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MARL 
Its Formation, Excavation, and Use 

S. G. BERGQUIST, H. H. MUSSELMAN 
and C. E. MILLAR 

The wide variability in the compositIOn of marl makes it difficult to 
frame a definition that w ill completely satisfy all cu nelitiolls o{ it') 
oce ll rr ell ceo Fro111 the geu logis t' s stand puin t, ll1 a rl may he defi n eel as 
a I( J()sely conso liel ated, earthy materia l composed largely 0 [ ca Icill 111 

ra r])unat e. It is essentially a form of limestune which ha s unelergon e 
partial cu nsul id a ti on, but it varies considerably in cump'osition .Irt)1l1 

(J Ill' deposit to anuther and ulten \Vithin different portions uf the sa m e 
hed. Tu the farmer, lllarl is a substance containing lim e ca rbollat e 
wl li ch 111<1y be appl ied, with satisfactory results, tu lime-defic ien t Of 

S t)llr so ils just as gnJll lld limestone or hydrated li1l1 e is used. 
Lkpusit s of marl are widely scatte r ed in th e region of th e Grea t 

I ,akes, eAtendi ng through Cana da a nd suuthward illto th e sta t es of 
lVl ielli gan, vViscollsin, and M inn esuta and also the northern parts of 
Indialla, J llin()is, and Ohio . fis \Vide distributiun throughout Mich
i g ; III a If () r d s a st> u r c e () 1- a g r i cui t u r a I 1 i III e w hi chi s a lin 0 s t un I i 111 i t ed . 
i<() rtlln ately, the soi ls ill the portion of the states where marl is foulld 
Ill<>st abundalltly arc particularly in 11 eed of lim e. Jt is nut prol)a hl e 
that tlt e usc ()[ Illar! will become general ill sect io ns \Vhere marl dOt., e; 

Iwt occur i) (:'clll se o f the expense o[ excavat ing, transpurting, and 
applying the material to the s'Qil. 

During the past few year s, a decided interest has developed in th e 
use u[ marl for app li cation to lime-deficient so il s. It is primarily of 
g rea test value to agricu lture since its use on sour so il s makes possihle 
a so il rebuilding program based on the g rowing of legum es, principally 
alf aIr a, sweet clover a nd red clover. vVhere it is more readily accessible 
and its value is fully understood, the quantity of marl which c'Quld and 
would be used to advantage is a lm ost incalculable. To indicate possibil
ities in this respect, a square mile, 640 acres, of lime-deficient land \vill 
requ ire approximately 2,5GO cubic yards of marl for one appl icati o ll . 
Ultimately, the appl ica tion would need to be repeated a ltho ug h ex
perimental results indicate that such an applicat ion on many s() il s 
should be sufficient for t en or more years. 

Marl has ft"om time to time been employed in the manufacture 01 
Portland cement; and, in various parts of the S tate where it is abundant. 
cement plants have been e r ected to utilize this product. In m ost in
stances, however, the life of the industry has been short and the num 
ber of plants operating in the state today and depending entirely UpOl1 
marl [or cement manufacture is relative ly small. In order to supply the 
needs of a cement industry, then'> must be available an a lm ost inex-
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Fig. I.-Marl d eposits in counties co·vered by marl survey conducted by State Geo
logical S urvey . Other countie s not surveyed. 
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haustible supply of marl of gO'od , uni form quality, together with an 
abundance of high grade clay or sha le. 

Of particular intere st to th e housewife sh ould be the us e of marl 
as a scouring powder. Relatively pure marl is u sually free fro 111 th e 
undesirab le grits that scratch and abrade. The material is fairly soft 
and generally s moo th and m a k es an ex cellent a ll around kit ch en 
cleanse r. Impur e marls .conta inin g a large amount of sand and grit 
should be avoided fo r this purpose. 

THE FORMATION OF MARL 

S. G. BERGQUIST 

\ Vat er as it falls in the form o[ rain or snow is relativ ely pure. con
taining only very s mall traces o f such suh stanc es as a1l11l1onia. sulphur . 
and nitr ic acid tha t it washes out of th e air. As soun as it r eaches th e 
surface and begin s to percolate throug h the so il. ho \V eve r. it di sso lve s 
small quantiti es of th e min eral s with \/vhich it co mes into contact so 
that, w hen it encounters a strea m or lak e or iss ue s forth in a s pril1 :~ 
or is pumped out of a well, it conta ins many substanc es in m ore or 
less dilute so lution. Often, the kinds and q uantit ies of material s th at 
spring or well wa ters contain are such that th eir pr ese nce can be 
recognized by the taste of th e water. Naturally. both the nature and 
quantity o f m ineral subs tances carried in so luti'o n by wat er depend 0 11 

the character o f th e so il o r rock with which it has b ee n in contact in 
its circu lation. Of a ll th e substances found in the waters o f river s . 
lakes, springs and wells, lim e carbonate is the most common and often 
it is fo und in much larger quantiti es than is any other material. 

In many places throughout th e glaciated areas of Michigan. th e drift 
o r glac ial debri s, fr'om th e \\reathering of which the so il ha s b ee n in 
large part derived , conta ins considerable quantities o f limes tone fr ag
ments and likewise in many places is underla in with h ed-rock li ll1 e 
stone. The lim es t one included in the g laci a l dri ft is 0 ft en found as 
large boulder s or may be prese nt as sma ll nodules and eve n in th e 
form of fin ely ground rock flour. It is hut natural, th erefor e, that h o th 
surface and ground waters flowing ove r the calcareotls rock s and 
through the calcareous drift sho uld hav e a tendency to dissolve Otlt 
a great deal of the solubl e ca lcium and the water g radually become 
impregnated with calcium bi-carbonate, CaH2 (CO ~ ) 2 ' 

Che'mical Precipitation- As th e lim e-charged waters fl ow naturall y 
into basins or depressions. some of the carhon dioxid e (CO~) is Jib er 
ated and the in so lubl e calcium carbonate (CaCO;;) is precipitated and 
deposited 'on the fl oo rs of s\Vamp s. lak es and stream channels. Thi~, 
deposit is kno wn as marl. Through th e thousands of yea r s s ince the 
last g lacial retreat this process of prec ipitation has h een in contintlotls 
operat ion, with the r es tl lts that vast but d isconn ec ted depos its hav e 
been form ed. 

Accumulation by Plan ts -- In SOIl IC areas and Ilnde r certaill c ir c lll11 -
s tances, chem ical precipitation of lim e carbonate hum th e waters of 
swamps, lakes; and s treams has been greaLly aided by t.he growth a ll l.-1 
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activity of certain types of plants ;Llld ;Lnimals. Such pi;l ll Ls, I'or ill 
stance, as Chara and Potamogeton} which grow only in lime-impregnated 
waters, extract large quantities of lim e from the "vater , their green 
coloring matter or chlorophyll gradually becoming incrusted with li m e 
carbonate. When the green coloring matter is destroyed, the plants 
die and their remains, which have come to be largely calcareous in 
nature, are deposited on the floor of th e lak e or swamp along with tbe 
material of a similar nature that is heing chelllically precipit;Llerl, 
Gradually, more plants develop and die; the process continuing more or 
less indefinitely. 

Fig. 2.- Lowland area of marl deposit. The marl in thi:; hed is I()cat ed ill 

a poorly drained swamp. It is saturated with water and is covered with a 
layer of peat and muck. 

Accumulation by Animals- Similarly, many of the lower forms 0\ 
animal life inhabiting lime-impregnated waters accumulate lime which 
is in turn deposited on the floor of the lake or swamp when they die. 
This is evidenced by the numerous fragments and shells of mollusc::; 
and other shell-forming animals found in many of the marl deposits. 

The wide distribution of these animal and plant remains in marl 
heds of Michigan indicate that organic agencies have heen act ive in 
their formation. However, the fact that many deposits contain no 
such remains leads to the opinion that they have been secondary ill 
importance to the m'ore strict ly chemical processes. Presumahly, th e 
organic agenc ies did not become opera t1 ve until the proper conclitio n :.; 
of alkalinity had heen reached in the 'waters while, in the meantime, 
chem i cal I)1:eci pi ta tion had l)ccn steadi i y progress in g. 
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TYPES OF DEPOSITS 

Based 011 th eir r e lationship to the wat er tahle, Ill a rl deposits in 
Michigan may he classified into two groups, namely, lowland and 
upland types. 

Lowland deposit s a rc those "which arc found below the normal water 
table and in such positions as to be saturated w ith wat er. They occur 
in layers of varying thickness up to 30 and more fee t , in swamps and 
marshes, in lakes, and occasionally in river beds. The heds are gener
a lly cover ed with a layer of peat and muck \",hich in many instances 
has accumulated to fa irl y extensive depths. In som e localities, how
eve r , marl is s till in the process of format ion and is accumulating more 

Fig. 3.- A marl deposil located in the lower terrace or fl ood plain of a 
st ream. The material is below the ll orma l waler table and consequent ly is 
water saturated. Th e bed is mant led with a thin cover of peat intermixed 
with sand. 

rapidly than is the encroachin g vegetation in the basins. In so me low 
land types, byers 'of marl a r e sepa ra ted hy thin laye r s of peat. Such 
condition s indicat e interruptions in deposition and changing environ
m ent during the process of sedimentation. 

Marl whi ch has formed complete ly tl11d er wet conditions usually 
contain s a large amount of excess water and is sticky and d ifficult to 
h<' l1(l1 c , It should he h eaped up in piles and allowed to drain and to 
wea ther thoroughly. This process tends to r emove the excess water 
and a ll n\Vs the incll1d ed gases. if prese nt , to escape. The m a rl is thu s 
rendered more friahle a nd made le ss difficult to apply to the so il. Ordi
naril y . a t hin, hard crllst f()rms on the o ut sid e. Tf this is hrok en 11p 
iro 111 tim e to tilll e, drying w ill procC' cd 1110re rap idl y, th ough thi s is not 
I H~ essary with marl of a relatively high grade. Marl that has con-
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siderahle clay intermixed is so sticky and dries s() sl()\\' iy that the 
practicahil ity 0 f it s u se as a soil amendment is cill est i()llah le. 

Upland deposits arc more limit ed in th eir di s trihuti on. hut. in S OI1l C 

sections of l\lIichigan, constitute deposits of great imp()rtallce. Th (~ 
marl is concentrated largely in heds that li e ahove the prcsC'nt nor 111 a l 
water tahle. It is fOllnd in terraces uf lakes, in wl1ich the \\';Ltcr level 
has subs ided, and in the upper flats, terraces, and old l1leand er chan nels 
of rivers a nd streams. The deposits a r c relatively thin , seld()lll l'xcl'ed
ing 10 feet, and often are suhj ect to inun datio n in periods of excessiv e 
rainfall. 

Fig. 4.-Upland area of mar l depo s it. The 111 ;'lrl ill thi s heel is s ituated ill 
the upper terrace of a s tream which now Aows in a c halili e l about a q\1arter 
o f a mile distant. The deposit li es above t h c normal waler table, is rOlnpara 
tivcly dry, friablc anel easi ly ,,,·or).;:ed. It has a mantle of o lily a fcw inchcs 
of wind drifted sa nd. 

The surface cover in the upland depos it s is generally so thin as t() 
h e practically negligible. It consists lllcrely of a fe\V i1lch es of muck 
or occas ion'oally a thin mantle () f \\' inc! -clri fted or \\'atcr-la icl sand . I Jl 

so m e of the heds, thin streaks ()f sand are interhedded \V ith the m ar l. 
but not in sufficient amounts to b e of se ri()us consequen ce in the eco
nomic handling of the deposits. 

rl h e upland deposits are usually dry and cons ist of marl w hich is 
o rc! i na rily friable and for th e 1110St part pu re. They arc read ily access 
ihl e and easily worke<l. The marl in these heds lies sunicic1ltl y Ilcal' 

the surface to 1)(' s llhject tCl wcathcrillg act iviti es . /\ s a nile. it i ~i 
poruus CllClU gh til have be('o11](' c011lpl e t ely aerated alld llla.) lJe ap
plied direcll to the sui l \Vith c1I(; c tiv~ rcsllli; s. 

/ 
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DISTRIBUTION OF DEPOSITS 

M ad is very w ide ly distributed t brough out the S tate a nd some ac
cumulation 01 it is (Juit e likely to be Iound in most 'of t.h e depressions 
which are situated in the calcareo us drift of the va rious morainic areas. 
Tn the sandy outwash areas, especia lly where the so il is more or less 
acidic in character a nd contain s little o r no calcareous material , m ar l 
e ither does not acculllul ate at a ll , o r if it dues for m, de velop s a t a very 
s low rat e. Conseq ll en tly, the deprcss io ns in sllch areas are more of 
th e bog type filled with acid peat a nd supporting a g rowth o f acid 
l() ving plants. 

Fig. 5.-Upla nd marl deposit. Marl b eds of thi s typ e, situ ated above the 
leve l u{ ground water, arc permanently dry and may be worked with little 
dii'li culty or expense . They a rc accessible at all seasons of the year. 

Lowland depos its o f lllarl vary co n siderably in ext ent a nd thicl.,::ness, 
depcnding in a large degr ee upon th e character of the bas in in w hi ch 
they dev elop and al so upon the supply o f calcar eo us material available 
to th e inflU\ving ·water. :Many o f the larger, as we ll as the sma ller. 
g lacia l lakes of t he State are floored throug hout w ith marl of varying
degrees 01 thickness. .I 11 o th ers, t.he marl may occur as a narrow rim 
or shelf around the m a r g in which occasionally develop s to a c'ol1 -
s iderable t hi ckness . The swamp c1eposits of marl a r e limit ed in ext ent 
and thickness by the depressions which cunfine them. They ran ge in 
area fro m merely a fraction of an acre t o several square mil es in some 
loca lities anc1 often reach a thickness of 30 and more feet. 

Th e upland deposits are naturally restr icted in extent and thickness. 
They may o Iten c'over an area of m a ny square acres but n ever reach 
the magnituc1e 01 t.he large r lowland types. They occu r u sually as 
narrow strips or belts \vhich folIo\\' along the o ld er stream courses or 
a s terrace lancl s which skirt the borclers of r eced in g or de caclent lak es . 
!)epus it s of lhis type a r e norm a ll y nut cuntinllo ll s 'Over lo ng distances 
and as a rule do nul average Illore than fiv e o r s ix feet in thi ckness. 
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PHYSICAL PROPERTIES OF MARL 

Color-The raw marl, as freshly dug, generally cont;lins a con sider
able quantity of water, together with varying amounts or organic 
matt er. It s color depends to a large degree upon these associations 
and varies fr 'om light gray when pure to a darker g r ay when inter
mixed with quantities of vegetable remains. Upon lusing moisture, 
the material gradually assumes a lighter color and may be almost white 
when fre e from impurities. Though color is not a reliable index to the 
purity of the marl, it usually follows that the lighter the color th e 
more pure will be the material. Some of the dark gray dep'osits, how
ever, have shown analyses much higher in calcium carbonat e content 
t han many of the lighter colored ones. 

Structure- In th e moist condition, pure marl has a t endency to be 
smooth and rarely, if ever, gritty. \Vhen clay is i1lt e rmixed it assumes 
a p last ic or sticky feel, a property which i1l c r l';l:-;cs \\iih t h e amount 
of cullo idal material prese11t. l ;pun dry ing, the mar l hrea k s up illi l) 
a lumpy s t ructn r e a 11<1 hCC(j III C s friable 'o r pu wclery w 11 ell (~X pu sed f l lr 
s o III e t i Jl1 e t () t 11 e act i v i t i (> s u f we a the r i 11 ~!" . The 111 a t l~ ri a I 11 eve r (K C II r :; 
i n the cry s t a ll i 11 e :-; t a i C 1)[1 t a I way s 111 ;1 i ~ t a i 11 :-; an a Ill() r p 110 11 S or n 011 -

c rystalline furm. 

Impurities- Th e depressions in wh ich Jl1arl accu 11lulates a r e genera ll y 
so s ituated as tu form natural drainage puck-cis for wa ter s whi ch Aow 
from the high e r surrounclin g areas. Land -deri vccl se di1ll ent, s llch as 
sand, silt, and clay, tra nspurted in the su dace water is carri ed int () 
th e basin s and becomes interhedded with the marl. Shure wash a lun g 
the margins o f lakes ill w hi cll m ar l is forllling te lld :-; alsu to co nt a minat e 
the clepositswith undesiral)lc illlpuri t ies. T he prolollged acclllllulation 
ul sediment ultim ate ly results in thefil1ing (II th e l){ls ills a nd lhe de
ve lopment of marshy a nd S'vV<1 111PY con dition s. 

'fhe growth and decay o[ plant lif e w ithin the m a r shy bo rd ers o itCll 
results in th e f·urlll a tiun 0 f an () rga 11 ic 1a ycr () i peat w hie h tends iA 
sea l up th e surface of the area and prevent i"urihcl- lllarl accLJ ll1ulaLiull . 
Tn th is manner, the ll1arl bec()lIles Inlried henea th :l 111<1nLl<:' of jJt'at and 
muck o ft en to cunsiderable depth s. 

EXCAVATING AND HANDLING MARL 

1-1 TI. MUSSELMAN 

The occurrence of marl in the light land areas of Michigan and the 
other Lake States makes i.t of considerable impurtance to agriculture 
in thi s sect ion. Its u se fur currect ing soil acidity is particularly needed 
in the areas in which it is founel. Michigan probably has enough marl 
to supply, for generat ions, the farmers within hauling distance of the 
beds but; it is not likely that its use will extend o utside these areas 
because of economic limitations conn ected with its excavation, handlin g, 
a nd application. 

Marl is usually found in or near fre sh water streams, lakf's, and 

MARL- ITS FORMA 
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lII ars iJ es. F or that reason, the deposits are likely to be c'Oncenlrated 
al pl aces where it is more or less inaccess ible because it is usually in 
undated or saturat ed with \v at er. Cons id er able expense is involved in 
excavation and tran spo rtat ion. T he amount which may be taken from 
anyone depos it is limited by the n eeds of the land, the expense of 
getting it fr O i11 deposit to field and the in clinat ion o r ability to make 
use of it by those whose la nd \vould be benefited. The extensive us e 
of Ii 111 e and marl is compara tiv ely recent, and not all possible users art~ 
fully apprised of it s value. Limestone is sometim es preferred to marl 
for correcting so il ac idity on account of fa v'orable economic factors . 

Fig. 6.- Soft marl is found even where little water 
coll ects in the trench . Relation of overburden to depth 
of marl is also illustrated. 

• 
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It is possihle lo secure limestone at any time, and il is spre:ad l1lore 

eas ily than marl. Thcse advantages are frequently oHsC'l hy the smaller 
cash outlay required for marl and the fact that its us e is often possible 
where labor and -farm transportation facilities only can he used. 

The commercial rYossibilities for marl for lls es other than agriculture 
appear limited. Its use thus far has been prinCIpally as an ingredien l 
for making Portland cement. For this purpose, very large deposits 
and a favorab1c market are neccssary to justify the estah li shment of ;l 

manufacturing plant and bci I ities. Othcr C0111 111 erc ial uscs may be 
found; hut, since limestone will meet many of the requirements of a 
material of this nature, it is improhahle that a large market will he 
afforded. The prohlem of utili z ing marl is one \) F making this natureLi 
resource availab1c to agriculturc. The use of 1argc quantities is an 
important factor in this plan, sincc quantity is n ccessary to justify the 
overhead and operating cost of cquipmcnt which is oftcn indispensable 
to place it at thc disposal of the uscr. 

Properties of Marl 

Marl is found in locations and 11 as pr'opcrties w hi c h, f rOIl1 a J1l ate rial 
handling standpoi nt. ma].;:c it uniquc. Saturated. a unit of marl wcigh s 
abQut 50 per ccnt morc than an equal volume oi water; when air-dried , 
a considerable loss of water as well as vo1umc takes place so that the 
material weighs about 1,500 pounds or more per cubic yard. Careful 
measurement, on piles of marl cxcavaled for u sc after air-drying. indi
cates that shrinkage may be 25 per cent 'or morc after c:\:cavat in g. 
This may account for discrepancics fonnd bet,\'een amounts excavated 
and amounts actually availahle for li se. , iVhen mixed " ' ith watcr, 
marl which is in a vcry finely divided state remains in sltspcnsion for a 
considerable length of time. 'Though it does not readily dissolve or 
mix with water, the stirring caused by excav(ltillg equipment may he 
suf-ficient to cause a considerahle loss 'n f: material as well as a decreased 
efficiency of operations. 

A spade or shovel thrust into marl reveals it as soft , spongy, and 
extremely sticky. The latter property of adhesion has made its exca
vation with the s lip scraper and other small eCJuipment practically im 
possible. This property docs not interfere " ,here larger 111(lSSeS are 
handled, probably because the w eight is greater in proportion to the 
surface to which it clings, and because the cohe r ence of large masses 
is less effective than in small masses. The adhes ion of marL especially 
to surfaces of excavating equipment, combined w ith the partial vacuum 
or suction effect, makes it necessary to take these properties into con
sideration in the design of excavating equipment. The sp'O ngy char
acteristic is encountered in attempting to set anchor pos t s . which must 
be weighted and twisted into the marl instead of driven. Marl has little 
abrasive action and form s an excellent luhricant when mixed with 
water. 

Not all marl deposits can he profitahly excavated. Usually, the de 
posits are in a lake ,,,,ith marshy shores or in a marsh overlaid or par 
tially overlaid with water. Often the deposit hecol11es thinn('r ncar the 
edges S'o that it may he necessary to go (l considerable distance over 
the muck and marl hefore a sufficient depth o f marl is rounrl to warran t 
the expense of excavation. With water present, it is necessary to have 

t Il(' 11l:lrl </ (' Ii v('r('(] un s()lid g 
nadih' . III r(lrc cases (1 IIl \' i~ 
I'ace . - : \11.\ ' c()llsic\el'alllc (iept 
Illuck alld p eat, increases thl 
S tate eeol()gical l\thrl SurVC \' 
depth oj overhurden to deptl 
hand t(J he 1 l'u () 0 . I·'or c1 cp( 
l' a t i () i s g i \' (' n a s It () 8)1. T h c 
Illarsh gT:LSS \\ 'hich 1llakes tl 
plusi\'cs Illa\ ' SO lll ctillles he 11 

11lC11l<ls S(ll Il C: sk ill Oil the part 
pe ll se. 

Fig. 7.-Dynamite ,,'as I 

s tance. Explosives ar e eff. 
hrush arc encountered. 

Dr<lillagl' and low rain iall i ' 
water irolll Illany c1l'p'lsils. 
l' n()ugh to support the \\'cigl 
excavati(lll hy halld shove lin g 
gc n eral and accounts in part 

Marl is Exc 

Digging by Hand- l\Tan\' 
pro1l1pted in 1l1ust case s b)T : 
S i1l ce the a1ll()U1lt \If 1llarl dug 
is not availallie for this pmp( 
adapted to digging economic; 

In ] 93 ] , dl1e tu lack oi' rai 
dug by han cl. In S01llC case: 
per1l1it driving wagolls illtU 
C\ I III par a t i v e] y s i III P 1 e. T 11 m 
drive: alongside tile cxca \'ati( 



the marl deli vered Oil solid g r ound hefore t ran sportatinn can 1)(' u sed 
1"(·;l<lil ). In r are cases (l lll ) is tile <1 e p() s it oi Ill a rl cx posed ()n the sur 
I' ace. 1\ n ) c ( ) 11 s id e J' a hied e p t 11 0 f 0 v e r h 11 r den , 11 sua 1l y c() 11 s is tin g () f 
Illtl ck a nd peat, in crcases the cos t of excavation. Fi g ures fro1ll the 
S tat e ecological J'darl S ur vey, Barry CO Ul1ty . shuw th e ratio 0 1 averagc 
d e pth of overhurd e ll to el<.:pt il o f marl for b eels of marl \\'orkahle hy 
ha nc\ to he 1 l'll () ;h . For d cposits \\' ()rkah1c \\' ith ])O\\'c r CC luiplll cnt. th e 
rati o is givcn as 1 t() ~ Y-i . Tile s tlriace isso lll e times coverecl with t o u g h 
Illar s h gr ass " 'hi ch m akes th c 1"( .. ' 111 ova l of ove rhnrd e n cliFli culL Ex
p losives m ay so metim es he u sed to advantage, although th e ir u se cl t:'
m a ncl s SO Jlle skill o n th e part of th e u se r ancl entail s co n s id e rabl e ex 
pe ll se. 

Pig. 7.- D ynamite was u sed to r em ove overburden in this in .. 
s tance. Explosives a r e effect ive w here tough surface g ro\vth a nd 
brush a r e encounte r ed. 

D r a in age a ncll ow rainfall in t h e past f c \\' seaSO Il S havc removed th e 
\\' ate r 1 r 0 III 111 ally d e p' ) s it s. Be cis t h u spa r t i ally d r i e cl he C () 111 e fi r Jl1 

c n()ugh to s upport th e \\' e ig ht of teams. wagoll s, and truck s so th at 
cxcl vat io l1 hy hal1cl shovelin g c\irec tl y irom the beds ha s h eco lll e mor e' 
g en e ral and ;LCC() Unt s in part for th e g reat in crease in th e u se ()f lIl arl. 

Marl is Excavated in Several Ways 

Digging by Hand- l\ fan ), mcthud s ()f digg ing h ave h ee n clevi sed, 
prolllpted in 1l1 0st G1.SCS by loca l conditi()n s and equipm e nt ava ilab le. 
S ill ce the amount \)i marl dug is limi tc( l, adapted commercial equipment 
is n ut ava il a l)lc i()r t hi s purpose, altho u g h so m e of the large r unit s are 
a d apted to digging economi cally. 

In ] 93 1, el l! C t () lack () ira i 11 fa 11 , a h 0 u t 80 p e r c e n t of the pi t s w ere 
(lng by h ancl. In se Jlll C cases, the m a rl was firm and dry en ough to 
p c rmit driving wag() Il S int() th e excavat ion , wh ich mael e t h e problem 
c\) lllparativcl y s impl e. In 11lany cases, ho", eve r, it was necessary t o 
drive a lon gs id e the excava tio11 t o elevate thc m a terial a cO ll s id e rabl e 
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height. Sometimes, planks, brush, or timber were u sed to con struct a 
ramp into the pit so that t h e v\'agon or truck co uld he backed into il. 
Marl on the surface t ends t o make the drive anel ramp very slippe ry. 
A long r'Ope is somet imes attachec1 t o the vehicle in the pit and t o a 
p'Ower unit out side t he pit where the t r action o r footing is better than 
in the pit or on the ramp. :Marl may be dug by hanel during th e winter 
months. A frozen surface w ill pr()vid e support [or th e hauling equip 
m ent and , in som e cases, shut out surface water from th e pit . If 

." 

Fig. 8.-This is a single pole mast and cabl e 
rigging. 

seepage into th e pit occurs, the ,,-ater nu} he r Clll Clvcd \'. ' it h a kl11d or 
power driven pump. 

Farm Owned or Cooperatively Owned Equipment- Farm o,,'n ed or 
cooperatively oW 1l ed marl digging cquipment has accounted for ap 
proximately 10 per cent 'Of th e marl dug du ring th e past season. In 
w et season s, 111 achin t' diggin g w ill proha hl y in cr easc. The small outnt :-; 
us ed by individu a ls or s mall g roups have cO ll s is ted of special bu ckets 
and o th er eq uiplll t' llt de \,ist' d a nd ass(, 1ll1 )lcd 1)), th t' ()]Jt'raturs t ht'111 -

MARL-lts -FORM , 

SE' 1vt's. 1 for scs, rebuilt auto! 
p()wcr wllirh has bee n appli c 
Imckd, or thruugh sing le or 

Contract Digging- Most e 
number of pits wer e dug . 
could be moved at a reaso naL 
\V her e marl ha s been dug f01 
season s, a few publicly o\\'nec 
she ll buckets, have been use 
luw cost digging, although <

to justify overhead and me 
cOUl-aged where it is possibl , 

History of Digging- Expe 
begun in 1915- 1916 by the 
work was begun in r e pon: 
equipment w hich could be 
described, is th e outcome 0 

y ea rs. At th e time th e expc ri 
id eas as to methods. Practic 
a 1l uther by differ ent parti es. 
that t \ \ ' 0 general idca :, s\1rvi 

One ()\" th ese is the portal 
hucket on a slack cable, w it 
Th e oth er is th e crawler tr cL 
hllcket for handling th c ma 
\V hen large quan titi es ar e e 
g ravel is not suit ed to diggi 
th e trench, t ends to pull marl 

One of the fir st effort s at 
Carn es, Ce resco, who -follow 
with a separate agitator for 
it [or pumping. This idea 
thousand yards were taken 'Q 

and labor to operate successf 
son, it has not come into \V ic 

Special Marl Digging Equi) 
ment of marl digging equip1 
afforded by the marl bed ow 
and operating, would be ju t 
man. This development was 
alfalfa was comparatively ne 
that marl had real value. I 
do m uch to promote the use 
users of marl as they discov( 
that the low cost outfit was 
outfit was worked out . Th 
One of the difficulties ,,'as the 
strength to operate th e equ ip! 
wh ich permitted th e use o f 
This eliminated th e cos t of <: 



MARL- iT S T;'OHMATTON, EX CAVATION, AND USB: 15 

selve s. 1 for st's , rcb uill ;ul lul1wlJi lc e ng in es and trac tors h ave supp li ed 
jl() \\,('I" whi ch has I)ce n a ppl ied as dir ec t p ull un th e caLles car ry in g th e 
IJlICkcl, or t hruug h sin gle or double dr u m hoists. 

Con tract Digging- Most of the remaining 10 per cent of the t otal 
n umber of p its we r e dug w it h porta ble, contract equipment w hi ch 
could be moved a t a reasonable cost. T h ere a r e a few s tationary plant s 
\V her e m arl has been dug for a n umber of year s. W ithin the pas t t wo 
sea son s, a few p ublicly ow ned road building cranes, equipped w ith clam 
shell buck et s, have been u sed . They h ave made exce llent records for 
l()w cost d igging, although a la rge qu anti ty a t on e place is necessar y 
tu justi fy ove rhead a nd moving expense. T hi s p lan should be e ll 
com'aged where it is poss ible to carry it out. 

H istory o f Digging- Exp erimenta l work on digg ing equipment was 
beg1m in 1915- 1916 by the Agricultural E ng ineering Section. Thi s 
work "va s begun in r esponse t o num erous inquir ies about t ypes 0 f 
equipment w hich could be u sed for digging. T he equipment, later 
desc ribed, is th e outcom e o Ew ork a l'ong th is lin e for a number uf 
), t'a r s. At th e tim e t he exper im cnta l w ork \va s s t ~i. rt e d , th er e \v e n~ nQ l1 Y 
id ea s as 1.0 m ethods. P racti ca ll y a ll o f th e ~' e \Vere lr ied in on c way or 
a ll uther by diffcr en t pa rtie s. i \ S a r es ult uf a ll tL ese tri a ls , it a pp E'1.r s 
th al 1 \',() gene ra l id ea:, surv ived . 

O nc u f t hese is th e po rtabl e slack -line cahleway w hi ch carri E'S t Il(' 
ln lck cl 0 11 a slack cabl e, with a spec ia l buck et fur th e slll a ll e r o lrHi 1. 
Th e o th er is th e cra \Vl er t r ead road bui ldi ng c ra ne u s ing t he cla lll shell 
IlllCk:e1.. [o r 11a lldlill g th c marl , m ent i'o ned a bove as bein g ecuno m ica l 
\V hen la rge (Juantiti es a r e excavat ed . The drag- li ne sy s t em u see! in 
g rav el is not suit ed t o d iggin g marl, b ecause th e buck et , draggin g ill 
th e t r ench, t ends t o p ull m a rl back into the p it . 

One of the fi r s t e ffo rt s at m echanical di gging w as m ade by J oseph 
Carn es, Ce r esco, w ho fo llowed t he pla n of usin g a centrifug al pump 
with a sepa ra t e agitator for m ix ing w ater w ith the marl t o pr epare 
it fo r pum pin g. This idea was developed t o a point wher e seve ra l 
thoLl sand yards we r e t ak en 'out in on e season. Considera ble equ ipm en l 
a nd labor to operate successfully wer e requi red. Perhaps for thi s r ea
son, it has not come into w ide Llse . 

Special Marl Digging Equip'ment- The original p lan for the develop
m ent of marl d igging equipment dem anded an outfit which could b e 
afforded by t he m a rl bed owner , o r on e on w hich th e cos t s, overh ea 1 
and operating, would be justi fied by t h e a m ount of m arl u sed by one 
m an. T hi s development was begun at a t im e when th e use of lime a nd 
alfalfa was comparatively new, and not man y fa rm er s w er e convinced 
that marl had r eal value. I t was thoug ht that such a n outfit wo uld 
do m uch to promot e the u se of b oth m arl and lim e, and increase the 
ll sers of m a rl as th ey d iscover ed it s merit s. It a ppeared, a t on e t ime, 
t hat the low cost out fit was im practical, so a large r contract t ype of 
outfit was wor ked out . T hi s did not complet ely se rve th e purpose. 
One of the difficulti es \vas the cost o f the double drum h oist of suffi cient 
strengt h to operat e t he equipm ent . L a t er a sma ller outfit w a s des ig ned 
w hich perm itted t h e llse o f e it h er h or ses o r trac to r 'o n a d irec t pull. 
This eliminated th e cos t o f a ho is t , a lth oug h it t oo could be operated 
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a t greater capacity with one. I twas operClted in ()O locations during' 
L h esc a s () n () r 1 y 29 -3 1 and has p r () Y (' d its a d apt a h iIi t Y top r act i c a 11 y a 11 
conditiuns, C'xc ept 'where very thin or soupy material is encountered . 

Equipm ent for digging marl devel oped at this Station is designed 
to meet the following requirem ents : 

]. Low first cost oi outfit; 2. Durahility; 3. Built as far as possible 
fro11l standard. easi h - ohtainable materials; 4. Should not r equire ex
cessive ly strong ancl~()rage or high. unwi elcll y mast. Should be adapted 
tl) Llllchora o "C in practically any location, even in the marl bed 'Or lak e'. 
if nccessar;; 5. Should not require excessive pulls or lifts ; 6. Shou ld be 
easi ly adapted to either horse or tractor power on direct pull; 7. Should 

Fig. 9.-Showing front of a special marl buck et at th e outer end of trench 
which is being ope ned. This marl had little overburden. 

not requi re highly skilled opera t'u r; 8. Shou ld be . eas i~y tral?sported and 
set up for service in more than one c'ummun 1ty, If desired; and 9. 
Should just ify ove rh ead cost in excavating not over 200 ya rd s per year. 

Design of Bucket- The size of the hucket which is rated at one
fourth of a cubic yard was selected as being most suitable for small 
power units. It r epr esents an attempt to. se lect a sat isfactory size for 
varying conditions as to investm ent, capac1ty.' a nchorage,. pulls, a nd ease 
o f 'Operating. It is r ealized that a la~ger S1ze w<:mld ~pve greater \.'a
pacity, but since it is a type of equIpment, whIch, lIk e ~l~ny ot~1er 
farm machin es, may be used only a few days a year, addItIOnal SIze, 
ca llin g for larger eq uipm ent and m o r e power, wou ld tend to make costs 
prohihitive on small operat.i ons . 

J\ few f eat.l1r es 0 f th e des ign should be noted. The stickiness of 

MARL- ITS FORM 

marl has made a positive un 
This has been accomplished 
to line the bottom and back 
cutter at the lower end, and 
the upper end forward ",b 
As the upper end of th e bel1 
out of the bucket. The flexi 
the surface of the marl and 
signed to slice the marl frO J 

as possible. In hard marl, 
for softer material it may n<: 
is determined by a plate set: 
Both angles of plate and the 

Bill of Material 
Di 

1. "Musselman" bucket 3i • 
2. 300 ft. 0-in. 19 strand 1 

rope) @ 9c ........ . 
J . 1,200-Ys-in. 19 strand p 

rope @ 7c ......... . 
4. 6-8-in. wire rope tackle 1-
5. 1 set double tackle blod 
6. 8 pieces chain 3 ft. long. 
7. 1 doz. 0 -in. cable clamps 
8. 1 doz. Ys- in. cable clamp ~ 

Total .......... . .. . 

The estimate of cost is ba 
Enough Ys -in. cable is inch 

for the bucket, may he pur 
or other sources. Asse mbl ' 
the bucket are shown in F 
metal working shop or pure 
cultural Engineering Sectio; 
to the above material, ",hie 
v,,'ill be needed which can b 

Mast- 1 stiff pole 20-25 f 
Cable way anchors-2 sectic 
Mast and extra anchors-
5 ft. long. 

Direct Pull Operation- T( 
hoist for operation. the met\
the triangle arrangem ent 0 

bucket travels back and for 
power back and forth alon 
one direction and returning 
forms a complete circuit of 
the bucket. Various modifi 
to travel in a selected path 
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marl has made a positive unloading device necessary for the small unit. 
This has been accomplished in this design by using a wide rubber belt 
to line the bottom and back of the hucket. This belt is riveted to the 
cutter at the lower end, and has a push rod tripping device which pulls 
the upper end forward when actuated by a stop on the cableway. 
As the upper end of the belt lining is pulled forward, the load is rolled 
out of the bucket. The flexibility of the belt tends to make it slip 'ove r 
the surface of the marl and prevent sticking. The bucket is also de
signed to slice the marl from the surface of the cut in as thin a layer 
as possible. In hard marl, this may be as little as two inches while 
for softer material it may need to be cut six inches or more. Thickness 
is determined by a plate set at an angle in front of and above the cutter . 
Both angles of plate and the distance ahead of the cutter are adjustable. 

Bill of Materials for Special Bucket for Marl 
Dig ging Equipment 

1. "Musselman" bucket )i yd. capacity ................ . 
2. 300 ft. ,7f-in. 19 strand plow steel, trolley cable (wire 

rope) @ 9c ..................................... . 
J. 1,200-;VB-in. 19 strand plow steel working cable (wire 

rope @ 7c ..................... . .......... ...... . 
4. 6-8-in. wire rope tackle blocks @ $4.50 ....... ....... . 
5. 1 set double tackle blocks with 100-ft. rope }4-in. rope 
6. 8 pieces chain 3 ft. long. Each fitted with grab hook .. 
7. 1 doz. ,7f-in. cable clamps ........................... . 
8. 1 doz. ;VB-in. cable clamps ..................... ....... . 

Total .......................................... . 

The estimate of cost is based on 1931 prices. 

$60.00 

27.00 

84.00 
27.00 
6.00 
4.00 
1.00 
1.00 

$210.00 

Enough ;VB-in. cable is included to guy the mast. The material, except 
for the bucket, may be purchased throug'h the local hardware dealej' 
or other sources . Assembly and deta il plans for the construction 0 r 
the bucket are shO\\'n in Figure 10. It may be made by any good 
metal working shop or purchased fro111 sources suggested by the Agri-

·1 cultural Engineering Section of the Experiment Station. In addition 
to the above material, which must be purchased, the following items 
,,,,·ill be needed which can be supplied at a small cost locally. 

Mast-1 stiff pole 20-25 ft. long 6-in. top diameter. 
Cableway anchors- 2 sections of logs or poles 6-in. diameter,S ft. long. 
Mast and extra anch'ors-7 sections of logs or poles, 5-in. diameter, 
5 ft. long. 

Direct Pull Operation- To eliminate the expense of a double drul',l 
hoist for operation, the method of direct pull is substituted by adopting 
the triangle arrangement of cables. In using this arrangement, th e 
bucket travels back and forth along one side of the triangle, and th e 
power back and forth along the second side, loading the bucket ill 
one direction and returning it in tbe opposite direction. The thini si(ic 
forms a complete circuit of the cable, each free and being attached teJ 
the bucket. Various modifications of the triangle permit the power 
to travel in a selected path in almost any direction in relation to the 
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path of the bucket and at any reas'onable distance from it. The triangle 
sys tem of opera ting is shown in Fig. 11. 

Setting Up Equipm,ent- 1faterial is first assembled. A survey is 
111 ade 0 i the g r\) ll11d to determine the exact location of trench which 
"ill y ield a good quantity of marl, and permit pi ling it upon solid 
gro und . To dete rmine the depth of marl availab le, a fish po le or long 
i r'l )n rod may he pushed through it at di fferent po ints along the line 
u r the proposed cut. The possibility of using trees or post s for anchor
age should also be cunside red , as well as the location of the runway 
for the power unit in operating. 

T/)e mo.:;!; of leo",t 2' l ee r ;'19h, )s .3<>( "" )"9;' ground, ena 9uyed with ",m" or cable . 
The trolfey cable is rUn throvgh cI block cit the top a/ the rna",t at.lJ to .:> .. 1- "I rop~ 
b/ock~ at.4 l or roisin'l or lowerin". Tht! work in,! coble j" attac hed to the .buGlre!, run 
throll'lh 0 bloc.l< at ~ at tho top 01 tlJo I>}o ... t, one at the bottom, at G; th,.." ,,,?h another at E 
wille!] is on h19" 9rOllO<l, thr(XJtjh the .bloc/( 0 at t he end of the trench and attoclJed II> t he 1,,6~ 
of ti)e huck et. TI;t! &eol>} 'or eroct"r /~ ';oo/(e q ""to tlJe wco·,'>;' caple ami /YorK he to''' c" C t,E 

Fig. 11.- System of arranging cables 

Anchors- Trees or posts may be u sed in many cases for anchors. 
The points () F a ncho rage and l'oca tion of th e mast and cableway anchors 
should be marked '"vitb stakes. In setting anchors, the "dead man" 
type shown in Fig. 11 bas proved mo st satisfactory for the cableway 
anchorage. This consist s of a Im le or log five inches or more in di
ani cte r a nd three o r more feet in length buried to a depth usually 0 f 
two feet. J\ chain around thi s log with both ends free. makes a 
good point of attachm ent for the troll ey cableway. VVith both ends 
free. the cha in may he pulled out without r emoving the anchor when 
t hn )l1gh usin g. Anchors for the g uy cables may consist of pos ts four 
tu six inches in diameter and five or more feet long se t as posts to a 
depth of three feet. 

MARL-ITS FORM 

Mas t-The mast may he 
inches ill diamet er at the t< 
of the mast is placed in a hoI 
and pulleys are attached at t 
mast are nailed t o it , if de si 
high as conveniently p'O ssib 
ra ise it the remaining dista l 
the mast at about two-thi l 
top, and pas s thi s cable ove: 
from th e hottom. The A f 
exerted by the t eam or trac 

TRlfcroR OR TEIfM. 

111 triangle for direct pull operati 

the mast lS rai sed, th e guy 
to control it in raisin g. T 
when the mast is vertical. 

In setting anchors in mao 
1 t will be necessary to tw: 
anchor after the cable is thr 
with refer ence to th e leng 
the cable. 

Rigging Cable-In riggin : 
through the blocks in th e pl 
cable, even if too long. Th 
m entioned, to acc'O mmodate 
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Mast- Th e ma st may he 20 to 2S feet hi gh. ;\ stiff pole ah()ut s i :-;: 
in ch es in dialllet e r at th e top should I)(~ se lect ed. To er ecl. the foot 
o[ th e mast is placed in a ho le clug about o ne foo t deep. Th e guy call]c" 
and pulleys are attach ed at th e des ired points a nd st eps for clilllhin g thl' 
mast are nail ed to it , if desired. Th e top of th e ma st is then rai sed a :.; 
high as conv en ien t Iy }Y()ss ible, hy hand. P owe r III ay th en I le used t o 
raise it the r emainin g clistan ce. In applying power. attach a cable t o 
th e mast at about two -thircls th e di stanc e from th e hottom to th e 
t op, and pass thi s cable ove r a n J\ fram e set one- third of th e di stan ce 
from the hottol11 . The J\ fr ame se rves to dir ect th e hori zonta l forc(, 
exert ed by th e t eam o r tractor into a n upw ard pull on the m ast. As 

in triang le for dir ect pull operation. 

th e mas t is r a ised, th e guy w ires a r e snubhed around th e anchor post 
to control it in rai sing. T hey are securely fastened t o the anc hors 
when the mast is vertical. 

In settin g a nchor s in marl, a post or se ri es o f pos t s may h e u sed. 
Jt will be necessa ry t o twist these into th e marl. Se ttin g th e s ide' 
anch or a ft er th e cabl e is threaded makes it poss ibl e to se lect thi s Im illt 
·with r efe r ence to th e length of the cable, thereby avo idin g cutt in g 
the cable. 

Rigging Cable-In riggin g cable, care should be taken to thread it 
t hrough the blocks in the proper ord er. It is not n ecessar y to cut the 
cable, even if t oo long. The sid e anch or shou Id be se t last, as bdore 
m entioned, to acc'O mm oda te the length o f cabl e u see\. Th e fr ee end ::; 
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o f th e cab le are :lttach cc1 Lo t h e hu ck et . T h e tr ip block is :lttach ecl 
to t h e cable aL t lw u nl uad in g" pu in t. The h itch fur t h e t ea lll o r tr(lci()r 
co n s is t s o [ a short pi ece 0 r cha in clamped t o th e m a in cable with no t 
less than fo ur cable clamps. Pully block s, eas ily suspe nd ed 'with s lwrL 
ch a ins, sh ould b e hun g fr ee t o a lig n with the cable in op eration . 

Removing Overburden- It is som e t im es poss ible t o r em ove ov er 
burden w ith a plow and sl ip scrape r. \iVh er e th e surface is t oo soft or 
wet , the buck et must b e us ed . S ide cutte r s m ay b e attach ed t o ass ist in 
cutting sod . W h en a n op en ing is mad e at th e o u t er e nd o f th e tr ench , 
it is u su a lly p oss ible to d ig under th e sod with the buck:e t worki ng
t o 'wa r d the m as t. T h e ovcrhllnJ <:, n sh u u ld he p iled se pa r a t ely, ge n 
e ra lly close t o t h e mast, t1 1 i s l)e in g CO ll tr'o ll ed 1> y se tt; ng t h e tr; p hI oc k 
at the desi r ed point. 

Fig. 12.-A cableway anchorage in marl. T he t r olley cab le is attached to 
post at the right. The tops of the posts are held by lines to the bottom 
of other posts. 

Operatin g-No expli cit d irecti on s can be g ive n fo r ope r a tin g. T h e 
;1 d .i u stments mllst be fo un d fo r each r) a rti cul a r conditi o n by tri als. 
Ther e are thr ee principal adjustment s t o t~ e equipment: 

1. E levatio n of cableway by means of a double block a nd t a ck- lf' . 
2. J\ng l e of cutte r by means o f h eight of fr ont hitch . 
3. D epth o f cut and size of load by means of the depth gau ge. 

In gen eral , if the cutt er does no t "bite" either lowering t h e cab le a n d 
r ai s in g the fro nt hit ch , will improve the cutting e ffect . If the cutter 
" bites" but the buck e t cl oes n o t fi ll , t h e depth gauge sh ould be set to 
cut a thick e r s lice. If the bucket t end s t o ove rload, o r the marl goes 
back ove r th e b ucke t , th e depth gauge sh ould b e se t fa rther back and 
fo r a thinne r s li ce. S in ce con d iti on s are constantly changing, fre
quent ad justm f' nt s 1113. Y be l1 f'CeSsary. O ne adjust menl sh ou ld be m ade 
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a t a ti me so that it s c rfee 
visabl e t o begill CUUi ll g a 
iarth e r o u t a s fOlllld lll' CeSS 
veloped. 

Cost of Marl and Limes 
lim e and m arl is t he cos t o [ 
o f each t o secure equally ! 
of marl is often use d t o eq 
a pplicat ion of e ither includ 
po rta tion, and t he cos t of S] 

a t $3.00 pe r ton £.o ,b . t he Ie 
a llow ing 25c p er ton mile f 
tu La l cost of a sing le appl ic 

M ateria l- l t on @ $3.00 
Handlin g and haul ing- tr 
S pi"ea c1 ing- l ton @ SOc. 

Tota 1 p er ac r e ........ . 

A ll estimate o r cos t ror (l 

T h e C() s t o i marl is take l1 ; 
1' ]"( )1ll t Il e h rm. hall b ge Ct ) S 

pe r cuhi c yard. \ /Vith marl 
( ) f t\Vo c uh ic yard s \\I ()uld h 
p li catioJl wo tllc1 then be: 

M at er ial- 2 t on s @ 7S e 
II a1lCll ing a nd hall li ll g-t r ~ 
Sprcadin g- 2 to ns @ SOc 

T ot a l, p er a c re . .... . ... . 

Tt w ill h e not ed in the e: 
ll ig h on lim e clu e t o di s tance 
to b tlk. If th e lim e wc r e 
111 e cu s ts 0 [ lim e 'wo uld sl 
per:lppli cation per ac r e as e 
lo r ma rl. 

\\1 hil e the above flg ll r es 
:l S examples only. P erh ap: 
io l1 ow t h e m ethod s 11 O\\ ' 11 a 
tcr11lill e the three illlportan 
ti on s . H andling and trans 
(l ec idi l1g fa ct ors. 

Drying and Spreading M 
from th e d epos it . Because r 
it is pr efe rab le t o a llow the 
dr more, which a ll ows t im e 
dri es ve ry slowly, it is impr 
crush ed t o powder form . 1\ 
cus t () r 1wat. h andlin g. a m 
pract ica l. 
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at a time so that its cfreel may be noted. Tn general, it is also ad
v isable tu ]X' goi 11 cult ill g a 111 ill i Illltlll allloun t near the 11I<1 St., workiug 
iarther out as fO lllld Ilecessa r y a nd as familiarit y with t h e (Jut.fit is d e 
veloped. 

Cost of Marl and Limestone-L\ basis of cost comparison between 
lime and marl is the cos t of a s i11 g le app li cation, u s ing s uffici en t amou n t 
of each to secure equally good r es ult s. J n pract ice, two c ubic yard s 
of marl is often used to equa l on e tun of limestone. The cost of one 
application of either includes the cost o f material, the cost of tran s
po rta tion, and the cost of spreading. l-;~or a one-ton applicat ion of lil111' 
at $3.00 per ton Lo.b. the loca l freight depot, Eve miles fr u lll t h e farm , 
a llowing 2Sc per ton mile for hau lin g and SOc a ton for spr eading, the 
total cost of a s in g le app licati on wou ld be: 

Material- l ton @ $3.00 .......................... .. . 
Handling and hauling- transportation S 111 il es (ciJ, 25c ... . 
S ]Ji"eacJin g - l t.on @ SOc .. ...... .. . 0 •• •• ••• •• ••• ••• •• • 

' I' ota l p e r acre .......................... . .......... . 

$3.00 
1 .25 

. 50 

$+.75 

J\ n es t i 111 a t c () I cos t I () I' a t w () C 11 h icy a r d a p p Ii cat i () n () I III a r I I cd I m \' s : 
Th e C()st o j m ar l is 1ak en at 75c per cllh c ya r<l ~l t the: pile two mile " 
fn ))ll (lie I ~Hll1 . kL1llage C()~; t s at :?5c per to n mil e, and spr e;vlin g at 50c 
per cuili c yar r! . \Nith marl at 1.500 ])011'1<1 :-; l1f' r cuhi c yend t he \\'ei g h t 
(If t\V o c uhi c yards \Vo uld he 1;;; Lon s. The lllteL1 cost lo r a sin g le a p
pi ication would t.hen be: 

M aterial- 2 tons @ 75c .... ... ............ . ... . ..... . . 
Iialldlin g alld haulillg-- tran spor1a1inll 1 /~ ({tJ:? \: 25c ... . 
S preading- 2 to ns @ SOc ...... ... .. .. . . . . . ..... ..... . 

T ota l, per ac r e ............. ... .. . .................. . . 

$1. SO 
.7.'1 

1.00 

$3 .2S 

Tt w ill h e not. ed in the example g' ive n that tran sportation costs a r e 
hi g h o n lim e du e to dista nce wh il e spr eading c"Osts are hi g h O il lll a rl d ll C 
to hdk. I I th e lilll e w er e hankel two mile s a nd th e Ill arlh ve mile ::; 
the custs of lime would s how a lower fi g ur e than m ar l being $+.00 
per :tpplicatioll per acre as compared \V ith $4.37 p er application p e r acre 
r o r mar l. 

\Vhile the above figur es a r e approximate ly correct, t h ey are u sed 
as examples only. })erh aps the surest way t o determ in e cos t s is t o 
f() ll uw the method sh O\\' n and make a trial of sufftci e nt. len g t.h to de 
ten!lill e th e thre e important factors of cust for the p art icular cund i
tion s. Hand li ng ancl transportat ion cos t s are quite like ly t o h e the 
d('ci (l iI Jg factor s. 

Drying and Spreading Marl- It is possible to sp r ead marl directly 
from the deposit. Because much water must be handled by this m ethod. 
it is preferabl e to allow the marl to a ir-dry for a p e riod of two weeks 
\)1' more , which a ll ows t im e for the free water to dra in off . S in ce marl 
drie s ve r y s lowly, it is im practical to dry it to a po in t where it can be 
cru shrcl t o po weler fo rm . j\rtifi c ia l drying has been tr ied, hut th e added 
cos t of Iwal, handlill g. a nd over head cost gen e ra ll y make s th is im 
practical. 
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In spreadin g air-dried marl, th e manure spreader is u sed in the large r 
maj o riLY lii" cases. \ Vhcr c hauled a c0 1l s id e rable di stance, s traw is 
us ed to cover the botto1ll to prevent th e marl frum working t.hrou g h . 
Since th e manur e spreader spreading rat e is so mcwhat high fur marl. 
t.he spread e r is load ed from one-half to two-thirds full. 13ecause t.he 
l11al1tlrC spreader is not satisfactory for haul ing long di stances, man y 
prefe r t o spread by hand irom piles placed in th e fIeld when the marl 
i s h::lll lecl. Encl ga t c spreaders 0 f th c ruta ti ng d isc t y pe ,v ill spr ead 1110St 
g ra des of lllarl sa t isfacto ril y clirec t fr o lll a wagon. if not. too \V et. 

Co ope,rative Ownership of Digging Equipment~The purpose of a 
c( )( )pe rative plan is to lower costs by spreading uv erh ead cos t s over th e 
greate r ya rdage whi ch m ay be dug with one mach ine. The orgalli za-

Fig. 13.- Marl for many acres in Osceola County, dug with a clam shell bucket. 
Craw ler type treads a nd planking permit moving ove r marsh. 

tion SlllHlld be carried out with thi s in view. T o m a l,,::e the coope rati ve 
plan of owning digg ing e(Ju iplllent succ essful , it is n ecessary t o have a 
cu mplete agreement, preferably written, covering points whi ch mi ght 
]los ib ly be mi sunder stood. In wurkin g out a cooperative plan (or ex
ca va t ing 1ll a rl , a d efi n it e organ iza tion should h e fUrIll eel w it.h it s officers, 
includ ing a manage r o r operator, to execut e the w~)l·.k: Each me"l~ll) er 
s h 0 ul c1 ass Ulll e hi s s h arc 0 f the co s t san d r es p 0 n s Ib 1 II t)' , J \ u 111 t 0 ITll 
sa le price is agreed upon and a working p lan is adapted outlining in 
general ho wand w hen til e w o rk is to h e don e. Profit s o r losses frum 
t.h e us e of th e outfit are divided in proportion to o\V nersh ip after de 
duct ing all it. ems of expen se including overhead. 1\n e laborat e o rgan 
izati o n is no t r equir ed , hut to be success l-ul the prug ram must l)c 
plann ed and carried out in a bllsilless- l i1~e way. 

Anuther way for coope rator s to assist in fin a nc in g equipm cnt. is t o 
contract fo r a stated a mount o f mar l in advance o i the purch ase o f 

MARL- ITS FOR] 

cquipment. l[ this is done 
,,"ill hc cxpericnced under 
thc purchasc o f equipment 
a pr ice must be paid \\"hic 
hc carri ed out hy the ope r; 
cillcelllcnt financially to in:: 
11cnt 511pply of marl fo r tl 
themselves in the installat 
hilities of the use of marl 
l1l:ly wish to install equipm 
in thc immediate v icinity. 
ill t he value of marl can he 

Fig. 14.-This marl excava1 
long pipe conveyed marl anc 
water from the surface afte 
on the surface. 

If there is any doubt as to 
the full c'ooperation of tIl 
action; unle ss, of COllrse. t 
warrant th e full expense c 

Where publicly owned eq 
are to be employed, the pre 
he had in the form of ord( 
the projec t sllccessfu l. To 
011(' must a lso tak e an activ 
of work may he ca rri ed QUI 

agent v,rllO may be in p'os it 
the ventl.l.re, 
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eq uipm ent. H thi s is clone by means o f written orders, littl e difflcult y 
,,·i ll be expe ri enced under ord inary cond ition s in securing mon ey for 
th e pnrchase of equipment on loan . In purchasing m a rl in thi s manner, 
a price mu st be paid which will g iv e assurance that the contract can 
he c<lrri ed out hy th e ope ra tor. The ven ture should offer su fflcien tin 
c1ucement financially to insur e cont inuation of operati on and ,1 perma
nent ~ upply of marl for th e community. \ iV hile seve ral may interest 
themselves in the installation and operat ion of equipment, the po ss i
hilities of the use o f marl a r e more often seen by the individual \vllO 
nl~ly wish to in stall equipment to supply his own needs as ' ''leU as thu se 
in the imm ediate vicinity. In this case, the confidence of neighhors 
ill the value of marl can be te st ed by getting orders for stated amour'..ts. 

Fig. 14.-This marl excavated by pumping contained ahout 1,300 yards. The 
long pipe conveyed marl and water from the pump. The short pipe drained 
water from the surface after the marl had se ttled. Shrinkage cracks show 
on the surface. 

If there is any doubt as to the success of the venture finan cially or of 
the full c'oopera tion of th e community, it is probahly b es t to de fer 
action; unless, of co urse, the n eeds of the home farm are suffi cient to 
warrant the full expense of installing equipment. 

Where publicly owned equipment o r larger in stallations of machinery 
are to be employed, the procedure is about the same. Ass nrance should 
he had in the form of o rder s for a sufficient amo un t 'of marl t o lll ake 
the project successful. To this end , ma ny must pledge support. Some 
one must ;:t lso take ;:til active part in c;:trry ing out th e proj ect. Thi s t y pe 
of work may be c;:trr ied out in coope ration with the co unty ag ricllltura l 
agent who may be in p'osition to assist in organizing and encouragillg 
th(;! venture, 
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Excavating Data~Marl has demonstrated its value in the leguminous 
crop program and is being used at an increasing ratc. A survey of it s 
Llse in the state for 1931 show ahout 1,500 depos it s in 43 counties, metrl 
being dug from about one-half of them. Two-thirds of the total have 
been classed as wct deposits, one -half of the r emaining one-third l) ein g
in the dry deposit class 'on account of abnormally dry years. These 
figures indicate a cons idcrable held for p()wer excavating equipment in 
normal years. In 43 counti es inclnded in th e survey, th e marl used is 
estimated at 129,479 cubi c yet rds, which indi ca tes a total of approxi
mately 200,000 cubic ya rds [or the s tate in 1931. 

UTILIZATION OF MARL FOR AGRICULTURAL 
PURPOSES 

C. E. MILLAR 

Marl is Used to Supply Calcium 

\i\1etter dissolves calc ium and similar neutraliz in g" or s\Veete nin g" e le
mt'nts from the so il min eral s etS it passe's throngh the soil. Crops also 
lise tbese elements in their g r ovdh and wben harv es ted leave the so il 
pc)'orer in them. A~: a result 0 f thi s con tinua I rClll ova I of calci nm a nd 
s imilar elements, soi ls in humid cli mates ultimately becomc deficient. 
in basic or sweetening substances and th e acid or sour constituents pre
cl( )minate. When this condition is r eached, th e soi l is sa id to be sour. 
acid, or deficient in lime; and the condition must be corrected h e f':Jre 
satisfactory stand s of alfalfa, clover, 'o r sv,'eet clover can he grown . 

. Most other crops commonly produced in Michigan also grow hctt cr 0 11 

so il s containing adequate quantities of lime. 
Marl c'On tains calcium and is used {or swcetening o r co rrec ting the 

ac id condition 'of sour so ils just as ground limcs tonc a neI hydra tcd 1 i me 
are used . The term "lime" is used to des ignat e any compou nd C011 -
tetining calcium or calcium and magnesium in a form that ·will correct 
or neutralize acid. It is just as correct therefore to refer t o marl as 
lime as it to speak of ground lim estone, hydrated lime, and quick lime as 
lime. The calcium in marl exists in the same chemical condition as it 
does in ground limestone, that is in the carbonate form , and so the value 
or purity 'of marl is expressed in percentage of calcium carbonate or 
lime carbonate as it is frequently called. Marl sometimes contains small 
percentages of magnesium, phosphorus, nitrogen, and othcr elements 
of importance in plant growth, but the quantity present is usually t oo 
small to be of practical sign ifi cance. In applying marl, it should l") e r e
membered that tbe purpose is to c'o rrect the ac id condition or calcium 
deficiency and that the marl does no t take the place of barnyard manure 
or commercial fertilizer. 

Impurities in Ma.rl 

Samples designated as marl have been foullo to contain from approxi
mately 100 to very sma ll percentages of lime carhonette. The opinion 
is sometimes expressed that samples which are very white are of corre-

MARL-ITS POR: 

spondingly high purity. SI 
cuntain white sand which, 
the c'o lor. In fact, occas ic 
substance which r esemble~ 
acid in reaction. U nless OJ 

detect the presence of hne 
quantity by rubbing the m, 

Organic matter or humt 
in marl. At times, the que: 
gray color and to materia l 
In some cases, a jelly-like 
color very dark but decrea 
together into hard lumps, 

Fig. IS.-Close up ( 

possible. Though it is sa [e 
urga ni c l1laUer t.u g ive a da 
to CO il sider a lig ht gray III 

w hi ch is o[ low g rad e bec 
j Ilcrease the humus C'ont. en t 
() f consic1eral)lc black, 111 uc' 
jectiollable asic1e from the 
a nc1 hence makes necessar ' 

A comparatively small p~ 
g r ea tly but makes it sticky 
it is very difficult to apply 
wet or dry condition. Clay 
purities occurring in marl. 

Some marls are compose 
shell s a re c1iscern ibl e. The 
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spondingly high pur ity. Such is 110t a1 \Vays the case, as many samples 
cont a in white sand w hi ch g r eatly r educes lhe purity without affecting 
the c'u lor. In facl, occas ionally sa lll pIes are received of a so f t w hi L,_' 
substance which resembles marl very closely but in r eality is sour or 
acid in r eaction. U nlcss on e has had much experience , it is difficult t o 
detect the presence of fine white sand a nd especia lly t o est imate the 
quantity by rubbing the marl between the thumb and fin ger s. 

Organic matter or humu s is another impurity commonly occurrin g 
in marl. At times, the quantity present is suffi cient to produce a dark 
gray color and t o materially reduce the percentage of lim e carb'onate. 
In some cases, a j elly- like humus is present which does not make the 
co lor very dark but decreases the purity and when dry glues the m a rl 
together into h ard lumps, makin g application to the so il v irtually i11l -

Fig. is.-Close up of a marl pi le shortly after excavating. 

poss ible. Though i t is saie to conclud e t hat a marl containin g suffic ien t 
u rga ni c 1l1aHer tll g iv e a da rk g ray cu lur is o[ low lJurity, it is n ot sa fe' 
to cO ll sid er a li g ht gray marl o f high lJurity. 1\n a pplicat iun u [ marl 
w hi ch is of low g rade because o[ its co ntent of organi c lllaller w ill 
illc rease the humus c'Ontellt of the so il t o a s light extent. The prescnct' 
u f cons id era l) lc black, llluck-l ik e o rgani c matter, therefore, is nut u1)
jectiollablc aside frOIll the fact t\J;:lt it low er s the purity o f th e m arl 
a nd hence mak es necessary a heavier applicat ion. 

A comparatively small percentage of clay may not di scolo r the marl 
g rea tly but makes it sticky when wet and hard whe n dry. As a r esult , 
it is very difficu lt to apply a marl containing much clay in e ith e r the 
wet or dry condition. Clay is 'One of the most objectionab le of the im 
pur iti es occurring in marl. 

Some marls are co mposed ve ry la rgely o f sh e1ls; hut, in o th er s, 110 

she ll s a r e discernible. The presence uf many sh el ls does nut necessarily 
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indicate a high-test marl as shells may occur abundantly in mar1 con 
taining cons iderable quantities of organ ic matter ur of sand. 

High-test marls from swamps a nd fr'om some high land beds arc 
soft and powder easily between the fingers when dry. However, marl 
from some of the high land deposits are rather hard and may occur ill 
more or less rock-like pieces even though the purity be very high. 

Experience has shown that the purity of marl cannot be reliably esti
mated by its color, by the "fee l" when rubbed between the finger s, 
by the presence of shells, or by the fact that the marl is soft, crus hing 
eas ily between the fingers. A general idea 'Of the purity of marl may 
be obtained by dissolving a teaspoonful in one-half tumbler of dilut e 
muriatic acid made by adding one part of strong acid to four parts 
o f water. Muriatic acid is the same acid used to make "zinc cut" for 
so ldering. The acid should attack the marl vigorously, usually fill 
ing the tumbler with froth. In a very short time, the action sho uld 
be completed. In case the action of the acid is prolonged, especially 
if streams of 1mbbles c'Ontinue for some time to rise from variou s 
places on the fragments of marl, it is probable that the marl con 
tains clay or organic matter in sufficient quantity materially to re
duce the purity. The acid dissolves the lime leaving th e impuritie s 
that were in the marl. vVhen the action of the acid is over there fore 
the quantity an d nature of the residue gives a clue to the purity of the 
Illarl. The tumbler sho uld be r otated in order to make the liquid swir l 
arounci thus bringing th e undisso lv ed mat erial into a pil e on the bottom 
u( the tumbler. An appreciable quantity of sa nd m eans a low test be
callse sanci is very h eavy. A considerable quantity 'u [ black llluck-l ik t, 
organic matter indicates a low purity. A large number of li g ht -co lo r ed. 
organic particl es floating in the liquid would suggest the presence of all 
organic cementing material which would cause the marl to hard en 
when dry. i\ heavily clouded o r milky appearance of the liquid sh u\\'s 
the presence of clay, and a piece of the marl should he dri ed to de 
termine if it gets too hard t o spread eas il y or to crumhl e and mi x 
through th e so il thoroughly by dragging aft er application. In fact. 
regardless of the natur e 0 f the i m ptl rilies , it is a good id ea to a llo\\ 
sume o f the marl to become completely dry and note wh e th er it gets 
hard o r crumbles easily. 

Though the s imple acid test described will give a general id ea of th e 
quality of the marl and the nature of th e impuritie s . hefore excavatiun 
is begnn, a more accurate t est should b e obta ined l)y takin g a sample 
to the county agent or by sending one to the Suil s Departm ent of th e 
coll ege. Wh en drawing marl s directly from th e bed or excavating into 
a s tock pile, it is a good plan to make a test occas ionall y to determin e 
if the marl is running' of uniform purity. 

Taking Samples for Testing 

Marl from different portions o f a deposit may vary con s iderabl y in 
purity as may also material taken fnm1 different depths at the same 
loca tion. To obta in a representative sample, it is necessary to t a k e a 
small quantity of marl from a number of differ ent places over the bed 
a nd mix them thoroughly. In case the bed is of considerable thickn ess, 
portions should be taken from both near th e top and near the b ott o m . 
If the d epos it is thin or of only mod erate thi ckne ss, sa mpl es taken l1 f'ar 
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the cc ntcr, vertically, perhaps ,,,,ill suffice. Large depos its may he tt er 
he represented by several samples, each composed of smal1 qu a ntiti es 
of marl taken from several places in that portion of the hed . A pint is 
an a mply large sample if properly taken so as to r epresent accurately 
the bed or a g iven portion of the bed. 

Marl is Measured Not Weighed 

Though there a r e a few heds containing dry marl. in th e majority it 
is saturat ed w ith water. When th e marl is excavated and pil ed on dry 
land, considerable wate r drains away; n evertheles s, th e material a l way:; 
remains we t , the quantity o f vvater r e tained varying with the impurit ies 
in the m arl , climatic condition s, and other fac tors. It is evident tha t 
a mater ial of thi s type so variable in water content cann ot b e m easl1re(1 
sa tisrac torily by weight; it is customary to measnre marl by th e cuhic 
yard. The f'ullo\\'ing t able indicate s the total weight of elry mate ri al 
a nd the po und s o ( lim e ca rbo nate in a cuhic yard of m a rl s of different 
degrees of purity. as the m a rl occurs ill the h ed. \ /Vhen m a rl is du g 
and thrown ill pil es o n high g ronnd or is loacled dir ectl y onto wagon s 
or trucks it is not so compact as it is in the h ed and henc e \\"ill settle. 
The s h r ink age r e ::i ult i 11 g fr o 111 t h i::i s e tt li 11 gam 0 u n t s to a b (j u t 25 per 
cent. 
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Deterioration of Marl in Storage 

.Marl is freque ntly excava t ed in considerable quantiti es and stor ed in 
large pi les on high la nd for futurc use. \iVhen allO\ved to stand in s ll ch 
pile s fo r a co n siderable till1e. much water 'will drain out of th e marl 
and the rcpeated wctting and drying and fr eez ing anel thawing tend s 
to break up the lUlllPs a nd increase the ease of appl ication. \l\1bell 
stored in such piles, even for long periods , the marl will l'ose nOll e (j r 
it s value. J 11 fact, poisonou s subs tances wh ich occasionally occur in 
marl fr o m beds cove r ed with water, will decompose or escape during 
s torage in we ll-drain ed piles. 

Quantity and Method of Application 

Because uf the n luistur e cunt ent mos t marls cannot be applied 
thr'ough any uf the Ll ::i ual types of lime spreaders, T he manure spreader 
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is the most cOllvenient implement for applying marl. A few inches of 
manure of straw or of muck may be placed in the bottom of the spreader 
before loading the marl, although this is not done in the majority of 
cases. However, it serves to force the marl over the beaters. The 
spreader should be set to operate as slowly as po·ssible. 

A convenient method of handl ing marl is to place it in piles in the 
barnyard, along the farm lane or in the field and then when manure 
is being drawn to put on half a load of manure and fill out the load 
with marl. 

Farmers in some sections of the State follow the practice of dumping 
the marl in piles of a few bushels in a checkerboard pattern over the field 
during the winter. In the spring, the marl is spread from the small 
piles by hand using a six-tine manure fork ""ith a piece of sheet metal 
wired over the upper two-th ird s of the tin es. 

Fig. 16.-An application of marl 0 11 thi s strongly acid sandy loam soil in Ing
ham county made possible the growth of sweet clover seen on the right. 

With any spreading device now in use, it is impossible to apply marl 
as uniformly over the so il as crushed limestone may be distributed. 
To compensate for this lack of evenness of distribution, it is advisahle 
to use from one-third to one-half m'ore marl than is equivalent in 
neutralizing power to an applicatiQn of crushed limestone . It is diffl
cult to cover an acre with less than four yards of marl. As a result 
it is customary to use about four or five cubic yards of gO'od marl to 
the acre for soils which are moderately to strongly acid. In case the 
marl is of low purity or the soil extremely acid, the quantity appliec1 
should be increased proportionately. Cultipack, float, 'or roll after 
applying to break any lumps present. 

No general answer can he given to the frequent question s, "how 
pllre must 111<1.r1 be to make its use practical" <1.nd "is it cheaper to use 
marl or ground limestone?" Thc conditions 011 e<1.ch individual farm 
inAncnce the prohlem to such <1.11 cXlent that each farm opcrator JrIl1 :.;t 

arrive at the answer by calculat ing the relative cos t of the two 1113.-
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terials applied to his land. ] n each C(lse, he ll1ll st take into cO ll s in e ra
tion th e cha rge fo r the mate ria l, th e distance it mus t he c1rawn, th e 
cost o f apply ing , and the time h e has availahle [or s tl ch Ivork. Fre 
quently, the prohlem is simplifi ed by certa in lim esto ne compa ni es quot 
ing a price for their product distrihuted '0 11 the so il. J[ the marl is i f) 
he drawn a cons id erable c1i stance, it lllust be of high g rade to \Varranl 
the expense unless the farm m a nagcment program is stlch that there 
arc periods w hen regul ar ","ork is s lack. During these intervals, t ca 1l1 ~ ; 
a nd time may well be employed in drawing 1llarl of even m edi oc re 
grade for a r at her long distance. J r a bed of marl ex ist s 0 11 a pa r 
ticular farm or w itbin a ve ry short distance, it may be econom ically 
used even if of low grade, since it may be drav111 and applied at 'odd 
times. 

\ 

Fig. 17.- When other work is not reqUtrlng all of a farmers' time he can 
draw marl and lime his sour land at a low cost. 

Time of Application 

The time for applying marl is not so important as is its thorough 
incorporation in the so il. Marl may be applied on stubble or sod and 
plowed under, provid ing a year or more is to elapse before seeding a 
legume. Land that is being fitted for wheat in which a legume is to 
be seeded may have an application of marl worked into t he surface 
soil by means of the disk or spring-tooth harrow. In case the legume 
is to be seeded in oats or barley, it is not a good pract ice to attempt 
to apply the marl in the spring while the ground is being fitted. Not 
e1Jough time is a nowed by this method for the marl to become thorough
ly mixed with the soil anel for the correction of the aciel conelit ion. 

On the lighter so il s w her e it is considered adv isahle to scC'el alfalfa 
witllOul a compa11 io n crop , tIle marl Illay he app li erl in the ('ar1y spring
ill preparation for a summer seeding. Ii would be jus t a s well or even 
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be tt er, howcvcr, if the marl could be applied the previ·ous year o r two 
yea r s in ad vance. 

S()llle marl s from beds usually covered with water o r a thick laye r 
o f muck contain substances ·which are poisonous t o plants. Damage 
may result if a crop is planted shortly after applying marl of th! :.; 
charactcr. It is advisahle, therefore, to apply marl from such deposib 
a considerable time before planting 'or to allow the marl to s tand in 
a storage pile for several months before applying. 

How Long Will an Application of Marl Last 

The length or time that a given quantity of marl will satisfy the lim e 
recluiremcnt of a soil var ies with the characteri st ics of the so il. A 
sa1ldy loa 1ll so il on one of the experimental fields o( th c So il s Depart
men tin sou tl1\n:: stc rn 1\1 ichigan received about two and one-half ya rd ~ 
of lllarl in 1917. This soi l sti ll conta ins sufficient lim e to grow satis
factory stand s of al falfa and sweet clover. On other so il s, there i ~; 
reason to beli eve that a four yard application of marl would need to 
be repeated in the co ur se of fiv e 'or s ix years if alfalfa is to be grow ll_ 
The only safe way t o tell when it is necessa ry to repeat the appli ca
tion of marl or lim e is to test the soi l carefu lly. S ince the quantity 
() f 111 arl usuall y applied represents a greater neutral izing equival ent 
than if lim estone or hyd rated lime were used, it is safe to conclude that 
the marl will la s t as long or longer than the usual app lication of these 
ma t e rial s. 

Comparative Value of Marl, Crushed Limestone, 
and Hydrated Lime 

Marl cO l1tain s its calcium in the same chemical form as does lime-
stonc. It is ev ident therefore that one ton of pure dry marl w ill correct 
as much acidity as one ton of pure dry limestone. The particles of 
lim estone are hard and compact while the individual particles of marl 
arc very small and usually soft. It would seem, therefore, that marl 
would react in the so il , correcting the acid c'ondition, at a more rapid 
rate than ' \To uld the limestone. Undoubtedly, this would be true i ( 
in each case the particles could be separated from each other and mixed 
uniformly through the so il. As previously stated, however, the marl 
is usnally damp and must be app lied in lumps and , hence, does not 
bero mE' uniform ly mixed through the soil except after repeated tillClge 
prohably covering a period of several years. T h e limestone on ~he 
U1.iie r hand can b e app li ed much more evenly. It is safe to assu m e, 
therefore, that marl cannot be depended upon for a n10re rapid cur-
I'll'lion of so il acidity than can limestone of suitah!e fineness. 

L-Jydrated lime is made from limeston e. One ton of pure calc iulll 
limestone , \T ill make 1,480 pounds 'of pure hydrated lime "vhich will 
Ileutralize just as much acidity as the one ton of limestone and the 
hydrated lime is said to have a neutralizing value of 135. In sOl11e 
cases, hyd rated lim e has a neutralizing value of 150 or even of ] 70. 
J ryd ratcd li1l1 C sho uld he used in proportion to it s neutralizing va lu E' 
which figure is a lways printed on the package. Thus, if a soil require', 
4,000 pounds 'uI limestone and it is desired to u se hydrated lime with ;>" 
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neutrali zing value o f 150, th e proper qu antity of h c1rrtterl lim e tn :lppl y 
11 lay he ca lculated as ru ll ows: 

4000 
-- = 2666 pounds hydrated lim e. 
150 

Hydrated lime is very fine and is more soluble t han ground lim eston e 
or marl. It is to be supposed, therefo r e, that hyd rated lim e w'Ould 
react with the soil more rapidly than will limes ton e and marl. T houg h 
this is probably th eo r etica ll y correct, practical exp eri ence shows that. 
under general farm conditions, lime s ton e m ea l containin g 30 to 40 per 
cent of particles that will pass a lOO-me sh scr een or a hi g h g rad e 
marl will give as satisfactory imm ediate r esult s as will hyd r a t ed limC' . 

r" --~~-----""--'-~ 

f . 
--------1 

Fig. 18.-Clover from equal areas of sandy soil in Ingham County. L ef t, 
no lime. Right, lim ed with marl. 

The Relation of Marl to Soil Fertility 

I 

Marl has several beneficial effects 'on th e so il as ide from suppl y in g 
calciu m to correct th e acid cond it ion. Th e bact eri a and uth er o rga n
ism s wh ich transform the soi l nit rogen into an availab le s tale hy de 
composing humus, work more efficiently in the pr ese n c:c o f adequate 
lime. As a resu lt, one may expect an increa sed availabil it y of so il nitro 
gen to follow an appl icat ion of marl t o sour so il. 

Experience has shown that commercial fe rtiliz er s, espec iall y thos ~ 
rich in phosphoric acid, usua ll y give g r eat er r eturn s in crop productio1l 
on soils well suppl ied with lime than on so il s wh ich a r e dchcient in thi s 
con stituent. 
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By increasing crop growth and yields, there is more straw, stover, 
or 'other roughage which can be returned tu the soil direclly or i 11 

manure, thus adding to the humus supply. The aGility to grow legu
minous hays as a result of sweetening sour soils with marl greatly 
increases the number of livestock which may be kept on the farm, 
thereby not on ly increasing the farm income but providing more ma
nure for so il building. 

Legumin'ous crops are the only ones which can make use of nitrogen 
irom th e air. By putting acid soil into condition to grow legumes, one 
may draw on the limitless supply of air nitrogen and thus supply thi~ 
most costly of plant food elements to his soil. It must be horne ill 
mind, however, that alfalfa, clover, and sweet clover do not obtain a ll 
their nitrogen from the a ir and that to enrich the soil with nitrogen 
by gr'owing them some of the top portion of the crop must be plO\ved 
under or else fed to livestock and the manure must be cared for to 
prevent loss and then be returned to the land . 

There are types of hacteria which fix nitrogen from the air w ithuut 
1i ving in the nodules on the root s oi legumes. The m ost active of the~e 
,)rgan ism s clu not thrive in soils which are str() ng ly acid. 11 y correct in g" 
tilt' acid cu nditioll ill the sui l thruugh an appliett ion uf marl, thes e 
llitrogen - fixing bacteria lllay I)e sd to wu rk cu llectin g 11itr()gen frUl11 
tilt· air and s turin g it in 11ICir h()dies \\'here it \\'ill h ec ()IlI t' :J":J. ibhl t' 
13 tnt 0 crups. 

Use More Marl 

The rei S 11111 C h 111\) n " 1ll a r 1 a p p 1 i edt () i h r so 11 r s () i 1 S 0 [ M i chi g a 11 t h:J. n 
th e ave rage (J!JscrvLT lllight esl il1lat e. TllUu g h il is illlp() ss ihlc tu de 
tnlJlint:' aCc ltralel y the (jllClntity ()j Illarl lhat i~ hcill g used, tIl( ' fI g ur es 
av ailable mak e it safe lo cunclll(k Lllat the acreage s\\'eetened anlluall y 
I ~)' mea ns of lllarl is g reat er than the arr('age swtl' te ll(Jd \Vith cUlllmer
c ia! lime. 

ll1 i11(' precedin g pages, 8n (' (Torl ha ~ hee n nlac1c to point uut su rn e 
() C th e c h a r it ct e r i s tic ~ () f 111 a rl \\' h i ch i n flu e 11 C e it s 11 ~ e fur c u rr e c 1 i 11 g 
<; tlil acidity alld so me of lhe precaltti()n s \\'hich shuuld l)e ohserved ill 
m~1.king use u[ it. Thos e whu have u sed Illarl correctly r eport sat is 
i:lctory results with very few excep tio ns. Th e large quantity used 
alld th e w id e distrihution 'of its use ;n th e state testi fy to the satisfac
tion it has g iv en. 111 man y cOllllllun iti es, il is hy far the cheapest SO llrc e 
1)[ lime ava ilal )!r. It is L() he' hoped lhat the farmers uf Michigan will 
llJake a lllllch 11 I (1J"(-' (·:-.:kll~ i V(J lI St' uf til e lllarl dep() s it ~ ill th eir neigh
borhoods. 


