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PEEFACE.

It is the purpose of this thesis to tell sometning
about the pliysiczl properties of l.icidgan rarls. Xothing
lias ever been written ccncerning t.ese in any textbooks
and tlie results given here are obtained by actual exper-
imentation witn the marl ana checked as close as possible
with the ideas concerning tiem held by men whb have been
_in close association with marl for a number of years.

The material fcund in this book will not be found
in print anywhere else and it is hoped t:at this material
will be of value to anyone who desires to cerry on any
further investigaticns regarding these proverties, and
to give some beneficial informetion re:arding weight ana
shrinkage which would be of assistance to tie engineering
world.

In obtaining this méterial it has been necessary to
interview the chemists at several cerent plants as well

as actually meking tne tests with tie merl.



1.
Larl.

The origin of marl has been discussed a great deal.
It is now ascribed to the action of fresn water alygae,
which precipitate it or throw it cdown from sciution.

whetner this be the trutn or nct, it's close and
intimate connection with fresh water lakes is too patent
to be denied. In searching for it, therefore, tihe obvious
metnod is to observe the locality for flat meadows or
marshes, wnich have the arpearance of having been &t cne

time the site of glacial lckes.

lLarl consists of the smoryhous or crganic form of
calcium carbcnate mixed with verying armcuntis of soil, sanc
hunus, snails, sheils, etec. It is a soft,danp,gra;, or
blackish eart: screwhat like bulk suger in appearance;
it has little plasticity when worked up with water like
& clzy, and still less hardness or st:ength wi.en dried.
It dissclves in any c«cid, even vineger, with nuch eifer-
vescence and focaning.

Larl beds run in strata and vaey in the calcium car-
bonzte content and cepth witiiin a very few feet to a great
extent. A mep is slkown which well illustrates the to.cg-

rapny of a marl bed.



e

Sampling Tquipment.

It is necessary in oruer to meke & correct analysis
to have a set of sanpling tools to get accurzte and uni-
form samples under &s nearly &s possible the same con=-
ditions.

A Bescription of two kinds of samvlers will be given
one of which Las been in use for about twec yezrs ard tie
other only & rnont:.

Cne sar .ler ccnsists of &« one=lie:lf incui pipe cut in
secticns three feet lon. witn a T shaped hancle. A helf-
inc:. brass tube six inches long is festenea to each eme
of these tire fcot sections in sucu a menner so trat by
rotating the rod tie pressure of tre eart: forces tuiis
tube to turn zbout the pi.e so trat by pushing tre rod
six inchies furt.er .nto tie ground tiie tube wiil be filli-
ec and byotating tl.e rod 1n tue opposite direction tie
tubc will again close. A drawing is shown whici vetter
illustrates t:.e idea.

This senpler gives z very cccurete sarp.e and also
gives tle cepth tne sarple is texen below the level of
thie ground. It is best fer cbtzining scnples fer cienm=-
ical enalysis. The main fzult of trhis wiici. is quite &
seriousr one is thet if the merl is a little sznay cr con-
tains some sucn simrilor roterial tie send will get in the
swivel &nd will not oren or cicse anc is very unard to

clean, sometimes hzving to ve tesen apsrt. If &he perscn



3.
Landling thic sampler is not careful it is verg ecsily

bent and if a laiger gipe is used wit:. tie szwe principle
it is :&ard to pusun into tie grounc.

Tlie second sanpler w.icli Les Just been devisea ccne-
sists of a one incii pipe made in t:ree 1cct lengths wlhich
can be put tcgetrer wit: pipe sleeves. It Las & T snaped
handle and a slot is cut in the bottom section which wnen
the pipe is rotated fills wit: mearl or mcterial at trat
depth.

Tr:iis sampler does not give es accurzte <:rples but it
always workd and is more easily vpusiied into &nd witndrawn
frem tihhe soil. Tt is not eazsily bent wien tice needed weight
is a plied to force it intc the grcunu. The scnples that
are ovteined with tris ere subBficiently accuiate for tlLe
general run cf tests thet re made on mearl.

The reticd of sarpling used wes to take @« post-liole
diggeir and rencve the tep-soil and g0 & foot into tiie marl
and ti.en fiil & pint certon with the meterial.

Tlils metucu was used because the greutest variation
of merl im tnis beud was Iocuna at depths of about five feet
and lirger sanples were neeced than cculc bLe obtained with

either cf the zbove-mentioned scriplers.



Procedure:
l.Percentage of narl tiat is weter. \/eighed fitty grams
of sanple to be tested anc then pluced serple on
oven anc baked until 11 moisture Lac left.
weighed the muterial that was left end com-
pﬁted tlie percentzge weter.
2.5Lrinkege. TFillea a 2" cubicel tin cup level full
cf tne marl and balked until moisture left.
) with tlie aic of calipers the area cf thlie
volune remeining wes corputed. Tle marl
rercining efter tre wster was taken out wes
tl.en pulverized anc the volure of this
neasured. 1he slrinkige was tien computed.
Sd.weight per cubic yarc of wet and dry. weighed tie
merl in a tube wet and ccoriputed vieight. Tien

dried tre ganjple by baking and weiglieu t.e

naterial remeaining.



Semle *1. 4.

Ci.emicel .nalysis . Lysical /nalysis.
8102 1.2 wt. witn weter 1CCyg.
kgolg 1.23 Wt. without wetcr 46.3..
Cal T .83 < cof merl witer is 46.3
CaCC3 88.¢¢ Shrinkage nieesured witi cal-
10 1.71 ipers anc cerpute. of cube
1gClg 3.0 was 13.:% of original volume.
Vol.lLat. 46.29 tfter vein. broken up intc-
1CC.94 fine particles it wes 22.19
Crganic latter 5.353 Wt. o sar.le/cu.yd. wet 242CH#

Jt. of san,le/cu.yd. dry 132C#
Cclcr=- Grey.

Sample ‘2.

Ciierzicel ‘nelysis Pliysicel fnalysis.
SiCo 1.74 Color- Grey-scecpy.
L263 1.67 #t. witn water o0z,
Cal 48.13 wt. witlicut water 25.€gk.
CaClyg 3r.c3 7 of merl water 51.2 by wt.
LgC 1.9 curinka.e newsured witn
15Cly 4.61 calipers 14.47
Vel. Mat. 46.43 After vein, broken u; 18.07%
29.¢8 #t. of sarplefcu.yd. wet 2.40}

(rzanic latter 6.55 Wt. of serple/cu.yd. cry 1z21C*



Sample “3.

Crerical ’/naslysis
J

SiCg
LoCg
Cel
Cellyg
1LaC
1gCly

Vecl.lat.

3.3

1.71

3.57

47.52

100.15

Crganic ]attér 9.54

Sarple *4.

Chiemical analysis

CaCC:5
LeC

lg C(}S

Vol.let.

1.32
1.4C
49.82
83.96
1.91

4.0C

43.96

100.41

Crganic letter 9.

I~
9

34

“hysicel /naliysis

Ccleor- greyisi blaci.

Jt. witii weter 5Cg.

wt. withicut water Celise

o of merl weter 6C.3
Shrin.age reesured wito cali-
pers in C 18.4.

Slhirinle.e alfter being brcken
into iine particles 20.2%
Wt. of san./cu.yd. wet 175C#

Wt. of sa .dcu.yc. dry 1C:O#

Thysicel friwlysis

Coler=-Ilrcn grey

wt. with weter Cg.

do. witnout water 30.9g.

. of merl water by wt. 53.83
curindag€e rneasurec witi cali-
pers 17.3%

Surin.cge€ @iter being bLrcxen
into tine pirticles  23.37
Wt. ¢f sear./cu.yc. dry 1120#

Wt. of senm./cu.yd. wet 2720#



‘

L oemole #9

Cliemicel ‘n&lysis
S1C, .76
RoCz 1:14
Cacl €l.62

CaCly  91.18

LG 1.84
1glla 3.8¢€

Voi. lat.44.31
99.C1

Crganic Latter 2.73

Sample 76

i

Cliemicezl analyceis

Eilo 1.28
RoCgq 1.2
CaC 49.71
CaCo3 £8.71
1gC 1.91
1gCly 5.9%

Physicocl Ancliysis
Cclor- Tlaciish grey.
Wt., with watcr £0g.
Wte witlhout water 21.2g.

cf nzrl weter 7.6 by wt.
clLrinlic.e &s recsurec ty cal-
incrs wes 10.77

Chriniege efter being pulver-

wt. of san./cu.yd. 105C# wdry

vt. Of sl,‘rh,/cu'yc_. 257&_/#’ wet

Ihysical Arelisis

Cclor- grey

wt. witl. weter 50g.

wt. witl.out water 20.4

““ of rerl water 4¢.2 bty wt.
Zirinkzie ¢s reesurec by cal-
ipers 14.47%

Clrinkege after teing pulwer-
izeuw 23.2%9

Wt. of sam./fcu.yc¢. 13CCH wry

wt. of sem.. cu.yc. 2560# wet



i

Sem,.le * 7.

Clierical Anelysis

SiCg .33
R5C3 1.12
CeC 51.5¢
CeCCy 87.88
NG 1.7%
I.Ag-;C(;5 3.81

Vel.lat, 44771
$9.¢5

Crgenic latter 2.65

Sample #8

Chemici 1l *nelysis

£iCq 1.24
Ce.C 48.€64
C&CC3 87.13
e 1.37
1oCls 3.97

Vol.iat. _4€.68
100.10

Crganic Latter 5.03

Plysicel /nazlysis

Color- whitish gre;-chalk.
wt. witn weter 5Cg.
wt. withcut water 30.%9g.
¢ cof merl water by wt. 38.2
Shrinnege as neasured by

celipers was 14.6 %

Shrinkage after being pulverized

17l6 (r’
Wt. of sear./cu.yd. 1450% dry.

Wt. of sam./cu.yd. 2345# wet

TlLys.cal Anzlysis

Cclor- blackiskh grey.

Wt. with water 560g.

Wt. witnout water 25g.
 water 50

Snrinkege s mezsured Ly
calipers 18.54°

Surinxzge after teirg pulver=-
ized 27.7%

Wt. of sar./cu.yd. 12¢0% dry

<t

Wit. of sam., cu.yd. <2580# wet



Sample#¢

Chemiczl 2Analysis

SiCq 2.50
Eola 2.€4
Cac 46.4-
CaCly 32.94
Lg0 1.€0
LgCly 3.34

Vol.lat. <¢€.53
103.(5

Crganic lztter 8.29

- Sarple #10.

Chiericel fnzlysis

£105 1.2C
Eg0, 1.€2
CaC 49.92
CaCls 8v.2C
LgC 1.8C
LgCly 3.77

Vol. Lat. 46.18
1C0.7Z

Crgenic latter 4.93%

PLysical ‘nalysis

Color- grey.

Wt. with water 50g.

#t. withcut water 27.5g.

° water by wt. 45

Lhrinkage vy crying 287
Suringage after rulverizing
387

Wt. of sar.le, cu.yd. 140C# dry

Wt. o1 serple cu.yc. 2550%wet

~hysical Anzlysis

Coler - clalk.

Wt. wiith water 50g.

wt. without water 29.6¢.

% water by wt. 4C.8

Sirin ege oy crying 187
Shrinsege efter pulverizing
2€%

wt. cof semple/cu.yd. 138C# ary

«t. of sen,le/cu.yd. 23404 wet



Cample #11.

Cherticzl fnealysis

SiO2 2.84
| S =.C0
Ceal 17.1¢€
CeClg 24,21
LgC 1.€9
LgCCx 3.%0
V.k. 46,24
v9.63

(rganic latter 5.34

Sample #12.

Crremical tnalysis

SiCy §.26
RoC3 3.48
Ce 0 37.74
CaClg, 67.3%
1gC 1l.v4
18C03 4. 0€
V.L. 51.32

$9.74

Oryganic latter 19.55
Fig! in silica, low

in line.

Physical fnalysis.

Color- grey=-so0&;y.

wt. witn water 5Cg.

Wt. withcut water 25.€g.

4 water by wt. 43,8

Shrinkage by crying 17.7%
Shrirrage after pulver-

izing 27.7% |

Wt. of sarple/cu.yd. 1255#dry

Wt.of simyle, cu.yc. 245C#wet

Ceclor- brcwnish grey

Wt., with water 50g.

Wt. withcut water 20g.

% water by wt. 6CZ
Chrinnace a«fger drying 227
Shrinki.e &lter pulveriming
33

wt. of semple/cu.yd. v40# dry

Wt. cf sznple, cu.yd. 2350#wet



Sample #13. 10.

Chemical analysis rhysicel Analysis

8102 1.22 Color = cialk grey.

R:0x 1.€0 Wt. with water 50g.

Cal 48.49 wt. withcut weter 2€.vg.

Ce.CO4 8€6.59 % water by wt. 46.2

2 g0 1.94 Shrinxzge by drying 18.3°

Ig063 4,.C6 Srhrinks.e aféer pulver-

V.L. 46.88 izing 28.3%

100.13 Wt. of sar.le/cu.yd. 12904 dry

Crganic lautter 6.6€ Wi. of serple/cu.yd. 24CO# wet

Sample #14.

6i.emical /fnel;sis Fhysicel Anilys.s ‘
£iCo 1.16 Color- chaik. <
2203 1.€8 Wt. with water 5Cg.
CaG 5C.1 Wt. witrnout water 29.4g.
Ce.CO 89.4€ % water by wt. 41.2
1gC 1.84 Slrinkzge by crying 19.8%
.aC0y3 3.86 Sirinkage by drying end pul-
V.L. 45.15 vevizing L€.7°

99.93 “t. of sample/cu.yd. 142C# dry

Crganic Latter 3.77 W/t. o.fsample/cu.yd. 2420# wet



Sanple

#15

Chernicel ftnalysis

8102
Ce0

Crganic

Sanple

3.44

£9.68

Yatter £4.3%

16

Chenicsl Ffnslysis

Eilg

P\203

Crganic

112‘
1.16
49.62

88.€1

4€.52
10C.2¢

Latter 5.€4

11.
ruys.cel rnelysis
Cecler- grey
Wt. with water SCu.
Wt. witih.cutl water 24g.
7 water by wt. 52
Shrinxege after crying 19.1%;
trrinkege @fter drying ana
pulverizing 29.1%
Wt. of sam.,cu.fd. 1080# dry

Wt. of sam./cu.yd. 2260# wet

Phiysicel /fnalysis
Color- blackici.=sozy.
wt., with weter 50g.

Wt. witiout water 22.1g
% water by wt. 55.8
Shrin.age «fter drying 18.37
Shrinkage after drying and
pulverizing 238.87

Wt. of sam./cu.ya. 105C# dry

wt. of sam./cu.yd. 2380# vwet



Sample #17

Chemical Analysis

SiCs .76
Rg03 1.14
Ccal 51.62
CaClz $1.18
1gC 1.84
LgClz 3.86
V.M. 44.31

99.61

Crgenic Xatter 2.73

Semple #18.

Creniicel fnalysis

§iCy .72
CeC 49,32

Ce.Clq 88.C7
LgC 1.91
LgCls 3.99
V.. 48.06

100.97

Creanic latter 7.23

Physical lfnelysis

Color- white-chzlk.

Wt. witi, wuter 50g.

Wt. witl.out water 24g.

;. water by wt. 52.

Shrinkage after drying 14.3%
Srrinkage efter drying and
pulverizing 17.8 <

Wt. of sem./cu.yd. 1090# dry

Wt. of szm./cu.yc. 2280#wet

Physical Analysis

Color- Elzckis:ggrey

Wwt. with w ter 5Cg.

vt. without water 2vg.

< water by wt. 4Z2.

Shrinkege &after dry.ng 13.9:
Shrin..a e aiter drying and
pulverizing 16.6%

Wt. of sam./cu.yd. 149C# dry

Wt. of sam./cu.yd. 256C# wet



Sample #19

Cremical Analysis

Sioz
Ro03
Cal
CeChz
‘bgo
I.gCO3
V.L.

Crgenic lLatter €.60

Sample #20

3.68
2.20
47.1¢€
84.11
1.72
3.€60
45.77
100.53

Chemical Anclysis

SicCo
Ro03
Cal
CaCOlx
LigC
KgClz
V.L.

Organic Latter 5.53

1.28

1,0€

13.
ilLiysicel Analysis
Cclor- brownish-grey
wt.witrn weter 50g.
wt. without water 22.5g.
7 water by wt. I5
Shrinkage a«fter drying 21.2%
Sirinkage after dérying and
pulverizing 25.1
Wt. of sam./cu.yd. 1050# dry

Wt. of sam./cu.yd. 2340# wet

Thysical Anslysis

Célor- grey

Wt. with water 50g.

“t. without w=ter 1.5.5g.

“ water by wt. 49

Surinkage after drying 28.5%
Snrinkage after crying and
pulverizing 20.2 %

Wt. of sam./cu.yd. 1300# dry

Wt. of sam./cu.yd. 2550# wet



Sample # 21.

Chemical Analysis

SicCy
R503
CaC

CaCCz
LegC
L gCC
V..

-

1.
1.
5C.
g0.
1.
3.

99.

Crpoenic latter

Sam/b/e H2R.
Chemical Analysis

SiCq
RoCz
CeC
Ce CO
L.gC
LgClgz
V..

1.
1.
49.
£8.

1.

¢9.

Crgenic Latter

€6
26
&3
23
(A%

74

44.

42

6€

2.77

54
12
71
77
79

32

/
“x e

©3

14.
Pluysical ﬁnalfsis
Color- Greyisl. btlack
wt., with weter 5Cg.
Wt. witl.cut water 26.5g.
7 water by wt. 47.
Shrinkz.e after crying 12.2%
Shrinkcge after drying and

pulverizing 18.67

Wt. of sam./cu.yd. 131C# dry

Wt. of sam.?cu.yd. 248C# wet

Physicel Analysis

Color- chalk

Wt. with water 50g.

Wi. witrout water 29.5g.

“ water by wt. 41.5

Shrinkage &fter érying 10.0%
Shrinkege cfter drying end
pulverizing 17.3%

Wt. of sam./cu.yd. 1380# dry
Wt. of sam./cu.yc. 2350# wet



Semple# 23.

Chemical ‘fnalysis.

5105
R,03
CeC

Crgenic latter 4.

Sermple 424,

1.12
1.1¢C

5C.82

$0.75

1.76

5.€8

45.€4
100.44

Chemiceal ‘fnelysis

R203
Ce(C
CaCC3
L &G
LgCCS
V.k.

Crgenic latter

1.C8
.94
50.€1
9C.38
1.78
3.72

45.23

$v.64

79

3.22

Pliysicel Anulysis
Color:Zrey=-chalk
Wt. with water 5
Wt. without weter 2

7 water by wt. 51

Cg.
4.5y,

Shrinkage after drying 15.17%

Shrinkege efter drying &nd

pulverizirg 27.37
Wt. of san./cu.yd.

Wi. of sam./cu.yd.

Ihysicel Analysis

Colcer: grey

118C# ary
2410%# wet

wt. witn weter 50g.

wt. without weter 2

" wzte: by wt. 43.6

8.2z,

Shrinkage after crying 10.2%

Shrinkea,e after drying and

pulverizing 1997
Wt. of sam./cu.yd.

Wt. of gam./cu.yd.

12¢0# dry

229C# wet



Camplie #25 16.

Cremical Analysis Physical Analysis

SiCy 2.138 Color: blackish-grey.

1504 1.32 “Wite with weter 5Cg.

CeC 49.82 Wt. without water 28.2

CaClyg 88.96 7 water by wt. 43.6

1.0 1.5 Shrinkege sfter drying 13.27%

1gCCg 3.3C Shrinkage after drying anc

V.l. 45,13 pulverizirg 17.7"

100.03 Wt. of sar./cu.yd. 14CC#

Crganic latter 4.11 Wt. of sam./cu.yd. 249C#
Sample #26
Chemical Analysis iLysicsl Ancliysis

CiCo 1.24 Color: Grey=-soupy

RoC3 1.12 Wt. witn weter 5Cg.

CaC oC.42 Wt. without water 26.6

CaCly 35.92 ‘. water by wt. 4€.8

LgC 1.72 Shrinku.e efter drying 14.9°7

I.'.gCC3 3.48 Shrin;ege atter drying and

V.L. 45.51 pulverizing 26.67%

1C0.01 “t. of sarple/cu.yd. 131C# ary

Creanic latter 5.43 Wt. of sanple/cu.yc. 246C# wet



Saemple #27

Chemical Anclysis

SiCq 3.24
RyCs 2.08
Cz0 45.68
CaCly 8C.48
1gC 1.83
L5CCy 3.84
V.1. 47.1€

99.49

Crganic latter ¢©.04

Sample # 23.

Chemical in:lysis

SiCo 4.83
LiaC3 3.82
CaC 40.42
CaClgz 72.56
rgC 1.87
LgC04 4.02
V.k. 48.78

99.72

Crganic latter 17.36
Eighi in silica, low

in lime.

17.
Physicel Aneclysis
Color: Blackish-grey
wt. with water 2Cg.
Wt. without water 21.2

2 water by wt. 57.€

Shrinkage after crying 14.7¢
Shrinkage after cdrying and
pulverizing 28.87 )
Wt. cof sam./cu.yc. 103C# dry

wt. of sem.Zcu.yd. 2440% wet

Fhysical Anzl;sis

Color: Lurk-brownish-grey.
Wt. witn wetez 5Cg.

Wt. without water 20g

7% water by wt. 6C

Sirinkuge after d.rying 12.1%
Sirinkage after arying anc
pulverizirg 26.8%

Wt. of sam./cu.yd. 9€C# dry

Wt. cfsam.; cu.yd. 2400% wet



Semple %29
Chenicel Analysis

Si0g 2.50

Ro03 2.01
CaC 47.02
CaCCg 84.11
LgC 1.70
1gClyg 3.50C
V.M. 47.79

101.02

Crgenic Latter 5.34

18.

Prnysical Anzlysis

Wt. with water 50g.

Wwt. witrout water 26.83.

7 water by wt. 8 46.2
Shrinkege after drying 11.27
Snrinkage after drying and
pulverizing 27.2 %

Wt. of sar./cu.yc. 138C# dry

Wt. of szm./cu.yc. 25604 wet



19.

From the date given tie following resultseare ceternined:

1. Color. Could not cuheck results clcse enoug: to
reke zny celinite statements inregerd to
tuls physical progerty.

2. Ccliesion. larl coes not .ave tny coiesive qualities.
There does not seem to be any cherical reac-
tion tzking place in the marl itself except
when acid or sone sirilar reagent is intro-
auced.

3. “zter Content. The water content varies witl tue
organic ratter. .high organic metter results
in Lig: moisture.

4, Adnecsion. Sore of tle samples taeken were made into
brickets and veked fer a sufficient length
of tine to be tlicrougi.ly free of moisture
and were tren put in a concrete testing
r&ecline anc broken. They helu approximately
5# in tensicn. T:..e results of this tect were
not cyopzrently beneficizl or did not have
eny bearing on anyt.ing ccncerning £he pLYy=-
siceal properties of especial importance.

&, Shrinkcge. The average shrinkcge feor allsamples
teken ci both tre driec and tre dried ana
pulverized wes execctly 20%. Tue lcwest was
10.2% andé the highest 2¢.1 " of ori.inal

volure.



2C.
€. 'leigkt per cubic yerd. The average wt. of nmarl

per cubic yarc wet wes Iounc to be 2420#.
Tl.e zvercge wt. of rier. per cublc yara

dry was fcund tc be 1235 pouncs.
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