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2015-16 CASS COUNTY MAPPING AREA

* Geological mapping/research dead zone (508 Sqg mi.- 1,316 Km?)
 all surrounding counties have recently had the surficial geology mapped
* Need to produce more 3D mapping products

e Agricultural demands
* St Joseph, Cass, Berrien Counties
* High capacity wells >70gpm, potential impact to cold water streams.
e Support compliance with Great Lakes Water Compact (Streams and Groundwater)

* Scientific demands
* Seeking incremental solutions to complex glacial history

* Aggregate Resources
* Michigan Infrastructure



MI WWAT Applications vs detailed GEOLOGIC Map Products

Approximately 60% of the LP groundwater comes from glacial material
Mi WWAT Applications >70 GPM through 2014 for comparison
(Water Withdrawal Assessment Tool- a non-factual model)
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This is the real summary of mapping of
the detailed combined surface and
subsurface by MGS, USGS or others for
Lower Peninsula.

Less than 10 % Detailed MGS

.. mapping.

nnnnn

~ * Quads (~56 sq Mmi)

* Black Surface only with
validation of borings

* Red - surface + some subsurface
drilling / geology 3D

 Vandalia and Jones



Mapping Methods used by all Surveys
Field Methods:

* Hand augered borings
* Road cuts, natural exposures, gravel pits, foundations
* Drilling/Coring & sampling other drilling

* Gamma-ray logging existing wells & new borings
e Grain-sized analysis

* HVSR - Passive Seismic for bedrock depths

* OSL sampling/age dating __

Desktop Survey:
 LiDAR Elevation data
* Soil Survey Data

* Aerial photos —=
* Review existing water well logs & Oil & Gas logs
* Cross-sections every mile and 3D visualization



Surficial geology of a complex interlobate area,
Cass County, Michigan

Ice Stream (lobe) behavior

e Asynchronous

* Many advances and retreats during deglaciation
* Overlapping boundaries

Cass County — new mapping project area!

Geological mapping/research dead zone
e all surrounding counties have had the surficial geology
mapped recently

e Ground zero for high capacity water withdrawal from
irrigation wells

e Large number of high capacity irrigation wells —but still have
cold water fisheries (trout) in headwater of some streams

* Highest topography in SW Michigan.

e Complexinterlobate area

- ( * Thickest drift in SW Michigan.
N s N

RN B2 o 6

,/"(0‘“\-—‘.-' o

0 200 km
—1




ing areas

» SR Y T
.éﬁ.:: } MW,W-N

Q.
Q.
©
£
o
@)
c
.m

ion Model (DEM) Locat

Borehole Lecations

ital Elevat

oW

D

Elevation (feet-amsl)

NOCS AT




Vandalia
Map
product

S BT 8 T ST,
=USGS CECHMI A oRE e
— US Topo v

Description of Map Units

= Poat o sk icksbed ooy dramed Srgreviam of S g itean by bedted s
B gaves i wnd iy 8 Scron

A, Ao Sorg LI Dowagie: Crmen st Cheiians Croes conssng of bedted
G s e gt 15 beated Wit ared iy Age of e rtace sedement oo Mayte
P

Pacssecens

] on  Pocmes crgm oy wiwte s G T e ey b o 1P wbeer
o 6 oot St o 5 presae & B o Beuhiors ! 8 o o
aprae | te

Surficial Geology of the Vandalia 7.5 Minute Quadrangle,

Cass Coul

nty, Michigan

Machugnn Gockogal Survey - Westerm Mchupen Universty
Surscu Geokog: Map Seres SGM. 16,00 Fsbruary 2017

Jone M Esch John A Yelich, Aln | Kehow and Sta K

ety e

ety Surmcton
A et Vel trwn 0 L Leciind sands 45 W 15 Chay (RO GOR)
et B Gumacion The Gmeion sy () G I JRACES whave A nd g vt of CBr
teriats are present 2 T srtace U, SCOM 3 L Srtice

o-wated ke Pl FLt Kpped M W a 0T of K6 Mg Magn Sopests. Ourg
-

B o= e s - g
ety e s 1 grpe o k3t Y

e ot
[ e oot 2 o e S oo e 28 5 2 56 oy Pt D vt
o e L g Lo
-‘, BA0ar Lnear % SPwtun MIgNG COMpONNd of Sand and rawet Deponted 1 bt o bane of
s prdon o eseehrls
- Fame Betd | rve 4 U derian Dy DA STl Ll aed Javet Moy st Contae
- Bamcion I W ane (U
T
ORC Cwen Lowtar

B o (o O s g ot ot Gnpovtes g
P v €r g pnen or Sr of Nt vabey
Outwaen 1hedted Lot st gravet andBerenfiand Wchs Mefhes and ok Sedhaws
gl M e gAcrAsUTe et My Contn sl s of Sumcion Tramon ¥
o g s,

Outwasn. o e
g2 Do e Bk sy COMam e of Oy o G, ik % unsasly Sandy and .
gt £ e S o L e Mt | otw

o Opbcaly Simted Lumnesconce  seer Crons, Secton Lim =0 Rnboad
(OSL) Dating Sameéo Locaton P eSS
- Tunewd Chanest

® Hand Augured Borngy Roed Cuts ] Secton S e
® MGS Boreg Stonts

<x koo Margn
© Adoenel W el ot P
o Weope Water Weos e 2

oo

[ towrmte Range = Sivamined Foshsus o4 Grovel PR3
17\ Witorsthod Foundanes | abo Battyyemetry G Theusts.

S - — ——
S e e et e = 2 5
e e g e = — o]
s S # AR S S o et S 1
e e TS S LV T S S S0
e T e e e § g Yo 2 5 S e ¢ 8 W S 0 8 S T 9D St o s o ot e S0 S i g e
e —
— - —
T~
o S v o s v b et s ) £ e ¢ IR
—— S
LSS ~a e ——
b -
0 o o b 58 0 00 U0 1 8 et S
— o G
e e oo = e v

B g gy

prsarbepdaid ettt inetsiioopsap it gtestapl st

e e s

A S e ey e

opngagtey Comgried by Uit States Ceckgea Srvey (LGS) Caotgy tsesd on ekt work by Al Ketew an ot 500 sumemer
0% - Jow (3en Survey ety

A ) s eI 15 MG Cecfiet . NGO Ay ican Damam of Y93 (NAD )
¥ g R B S ok G on of e ) s vl Dy Lt e (MR Sy N Conguesties Gk
Mg Fropram Gt {anes Codge MIGEG COMMR (G4 M) Conperatve AGRemert Ssad numter G VACOOYN

The v, ) oA ot ) Bun Socumed e Do of T AATor ane SRS (E [ ETIRA o4 e Ry RGN
e oMl e, ot expreRsed of mpted of e U 8 ¢

The MMt Gt st Survey s D State of Wchupon mute o Qumiiee. Seremed o mgied mOEong Pe (omecress o P
o e D of e

The grese - Tty vy W et 1 SCURCY Of QOGN KCHton,
P g el Qe of Gifa avkse & 0 P s Mg or oo
e N e e ]

Rocommantes ctstin
BACh I Yehon ) A Ketwm A £ and Karki §_ 3017 Suricus Gestogy of the Vandans 1 § Minte Guadrange, Cans County
Sl Gesoge Map Seres SOM-16-00 scam | 24000

AT CARANP Sy SGGrecies ot ey of RUwTe Pidveas K T G R
M St Thoman Moswer Sames Moty Jon Lewss. Mte ACusin. on Vanschec. fogn Bowser Jor Thess. Seve Lucan. Traws
Comest Aswom Bhaches st Soxrant

ol

Lt

fl

i

e e e e

s s o s - P Sy Lo
s et o g




ZUSGS U5 rmuaror e rvrowon f— JONES QUADRANGLE Descriptions of Map Units Surficial Geology of the Jones 7.5 Minute Quadrangle,
Lt € USTopo e Cass and St. Joseph COuntles Michigan
e " i e ~ o e Holocene. Michigan Geological Survey - Western Michigan University
Pt i e ok i acoapai: v - Surhcal Gaologe Map Soncs SGNE17.01, Fobruary 2017
| 3 gravel, s#t and ciay. or diamicion. Alan E_Kehew, John M. Esch and Sita Karki
e oscusson
e e s Mo o 0T
W o e e camicion s pere st o the =
' Olhor Malerals Lo s e e e o ' g 13, e e bt e 2 s b i L T a4
S e sy s Ny s iy st St e Bt oo el
vl e et e W e o S g A 10 o o o
Qdu 9 and gravel o are present at the The most promennt
J Surtace. Boulders occur a land surface vl i T Juh ot ks
ones ma e e = &
‘Qsg2 blocks May contain areas of Qas of Qdim, which |s usually sandy and non-compact Either Saginaw o -
Lake Mchigan Lobe. = T oo s =
Fan.
BB gt e e o = S~ A e e et A ok s i
proauc Wo S . = = b
ce walled channel dling deglacsaton.
B ow  degacaton, by 0y s et ot EO13)
‘may consist of sand and gravel of bedded silt and clay.
@ Wireline Log Locations ~ ~~ Contour ~- Tunnel Channel P p— pon o anatoe hand augred sorvgs.
o ey e ST s g s
s Wellogic Water Wells & Lakes -+ Railroad e e oo, S B e e
e e e i s by v, e St b MOSs et B e st e e e e b g B ks ks S
—— Stroams — County Boundary o e et s ot et o it P P G s o8 St 4 R i e WG Sy o o o et
D i g — Cross-section line Pipelines SECt
shipBan - o I
] soctions Hohways C3 Lakes Batiymoby uses o sumPcIAL GEOLOGYMAPS
~ Streets
Wireline Core Log pospel e g T gt e -
— . T
o
. g et e e e ) —
e
= aL0oRARY A0 REFERENCES ITED
b Clnyton L 4 . I Michebeon O M and Akg J W ade | Glacial Processes Past and Presers, Geclogas
i " Amren SpectPagr 5. 0047
Far s 12000
i 3. T
. F R L g S T P g noa
=y B e AL SR
S ey
Nahes A € 2o et AL 037 T Chaat o e g Lo, Mg, USA. . a5
a Pt Spoou et o T
Mo RE o o AL e o S ot vsA nat
b ‘, AL B ™ m.l—mlz‘l.}f
= o e e

(USGS). Geology John Esch, summer 2016. Map compéation and digtal

cartograpty by John Esch, Vies

Datum of
Fundig for the ologic Mapping Program, Grea Lakes Geologic
The views. either expressed of
implied, of the U.S. Government.

and the . expressed or implied.

Y The geologic
vary wihrespect fo accuracy 3 ¢ he data sources.
Maps or
Recommended ctation:
Kehew, A. E., Esch, J.M. and Karki, ., 2017, Geology 7. ngle, Cass and St. Joseph Counties, Michigan, Surficial Geologic

Map Series SGM-17-01, scale 1:24000.
Mchigan Geological Survey appreciates the help of following Individuals for the data collecton
Me_ James Wiseman, Swiss Valley Ski Area

Mr. Scoft Wyman, Dr. TK. Lawless Park

RN N NN N GG R 9




TECHNICAL REPORT

Surficial Geology of the Vandalia and Jones 7.5 Minute Quadrangles, Cass County, Michigan;

Award No. G 15AC00336

Michigan Geological Survey, Western Michigan University
PI: Alan E. Kehew, MGS. Co-PI: John A. Yellich
Contract Mapper: John M. Esch, MDEQ
Cartography/GIS: John Esch & Sita Karki

http://mgs.geology.wmich.edu/mgsmaps/coalition2017.zip

February 2017
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Scientific milestones in this first detailed Cass County assessment

* Jones Quad is westward extension of the northeast - Sturgis Moraine.

* Deeper glacial/drift aquifers >200 feet than published data.
* Lower 1/2 -2/3 of the drift package has potential aquifers that have not been tapped.

* Likely Sangamon Geosol encountered in the two deep borings (lllinoian age).
* Highly irregular bedrock surface, valleys and ridges.

e OSL sampling of the Lake Michigan Lobe - Outer Kalamazoo ice margin in consistent
with age dates of the Saginaw Lobe Outer Kalamazoo ice margin — this has
implications for source of the Kankakee Torrent.

* First evidence of Saginaw Lobe fans burying Lake Michigan Lobe tunnel valleys.

* First evidence of Saginaw Lobe tunnel valleys crossing Lake Michigan Lobe tunnel
valleys. These two glacial systems were active at the same time.

* |ce-walled lake plains common on uplands — 15t time seen in area.

* Potentially regional till unit across large areas of NW Cass county.

11



Hydrostratigraphy: 2 deep coreholes drilled by lllinois State Geological
Survey (ISGS) wireline coring rig, an inter Survey collaboration.

Quad Elevation

Feet-amsl.

? Kilorratars.




CAS-16-01

%Cravel. Sand,

Depth Discriptive Log Gamma Ray Log Silt and Clay
{ft) im) CPM Percent
80 0 100
h 0

E a5 st w5 s Topsoil
C .20 5 Sahe s i \
g S S \ Diamicton, sandy
E “10 il R
—-40 525 EEEe s e s Sand, zilty, yallow brown, poor recovery
L A5 B8 e B F 5
F--60 e MR AT
£ -20 AP T g
-3, F.os5 (S $
am -0 ey E |
L - B : g 4
Fam f [0 g
c -40 Lminated silty clay and clayey silt {color :
r -45 —— : |
160 50 : i s = Sand, gravelly sand, finning with depth i :
C 180 E-55 d 1
B Laminated silt and clay, gray
C 200 £ -60 =
L Diamicton, gray
F -65
[ -220 :
E T E o 3 {
E 240 ;
r -75 nd, reddish-yellowish bm; :
:_ 60 E gp does not fizz
i = 3
.280 -85 | Sand, silty sand, sandy silt, silty clay, g T (]
o i = == interbadded, laminated gray ?‘
Lo OO [T m s = ; |
g‘ -320 <3 S e e / Diamicton, light gray _,_2’
C S -100 Laminated silt and clay, aray ‘é} L
F -105 Diamlcton, gray 12‘.
E— ey Ha / I aninated clay sty clay, gray --_L'"_ -
r a1
[ -380 Gravel -;?'
:— -400 Diamecton, gray, sandy, hard .
__ 420 -sand-gravel, coarsining with
F anics
- 440 [
L Coldwater Shale {badrack)

Topscil % Med-Coarse Gravel

Total Depth = 139.21m (456.75ft) I sand . Vol s
oL al| Gravel :Io Coarse Sand
Gamma Ray Depth = 138.69 m (455.04ft) | =" Silty Sanc % oa e
samicloiy % ‘.I':e Finr:a Sand
Silty clay % Smry
Bedrock H % Clay
No recovery

CAS-16-01

Lacustrine sand and silt sequence underlain by diamicton

Highly weathered, leached zone: possible Sangamon Geosol

AMS date on plant fragments: >47,200 yrs
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Regional Bedrock Topography SW MICHIGAN
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Some of these bedrock valleys in SW
Michigan are 300 feet deep

X=feet; y=feet

No historic evidence of Bedrock valleys
in mapping area
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Horizontal Vertical Spectral Ratio (HVSR)
Cass County Michigan/quads — Proven example of HVSR

* Unknown unconsolidated drift thickness in contact with bedrock topography.
* Hints of deep bedrock valleys from surrounding counties.

e Starting a new mapping project, high volume aquifer withdrawals.

 Very little control little with 42 bedrock data points over 2 quads (~100 sg mi).

* Complex interlobate/glacial area in east-central part of county-not much is
known.
* Drift thickness is estimated at 300-450 feet.
* With minimal water wells, must use other control to tag bedrock.
* Expensive and time consuming to tag bedrock with drilling.
* Expensive and time consuming to run geophysical surveys.
* How do you target drilling to intercept greatest stratigraphic section?

* Highest Return on Investment (ROI).



Only 42 Bedrock Control Points Over 2 Quads

DEM - Cass County Mi, Vandalia & Jones Quads
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Generalized bedrock projection using ~42 data points.
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HVSR - Passive Seismic Method

for bedrock depth estimation

—r |

-

2013/10/14°

P ) * Small
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3 * AA batteries
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* 3 Component
- Geophone NS, WE, V
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MGS Drill hole
confirmation of

thickness
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Vandalia Cross Section &
Interpretation with HVSR data to top of bedrock, Coldwater Shale
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Single water level, major water storage area possibly verified

Derivative mapping product:

NOTE Water well depth versus depth of bedrock, an additional

100 to 250 feet. 19




Jones Cross Section

Geologic Cross-Section
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Much more detail on the bedrock surface;
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LiDAR has high utility in mapping today

LiDAR expedites the
assessment of
surficial features.
Do | go look?

Or does this confirm
extensions to
known features
when topo and
photos have
minimal indication.

ST. JOSEPH

Focus field efforts!
Higher Return on
Investment (ROI)
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Complex scenarios:
New Mapping Area, Cass County-Literature & Common Knowledge.
Lake Michigan Lobe Outer Kalamazoo Moraine in this part of the Vandalia quad
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LiDAR Shows: Saginaw Lobe Oriented Esker Up On Top of Lake Michigan Lobe Moraine!
At least locally this is a very different picture than most of SW Michigan, a reversal?

3.

Copliont:c201aINational (GeonapnIciSoeietAicubed

Cass County 0 900 1,800 3,600 Feet ) )
4 miles northwest of Vandalia AT T N TR RN TR R Vandalia 7.5 Minute Topo Quad




Thrusting - Lake Michigan Lobe Re-advance —
Kalamazoo Outer “2B” Ice Margin
(a) Active example versus Cass County,s ../ 7 ¥~
Nothing indicated on the tope. | "7 e S o
These features are not seen 7 : |
on the topographic map.

S

EERREN

444444
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1150 feet amsl. at

ower Peninsula
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Cass County, Crane Pond State Game Area. 0 1,000 2,000 4,000 Feet , 25
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LiDAR - Highest Point in SW Lower Peninsula Cass Co.
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10 ;;i ; v

Top of Swiss
Valley Ski Hill, the
highest point in
SW Michigan at
1169 feet

\\
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M 40

Bald Hill

22 23

Cass County, Crane Pond State Game Area. 0 1,000 2,000 4,000 Feet ) 26
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Zoom into the gravel pit

Cass County, Crane Pond State Game Area. 600 Feet )
Jones 7.5 Minute Topo Quad



Zoom in a little further

Cass County, Crane Pond State Game Area. 220 Feet )
ss County, TO6S13W Jones 7.5 Minute Topo Quad




Summary of Michigan GLGMC — NCGMP mapping products
Cass County Michigan/quads

Michigan mapping data is based on: Leverett and Taylor 1915, Helen Martin 1955 and Ferrand and Bell 1982-
GEOLOGICAL DEAD ZONE

* Standard methods for data compilation, desktop, field check.
* Develop data in ArcGIS and present interpretations and final 3D products -GLGMC Collaborative.

1.
2.

3.

~

Glacial history developed and locally defined.

Hydrostratigraphic assessment in little known complex geologic setting.

1. Stratigraphy and water levels indicate this is a single hydrogeologic zone.

HVSR data compilation, 186 field readings, 21 calibration points.

a. Drift thickness greater than expected,

b. Target drill holes in areas having greatest glacial thickness for stratigraphic interpretation.

LiDAR identifies features, field check to confirm not shown on topographic base maps.
a. Complex interlobate area in east-central part of county-not much is known until LiDAR.

Drift thickness is 100-250 feet greater than published reports and water well data.

a. Depths at 300-450 feet, as noted by HVSR Tromino bedrock contours.

New presentation of glacial lobes and features, Michigan, Saginaw and Sturgis (Michigan, lllinois, Indiana).
a. Possible lllinoian paleosol, Sangamon Geosol >100,000 yrs defined in drilling/coring data.
Identifies and confirms aggregate resource areas.

Geologic mapping documents, water & aggregates resources and detailed stratigraphy, combined highest
Returns On Investment (ROI).  http://wmich.edu/geologysurvey
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Multiple
picture
animation of
current
interpreted
glacial history
for Cass County,
SW Michigan.

Late Glacial
Maximum
(LGM),
Wisconsin age

All 3 Lobes to LGM South of Michigan

SAGINAW LOBE

\ KALAVAZOO CAL-OLN

LAKE MICHIGAN LOBE

CASS ST 058P~ BRANCH HUSDAE

3

HURON-ERIE LOBE

s
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