,246

0,124

171,096

I

Locality 6 - Specimen 1

HISTOGRAMS

iameten Percentages

0

in mm, 0 20 130 40

1.981

0.991

0.495

0.2L6

0.12l

Ol 061

1/32

1/64

1/128

1/256

1/512

1/102L

1/204L6

1/4096

Locality Ly -~ Specimen 3

Jiametern Percentages
in mm, 0 .20 30 Lo

1,981

0.991

0.495

0.2L6

0.12h

0.061

1/32

1/6L

1/128
1/256

1/512

1/102L

1/20i 8

1/L096A—t—

Locality 5 - Specimen 5

lameter Percentages
Jcla Q20 30 L0

?.

1/102l

/208

1/L096

Fig. 6Db

Locality 6 - Specimen 3




TEXTURAL ANALYSIS - HISTOGRAMS

lameter Percentages
in mm, 10 20 130 LO 50

1.961

0.991

0.L95

0,2L6

0,12}

0,061

1732

1/64

1/128

1/256

1/512

1/102L:

1/20L8

1/L096

Locality 7 = Specimen 1

iameter Percentages
in mm, 10 20 80 L0 50

1.961

0,991

0.L95

0.2L6

0012k

0,061

1/32

1/6L

1/128

1/256

1/512

1/102)

1/2048

171,096

Locality 8 - Specimen 1

1ametorn
in mm,

Percentages
10 20 30 Lo 650

Fig. 6¢

1,981

0.991 -
0.L9%

0,246

0.121;

0,061
1/32
1/6l
1/12¢
1/25¢
1/512
1/102:
1/204t
1/L0%¢

Locality 7 = Specimen 2

1ameten
in nm.

rercentages
10 20 30 Lo 50

1,981

0.991

0,195

0,246
0.124
0.061

1/8
1/128
1/256
1/512
1/102}
1/20L8

1/L096

Locality 8 = Specimen 3




IHTERPRETATION OF CUMULATIVE CURVEE

| ﬁ&tﬁﬁﬁf@ based %ﬁ %ﬁa original hﬁ%ﬁ&gﬁ%@ ﬁﬁ%ﬁ;

the @&ﬁ&l@%&?@ eurve is more useful ﬁ&%i the histogram,
From the ﬁ%&ﬁlﬁ%ﬁ?ﬁ curve one nmay ég&%@@&aa the co-
effiolent of ﬁ@%%iﬁgg %ﬁ@‘éﬁgx%ii% iﬁ%%%?%&é; @a@fﬁiﬁi@%@
of ﬁkﬁ%&@ﬁﬁg aaﬁ other such E%&ﬁi&ﬁiﬁﬁi ﬁﬁ%ﬁﬁf@ﬁ*l In

- other %arﬁﬁg the ocumulative curve is % more rellsble in-
ﬁax ﬁf ﬁhﬁ aﬁtaya of the @%ﬁ%ﬁﬁﬁ@ﬁ% ?r&g&@gay distribution
%ﬁ%ﬁ i@ the %is@wg&&&;

7 ; The cumulative ourves Bre %%ﬁ%ﬁ?&ﬁ%@é’%ﬁ%ﬁ the
smallest grain sizes at one end of the xy*ﬁiﬁ and @&
@&ﬁ%i%%ﬁﬁ% gﬁaﬁa@i&ﬁ upward to the 1&&%@@% size at the
othey %ﬁég\ %i%ﬁyﬁa@h ﬁﬁ’ﬁrﬁaﬁgﬁﬁﬁaﬁ,i%ig rossible to

' of ﬁ%&%@%ﬁi&%l &%@14.<~~§i

use the quartile method

%ﬁ@wﬁﬁéraga sized perticie is %%??@%%ﬁ%ﬁﬁ by the

‘middlemost of the group, snd is oslled the medisn, One~
%alf @h@'@%iﬁ%ﬁ of the ﬁﬁﬁzyﬁﬁﬁ sample is composed of
gwhalf

grains 2@3@%& in dlameter than the %@ﬁiﬁﬁ; and on
of grains smaller iﬁ»iiﬁﬁ%ﬁﬁyg The medisn mey be %&i@ﬁigv,
ﬁ%%&&@iﬁ@é from a cumuletive curve {broken line lettered

" M in scoompenying cwmlabive curves).

Two other partiecles are measured in order to de-

ternine the gﬁ@f?&%&%ﬁ% af’ga?%iag,ﬁﬁﬁ.af S%%%ﬁ&%ﬁ {measupes



degree of asymmetry). The first is just larger than
%ﬁ%*ﬁ&ﬁr@h\éf'ﬁﬁ% dlstribution {the ~§g ; £ quargile -

a&a%i¥% ourves}, and the @ﬁagaé is Just larger

'%‘i o ann
than @%r&%wf$ﬁxﬁh% of the ﬁiﬁ%@i@ﬁ%@%ﬁ §ﬁ%ﬁ,%%i?ﬁ,g L5 el

tile - Oy on cumuletive curves), %&aﬁg,ua@wfaayiﬁ of

the specimen ls composed of gy%iﬁg_iaggaﬁJi&‘ﬁiﬁg%ﬁﬁﬁ

than Gy, end one-fourth of ﬁﬁaiﬁﬁkggﬁiiﬁﬁli% dlaneter
then Qge |
| ;’ The first quertile, median, %aﬁ‘%@iﬁé guartile
divide the size distribution imto four equal parts,
aaiiaa‘%%&gtiia iﬁﬁ&w&azsg

, It is also very desirable to xg$% the degree of
sorting of the sediment, It is a%?&aa&~%ﬁﬁ§ the ﬁi&%&%
%1 and %3ka§@ to each other, the h@%@@y7%ha,sﬁéaiﬁaa.ﬁa

sorted. ﬁﬁ%'gﬁﬁffi@i&§%~ﬁf sorfing, So, is the messure

of the é@érﬁa~ﬁf sorting

of the ﬁﬁ@ﬁi&%ﬁq 80 is @@ﬁ?ﬁ%@é
agcording to the following formules ’

G 7%
?@aﬁ%ﬁg f@@ﬁé from a ﬁ@%ﬁ?\ﬁf 1?§ godiments that

i

ﬁﬁf

| %%agg; P Dy - Origin end Snvironment of
Bource 3%&3%&3@% of %&%rai@&&* Ds im?%, 193z,

s ,"'ﬂ e e ot # e

= yalue for %> @f legs then 2.5 iﬁﬁiﬁ%%@% a8 well-gorted
sediment; that s value gxﬁﬁ%ar than %;ﬁ dndicated a ggarzy
sorted sediment; snd thet a ?&1%@ of &%@ﬁ% 3.0 indicated

& normally sorted sediment.



_Whils the coefficlent of %%%%g%ﬁ indioates the

é@gx@% of ﬁiﬁﬁﬁifﬁiﬁﬁﬁg of %ar%ieias @f @??ﬁ%ﬁiﬁ?ﬁﬁlﬁ

m,’ 5 gh@ nedian ﬁiﬁﬁﬁﬁﬁﬁg i% dosg mot help
‘%a ﬁaﬁarﬁiﬁﬁ %&@ position of the ;55»  The mode is de-
fined ay the ?ﬁiﬁ% ﬁf maximug éa~755ﬁ in the sample,
. The ﬁ@@fﬁi&iﬁﬁ% of skewness. iﬁﬁi@&%@ﬁ the position of

The ﬁﬁ%ﬁfﬁ&iéﬁﬁ of skewness, %E; i§wﬁ$%}ﬁ§%ﬁ
aagarﬁiag to the ?ﬁf&ﬁi&
| | 8k 2 Qy x %ﬁf%

3% iﬁ ﬁis@ ﬁ@aagsary to give the 1&%&?&%&& of
the ﬁ%%ffiﬁi@ﬁ% ﬁf %&%@ﬁ%ﬁ%i else it s %iffia&&t to
know in just %@ieﬁ quartile interval the ﬁﬁi@ lies.

Trask ﬁwﬁwﬁﬁixﬁﬁ the i&%ﬂxgr%h@%iaa of the co-

affi@i@az of skewness as f@&i&%ﬁ* ﬁif ﬁﬁ ig greater
than 1.0 ﬁ?;i*; gk ?&@iaivﬁg %%@ &ﬁﬁéﬁﬁﬁ sﬁrting of
" the constituents &i@g on the fine side of the medieng
it ﬁ; is less tham 1,0, or i @@guggka%g@tiﬁﬁgyﬁﬁaahui

is on %ﬁ% coarse side of the median; ii ﬁg}iﬁ about
1.0 or log Sk n;§?~$, the maximum @aﬁt?ﬁg
ﬁﬁ@@@ﬁi&ﬁ%ﬁ&?‘%ﬁ%h the median; and the g@@aﬁar the

divergenoce of Mk from 1.0, or log Sk from 0, the
2B

farther ﬁ%@ mode lies from the %ﬁﬁi&ﬁ*'

ﬁ%ﬁéﬁ%@ P. Du - ibid., p. 78 | |

 Table ¥ lists the above detalls of nmechanicel
‘anslyses. ?ﬁr3a§§§%aigﬁe@'iﬁ aa&g&%ﬁsaag the values Tor
the sandstone lens are listed at the top of the table,



followed by the ?%Eﬁﬁﬁkﬁﬁﬁ‘%%% blue-gray feelss and the
red fagies im thet order, Under Sample the first number

‘applies to the locelity, the second mumb

er to the speci-
nen,
TABLE ¥
%ﬁ%ﬁiﬁﬁ OF HECHANICAL é%ﬁ%?%gﬁ

ﬁ&ﬁ@l@ %3 iﬁ ﬁm* ¥ in &%» %% i& &%g

$ﬁ¥ o

Belel
Beded
Befed

0401090

%wQQ%Qﬁ,
0.00368

Bated
B3

Bels5
Bel=f
| Bele?
BeBal

% §W%~1‘

Bufel

Bl
Beflel

0.00610

0,01380

0.00263
0. 00584

0,00946
O, %i}%‘% ‘
0.01140

0,01450

" 0.00858
8y {}lggﬁ '

#*

30 0,01200
0, 00350
0,00698

0.00178
U« 00872
0,00852

0.00148
0. 00408
0.00301

0,00204
. 0,00482

0,00508
0,00292

0,00450

53500

'%g@@l%%
0.00154

0.00164

0,00001
0.00088 ’
0,00096
"

00168

@;%ﬁﬁég'
0.00288

0.,00070

0.00086
. 0.00166

0.00100

0,00088

0.0 ¢%§§$ f'g an

fj%?%%

1,84

387

5422

, ggﬁ@
3,81

3.18
2.89

0,115
0.849
0.004

%%%&%'
0,035

%ﬁgiﬁg
0,053

-0,186

0,038
=0, 089
~0.250
«0,064
“égéﬁg

0,135
1.302
7,065
1,182

1,042

0.228
Q.802

0,736
1,180
0.751
1,085
0,814

- 0,562

0.865
0.889
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~ The gmall sandstone lens %iﬁhkg ?@lg@ ?ﬁx\ﬁa

squel to 10,80 &g&*é-%@%aa for ﬁg %%as&'tﬁ 0.041
{log Sk equal -1,383), is & poorly sorted sedinent
with the sode oH the evarss side ﬁf %§$ §%%i%ﬁ§ The
node s fg?ﬁ&%ﬁyfwﬁm’ﬁﬁﬁ medisn in this spesimsn than
in %ﬁ?‘é%@ﬁ%&

; ?ﬁ@ hilugw~gray faeles of the %@%f@?ﬁ hag values
for So roapging from 2,58 to 1;;%&,,w£%&j%§% ayerage
value of 4,78 {ﬁ? if specimen %mﬁéé i%béiﬁr@gﬁﬁﬁaé, an

aversge value ﬁf’%*%$§§ In either case, a comparison |
with Tresk¥s rgggzﬁg iﬁﬁi@%ﬁ%yﬁﬁaﬁ the %3&%wg£$g facles
of the Bedford are, as a whole, ﬁﬁ1§“§§§§§? to mpderates
1y sorted, | , G

%ﬁ@'awﬁéaga coefflolent of skewness for the
blue-gray facles 1s 1,786 snd the corresponding legerithm
is 0.288. ?&i$ iﬁﬁi$$%$ﬁ that the ﬁg@iﬁﬁm,ﬁay%iﬁg of |
the ﬁ&ﬁ%ﬁiﬁﬁﬁﬁ%%’li%ﬁ on the fine side gf %§£ ﬁ@ﬁi&ﬁé

Two Qfﬂéﬁﬂ gpecinens kig%%ﬁ above {B-4-3 snd
B~6-1) a3 being & part of the ﬁiﬁ%wgﬁgf‘fﬁaigﬁ’ﬁarﬁ
sollected at the contact with the @#&r;yimg'gﬁr%ﬁ sande
stone, and sbove the red facles rether %ﬁaﬁ,haiag ne is
the usasl order. The average So value of these two

speclmens 1s 2,89, snd the sversge Sk welue s 1,178,

with %h%vﬁafﬁéayﬁﬁ%iﬁﬁ‘i@gﬁrﬁ%kﬁ of 0,069, Thsse valuss
%ﬁ%&é indicate that these two specimens are sueh more
like the red facies than they ere like the blue-gray

fapies of the Bedford. If these %}ﬁ@i&%ﬁﬁzﬁﬁéﬁlé\ﬁé



treated as aun altersd part of the %éévfagiﬁs {as pro-

posed in "Conelusions™), the g?@ragg S0 value for the

blue-gray fa&iﬁﬁf%ﬁa&% be ineveased %é”g£@@§@?>%h§ﬁ 5y

i@ﬁigaﬁiﬁgksﬁ'%ﬁaa less degroe $£;$$§%iag than given
above, A simller ineresse would result im the Sk value,

indicating that the maximum sor

ting éf’gaggﬁiﬁuﬁaﬁa lies

even nore ﬁﬁ_%&@kfia% gié@'@f the ﬁﬁéiaﬁfvaﬂ*
above. |
The raa«f%aiaﬁ of the @@&ﬁﬁgﬁ &ﬁﬁ‘?ﬁlaaﬁ f@r 8o

ranging Trom 1,94 %o 3.81 with the average %ala@k@r}

2,98, A comparison with Trask's ra%ﬁéﬁﬁ %ﬁﬁw this faﬁiaa
to be normally sorted, o

‘The average cosfficlent of skewness for the red
fagles is 0,858 %iﬁh the ﬁ@g&ﬁ&gﬁ&é&&g logarithm being
~0,069. This would indigate thet the maximum sorting
of the constituents lies but slightly on the ooarse side

of the medien,

B ?&at~$ﬁ@ %&ﬁﬁ of the red facies will lie on the
coarse side of the medisn might have been deduced direst-
;zy‘fwgﬁ‘tk@ cumulative curves, f§£ iﬁm%ﬁﬁ% of the speoli~
mens the medisn is oloser to Gy then to Q. sSimilarly,
it %ﬁ?yﬁa g@@$ %ﬁ&% the mode lieg on ﬁ&%:fiﬁé gide of the
median if‘ﬁ%ﬁfgﬁ%ﬁ@ﬁ% concentration of pertieles of |

simllar dlameter ocours im the third quertile interval,
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_  DEGREE OF ROUNDNSSS OF GRAINS

& ﬁaﬁ;%arﬁimﬁx%?% bave done much %o

i st

%r%%%ﬁiﬁg@ @%ﬁ ﬁ@rti&@x@ - ﬁ@ﬁ?@lﬁ%ﬁ%ﬁfﬁf ﬁi&

%wm;

Bands ﬁy %@éi@%ﬁﬁﬁ?ﬁ Analysisg %&&ﬁﬁ%@ﬁkﬁ?wf.%?
Volume XX, %ﬁ%ﬁ@y By 1928,

‘standardize that phase of sedimentary analysis which is
congerned with shape of grains, In their peper [as
Plate I) are microphotogrephs of rounded, fairly welle

rounded, subangular, snd angular gr

ains.
A comparison with these microphotographs shows
that the E%ﬁf%tﬁ‘ﬁﬁaiﬁ particles as 2 whole should be

glassified as aﬁg&igy\%a'ﬁﬁﬁagg,uayg {This olassification

is one of cumparisocn only end is 1ot based on guantitative
data, } | |

%E;ﬂﬁi}ﬁ%

ers made of the basal smendstone

 STUDY OF THD
k?ﬁiﬁbﬁﬁﬁﬁiﬁﬁﬁvﬁ

layers collected et Locality 2, Gections were elso made
of these basal leyers collected at Looality 5, whers &
loeal vavi@%iaa mekes for such & %igﬁ ﬁﬁrhﬁﬁatg aaﬁ%%&%

thet ﬁ&@?,ﬁiﬁf%‘ﬁﬁ ¢lasged as llmestone. For study of

these t&ig sections, ﬁkﬁﬁaﬁﬁmiaﬁi'ggaga'ﬁﬁzﬁﬁkmﬁﬁ% and
fale
Results of this study ere gr@gagéaﬁ in & method

8 sorew micrometer ooular were Tound very use

propossd by August Rosiwel, YHis method is based on
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%ﬁ@ ﬁfiﬁﬁiﬁi& that the %ﬁ%ﬁi igﬁgﬁh of ail measured iines
bears the same fﬁlﬁ%iﬁ& %@ %&@ w«xﬁiﬁaﬁ i&%&raxgt&é on
\'%h%%% ?iﬁ%& %g %ﬁ@h a@a&%i%m%a%§ ag %ﬁﬁ v&i&@a at %&e

,@5%% ﬁ@ gﬁat ﬁf @ﬁ&h %ﬁﬁﬁ%ﬁ%ﬁ%ﬁ%;*gﬁ

gﬁgaﬁﬁgﬁsag, &ii@rﬁ ~%@agg; or Fﬁ%@@g@&%ﬁi@
%ﬁ%ﬁ@é@* Eg %}*i 3—%3«@

f~;%WMMwwﬁ ;
basal %@&ﬁ%ﬁ&ﬁ% lggawi by far the grests

mineral occurrences is that of ga%rggg f@il@%@ﬁ @§ ﬁﬁlﬁiﬁﬁ

(%ﬁ%iﬁ%ﬁ‘%&%& iron oxide), barite, and mice,

minerals which mey be listed as rere are tourmeline, zirson,
leucoxen®, end & plsgicclase feldspsr, The following table
lists the average persentages of these minerels as deter-

mined fﬁa&~$§ﬁg}§ﬁ&& ssotions (those of rare oecurrence
being listed together under the heading Dthers).

| TABIE VI
MICROSCOPIC ANALYSIS OF THE BASAL SANDSTONE 1A
| ﬁﬁﬁ%%ﬂﬁ%ﬁ@é@@ﬁ%ﬁ%%~

Yinevals = Totel  Relative
:  Pleneters ?&3&&@&

Quartz 3,084 , 70,57
Galoite  we® . 18,08
| Barite . =M ‘ . B.87
Nica | 181 44

Others . 25 057

£ 55 )

IR

4,370 100,00



<3

Pig.26 end Pig.27. (X-25, orossed nicels). Loeality § -
Basal layers contsining much narboﬁahg. gggrtm grains
o BEs g

alinsd in narrow bands elong plane of'

oy Yy




A Wpin, SR LS
¥ig.28. (%~103, orossed nicols). Locelity 2 -~ char-
acteristic of the sandatone slides; slide cut per-
pendicular to bedding.

¥

y 8 : A i i Wt co e o

- Pig. 29, (X~-105, orossed nicols). Looslity & ~ char-
acteristic of the sendstone slides; sliide out parallel
to hadéing- :
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Pig. 30. (X-385), Logslity 2 - sandsione shawing much
iron stained calelte. :

Pig. 31, (X-37), Loecallty 2 - sandatone showing much
pyriteo in lowsr right cornser, )
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In th
at &t%ﬁiiﬁ? ﬁ, iﬁ was Q@ﬁ@% that %ﬁa 1%23%? gr@iﬁag

- %hiﬁ ﬁ%ﬁ%&iﬁ% %&ﬁ@ f?ﬁ% the basal 1%3%2&

griﬁﬁiyailg Qﬂﬁﬁgﬁg %%%ﬁ %@@&2& arg%s ;a% ia aﬁrraﬁ

?ﬁ@&ii@l bands f@l&@%ﬁﬁg %&@ %@éﬁiﬁg §&ﬁﬁﬁ§ {3@% ﬁiéfﬁ*
photographs), |
: &f the %@t&l 1%%%%@ of all %ﬁ@ measured lines

on %ﬁ%ﬁ% th iﬁ‘ﬁﬁﬁﬁiﬁﬁﬁ {Loeality %}, i~$3@ %i?i%i&ﬁ% '
(6,9%) were quartz, 36 divisions (0.2F) mlca, and 24

divisions (0.1%) leucoxzene, ?ﬁ& r@@ﬁi&ﬁ@r were oar

i%@ﬁ%ﬁ@%; g&iﬁeigéiiy %ﬁiﬁiﬁ%g Thase iﬁrgay ﬁ?@iﬁ%
ranged in size f‘ym 0,082 to 0,005 mn. in dismeter
with the median gayt%@&@ being sbout %gﬁiyﬁﬁ* in

ﬁiﬁﬁ%ﬁ%i“ﬁ

IGAVY MIWERAT SEPARATES

ST0Y oF

%%&?3 %iﬁ%%&iﬁ are @iﬁ@?ﬁiﬁ af high %ﬁ%iifiﬁ
grgwitgs %Q@fﬁﬁi@%%@iﬁ %;%uiwiﬁ %&ﬁﬁ% iﬁ#@ﬁ%ﬁg@%iﬁﬁg,

",gém

amounts in @11 fﬁ@i@% of the
fyii@%iﬁ% of %%ﬁ %@&?ﬁ

aphio ﬁiﬁ?%ﬁ%&?@; they were

%&iak ooour in minor
fﬁ?ﬁ shals, %@ f&aiii%&%g the ex
‘ﬁiﬁ%&ﬁl@ with the petrogr
;%ﬁ.ﬁﬁﬁ %%ﬁ%%% and gther iighﬁ %iﬁ%@ﬁl% wi&ﬁ

separated f

which they were associsted, The method of seperation is
g5 follove:

Bro

moform of specific gravity 2.87 (et 20%.) is
nnel to the stem of whioh isebtached

placed in a gless fu
a piece of rubber tubing olosed by & vpinech clsmp. The

semple 1s introduced, and the mixture stirred at intervals,



7%

not ﬁ%%@l@ ﬂﬁ %%@ giﬁ@iﬁg @ié@g :f'%%% iaaaﬁi};

n @%%@@éAﬁﬁﬁ% a filter paper !
riing the §iﬁﬁh %i&@%g After the
heavy ligﬁié ?ilt&&%@ heg be ol %@&E,iﬁ%ﬁ the

%@&?y~§iﬁaxﬁig,%$$ the

en ﬁ?@‘é&
abock b@%tg%; %&% heevy minerals %?@f@agggﬁ"@%$§§&i
times with &lﬁ%ﬁﬁ%
the raaﬁﬁgx’%ﬁf the %ﬁ%ﬁﬁf&?&; %ﬁ/?ﬁgiﬁg; the E%%#?

{4&&@'ﬁ%shiag§7a§%”%§ﬁaia%ﬁ for

ﬁiﬁ%ralﬁ %ﬁ?’%% mounted on glass aii&%% f@@ gt&gf;

The light minerasls are %%%&%ﬁbiﬁ%% ﬁ'ﬁﬁﬁﬁﬁﬁ
fiiter peper and trested as deseribed for the heavy

ninerals.

 The gara@ﬁﬁﬁg% %f &@@?@’@iﬁ@?a&a in pech syeci-

'ﬁﬁg,ﬁaﬁ %@%&?ﬁiﬁﬁ% by en agaiyﬁxaﬁl E&ia&aﬁg %@igﬁtﬁ
being ﬁ%éﬁ %@ '
%@@3@ welghts show that there i@ 8 general

the neerest %ﬁ@wi%#ﬁﬁﬁﬁéﬁﬁ af a gram,

%@ﬁéﬁﬁéy f@r ﬁ&% ‘blue-gre
ﬁ%&gﬁt&? hig

¥ f&ﬁi&& %o %ﬁﬁ%ﬁiﬁ a very

% of 5&&?@ ﬁi&@?ﬁl% than the

gher g%y gen

j rﬁ%‘fﬁﬁiﬁﬁg éla@g there ia no gaa@%@l %%3%%&@? toward

dneresse or ﬁ@@r&&%& in h%&?y mineral econtent between

- the %&?i&ﬁﬁ,@igﬁg gi%@&~%§ eny one specinen,

The heavy minerals were next split with a miero-
splitter %ﬁé ﬁﬁ&ﬁ%§ﬁ in » %&a&%ﬁ&@ medium with en R.J1,
of 1.65. Eaah*%}iﬁa woR marked %i%ﬁ & %i%g@ﬁﬁ peneil
a8 to 1&%&1?%? and 3@%&%@@& ﬁ@&%é¥§ $%%§f§r$§%,,%%ﬁ Rela

of mounting mediunm,



g

ﬁ§§$§ %§$ @a%&&%%@%kiﬁkﬁiaﬁég§agﬁﬁ the heavy
ﬁiﬁaxazﬁ‘%%ﬁﬁVféﬁaﬁ to consist aﬁigﬁ%@ of from reddish
o %ﬁff; iﬁ?@f;i&f$ sngular to &ﬁ%ﬁﬁg&i@? %?ﬁiﬁ@ of
s sufficlent
amounts of iy&n oxids %o galise %h@m W ﬁiﬁk in the ha&%y
liquia,
‘ ﬁﬁ &%ﬁ? capes %&ﬁ%; %§E§i§ %i@%iﬁa oy é&@@ﬁ?&%@

iron oxide, end paleite and @ﬁar%ﬁ a&&%@i?{{

| {g@ﬁzz agﬁia %ﬁgﬁa, asually less t%am,iﬁ }; was %?%@%ﬁ%&
In & &aﬁkmr af the siides %ﬁ@ nioa graiﬁg ﬁﬁﬁ%&iﬁaﬁ
apatite iﬁﬁlﬁﬂiﬁﬁﬁn

ﬁ@a&%aiiﬁ@ soeurred @@@%%i@ﬁ&lﬁ?; %ﬁﬁ ig.ﬁagt of
the &?ﬁ%iﬁﬁﬁ%1i%‘%@&§ be treated as & reve @&ﬁ@?@ia
Zircon %ﬁﬁ’&%ﬁ?“rﬁr$§ ﬁ&&%li?.ﬁﬁkﬁﬁfﬁfgéaﬁ & trace,; and
éﬁggiﬁg altogether in meny seses, |

'ﬁag iﬁé%%%?%i%g ’
that of quartz grown sround

, rather common osourrencs is

graine,
%ﬁa@;‘%ﬁ% there

‘the edges of other

in most %ﬁﬁ%& these were iron oxide g

were onges %f’ﬁiﬁﬁ&ﬁ and @g&iﬁa gﬁéiﬁﬁ %i%h.Qﬁarﬁm
grown sround the adgen, -
The important cementing msterials of the Bedford
would svpear fram this study %o %@5ﬁai$i%a and @i&iﬁs*
%ﬁ@&% vzz 1ists the minerals %%ﬂ@w%ﬁﬂ and thelir
ageurraﬁg% iﬁ,%hﬁ various @&@@i&%ﬁﬁﬁ, In\@&ﬁk,ﬁﬁﬁﬁ under

imen, the figﬁ% pugher refers to 2@%&&%%? and the

@ﬁ%@ﬁé number t@ the specimen from %ﬁ%% locality. ﬁﬁi@ﬁﬁ
otherwise indicsted, all grains are in the 0,124 - 0,081

grade,

e



"%

oosay - & - PuOTER000 = O
- : : quenbelg - 4

&
8

oo
B

o0
OO

Mﬁ%i@ :
o m&w;iﬁ@va
: | mwl
. | e "W 992 ~C6V°0
8 ; | e
- - ; . . et i1 %%Hﬂﬂi&@@« i@ ,
: 4~1~8
E o
. e1g

. - e

L
&
i
0 -
0
a
2

[
s ! mmpr

ﬁ%ﬁ#ﬁm ﬁﬁwﬁwﬁ@m

ﬁﬂm.ﬁf: Bt



BoBdLy ~ L TBUOLEED00 = O
ey - ¥ o : quenvexy - 4

 #oo
]

,.M%mwiﬁ
S @%Mﬁﬁ!ﬁﬁ@%t@
~um @%%;:mﬁﬁga
=18
s gw»iﬁ@%*ﬁ

oMo mmMo o

79

£ g2
=
o

omE
ke © B ERBEOBOBORD

:_u;..;mmwwfm,;; ﬁ%h@a aaq.
. 2410180/,

, :;: wwm: ﬁ&%@w* @PTXo woay




© CONOLUSIONS

As & xaia, i% ig ﬁﬁ% §@s§%§1% %@ gome Lo %
agﬁai&&i@a ia ?ﬁgﬁré to %&a éi?%ﬁ%iﬁﬁ,frﬁﬁ,%ﬁiﬁﬁ g sedie
| %&aﬁ iﬁ ﬁag&&iﬁ@ﬁg %@% type of a&ﬁ%&i@ﬁtf@ﬁ'ﬁggﬁgraﬁﬁyg
%x%%%iliag a;iﬁaﬁa @ﬁ time of &%g@%i%i;a$ %ﬁﬁ like
?&iﬁ%ﬁ, ﬁﬁ&@&% a fﬁ?ﬁﬁﬁiﬁﬁ ia %%ﬁﬁi%ﬁ &?ﬁﬁ & r@%ﬁﬂr
@xﬁ%ﬁ%iﬁ@ aren. o '

| %ﬁ%ﬁ i% the ssse in ﬁh@ §?ﬁ%@ﬁ% i%ﬁ%ﬁ%ig&%ﬁﬁﬁ;
%ia@@ anl% @ %&l@%ﬁ?@iy‘%ﬁﬁii ﬁ%ﬁﬁﬁ% &f %ﬁ% Bedford

&&ala is @xyagaﬁ in Lorsin County, i% && ﬁﬁ% yﬁﬁﬁiﬁlﬁ
b note ?ﬁ?i&ﬁiiﬁ% that %ﬁﬁiﬂ yf@#ié@ solutiong to the
abayﬁ_aﬁaﬁ$§ @?ﬁhl@%&; k%ﬁ@@ of %h@ é%t%; &@w&%&r*
ksaggﬁgﬁg ﬁyg@%ﬁ&%@a whish ﬁffaré %x?léﬁ&%ﬁa&s»&f cer-
tain
iiﬁiﬁ@& areas . | |
- As ﬁﬁ%ﬁ& in the atuﬁy of %ﬁ@ ﬁ%ﬁ?ﬁxﬁiﬁ@?ﬁlﬁg

polnts %f iﬁ@%#@&t even %ﬁ%ﬁ &@aliag wit& such &

- many @f t&@ &i%& grains carry &%@%iga iﬁﬁiﬁﬁiaﬁa* ‘This
 would iﬁﬁi@%@% %hﬁtg in part at lsast, the sediments
were &ara?@ﬁ from lgneous roaks, |
@h@ ﬁ@i@f %iff@r@ﬁ%@ in %ﬁ@ %@g fa@i&% of the
»u&farﬁ i% @%?ia&sgy ﬁ ?ﬁﬁﬁ%iﬁﬁ of the chemioal ocom= |
%za@»gaay ﬁa&@r sig&iﬁgﬁ&g a 1@& g@rﬁi&a,

?ﬁaiti&agrzﬁﬁ

: k%f f@?xiﬁ oxlde end ﬁﬁﬁﬁl&§ a ﬁ?@?tﬁ@%@ﬁﬁ@% of ferrous

@?@y f%yzia aaﬁgaaaéa, , E
| ‘ ,r;aﬁargaat iﬁ
iﬁg about the @@&&ﬁﬁiﬁa of f&xria &xiﬁ%g to %ﬁ&

%@&%ﬁﬁ h@ﬁ iaﬁg %%@a ra@@;:vfjff*
bring
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ferrous form, This would iﬁéitata'*h$& ot most only

& small 3&&&&% &f‘ﬁxgaﬁiﬁ %%%2%? %&@ ﬁﬁ?&@iﬁ%ﬁ ia the

 sediment ﬁﬁg,?@é@%ﬁi%ﬁﬁ as the red facies of the :
ford, 4

Sogs nous meterial of the ved faoies wes

e ﬁ?&ﬁ@ﬁﬁ%ﬁ@“ %%i“a%‘; the sediment,

lgneous igtﬁuaiﬁgg %&ﬁ ?&ﬁﬁﬁ in %he

is% ﬁ3w#%%aai$ of iﬁ%@&ﬁ%ﬁ%&@% ﬁf ir@a from

&gﬁ%@aﬁ magmes must be &igﬁar&%éﬁ ?ﬁ@, i@ is herdly
%ﬂf ord

&h&l& may ﬁﬁ?@ r@@@iv%é B %%l%? f?ﬁm,iﬁﬁaf iﬁ%?ﬂm

aves, so

iagiﬁﬁi'*v,% a ?@fﬁ%@iﬁﬁ as i%%@??i&&ﬁ &5 “the

duction of iron by meteoric wabers.
1t was noted that in certain locsllties the

’#ﬁﬁ‘iﬁﬁﬁﬁﬁ in the ﬁ%%ﬁ?%iﬁ& red %hﬁ@a

%@ﬁ%ﬁﬁﬁ% %f‘%iﬁ%w
,givﬁa %&iﬁ f&&i@ﬁ a mottled effect. E% i& ??@ﬁ&%iﬁ

 that these ”a@@%&ﬁ of %lﬁﬁwgﬁay’@@r% @?igﬁﬁ%&i? yod
nie &g@ﬁ& %ﬁigﬁ was pros

, ﬁﬁﬁim%%%; r%&a@%ﬁ by some orgs

%&ﬁ% in %ﬁ@ ﬁri%&%ﬁl %%éi&%ﬁ%g {ﬁ#%%¥ﬁ?, no %ﬁ%ﬁﬁi

wﬁ%& of %@%&ﬁi@ mebbor were found in the red feoles

in any park %f %@ﬁ%iﬁ gﬁﬁﬁﬁ?#% | ,

In t@%@r losalities {%$§$ﬁi%21§'$&ﬁ%§al and
@ﬁﬁ%ﬁﬁrﬁ ﬁﬁi@} %ﬁa @&éfﬁ?@ shele i& @@ié %@ %ﬁﬁ%@iﬁ
many ripple ﬁ&@ﬁ& iﬁﬁiﬁgtiag ﬁ%@ii@ﬁ‘%&%&?& g% %iﬁﬁ
af ﬁ@?@@iﬁi@i; Ho such ripple marks %%?% $§%%§?%§ in
any of the several %ﬁ?@ﬁaﬁ%ﬁ of %%% §§ﬁ$§§§’$§$§$'i§

leraian County.
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In the localities where the Bedford-Berea com-
‘%%&%fﬁaa'%ﬁ§égéﬁg'a %ﬁiﬁ"%&ﬁ@#grﬁy'&%%E%tﬁiﬁiigy in

%

Hedford %@%

apn &ﬁ?ﬁﬁﬁ& %ﬁ ﬁﬁ@ ﬁigﬁwgrgg fﬁ@i@% @f %%%
found to a@&riﬁ% the red facies, %&ig x&iﬁ éajgwggay
shals hes been iﬁ@$?§§%§%é by angﬁagha 88 xggzﬁﬁllgv

”géﬁawﬁg%iﬁ * ORs @%‘%‘g ¥ g@g %ﬁ%;

G ki W 2 Sl Rt

%@1@&@1&%’%ﬁ‘ﬁﬁayﬁﬁgaa‘ﬁéééﬁ%@@@*,‘ﬁka average coefficient

of sorting, average coeffiolent of skewnese, and percentags
of total welght in eseh slze grade, however, indicete that
© this thin blue-gray shale should be %gaa%gﬁ 28 & contin-
ustion of the Ted facles of the Bedford shale, with the

to ferrous nature through

ferrvio i *ﬁ @%ﬁ%@&ﬁ x%&@@%ﬁ

leachlng by %ﬁ% %ﬁ%ﬁf& f%@m‘*h@ %a&gz pyriﬁa %&é,&agaaw
site zones of %&@ Beyen. %%ﬁﬁ%%&ﬁ%; ‘.; |

| ﬁ%ﬁﬁ?ﬁl&? speeking, %ﬁ% ﬁla@m@ray f&ai%g of the
as i@ %ﬁﬁ r%é‘faaiﬁgﬁ This
15 o be expeoted, since the hza@wg?&y facles as & whole

Bedford iz ﬁﬁ% 5@ well ﬁérﬁﬁﬁ

- is coarser grained %ﬁﬁ& the ?ﬁ& f@aiﬁgﬂf %@ﬁ, one would
%%?%ﬁ% the @ﬁxi%ﬁ& ﬁ@ﬁ%iﬁg ol %k@ @&ﬂ%ﬁiﬁ%ﬁ&%ﬁ @& 1ie on
the fine side of the padien in %h@ f&ﬁiﬁﬁ %&&ﬁ ﬁﬁa a
%&ﬁ%ﬁ?ﬁ%ﬁ?&lg,ﬁigﬁ@f g@ggaﬁtﬁg% af g&%i&a in the oo
‘ \ t6 %%~%&§,§&5%’ 

grades, end guch %ﬁg found

. UNSOLVE

PROBLENMS STATED

'ﬁaaﬁri%ntiﬁg Landnass ~ Before the guestions



of location and by
vailing olimete st time of deposition, type
rook, and others of this nature cen be correctly

answered, the Bedford shale must be studied in move

pe of contributing topography, pres

of sourgs

extensive outorops than was the oase in the present
iﬁ?@@%ﬁgﬁﬁiﬁﬁﬁy As 1z the cese %i%ﬁ'??&ﬁ%i%ﬁi&? all
other shales, there is no g&gﬁ£a1 §§%ﬁ§_£?@%,@@arﬁﬁ
to fine grains in sueh s limited avea @f‘é&%ﬁﬁ&§gy

Geologie Age of the Bedford - This problem
hes long been one on which gecloglsts are in no genersl
agreement. Hothing ls here offersd to %ﬁ%&w any 1ight
’ upon this problem, for such was %ﬁ%)@i%hia the scope

of the present investigatlon.

ﬁar&awﬁaﬁfﬁxﬁ Gontaet = %ﬁ%ﬁaﬁf;ﬁﬁﬁ‘ﬁﬁﬂﬁam

gontact between the Beres and the Bedford formations

is due ﬁﬁ;ﬁf%&iﬁﬁ by streams when the E@ﬁfgr& horizon
stood sbove sea level, to erosion by the eurrents which
ﬁw@agﬁ% in the sands of the Berea fﬁ?ﬁ%ﬁi@ﬁt to gradual
sinking of the heavy send into the aafﬁ%ﬁé of the Bed-
ford as %ﬁfﬁgiﬁiﬁﬁ gontinued, or to some fﬁ@%&» not ag

yet proposed, is a problem requiring a

great deel more

atudy.

Heavy %%ﬁ@%ﬁi,aaalgaig - Hore extensive enalysis
of the heavy minerals of the Bedford shale {as to the
relative percentages of each of the minerals, degree of



 roundness of .

grain, degree of freshmess) will né doubs
do much to answer memy of the yet unsolved problems
of a@&ﬁiai@gg

under which deposition eccurred,

| The present investigation has been logleally
divided into thres parts. Part I has considered the
Bedf |

ation and detailed deseription of the sibarat Laoal
ities from which samples were obtalned; Part II hes
been ﬁ%ﬁﬁ@rﬁﬁé %iﬁﬁ the methods used in meking

genersl geology of the ord shale, with an emimerw

- mechanieal analysis, ﬁ@ﬁ.%ﬁﬁﬁ,%@%ﬁ@§ ﬁ&$'§ﬁﬁﬁ discuse-

ed with %h@}k&g% that it may be s sourge of informs

to others who work with sediments similar to the Bedford;
Fart 11T aaﬁiﬁ%%a preogsented in = %ﬁﬁﬁﬁﬁ-%h&% esn be
correlated with similar studies ﬁf}ﬁﬁéfﬁéé?ﬁ%ﬁ.ghaia

in other locelities, and thus help to determine the

1 Geposition occurred,

conditions under which origins
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