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No. l -6 THE SOIL SURVEY AS USED BY THE MICHIGAN STATE HIGHWAY DEPARTMENT
Olaf Stokstad, S o ils  Engineer, Michigan State Highway Department a t Lansing

I Introduction
A. "S o il aots l ik e  a liv in g  thing" —  Whitney.

1 .  S o il behavior does not always fo llo w  laws susceptib le to  simple mathematical so lution .
B. Purpose of th is  paper.

1 .  Disouss methods used in  obtaining B o i l  data and in  applying th is  data to  problems in 
highway engineering.

a . Result of evolutionary process extending over a period of 11 years.

II  Michigan S oils
A. Geology

1 . Young s o ils  whioh have developed on deposits of the la s t  g la c ia l period»
a . Drainage system under-developed and variable*
b . S o il m aterials variab le  with respeot to  p osition  and textu re .

B. Land type associations into which s o ils  may be grouped.
1 .  See A gricu ltu ra l Land C la ss ific a tio n  and Land Types of Miohigan by J.O. Veatoh, 

Speoial B u lletin  No. 231 Miohigan State College.
C. S o il S eries.

1 .  The s o il  unit used in  c la ss ify in g  s o ils  fo r  highway purposes.
a . F ig . 1 is  a description  from the s o il  legend»

2 . A l l  s o ils  sim ilar in p ro file , topography, drainage and orig in  are grouped in  a single  
s e r ie s .

a . F ig . 2 i l lu s tr a te s  how s o il  textu re , drainage and topography often ohanges 
from one extreme to the other over a short section  of road»
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I II  Personnel
A. The two or three man organization of 1925 has been stepped up to  approximately 26 men.

1 . The hundreds of miles of prelim inary s o il  mapping along the previously constructed 
concrete pavements was an exoellent ea rly  tra in in g  school.

B. Organization.
1 .  Laboratory.

a . One research consultant
b. One a ss ista n t research engineer
c . Five laboratory assistan ts
d. Temporary s t a f f  of three men
e. For complete information on the work of the laboratory see Professor W. S. 

Housel’ s report submitted to th is  conference under D ivision A, "Reports from 
S o il Mechanios Laboratories on Testing Apparatus, Technique of Testing and 
Investigations in  Progress".

2. F ie ld .
a . Central o ff ic e  oonsists of the s o il  engineer and his f i r s t  a ss ista n t.
b . One a ssista n t s o il  engineer in  eaoh of the s ta te ’ s 8 d is t r ic t s .
c .  Boring orew ch ief w ith 2 crews of 3 men eaoh.

C. Q ualifications of A ssistan t s o il  engineers.
1 . Experienced projeot engineers preferred.
2. Must be cooperative to  work agreeably with a large number of men.
3. Must inspire oonfidenoe in  order that recommendations be given proper consideration.

D. Entire organization responsible to the Researoh and Testing Engineer.

IV S o il Survey
A. Location s o il  survey.

1 .  S o il map of entire  area of in tere st to  the looating engineer.
2. Speoial atten tion  is  given the depths and boundaries of peat swamps.
3» The presence of ledge rook is  shown.

B. F inal s o il  survey.
1 .  S trip  map extending 100 fe e t  each way from the surveyed highway cen terlin e.

a . Consists prim arily of s o il  c la s s if ic a tio n  using the system recognized by the 
Bureau of Chemistry and S o ils .

( l)  This c la s s if ic a t io n  provides designing engineer with a general picture 
of s o il  conditions.

2 . Survey provides a general inventory of s o il  resources.
a . Borrow

(1) Sand fo r  embankment construction.
(2) Clay fo r  shoulder s ta b iliz a tio n .
(3) Top s o il  fo r  landscape work»

3. Speoial information obtained.
a . In case the s o il  consists of shallow sand over o lay.
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M I C H I G A N  S T A T E  H I G H W A Y  D E P A R T M E N T

S O I L  S U R V E Y

____Southern. _  G r o u p  ____________ Fox______ 5 c ries ___ Sandy Loam _yYPE

P r o f i l e , a n d  D e s c r i p t i o n

( L i t t e r ,  l e a f  mold, and hu*nue s o i l .

n  1 i I. h
j ;1 | | t 'Y e llo w ip h  brown f r i a b l e  eandy loam
' ’ . i ' i' -P

Reddish brown eandy loam. Made 
’ | -rj coherent by a em ail amount of 

s t ic k y  c la y .

Rc h a r k s

A s l ig h t  cem entation o f th e sand 
and »rawel by calcium  carbonate 
le  common In the nC H h o rizo n .

There Is  a r a th e r  sharp separa­
tio n  o f h o rizo n  HBH from the s o i l  
above and the substratum  below .

Occure on r e l l  d rain ed outwash 
p la in s .

Ranges In te x tu r e  from a eandy 
loam to  a loam.

Wm

50 ;r S t r a t i f i e d ,  c a lc a r e o u s , lo o s e  
52 — sand and « r a v e l .

5 4 .  L 

5 f e  r 

58 \ 

«.oi- 

b Z  

£>4. 

«>6 

fee

7 0

71

A d is t in g u is h in g  fe a tu r e  o f Fox 
i s  I t s  red d ish  brown c la y e y  la y er. 
Although the p ercen tage  of c la y  
i s  sm all i t  i s  s u f f i c i e n t  to  
render the la y e r  le e s  p ervio u e 
and more r e te n t iv e  of m oisture 
than the m a te ria l above or below .

F ig . 1

(1) Depth to water tab le) _
(2) Depth to c la y  ) *

b* In ease land type oonsista of wet sand p la in s.
( l)  Depth to water ta b le .

o. Swamp m aterials are c a re fu lly  sounded and c la s s if ie d .
( l)  Borings obtained on old highway embankments over 

swamps.
d. Rock soundings are obtained where neoessary. F ig . 1+ i l lu s ­

tra tes  the rook knob land type.
e . Foundation information a t cu lvert and bridge s i t e s .
f . Routine f le x ib le  enough to permit varying methods s u ffio ie n tly  

to  meet the speoial requirements of eaoh individual projeot.
g. An estimate of the amount of fr o s t  heave excavation and t i l e  

edge drain to be needed on the p ro ject.
1+. Methods of operation.

a . S o il survey made by a ssista n t s o il  engineers«
(1) Made by the aid of a 1+ f t .  s o il  auger, trenoh piok and 

shovel.
(2) F ield  men trained to  use vegetation , topography, 

drainage and surfaoe geology in  addition to s o il  color 
and s o il  texture as an aid in making the preliminary 
s o il  c la s s if ic a tio n .
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VI

(3 ) Swamps are sounded by means of the Davis peat sampler. F ig . 5 is  a 
photograph showing 3 views of th is  sampler, 

b# Bridge and cu lvert foundations.
(1) Borings obtained with the use of hydraulic equipment.
(2) Samples oollected  at I4. f t .  in tervals v e r t ic a l ly ,

(a) A sp ecia l e ffo r t  is  made to obtain unwashed samples by 
speoial samplers. F ig . 6 i l lu s tr a te s  the method used to 
preserve the samples. 6 in . glass tubes in  trays which f i t  
in  correspondence f i l l i n g  oases.

Design
A. F ig . 7 is  a reduoed copy of 3 sheets comprising tabulated subgrade design data compiled es­

p e c ia lly  fo r  use in  the Road Design D ivision.
1 . This information w i l l  be changed from time to time as developments warrant.

a . Sand sub-base and pavement design w i l l  be included in  tim e.
b. The tex tu ra l o la s s ifio a tio n  used by the Bureteu of Publio roads w i l l  be added.

2 . The most oommon s o il  questions asked by the Design Engineers are answered on th is  
tabulation .

B. Treatment of swamp (Methods and costs of peat Displace­
ment in Highway Construction, Kushing & Stokstad.
Published in the proceedings of the li+th Annual meet­
ing of the Highway Research Board. December 1934»

1 . Dependent on complete and r e lia b le  sounding in­
formation.

a . Surface peat.
b. Aguatio peat,
o . Marl,
d. Soft d a y .

2. A l l  peat is  e ith er excavated or displaced.
F ig . 8.

3» Marl w i l l  support a highway embankment i f  f i r s t  
properly compacted.

1|.» Soft d a y  w i l l  often displace and oause exag­
gerated movement in overlying m aterials.

C. Design of Struotures.
1 . Dependent on foundation information furnished 

by boring crews.
2. Special bearing value studies made fo r  the 

larger structures to be b u ilt  on so ft  days»
a» Made by the laboratory.

Construction
A, Close cooperation between S o il Technologist and Project 

Engineer»
1 . To permit neoessary subgrade work to be done 

w hile oontraotors equipment is  handy.
B, Deep outs are studied fo r —

1 . The presence of s i l t  and very fin e  sand 
(Frost heave)

a . Frost heave is  exoavated 4 fe e t  wider 
than the metal and 2-§ to 3 fe a t  deep 
depending on location .

b. F ig . 9 i llu s tr a te s  a common method of 
reporting the looation of fr o s t  heave 
to the Construction D ivision.

2. The presence of ground water near the grade 
line»

a . The source of the water and the 
d irection  of movement is  studied.

b. Proper drainage structures are de­
signed to drain subgrade to a depth 
of 5 fe e t .

(1) T ile  edge drain
(2) Stone baskets
(3) Gravel bleeders

o. F ig . 10 i llu s tr a te s  an aotual drainage oondition encountered and the recom­
mended t i l e  edge drain.

3» Sudden and wide variation s in  subgrade s o il  textu res.
a . Mechanical mixing to a depth of 2 i f e e t  is  reooinmended to  provide a uniform 

foundation.

F ig . 8
This pioture was taken from the boom 

of an excavating machine used to 
excavate peat in fron t of the 

advancing embankment. The swamp a t 
th is  point is  approximately I4.0 fe e t  
deep. Complete peat displacement is  
obtained as the f i l l i n g  progresses.
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Fig 5 .1 l  $ .12 I l l u s t r a t i o n s  o f  m a i n t e n a n c e  p r o b l e m s
w h i c h  r eq u i r e  a subgrade i n v est i g at i o n  

f o r  t h e i r  p r o p e r  s o l u t i o n .

C. S o il Engineer is  consulted in  regard to
1 . The in terp retation  of plan methods fo r  swamp construction.
2. Proposed changes in  the position  of the grade lin e .
3. When an embankment is  ready fo r  surfaoing.
4 . Erosion control construction d e ta ils .

VII Maintenance
A, The study of pavement fa ilu r e  to determine how the eubgrade may have contributed.

1 .  Before repaving a section suoh as illu s tr a te d  in  F ig . 11 the subgrade must be studied 
so that bad foundation conditions may be corrected.

B. Spring break-up conditions studied.
1 .  F ig . 12 i llu s tr a te s  a ch a ra cte ris tic  spring break-up condition which occurred when a 

spring thaw released the water concentrated by previous freezin g.
a . C h aracteristic  of c la y  s o i ls .

2. Drainage is  studied.
a . Internal -  t i l e .
b . External -  ditohes and drains.

3. Organic content of the subgrade checked.
Gravel thickness cheoked.

5 . Presenoe of corduroy investigated .
C, Swamps.

1 .  Dips and settlements are studied and oorreotive measures suggested.
D. S ta b iliza tio n  of gravel roads.

1 . Location of su itab le  s ta b iliz in g  m aterials.
2. Sampling m aterials fo r  laboratory te s ts .

a . Laboratory reoommends the proportions to  be used in  s ta b iliz in g  low oost roads.
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CASE STUDY

Projeot 38“Ulj Jaokson-Ann Arbor 
Road - -  U. S. 12 F« A. No. 267 Seo. A.

I Introduction
A. 12 i miles of grading and drainage structures.
B. Future i+0 foo t surfacing.
C. Highway subjected to a large amount of heavy t r a f f io .
D. Geology.

1 .  Morainio and eroded outwash country.
2. Pre->Vi scons in  d r i f t  a t shallow depths.

II  S o il Survey
A. Looation survey

1 . Special swamp studies to  pick most economical looation.
B. Final s o i l  survey

1 .  Preliminary plans were used on whioh to  map.
a . Permitted b etter v isu a liza tio n  of out and f i l l .

2 . The study of swamp deposits of speoial importance.
a . Considerable marl located.

II I  Design
A. Easy grades and h i l ly  country necessitated deep cuts and high f i l l s .

1 .  Sandy g rav e lly  m aterials were immediately ava ilab le  fo r  a l l  the large embankments.
B. F ig . 13 is  a copy of a plan sheet showing one of the larger marl deposits.

IV Construction
A. Deep cuts exposed.

1 . Numerous deposits of fr o s t  heave. Table 1 .
2. Several sections requiring mixing. Table 2.
3» Considerable groundwater requiring edge drains. Table 3»

a . F ig . Ii4. is  a sketoh showing the p osition  of the water tab le a fte r  the ditches 
were constructed and again a fte r  edge drains were in s ta l le d .

i4.. Most of the subgrade d i f f ic u lt ie s  ooourred a t the contact of the Wisconsin and 
Illin o ia n  g la c ia l deposits.

T A B L E  I 

Frost Heave Exoavation

Objectionable textures excavated to  a depth of 2.5 fe e t  over a width of I46  f e e t .  Unit 
Costs of $0.30 include $0.15 fo r  excavation of m aterial removed and $0.15 fo r  excavation of 
sandy borrow used fo r b a o k fill .

Beginning Station  Length of Excavation Cu. Yds. Total Cost

232 85 L 65L 137 41.10
398 70 60 256 76.80
410 35 70 298 89.40

h23 75 125 532 159.60
457 60 90 383 114.90
466 90 RT 20R 42 12.60
650 00 40 170 51.00
676 10 60 256 76.80
703 00 250 1065 319.50

Totals 780 3139 $941.70

Average length of deposits —  86.6 f t .  
Average volume of deposits —  348.7 ou* yds. 
Average oost per deposit —  $103.63 
Cost per lin e a l foo t of excavation —  $1.21 

(46 f t .  wide)



T A B L E  II 

Soarifying and Mixing 

Exoavate to depth of 2 .5 fe e t  and width of 1+6 fe e t .

Beginning Station Length Unit Coat Total Coat

11+5 50 200 15 127.60
2+00 25 RT 75 RT 15 23.93
1+00 25 LT 50 LT 15 15.95
5l+3 90 1385 15 760.20

Totals 1710 f t .  927.68

Cost per lin e a l fo o t of mixing $0.51+
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T A B L E  III

6 Inoh T ile  Edge Drains 
Placed 5 Feet Below Earth Grade and 23 Feet from 

Centerline

Beginning Station

58 00 R áe L
251 20 L
252 58 R 
703 00 R & L

Length

250' Total 
180»
1+90«
500

Unit Coat

60
60
60

1.12*

Total Cost

210.00

108.00
291+.00
56O.OO

Total 1/420* $1172.00

Average oost fo r  th is  projeot .82 per lin e a l fo o t
Average oost over entire  s ta te  «39 per lin e a l foo t

Inoludes sheeting and a lso  excavation in  indurated sand paid fo r  a t rook exoavation p rice s.
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( a )  (b )  ( c )

Fig. 5 .  D a v i s  P e a t  S a m p l e r

Ca) Po s i t i o n  f o r  s o u n d i n g -  

5 am p \ er ‘ c l o s e d .

( b )  Po s i t i o n  f o r  s a m p l i n g .

Sam p ler  o p e n .

( c )  Sam p ler  co m p le t e l y  ex tend ed  

to show  t r i g g e r  a r r a n g e ­

m ent  w h i c h  h o l d s  i t  o p e n  

w h i l e  c o l l e c t i n g  sam p le.

Fig.6- I l lus tra ting  the method used 

in p re se rv in g  samples collected  

a t proposed bridge sites. Trays f i t  

in conventional correspondence files.
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» A i m . t r * M * o '  » f  i a p e r f e e t l y  d r a i n e d  v a r y  f  m a  »and e ve r  a l a y No Ro aar k a No Reaar k e U n e v* I l a b i * F a i r 15 t a  2 5 N . 0 500 N* No Ye* (5 - 7 ) Su i t e b l e  i f  p i e c e d  3 '  b o l e »  f l a t  e a r t h  g r ad e • A I I ÍL ÍY

•  AOO*> TON Po o r  | y 4 r a i n ed  e l a y No Sh a I l e a 2 . 0  t e  3 *0 Reaar k e No No Peer U e * v * l l a b i o ( a c e l l e n t 20  t e  JO No F i l l F i l l F i l l - Yee ( 4 )  In d ep en d en t  d i t c h  f o r  . u r f e o e  d r ai n ag e •  AOOCSTGH

•  RONSCN o '  l a  10'  t f  * * n d y  l a a a  * v a r  c l a y Yea Ooop C l e a n  1 I.o t o  1.5 San d  ( a c e I . Yea (a e e  l l e n t No No 10 t e  20 No 0 200 •  KOhSON

M U C t P * * r l y  d r a i n » d  f i n »  «an d  and a i l t  a v a r  c l a y No 0 . 5  t a  1 .0 2 . 0  t e  3 .0 Raaer k e No Na No Un e v * i l e b l e Good - F i l l F i l l F i l l - - (4 ) In d ep en d en t  d i t c h  f o r  a e r f e c a  d r ai n ag e •  »VC*

• RULi i . t  a t r e a a  b * t t * a  a e i l No Reaer k o Reaar k e F i l l No No No No Good " F i l l F i l l F i l l - - ■a u l ì

•  UCA !•  t a  2 '  o f  aan d y  l a a a  o v er  c l a y Yoo In d e f  i n i t e Co l ean  i l . $  t a  <.0 No Yee F a i r Po o r I Í  t o  25 NO 200 400 * • Ye . I l i c i

• URT Po o r l y  d r a i n a d  v a r y  f i n e  l an d  and a i l t  o v er  o ed r o o k No 1.0 t o  2.0 2 . 0  t o  2 . 5 Ro aer k a No No No No Po o r — - F i l l F i l l F i l l - -
(4 ) In d ep en d en t  d i t c h  f o r  eer  f e a e  d r e  In eg o »URT

CHaNNIK l a p e r f e e t l y  d r a i n ad  f I n a  aan d y. l a a a  a v a r  c l a y No 2 . 0  t o  3 . 0 1.0 t o  2.0 2.0 t o  2 . 5 F a i r No F e l r U n o v o i l a b i * 15 t o  2 5 No F i l l ril l F i l l
"

Yee • m «»*  ma

c mat h/mi « a l l  d r a i n a d  at o n y  1oaa Doop Co l ean  1 1 .5  t o  2.0 Good Ye* Good No No 5 t o  15 No 0 300 N* No No St o n e  p i c k  ep a a y  be r e q u i r e d CHATHAM

c l y w Po o r l y  d r a i n a d  e l a y No Sh a i l e > 2 . 5  t o  3 .0 Reaar k e No No Pe er Un av a i  l a b i * ( a c e l l e n t 20 t o  30 No F i l l F i l l F i l l
”

Yee (4 ) In d ep en d en t  d l t o h  f o r  o u r f e ee  d r a i n a g e

C O LM A H * l a p a r f a a t l y  d r a in ad  a l a y In d e f i n i t e C o l ean  1 1 .5  t o  2 . 0 No Y* * Po o r Ooed (a c e  1U f l t 20 t e  30 No 200 200 o o l d baUA

COLOHa f a l l  d r a i n a d  a an d ,  r a i l i n g Deep Co l ean  1 1 .0  t e  1 .5 ( a c e l l e n t Y * . (a e o l l e n t No No 5 t o  15 200 300 Ye* Ye* N . c o l  nu

l OLo OCO P e a r l y  d r a in e d  v e r y  f i n e  ean d  a v e r  e l e y No 0 . 5  t e  1 .0 2 . 0  t e  2 . 5 Re a . r k a
* •

. . F a i r No Good 15 t a  2 5 F i l l Fill F i l l • ' Yee (4 ) In d ep en d en t  d i t e t i  f o r  » e r f a ee  d r e  m eg a C 0 L * X *

CONOYiR l a p e r f e e t l y  d r a i n s  e l a y In d e f  In i t e Co l ean  1 1 .5  t o  2 . 0 No V* * "Po o r ( a o e l l e n t ( a c e  l l e n t 20 t o  30 N . 200 No NO Ye* CONOVfR

COY(NTRY ■ e l l  d r a i n e d  le ea  e v e r  a an d  an d  g r a v e l Yee Oeap Co l ean  1 1 .5  t o  2 . 0 Qood Ya* ( a c e l l e n t No No 5 t o  15 L i k e l y 200 200 L i k e l y Yee No C0 Y(VTRY

cuoar Pe er  l y  d r a i n e d  e l e y No S h a l l » 2 . 0  t o  3 - 0 Reaa r k e No N* Po o r U n * v * 1 l a b i * (a c o l  l e n t ' 20 t o  30 No F i l l F i l l F i l l Yee (4 ) i n d ep en d en t  d l t o h  f o r  o u r f e ee  d r e ln a g e CAO SS Y

Fa l l « O ' t o  4 *  e f  l e e a  a v e r  ig n eeu e b ad r eo k Reaar k e In d e f i n i t e Ro aar k a 1 .5 Good No Good F a i r 10 t o  20 No 0 0 No No Yee (1 - 3 ) Gr ad e  c o n t r o l l e d  b y  b ed r eo k  e f  i r r o g e l a r  p r e f t l e CRYSTAL FALLS

DC TOUR «•  t e  10*  e f  » W a y  l e e a  e v e r  l i a e a t e n e  b ed r eo k Raaer k a In d e f i n i t e Raaar k o 2.0 t e  2 . 5 F a i r Y a . Good N . F a i r 10 t e  20 >10 200 200 No Ho Yee (1 - 3 ) Br o d e  o o n t r e l l e d  b y b o d r eek KT O UR

DIANA 3 * t o ' 8* e f  p o o r l y  d r a i n e d  e t en y  l aaa o ver  ig n eo ee  r eel 0 . 5  t e  1 .0 J. o Re ~ r k o Na No No No Po o r - - F i l l Fill Fill - - (4 )  In d ep en d en t  d i t c h  f o r  e e r f a e e  d r a i n a g e DIANA

(ASTPORT San d y b aao h ee and lak e  b o r d ar a Reaar k e 4 . 0  t e  10.< Reaar k e 1 .5  t o  2.0 ( a o e l l e n t Yaa (a o o 1 l e n t No No 5 t e  15 Yoo 0 130 Yee Ye* No (1 - 3 ) (e t e b l i a h  t r ad e  3 ‘  ab avo  e a t e r  t a b l e (ASTPCRT

(CMO San d  eaoh  f r o a  a d j ae e n t  u p lan d a Reaar k e In d e f  i n i t e Co l ean  1 Reaar k e Good No U n a v a i l a b i a No No “ — F i l l F i l l F i l l - ~ (OHO

I W U T St o n y  aan d y laaa Yee Deep Co lu en  1 1 .5  t o  2 . 0 (x o o l l e n t Yea ( a c e l l e n t No No 5  t o  15 No 200 200 No No No Po e e i b l e  ao u r co  o f  g r * v * l □ «CRT

H T • e l l  d r a i n e d  le a ay  ean d , r a i l i n g  t a  h i l l y Yea » ... Ca l ean  1 1 .5  t o  2 . 0 (a e e l l e n t Yao ( a c o l l e n t No No 5 t o  15 L i k e l y 200 200 L i k e l y Yea Re OKI
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FIG. 7
M I C H I G A N  S T A T E  H I G H W A Y  D E P A R T M E N T

SUBGRADE DESIGN RECOMMENDATIONS

- - - i - - - - * 1 4 » B T ». . . . . . . . » ..... .0 M 12 IS ^  ,4 IS IB

ESi CXV ILL E 2 '  (o  3 '  *f p o o r ly  » r a in e d  u M  o ver  c l a y No 0. $  t o  1.0 2.0  t a  3.0 Ren ar k e No No Un avai  l a b i a u n a v a l l a b l e Po o r - ~ F i l l F i l l F i l l - (4 )  In d ep en d en t  » i t c h  f o r  t w r f t o e  d r ain ag e ESSEXr ILL E

E4EN » e t  i l n i t  k e t t o n  s a i l Na Ran ar  ka Rane r  he F i l i No No Ne No Good - F i l l F i l  1 F i l l - - (2 - 3 ) Sw e j ee t  t e  o v o r f l e « C»EN

f o x

FULTON

B a l l  Br a i n * »  g r a v e l l y  ean »y l e u  

Po o r l y  » r a i n a »  a i l t y  c l a y

Va«

Na

Daap 

Sh a I I  a .

Celw an  1

1 .5  t o  2 . 5

1.0 t e  1.5 

Rena r ke

Ex c e l  l e n t  

Ne No

Ex o o l l a n t  

Poo r

No

Resar h e Ex ce l  l e n t

5 t o  15 

20 t o  30

No 0

F i l l

0

F i l l F i l l

h . No Po t t i b i o  t o w r ce  o f  g r av e l FOX

FULTON

OaGETOM San d y o l e y  w p lan »e Va» In d e f i n i t a Colwn n  1 1.5 t o  2.0 No Tee Pa i  r Goo» Good 15 t o  25 No JOO 500 No No roe GaGETOBN

MUtU St r a t a  t a r r a a aa  n a l  ew k j e o t  t e  e v e r f l a « Na 4.0 t o  10.0 0.0 1 .5 F e i r Tee Goo» Po o r 15 t o  25 No 0 300 ho h . Yet GENESEE

GILFORD Pe a r l y  Br a  i n a» ean »y lean Na Sh a 11 o . 2 . 0  t o  3 .0 Ren erh e F a i r ho U n a v e i l a b i a No Ex co  1lo n t 15 t o  25 No F i l l F i l l F i l l - - - (4 ) In d ep en d en t  d i t c h  f o r  e w r f aae  d r ai n ag e GILFORD

o r a t l in g B a l l  » r am a»  ean » p i a i n a Va» Daep Colwn n  1 l . o  t o  1 .5 Ex o e l l e n t Vea Ex ea 11 an t No No 5 t o  15 Yea 0 0 Yee Tea No GRAYLING

GRIFFIN Bat  t t r t a a  b a t t a *  a a l l Na Ran a r k .
" — “

F i l i No No Na No Goo»
- -

F i l l F i l l F i l l
- (2 - 3 ) Sw b j eo t  t o  e v o r f Im Q RIFFIN

MART»1C* ■ a l l  » r a l n a »  ean» V«a Oaap Co lyan  1 1 .5  t o  2 . 0 Ex c e l l o n t Tea Ex c e l  1 an t No No 5 t o  15 Y«o 200 200 V.a rea No MART» 1C*

MlAJATMA ■ a l l  Br a i n « »  Io t a  y  ean» V«a Oaep Co l uno 1 1 .5  t o  2.0 Ex ce l  l e n t Veo Ex c e l  l e n t No No 5 t o  15 V«» 200 200 Vaa Yee No NIAMATHA

mil l  SO AU • a l l  Br a i n a »  ean d y  le aa »«a Oaap Colwn n  1 1 .5 F a i r Vee Goa« Poo r Fa i r 15 t o  25 Na 300 400 Na Ne Toe M ILL SO ALE

IOSCO 2 '  t e  4 'a f  ean » o v er  aan »y o l ay V«a I n d a f i n i t « Co lu n n  1 2.0 Po o r Ve» F a i r Good Poo r 15 t o  2 5 N . 300 400 Na No Yee IOSCO

IRON R 1 VCR 2 '  t a  3*  a l i i  lo an  o v er  « a l l  » r a i n « »  e t e n y  » r i f t Veo Daap Colwnn  1 2 . 0  t o  2 .5 Geo» Vaa « 00» Fa i r Fa i r 15 t o  25 N . 300 400 Na No Yet IRON RIVER

ISABELLA B a l l  » r a i n a »  ean d y o l ay Tee In d a f  m i l a Co lw n n  1 1 .5  t o  2.0 Poo r Tee Fa i r Goo» 2 0  t o  JO No 300 400 Na Ne Vo* ISABELLA

KALKASKA B a l l  Br a in a B 1 eaay  a an » p l a i n « Vaa Daap Co 1wnn 1 1.5  t o  2.0 Ex c e l l o n t Vee Ex o o l l o n t No No 5 t o  15 Yea 0 0 Yee Ne No KALKASKA

KABKABL1 » 

KENT

l a p e r f « o 11 y » r a i n a »  « l a y  

C la y  t ip i an »«

Na

Vaa

In d e f i n i t a  

In d e f i  n l t a

0.0 t o  2.0

Co 1wnn 1 1 .5  t o  2 .0

No

No Veo Po o r

Hone r  ha

Good

Ooo»

Goo»

2 0 t o  30 

20 to

N .
0

200

0

300

N . ho

No

Yoo

Yee

( 4 ) In d ep en d en t  d i t e h  f o r  t w r f a o e  d r a i n a ««
( 8)  Ex o a l Ie n t  -  a v a l l a b l «  o n l y  1 « o p o l l  banka

KABKABL IN 

KENT

KtRiTOM • at  e t r e a a  b a t t a «  a a l l Na Ran ar  he Ren ar k . F i l i No No No No Ooo» - - F i l l F i l l F i l l - - (2 - 3 ) Sw b j e o t  t e  o v o r f l e « HER S TON

LOMGRIE 1* t a  3 '  a v a r  l i n e a t e n e  kedroofc Ren ar  h a In d a f  i n i  1« Ren er h e 1.5  t o  2.0 F a i r No Gwod Na F a i r 15 t o  25 N . 0 0 No No Yea (1 - 3 ) Gr ad e l i n e  e « n t r e l l « d  b y b ed r o ck LOMCRIE

MACCMM

MAN CELOMA

Po o r l y  » r e i n « »  e t «n y  een »y  c la y  

B a l l  Br a in « »  g r a v e l l y  aan »y lean

Na

Vaa

Sh a i  l a «  

Oaap

l . o  t o  3 *0

Co lu n n  1

Ren ar h a

1.5  t o  2.0

No

Ex o e I I  on t r ee

F a i r  

Ex o a l l e n t

Ren ar  he 

Na

Good

No

2 0 t o  JO 

5 t o  15

N« F i l l

0

F i l l

0

F i l l

No

Yee

No

14 1 In d ep en d en t  d i t o h  f o r  ew r f ao « d r a i n a g e  
(6 ) Ex c e l l e n t  •  a v a i l a b l e  o n l y  In  t p o l 1 k anke 
Po e a i k l e  eew r o e o f  g r a v e l

MACOMB

MANCELOMA

M AUKE Po e r l y  » r a i n a »  nwchy ean »y lo aa Na 0.0 t a  1.0 i.o R«n * r h * No No U n av .  l i a b l e Na F a i r - F i l l F i l l F i l l - (4 ) In d ep en d en t  d i t c h  f o r  ew r f a««,d  r a  in ag e MAUMEE

MIAMI Vaa In d e f i n i t a Colwn n  1 1.5  t o  2.0 No Vee Fa i r C a ca i  l e n t Goo» 20 t o  30 No 300 4 00 No No Yet MIAMI

MONTCALM B a l l  » r a i n a»  ean d y lean Vaa Oaep Colwan  1 1 .5 Co od Voa Good No No 5 t o  15 No 200 200 No No No MONTCALM

MOTE St r e a a  t e r r a c a e »  5 ‘  t a  1 5 ' ak eve  a t r a e «  b a t t a « «Mari. 5.0 t .  15.0 R«n ar h e 1 .5  lo  2 . 0 Fa i r Vae Good ho Po o r 15 t o  25 No 0 300 No No Yet (1 * 3 ) Gr ad e l i n e  c o n t r o l l e d  k y  h ig h  e a t e r HOVC

MUM 1 S IMG San d y l a « «  o v ar  r ad  o eaen t e» »andy c l a y  ( t i l l ) Veo Oaep Colwn n  1 2.0 t o  2 .5 F a i r Vee Good Good F a i r 15 t o  25 Ne 400 500 No No Vet Gr ad in g  d i f f i c w l t ,  ce n p ao t io n  o l e « .  Ak rw p t  v a r i â t ian e 
in  p r o f i l e

( 4 )  In d ep en d en t  d i t e *  f o r  e w r f eo e  d r a ln a g e

M UNISING

MUMUSCON6 2'  t a  3 '  p o a r l y  » r a i n « »  aan »y l ean  av er  o la y No 0 . 5  t a  1 .0 3 .0 Ren ar h a Ne No Un avai  l ab i o Un aval  l a b i a F a i r — " F i l l F i l l F i l l ~ - - MUNUSCONS

NAP AMCC U n » w l e l i n g  o l a y  p l a i n a Voe In d a f  i n l t a Ce 1 wnn 1 1 . 5  t o  2.0 Na Vee Po o r Good Goo» 20  t o  JO No 200 No No Yee NAP ANCE

NCGAUNEE A '  or  « o r « o f  c l a y  a r a r  igneowa b ed ro ck Ren ar k e In d a f  m i t e R - a r h a 1 .5  t o  2 .5 Poo r Vee Fa i r Good Fe i r 20  t o  30 No 200 200 No No Yoo (1 * 3 ) Gr ad e l i n e  o « n t r o l l « d  k y  M n c k NEGAUNCE

BCSTCR Ve» In d a f  i n l t a Co lw n n  l 1 .5  t o  2.0 No Vee F a i r Ex ce l i e n t Good 20 t o  30 No 300 300 No No Yoo NESTER

MEBTOM Po o r l y  d r a in e d  a and Me 0.0 t »  i . ; 2.0 t o  3.0 Ren er h . Ex c e l  le n t No U n a v a i l a b i a Na Po o r " F i l l F i l l F i l l ~ ~ ( 4 )  In d ép en d an t  d i t o h  f a r  ewr f a « « d r a l n a g « NE»TON

OOEMAN 2 '  t e  3 '  Of  In p a r f e c t l y  d r a i n e d  eand av ar  o la y No 2.0  t e  ?.■ 0 . 5  U  1 .0 2.0 No No ¿en » Goad U n a v . l l a b l e No 5 t o  15 - F i l l F i l l F i l l No Yet OCEMAd

ON AMA Y R e l l l « |  t a  h i l l y  ean d y o l o y  (a t o n y ) Vaa Oaep Co lw an  1 2.0  t o  2 . 5 F a i r Vee Goad Goo» Fa i r 15 t o  25 Ne 200 300 No No Yea ON ABA Y

omot a (smal l o » ; 0. 0'  U  2. 0* a f  lo an  a v a r  »an d alo n a b ed r o ck Rana r  he In d a f i n i t « Ren ar h a 1 .5 F a i r ho No No 15 t o  25 No 0 0 No ho Yet ( 1 - 3 ) O r a»e l i n o  c o n t r o l l « d  k y  k ed r ««k OMOTA (SM ALLO* )

ONOTA (D EEP) 2 .0 *  t e  o .O *  a f  l e e a  a v a r  ean d at an e k ad r o ck Reaark a In d e f i n i t a Ran arh e 2.0  t o  2 .5 Goo» V. » Good -No Po o r 15 t o  25 No 100 300 No No Veo (1 * 3 ) Gr ad e l i n e  c o n t r o l l e d  k y  k ed ro o h ONOTA (OCEP)

OMTOMAGOM C l a y  p l a i n « !  « a y  b a d a ap l y  t r o n ch ad Ran ar k » In d a f i n i t a Ran ar  he Ren ar h a No Voe Pe er C°od Good 20  t e 30 No 300 300 No No Vo . (1 ,3 - 4 ) One f o o t  f i l l  In  f l a t  a r aa a  -  Ba r .  a « « t i » n  W ONTONAGON

OTT ABA 5 '  t a  8 '  a f  a « l l  d r ai n e d  a an d  o ver  c l « y V a. 4 . 0  t a  7 * 0 Calw an  1 1 .5  t o  2.0 Send  Ex o o l . Voe Sand Ex o a l . Honor  he No 5 t o  15 L i h e l y 0 4 00 L i h e l y Yea No OTTABA

OSMTQIO M al i  d r a i n a d  l «a «y  eand  p l a i n a V«a Da e . Colwn n  1 l . o  t o  1 .5 Ex co  1l o n t Tot Ex ea 1 l e n t No No 5 t o  15 Yee 0 0 Voa No No OSHTEMO
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