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U nive rsity.
All m ap  d ata re p roje cte d  to M ic higan Ge oRe f.
North Am e rican Datum  of 1983 (NAD 83)
Proje ction: Ob liq ue  M e rcator in m e te rs
The  vie ws and  c onc lusions containe d  in this d ocum e nt are  those  of the  authors and
should  not b e  inte rp re te d  as ne c e ssarily re p re se nting the  offic ial p olic ie s, e ithe r
e xp re sse d  or im p lie d , of the  U .S. Gove rnm e nt.
The  M ic higan Ge ological Surve y m ake s no guarante e , e xp re sse d  or im p lie d ;
re gard ing the  c orre ctne ss of the  inte rp re tations p re se nte d  in this d ocum e nt and
ac c e p t no liab ility for the  c onse q ue nc e s of d e c isions m ad e  b y othe rs on the  b asis of
the  inform ation p re se nte d  he re . The  ge ologic inte rp re tations are  b ase d  on d ata that
m ay vary with re sp e ct to ac curacy of ge ograp hic location, the  typ e  and  q uantity of
d ata availab le  at e ach location and  the  scie ntific and  te c hnical q ualifications of the
d ata sourc e s. M ap s in this d ocum e nt are  not m e ant to b e  e nlarge d .

Elevation (Feet-amsl.)
982
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Orange ville  7.5 M inute s Quad rangle
Re gional 7.5 M inute s Quad rangle s

DISCUSSION
The  Orange ville  Quad rangle , whic h was m ap p e d  as p art of the  large r Barry County p roje ct are a, is und e rlain b y unc onsolid ate d  d e p osits of glac ial and  p ost-glac ial origin from  the  Lake
M ic higan Lob e  (Le ve re tt and  Taylor 1915) of the  Laure ntid e  Ic e  She e t.  The  se d im e nts inc lud e  d iam icton (till), sand  and  grave l and  inte rb e d d e d  silt and  c lay. Till is a characte ristic typ e  of glac ial
d e p osit that is unsorte d  and  has a range  of grain size s from  c lay to b ould e rs. The  glac ial d e p osits are  late  Wisc onsinan (~30,000 to 10,000 yr b e fore  p re se nt) in age  though som e  d e e p ly b urie d
d e p osits m ay b e  m id d le  Wisc onsinan or old e r (Winte rs and  Rie c k 1982).  The  thic kne ss of glac ial d e p osits typ ically range s b e twe e n 0-400 ft (0-120 m ).
The  m ost p rom ine nt glac ial land form s in the  Orange ville  Quad rangle  are  up land s assoc iate d  with the  V alp araiso M oraine , a b road , north-south tre nd ing lowland  that e xp e rie nc e d  glac ial
m e ltwate r flow and  ic e -m arginal lake  c ond itions, and  a b road  up land  m ap p e d  as the  Kalam azoo M oraine  of the  Lake  M ic higan Lob e  (Le ve re tt and  Taylor, 1915). Although the  Kalam azoo
M oraine  is trad itionally attrib ute d  to the  Lake  M ic higan Lob e , the  top ograp hy in this q uad rangle  and  the  Clove rd ale  Quad rangle  to the  e ast, also re se m b le  the  top ograp hy of the  Saginaw Lob e
in this re gion. It is p ossib le  that this up land  is in fact a com p osite  or inte rlob ate  fe ature  form e d  b y the  ad vanc e  of one  lob e  ove r the  d e p osits of anothe r lob e .
With the  e xc e p tion of the  Kalam azoo M oraine  in the  e aste rn p art of the  q uad rangle , m ost of the  othe r d e p osits are  c om p ose d  of sand  and  grave l e ithe r at the  surfac e  or at d e p th. In the  we ste rn
p art of the  q uad , the  up land s are  m ostly outwash d e p osits assoc iate d  with the  V alp araiso M oraine , whic h c ontinue s we st of the  q uad . Som e  of the se  d e p osits oc cur in fans whic h c ontain sand
and  grave l at the  surfac e  or b e ne ath a thin c ove r of d iam icton (till).  The  b road  “Gun Plain” lowland  in the  c e nte r of the  q uad rangle  has a com p le x glac ial history. At som e  p oint large  q uantitie s
of m e ltwate r flowe d  b e twe e n the  ic e  m argin to the  we st and  the  Kalam azoo M oraine  to the  e ast. The se  flows d owncut the  lowland  to its p re se nt e le vation. The  c oarse r sand  and  grave l d e p osits
in the  lowland  are  ove rlain b y b e d d e d  silt and  c lay in othe r p lac e , ind icating that wate r was p ond e d  in a shallow p roglac ial lake  following m e ltwate r d rainage .
The  up land  m ap p e d  as the  Kalam azoo M oraine  is c haracte rize d  b y high-re lie f, hum m oc ky top ograp hy that ind icate s d e p osition on stagnant glac ial ic e  c ove re d  b y thic k d e b ris that ac cum ulate d
on top  of the  ic e . The  d iam icton that is p re se nt at the  surfac e  is typ ically ve ry sand y and  m ay b e  und e rlain b y sand  and  grave l. Not m uc h is known ab out the  d e e p e r stratigrap hy of the  glac ial
d e p osits within the  m oraine  in this location.
The  e xact age s of the  glac ial d e p osits have  not b e e n d e te rm ine d  in the  stud y are a b ut are  c orre late d  to d ate d  fe ature s e lse whe re . The  Kalam azoo M oraine  was p rob ab ly form e d  ab out 15,000
14C  ye ars ago. Stud ie s of tunne l valle ys ob se rve d  in the  Saginaw lob e  (Ke he w e t al. 1999, 2005) to the  e ast in Barry County ind icate  that the  Saginaw and  Lake  M ic higan Lob e s we re  not
sync hronous in the  tim ing of the ir ad vanc e s and  re tre ats. The  orie ntation of tunne l valle ys is ge ne rally p e rp e nd icular to the  ic e  m argin (Clayton e t al. 1999).  Ke he w e t al. (1999, 2005) found
m orainal d e p osits and  outwash fans within the  Lake  M ic higan Lob e  p ortion of the  Kalam azoo M oraine  that we re  d e p osite d  across northe ast-southwe st tre nd ing Saginaw Lob e  tunne l valle ys.
This re lationship  ind icate s that the  Saginaw Lob e  tunne l valle ys form e d  first and  we re  fille d  with ic e  and  d e b ris d uring re tre at of the  lob e . The  Lake  M ic higan Lob e  the n ad vanc e d  ove r the se
b urie d  tunne l valle ys and  d e p osite d  till and  outwash. The  m od e rn valle ys form e d  b y c ollap se  as the  b urie d  ic e  grad ually m e lte d  out, whic h c ould  have  take n hund re d s or e ve n thousand s of
ye ars. This c ollap se  p roc e ss p rod uc e d  e xtre m e ly und ulating tunne l valle y floors, whic h is why the y ofte n c ontain c hains of lake s rathe r than stre am s.  Furthe r inform ation ab out the  Saginaw
Lob e  tunne l valle ys is availab le  in Ke he w and  Kozlowski (2007) and  Ke he w e t al. (2012a, b ).
MAP PREPRARATION PROCEDUERES
Surfic ial ge ologic m ap s are  p rod uc e d  b y fie ld  inve stigation of surfic ial m ate rials ob se rve d  in natural e xp osure s, road  and  stre am  cuts, b uild ing and  c onstruction e xcavations, shallow hand -
auge re d  b orings, and  sm all p its d ug b y the  inve stigators. De p th of inve stigation is ge ne rally around  5 fe e t e xc e p t in are as of gre ate r e xp osure  like  d e e p  cuts and  grave l p its. In ad d ition ae rial
p hotograp hs, top ograp hic m ap s, d igital e le vation m od e ls (DEM s), county soil surve ys, e xisting ge ologic m ap s, re p orts, and  the  ge ologic lite rature  for the  are a are  re vie we d . Sub surfac e
inform ation c onc e rning the  thic kne ss, e xte nt, and  stratigrap hic p osition of surfic ial ge ologic units was ob taine d  to the  e xte nt p ossib le  b y re vie wing d igital we ll log d ata from  the  M DEQ Wate r
Bure au We llogic and  historical scanne d  wate r-we ll log d atab ase s. Ge ologic cross-se ctions are  cre ate d  from  the  d igital wate r we ll d ata and  a re p re se ntative  cross-se ction is shown on the  m ap .
For m ap p ing p roje cts in are as of thic k glac ial d rift, logs from  oil and  gas te st we ll are  re vie we d .
USES OF SURFICIAL GEOLOGY MAPS
A surfic ial ge ology m ap  shows the  ge ological m ate rials such as d iam icton or till (c om m only calle d  hard p an), sand  and  grave l, or clay found  within 5 fe e t of the  ground  surfac e . In m any case s
the se  surfac e  units e xte nd  to m uc h gre ate r d e p ths. M ost of the  surfic ial m ate rials are  d e p osits form e d  b y glac ial and  d e glac ial p roc e sse s d uring the  last stage  of c ontine ntal glac iation, whic h
b e gan ab out 30,000 ye ars ago. The  re m aind e r of the  surfic ial d e p osits inc lud e  the  p rod ucts of p ostglac ial ge ologic p roc e sse s, such as rive r flood p lains, swam p s or we tland s (Qp ), or are
attrib ute d  to hum an activity, such as fill or othe r land -m od ifying fe ature s.
The  m ap  shows the  are al d istrib ution of the  d iffe re nt typ e s of glac ial d e p osits and  land form s as d e scrib e d  in the  m ap  e xp lanation. Fe ature s such as d rum lins and  m oraine s can b e  use d  to
re c onstruct the  m ove m e nt and  p osition of the  glac ie r and  its m argin, e sp e c ially as the  ic e  she e t m e lte d . Othe r anc ie nt fe ature s inc lud e  shore line s and  d e p osits of glac ial lake s, now long gone
from  the  state . This glac ial ge ologic history of the  q uad rangle  is use ful to the  large r und e rstand ing of p ast e arth c lim ate s, and  how our re gion of the  world  und e rwe nt re c e nt ge ologically
significant c lim atic and  e nvironm e ntal c hange s. We  m ay the n b e  ab le  to use  this knowle d ge  in antic ip ation of future  sim ilar change s for long-te rm  p lanning e fforts, such as land  use  p lanning or
waste  d isp osal.
Surfic ial ge ology m ap s can assist anyone  wanting to know what lie s b e ne ath the  land  surfac e . For e xam p le , the se  m ap s m ay aid  in the  se arc h for wate r sup p lie s, or e c onom ically im p ortant
d e p osits such as sand  and  grave l for aggre gate  or c lay for b ric ks or clay tile .  The  m ap s, along with wate r-we ll logs can p rovid e  and  ind ication as to whe the r an aq uife r at d e p th is c onne cte d  to
a surfac e  stre am . This inform ation is critically im p ortant in asse ssing whe the r or not a wate r we ll ne ar a stre am  c ould  cause  an e xc e ssive  d e p le tion of surfac e  wate r. Found ation c ond itions
d e te rm ine d  b y the  surficial ge ological m ate rials are  critical inp uts to any typ e  of d e ve lop m e nt. Environm e ntal issue s such as the  location of a suitab le  land fill site  or the  p ossib le  sp re ad  of
c ontam inants are  d ire ctly re late d  to surfic ial ge ology. Construction p roje cts such as locating ne w road s, e xcavating found ations, or siting ne w hom e s m ay b e  b e tte r p lanne d  with a good
knowle d ge  of the  surfic ial ge ology of the  site . Onc e  a surfic ial ge ologic m ap  is c onstructe d , it can b e  use d  for a varie ty of d e rivative  m ap s, such as aq uife r thic kne ss and  e xte nt, range  of
transm issivity value s, se nsitivity to surfac e  and  ne ar surfac e  d e rive d  contam inants and  re se rve s of sand  and  grave l.

For m ore  inform ation c ontact:
M ic higan Ge ological Surve y
De p artm e nt of Ge osc ie nc e s
We ste rn M ic higan U nive rsity
1903 We st M ic higan Ave nue
Kalam azoo, M I 49008-5241
(269) 387-8649
http ://m gs.ge ology.wm ic h.e d u
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Description of Map Units

Qd m lm

Hum m oc ky to rolling up land  surfac e , m od e rate  to high re lie f; Surfic ial se d im e nt
m ainly sand y d iam icton (till) with b ould e rs b ut in p lac e s m ay c onsist of p oorly
sorte d  sand  and  grave l. Low p ositions on land scap e  und e rlain b y b e d d e d  sand ,
sand , silt, c lay or p e at d e p osite d  b y slop e wash or in sup raglac ial or p ost-
glac ial lake s or p ond s. U nit is transitional to Ql1 and  Qp . End  m oraine  of
the  Lake  M ic higan Lob e .

Qf1
Glac iofluvial fan. Be d d e d  sand  and  grave l on d e p ositional surfac e  slop ing away
from  m oraine . Surfac e   ge ne rally sm ooth and  ge ntly slop ing. De p ositional
e nvironm e nt m ay b e  sub ae rial or sub aq ue ous.

Qf2
Till-cap p e d  fan. Be d d e d  sand  and  grave l on hum m oc ky surfac e .
M ostly cap p e d  b y se ve ral m e te rs of d iam icton. Prim ary d e p ositional surfac e
alte re d  b y m e lting of b urie d  ic e .

Ql

Ql1
Low re lie f te rrain at c e nte r of the  Gun Plain. Se d im e nt consists of thin
(1-2 m ) unit of b e d d e d  sand  and  silt ove rlying glaciofluvial sand  and  grave l.
Glac iolacustrine  unit ove rlying glac iofluvial unit.

Ql2
Be d d e d  sand  and  silt oc curring in te rrac e s ad jac e nt to Ql1 or in sm all to
m e d ium  size , flat-lying lowland s within unit Qd m lm . Sand  we ll sorte d .
M ay c ontain are as of Qal.

Qp Isolate d , p oorly d raine d  d e p re ssions c ontaining p e at and  m uck of Holoc e ne
age . M ay b e  und e rlain b y b e d d e d  sand  and  grave l or b e d d e d  silt and  c lay.

Qsg1
Be d d e d  sand  grave l, und iffe re ntiate d ; lacks ke ttle s and  c ollap se  fe ature s;
outwash and /or glac iolacustrine  se d im e nt. Not assoc iate d  with d istinct sourc e
on m oraine . M ay contain sm all are as of Qd lm .

Qsg2
Be d d e d  sand  and  grave l with hum m oc ky surfac e  form e d  b y collap se  of b urie d
ic e  b loc ks or d e p osition on stagnant ic e ; outwash.. Not assoc iate d  with
d istinct sourc e  on m oraine .
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