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ABSTRACT

Samples   of   the   Vilas   Shale   (Pennsylvanian)   were

taken  across  an  area   of  a  marine  bank  or  reef  build-

up   in  southeastern  Kansas.      Studies  of   the  clay

mineralogy  revealed  the  presence  of   illite,   chlorite,

and  kaolinite.     The  chlorite  was   found  to  disappear

with   increasing  elevation   in  the  Vilas   Shale.

Correlation  of  the  clay  minerals   indicates  a

facies  relationship  between  the  Vilas  Shale  and

the  underlying   Spring  IIill  Limestone.     An   increase

in  the  relative   intensity  of  the  kaolinite  peak  with

an   increase   in  elevation  within  the  section  was  noted

at  several  localities.

Lateral  variations   in  the  clay  mineralogy  are

inconclusive  anci  no  evidence   of   the  direction  of   the

source   area  could  be   determined.

The  pi-incipal  non-clay  minerals   in  the  area  as

determined  by  X-ray  analysis  are  quartz,   calcite,

and  feldspar.



INTRODTu-CTION

In   Wilson   and  }`1ontgomery   counties,   the   Vilas   Shale

is  a  nonfossj`liferous,   gray  to  buff ,   predominately  ma-

rlr,e  shale  which  ranges  in  thickr.ess  from  less  than  3

to  iiiore   than   130   feet.     The   large  variance   in  thickness

is  thought   to  be  the  result  of  a  marine  bank  or  reef  build-

up   in  the  underlying   Spring.  Hill   Lii`.iestone.      The   buildup

area   (Fig.   1)   is  approximately   10  by   14  miles   and  consists

of   a   thickening   of   the   Spring  Hill.  Limestone   from  3   to  88

feet    (I-=arbaug.h,1959).

The  Vilas   Shale   is  a   formation   i.ri  the  Lansing.  Group

which   is   in  the  Missourian  Stage  of   the  Pennsylvanian

System.     The   Vilas   Shale   is   overlain  by  the  Captain  Creek

Limestone  Member   of   the   Stanton  Li;-.'4estone   and   is  underlain

by   the   Spring  Hill   Limestone  Member   of   the  Plattsburg

Limestone.
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Figure   1.      Lccation  map  of   study  area   in  Wilson  and
Montgomery   counties.



Samples  of  the  Vilas   Shale  from  I ive  sections  ex-

tending  across  the  buildup  area  were  taken   in  order  to

determine  the  clay  minerals  present.     An  effort  was  made

to  collect  a  complete  vertical  section,   where  possible,

and  thus  discover  any  vertical  as  well  as  any  horizontal

variations   in  the  clay  mineralogy.     X-ray  analyses  were

used  to  identify  the  clay  minerals.      In  addition,   the

nc)n-clay  minerals   that  could  be  determined  by  X-ray

analysis  were  reported.

Depending  upon  the  variance   in  clay  mineralogy  and

the  assumption  that  clay  mineral  distribution  is  princi-

pally  a  function  of  source  area  rather  than  diagenesis,

the  Vilas  Shale  could  be  either  a  facies  equivalent  of

the  upper  part  of  the  Spring  Hill  Limestone  or  a  later

deposit .

I>revious   Work

Thickening  of  the  Platt;sburg  Limestone   in  Wilson

and  Montgomery  counties  was   first   noted  by  Newell   (1933).

Chelikowsky  and  Burgat   (1947)   noticed  the   thinning   of

the  Vilas  Shale  over  the  area  where  thickening  was

present   in  the  underlying  Spring  Hill  Limestone.     To

them,   this  indicated  that  perhaps  the  two  formations

were  genetically  related.

The  Plattsburg  and  Vilas  formations  in  the  Fredonia

quadrangle  were  described  by  Wagner  and  Harris   (1953).

Wilson   (1957),   in  working   on  the   overlying   Stanton
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Limestone   in  western  Montgomery  County,   I irst   inter-

preted  the  thickening  of   parts  of   thaJc   limestone  to  be

the  result   of  barrier  reefs.     Davis   (1959)   regarded  the

Spring  Hill  Limestone  as  a  pre-Vilas  barrier  reef  which

formed  a  barrier   to  sediments   from  Oklahoma.     An  uplift

in  northern  Oklahoma  resulted  in  Vilas  elastics  filling

the   lagoon  and  overflowing  tne  reef .

Harbaugh   (i959)   does  not  agree   that   the  thickening

of  the  Spring  Hill  Limestone  represents  a  true  reef  and

proposed   the   term  ''marine  bank"   to   indicate  a  subrrierged

shallc)w  area  rising  above  the  sea   floor.      Wave  resis-

tarlce   is  not   present   to  an  appreciable   degree  as  would

be   the  case   in  a   true  reef .     He  agrees  with  Chelikowsky

and  Burgat   that   the  Vilas   Shale  and  Spring  Hill

Limestone  represent   facles   equivalents.
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TECHNIQUES

Sa,T.pies   of   the  Vilas   Shale  were   taken   from  I ive

Sections;   four   in   Wilson  County  and  one   in  .Montg.ornery

County   (Fig`.   2).      Where   possible,   samples   were   collected

every  2  feet  vertically  except  at  section  C  where

sat`.}ples   one   foot   apart  were   taken.      A  pit   dug   6   to

10   inches   deep  at   each  sample   locality  provided

relatively  unweathered  material.     Good  outcrops  of

the  Vilas  Shale  are  present  at   each  of  the  localities

with   the   exception  of   section  E   in  Montgomery  County.

Shale   interbedded  with  the  Spring  Hill  Limestone

at  section  C  was  collected.     At  this   locality  the

Vilas  Shale   is  only  3  i eet   thick  and  the  Spring  Hill

attains   its  maximum  vertical   extent.

Sar,.^ples  select:ed  for  X-ray  analysis  were  I irst

exa,nined  with  a  binocular  microscope  to  determine

variations   in  color,   lithology,   and  faunal  assemblages.

Identif iable  minerals  were  recorded  and  hydrochloric

acid  was  used  to  determine   the  presence  of  carbonate

in  the  shale  samples.     Results  of   the  optical  examina-

tion  are   shown   on  I>late   I.
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Figure  2. Loo?tlon  of  sections  studied  ln  Wilson  and
Hontgonery  counties,   Kansas.



Preparation   for   Identif ication   of  Non-Clay  Minerals

After   the   optical   examination,   approximately   10

grams   of   the   sample   was   ground   to   pass   throug.h  a   61

micron  screen.     A  small   proportion  of   this  material

was  used   to   form  an  unoriented  sample  which  was   later

X-rayed.     The  rest   of   the  material  was  used  for  prep-

aration  of   oi.iented  slides.

Preparation  for   Identif ication  o£   Clay  Minerals

The   remainder   of   the  ground  sample  was   transf erred

to  a   500  ml  Ehrlenmeyer  f lask  and  distilled  water  was

added.     Flocculation  of   the  clay  was   prevented  by

addition   of   a   few  drops   of   ammc)nium  hydroxide.      The

f lask  was   then  shaken  for  at   least   8  hours   to  allow

the  sample  to  disperse  after  which  the  sample  was

poured   into  a   600  ml   beaker   and  enough  distilled  water

added  To  fill   the  vessel.      The   suspension  was  allowed

to   stand  for  4  houi-s   and  a  medicin.e   dropper  was

inserted  to  a   de^oth  of   5  cm     to  obtain  particles  less

than  2  microns   in  size   (Krumbein  and  Pettijohn,   1938,

p.     97).

ITour  slides  were   f illed  with  clay-water  suspension

and  allowed  to  dry   at   room  temperature.      In  this  manner,

the  clay  minerals  settle  to  form  an  oriented  sample

with  their  basal  planes  parallel  to  the  glass  slide.

One   of   the  slides  was  then  sprayed  with  a  mixture

of   glycerc)i   and  water   in  a   one   to  two  proportion.

Another  slide  was  heated  to  450°   in  an  electric  oven



'anci  a   third  to   575°C   for   30  minutes.      Cooling  with   the

door  closed  prevented  peeling  of   the  slides.     X-ray

dif fractograriis  were  made   immediately  af ter  cooling  to

prevent  an  appreciable   deg.ree  of  rehydration.

A  General  Electric  XRD-3  was  used  I or   the  X-ray

identifications  except   for  nine  samples  run  on  a

Norelco  diffractometer.     A  total  of  70  patterns

were  run  using  copper  radiatior.  with  a  nickel  filter

and  a   1°  beam  slit.     .A  30  solar  and  a   20  receiving

slit  were  used  on  the  General  Electric  machine.     The

voltage  was  45  kilovolts  at   15  milliamps.     A  speed

of   0.2°   2©   per   minute  was  used  from  20   to   60°   2e.

The  Norelco  unit  was   equipped  with  a   1°  beam

slit   and  a   .003   inch  solar.      Scanning  rate  was   1°

26   per  minute   from   10   to   GOO.      Voltage  was   35  kilo-

volts   at   18  milliamps.



CLAY   MINERAL    IDENTIFICATION/
Clay  minerals  were   identif led  on  the  basis  of   data

given   in   Brown   (1961)   and  charts   in   Warshaw  and  Roy

(1961).      Warshaw  and  Roy   present   a   very  good   introduc-

tion  to  proceclures  useful   in  Lf..e   identif ication  of  clay

minerals  and  include  several   tables  giving  st;ep-by-step

:``c;dsures  I or  analysis  of  various  iT,ixtures  of  clay

minerals .

Sample  I)  0-2   is  used  as  an   illustration  of  the

typical  material  found  in  the  problem  area.      Illite,

chlorite,   and  kaolinite  are  the  clay  minerals  present

in   the   sample.      The   sample  was   taken  from,  the  base  of

the  Vilas   Shale  just   above  the  Spring  Hill  Limestone

about   2  miles   south  of   the  maximum  thickening  of   the

Spring  Hill  marine  bank.     Diffractometer  patterns  for

this  sample  are  given   in  Figure  3.

The   14.02  A°  peak  of   the  air-dried  sample   is   indica-

tive  of  either  chlorite,   vermiculite,   or  montmol.illonite.

Glycerol  treatment   did  not  cause  an  iiicrease  of  the  peak

to  17  A°  and  this   indicates  the  absence  of  an  appreci-

able  amount   of  moritmorillonite.     Heat   treatment  at

either  450°C  or   575°C  failed  to  cause  collapse   of   the

peak  as  would  be  the  case   if  vermiculite  were  present.

Chlorite   is   the  only  clay  mineral  having  a  14  A°  peak

that   is  not  affected  by  glycerol  or  heat  tl`eatment.
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/
The  7.13  A°  and  3.56  A°   peaks   are  additional   indica-

tions   of   chlorite(002   and  003).

The   peaks   at   10.04,    4.98,    3.35,    and   1.99  A°   fit

well   the   ciata  given  by  Brown   (1961)   for  basal  ref lec-

tic)ns   o.'   illite.      Powers   (1957)   has   shown  that   asymmetry

oip   the   Col   illii:e   peak   towards   the   low-angle   side  with  a

corresponding  broadening  of   the   002   peak  and  asymmetry

oL®   the   003   peak   towards   the   high-angle   side   to  be

inciicative  of  weathering.     This   I-eature  shows  quite

well   on  the   10.04  A°(or   001)   peak  c)I   illite   in  this

sample .

The   -uj.~oad  peak   in   the  vicinity   of   3.56   -3.60  A°   is

somewhat   indicative  of   kaolinite.     Both  chlorite  and

kaolinite   in  this  area  have  a  ref lection  and  commonly

the   two  closely  spaced  peaks  merge  to  I orm  a   single

broad  peak.     A  part   of   the   shale   from  this   sample  was

boiled  ir^   50  percent   hydrochloric  acid  for  30  minutes

to   decompose  any  chlorite.      An  examination  of   the

acid-treated  sample  reveals   that   the   14.02  A°  peak  was

eliminated  while  at   least   part   of   the  7.13  A°  peak

rerr.aimed.      The  retention  of   the   7.13  A°  peak  with   its

eliminat;ion  by  heat   treatment  at   575°C   is  a  good  indica-

tion  of  kaolinite.

Calculatic>n   of the  Relative  Heights   of   Clay  Mineral   Peaks

The  001  basal  ref lections  were  used  in  the  calcu-

lation  of  relative  heig`hts  of  clay  mineral  peaks.     The
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r€1:`':ive   r^eig.i..`j   c,I:`   a   a.iven   clay  miner-al   peak   is   deter-

mined  by   dividing.   the   hei3.i`^t   by   the   col .... bined  heights

of   all   001   i-c>==cctions   of   clay  zr.i^h.erals   in   tne   pattern.

A  dif i erer.ce   in  the  reflecting`  powers  of  clay   .

rr.inerals   exists  arLci  this  must   be   taken   into  account.

:\:urray    (1954,    p.    57)   states:

". . .caiculations  showed  that   the  i-eflecting.

po`,I/er   c)I   the   (001)   plane   of   kaolinite   has

for  ail  practical  purposes  thi-ee  times  the

refiecti.|g.   I,ower   ole   tl`+e   (001)   plane   of   il-

1i-ce   and   22-   times   I;}ne   reflecting   power   of

tzi^e  chlorite    (Col)   plane.      Because   of   ato,Tiic

substitutio^|s  in  chlorite  and  illite,   the

rel-lee-ting  powers   of   the   (Col)   planes  were

considereci  as  being  one-third  that   of   the

(Col)   plane   oie   k=olir.ite.      The   (002)   plarie

ol-   c;^ilori`ce   has  a  ref lectir^g   power  oi`

api3roxir,ately  oi-^e-half   tbat   of   the   (001)

plane  oi'  kaolinite."

To  col-rect   for  tile  difference  in  ref lectir^g  powers

and  i:-ie   overlap   of   ti`Le   Col   kaolinite   peak  by   the   002

peak  ol'   cl'._vi.ite,   I,Iurray   (1954,   p.    58)   suggests:
"Because   i:he   (001)   plarie   ol-  kaoiinite   has   a

rel^lecting.   pc)wei.  approxiinately   3  tirr\.es   that   of

the   (Col)   planes   of   1-I.Iite  and  chlorite,
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EZI

tile  valu'e.s   oi'   the   iii^t;ensities   of   tile   illite

ai-id  chlorite   pc-aks  v/ere   each  multiplied  by

3.      Ti-ie   reflccti+n.g   powei-of   tr^e    (001)    plai`[e

of  kaoiinite  is  approximately  twice  that  of

the   (002)   piai^ie   of   chlorii:e;   tll.us,   orle-third

of   tine  tc)tal   intensity  of   tr+e   (001)   kaolinite

peak   is   due   to   ti..e   presence   of   the   (002)

ref lection  of   chlo=^ite  because   the   (001)

kaolinite  reflection  ar+d  the   (002)   clh^1oi-|te

ref-lee-:ion  both  appear  at   trj.e  same  position."

Corrections  for  difl-erences   in  reflecting  power  was

followed,   as   s`jig.g.ested  by  I\:uri.ay,   except   that   the  heigrlt

c='   the   001   chlorite  peak  was  ir+ultiplied  by  2.5  I.ather

than  3.     The  overlap  of   the   001  kaolir.ite  peak  'oy  the

C02   cl`ilorite   peak   is   somewirat   compensateci  i oi-   by  using

tl-ie  data  above  g.iven  by  Murray;   however,   the  results

obi:ained  are  still   ir+consistent,   as  will  `oe  sriown.
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NON-CLAY   !tll+\TERAL   IDENTIFICATION

The   diffraction  pattern   (Fig.   3)   of  sample  D  0-2

may  be  used  to  illustrate  the   identif ication  methods

of   the  non-clay  corr`ponents.     The  presence  of  quartz

is   indicated  by   peaks   near  4.27,    3.34,    2.46,   2.28,   and

i.8l   A°.      The   pro.minent   peak  at   3.34   A°   is   probably

lai.gely  due  to  illite.
a

The   peak  at   3.21  A     along  with  the   presence   of

anothei.  peak  at  4.05  A°   |n  other  samples   fits  best

the   dat;a  given  by  Brown   (1961)   for   feldspar.      Calcite

is   inclicated   in  other  samples  by  a  strong  peak  at   3.03

A°.     Quartz  and  feldspar  are  the  only  non-clay  minerals

to  appear  of  the  difl-raction  pattern  in  Figure  3.
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/
F.1^CTC.=`S    CC):\-ri`ROIjLIbTG   TI-=E   D|ST+RreTu-TION   0F   CLAY   MINE^``ALS

A  brief   examir+ation  of   the   factoi-s  controlling

ii:`+y   ry``ii..ci-al   c:istri'3utions   should   be   n`^ade   before   an

evaluation   ol9   the   data   obtained  during.   this   study  can

be   atteir^pted.      Because   application  of  X-ray   diffraction

technio.ues   to  clay  anci  shale   is   COIT.paratively  recent,

I ew  f ii-in  conclusio+|s   have  beer`+  reachecl  as   to   tr^e

signif icance   of  clay  mi.rieral   distri'cution  patterr^s.

|r.-^poi`ta,n.ce   oi°   Sciurce   Area

The  Source   ai.ea   is   tli^e  mc,st   important   single   factor

imf luencing  the  distribution  of  clays   in  r,.tarine  deposits

according.   to   the   col-iclusions   of   clay  }nineralogists  such

as   Weaver    (1958a),    :.ioberly    (1963),    a^y`^d   Kellei.    (1956).

Factors   sucli^  as   pal-ent  iT.aterial,   clix,ate,   pH,   and  salin-

icy   in   the   soul.ce   ai~ea   cc)ni:rc)i   tz?`e   developr.ent   of   clay

;:;inerals.      i,Yeaver   (1958a)   believes   parent   rr^atel.ial   to

be   of   special   sis.nileicance   and  preserits   exa.T^ples   of

Similiar   cc"mposition   between   rocks   of   t^h^e   land  mass

and  clay  ;,1.inerals   in   tr,e  adjacent   rr.arir.e  'bodies.

Boswell   (1952)   has   siiown   tlrlat   the   factor   of  climate

is  also  of   intei-est.     Kaolini'ce  group  minerals  form  only

uncier   concil-cions   ol-.   good   ciraina3.e   and   a   pli   of   6.0   to   7.i.

r^Tr+e   forrr^ation   of   kaoli^|ite   has   been   shown   to   be   prevalent

Where   precipitatio,-,   exceeds   evapoi.ation   (Keller,1956).

}ilontinorillonite   is  pror,inent  where  evaporation   is  greater

than  precipi-[atior..     Keller  believes  the  greater  relative
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\
abundance  of   illite  to  be  related  to   its  being  the  first

procluct   of  v/eathering  when  shale   is   exposed  on   the   land.

LA..sscciated  with   the   factor   of   climate   is   latitude.

Correns   (1939)   has   demonstrated  kaolinite   to  be  more

prevalent   in  equatorial  res.ions  and  attributes  this

to  the  weathering  of   1.ateritic  soils   in  an  acidic

environment .

Glass   (1958)   believes  kaolinite  to  be  normally  a

detrital  mineral  with  t:r^e   exception  of  some  authigenic

^material  associated  with  sandstones.     His  work  has

shown  that   the  nonmarii-.e   portion  of   some  Pennsylvanian

cyclothems   is  highei.   in  k=olinite   than  the  corresponding

marine   portion.      Further  work  by  Glass   (1956)   demon-

strates,   hov/ever,   that   difficulty  is  sozr^etimes  encoun-

tered  in  separating  depositional  environmental  effects

from  those  of   the  source  area.

The   area   of   i:he  Mississippi  River  Delta  has   been

studied  by  Taggart   and  Kaiser   (1960).      A   change   from

predom.inant`1y  montmorillonite  to  chlorite  and  illite

is  explained  as  a  shif t   in  source  area  from  the

Mississippi  River  drainag.e   to  that   of   the  Black  and

Red  rivers.

Most  clay  mineralogists  agree  that  kaolinite   is

indicative  of   nonmarine  and  near'  shore  environments

of   deposition   (Grim,1953).      Illite   and  chlorite  are

regarded  to  be  more  the  result   of  marine  conditions  and
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\
Some  evidence   exists  that  chlorite   is  chai-acteristic  of

continental   slope   deposits   (Pinsak  and  Murray,1958).

Ii`.:I?ortance   of   Diagenesis

Grim   (1958)   believes   that   there   is  considerable

ci`^;`inge   in   clay  minerals   as   soon   as   the   sediment   enters

tl`4e  ocean,   followed  by  more   alteration  afterwards  which

continues  through  a   longer   tirr.e.     The  adsorption  of

potassium  by   illite  and  chlorite   is  among  the   immediate

cZ`^anges.      Montmorillo.|ite   could  be   expected   to   exchange

cations   such  as   calcium  for  potassium  and  magnesium.

The  three-layer  minerals  have  a   lower  adsorptive  capacity

for   ions  arid  a  greater  period  of   time  would  be  required

for   any   change   i:o   take   place   (Grim,1958).      Cation

availability  must   also  be  considered   (Millot,1949).

1',york  alorig   the  coast   of   California   (Grim,   Dietz,

ancl  Bi.c.clley,   1949)   indicates   that   some  chlorite   is   the

resul`c   of   diagenesis.     A  chart.g.e   from  kaolinite   to   illite

in  a  r,^`arine   environment   was  also   suggested.      Johns   and

Grim   (1958)   have   interpreted  the  change   from  montmoril-

1onite   in  Mississippi  River  sediments  to  chlorite  and

illi`ce   in   the   Gulf   of   Mexico  as   evidence   of   diagensis.

Weaver   (1958a),    in  a  compilation   of   the  work  done   on

diag'enesis,   shows   that   nearly  all  major  clay  minerals
`r^ave  been  supposedly   demonstrated  to  chang'e   to  all   other

major  clay  minerals.     He  offers   this  as  evidence  of  the

questionability  of  the  role  of  diagenesis.     Most  of  the

evidence  f or  diagenesis   is  very   inadequate  and  is  based
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on  tire  relative   increase  or   decrease  of  one  mineral

compel-ed   to   another.      Weaver   suggests   that   the   only  way

to  synthesize  data  regarding  clay  mineral   distributions

is  to  accept  the  hypothesis  that  source  area   is  of  prime

importance  until   it   can  be  demonstrated  that   ciiagenesis

actually  takes  place.      It   is  on  this  basis  that  the

conclusions   in  this  study  were  made.



I)ISCUSSIONS   0F   RESULTS

Variations   in  Clay  Minerals

Ta`ble  I   lists  the  relative  peak  heights  of  clay

mineral  001  reflections  present   in  the  various  sections.

It   should  be  noted  that   f igures  given   for  any  one  sample

are  relative  to  tr.e  heights  of  other  clay  mineral  peaks

present   in  that   sample  only  and  are  not  an  absolute

percentage  of  clay  minerals.     ri`he  heights  of   the  peaks

were  I,.ieasured   directly   althc,-ug.+-^   Jji-+e   intensity   scale   in

the  General  Electric  XRD-3  dif fractometer   is   logarith-

inic;   hence   a  very  high  peak  would  be   indicative   of   a

greater  amoun`c   of  clay  than.  is   indicated  by  the  f igures.

The  relative  heights  for   illite  peaks  remain  within

a   1-ange   of   approximately  70   to   90.      Kaolinite   peak
i-leis.hts  range  from  a  relative  height   of   6  to  25  and

chlorite  peak  heights   from  0   to   15.

Vertical  Variation

The  most   prominent   vertical  change   in  the  clay

r,.iineralogy  of  rr,ost   sections   is  an  absence  of  chlorite

near   tl`.e  top  of   each  shale  section.      With  the   exception

of   section  C,   chlorite   is   present   in  -i;he   lower  parts  of
`che   sectic)ns.      It   is   found   in  the  shale   interbedded  with

the   Spring  Hill   Limest;one  at   section  C.      At   section  D,

chlorite   is  i ound  in  shale  assigned  to  the  Captain

Creek  Limestone   above   the   Vilas   Shale.      Only  trace

amounts   of  chlorite  were  noted   in  the  shale   in  the

19



Table   i.      Relative   Heights   of   001   Clay  Mineral   Peaks

Section  A.      Road  cut   6  miles   northwest   of   Altoona.      NW
NW   see.     26,    T.     28   S.,    R.15   E.

20

Sample   Num'oer

*13o   -,131

118   -   120

*11o   -   112

loo   -   102
*82   -   94

80   -   82

*7o   -   72

61   -   62

50   -   52

40   -   42

30   -   32

10   -   12

0-2

Kao1inite

20.3

16.2

9.60

11.8

8.70

13.7

6.20

20.4

9.25

16.3

25.7

9.70

14.5

Chlorite

0.00

0.00

0.00

0.00

0.00

trace

5.28

Illite
79.7

83.8

90.4

88.2

91.3

86.3

88.5

trace         i         79.6

15.1

trace

0.00

10.0

9.10

75.6

83.7

74.3

80.3

76.4

Sect;ion   3.      Road  cut   along   Kansas   Highway   47,   2   miles
west   of   Altoor,a.       NW   see.18,    T.    29   S.,    R.16   E.

Sample   Number Ka o 1 i n i t e Chlorite I||ite
18   -   20 12.5 0.00 87.5

14   -   16 10.6L trace 89.4

io   -   12

5-6

0-2

1C.5

7.65

*   S.`.:-.|01es   run   on  Norelco   diffractometer.      All   others  were
run  on   the  General   Electric  X-ray  diffract;ometer.



Table   1.    (continued)

Section  C.      Carl-   limestone  quarry   I  in,ile  northwest   of
Neodesha.       NW   see.18,    I.    30   S.,    R.16   E.

Sample   Number

2-3

i-2
*o-1

Shale   in
Spring  Hill

21

Kao1inite

7.70

Chlorite     i     Illite

0.00

tl-ace   ?

0.00

11.3 81.0

Section   D.      Road  cut   aloi`+3`   i{ansas   Highway   96,    2.5  miles
west   ol-Neodesha.       SE   SW   see.    23,    T.    30   S.,    R.15   E.

Sample   Number

*c.c.    3                      i

C.C.    2

12   -   14

8-10

4_6

3-2

S . II .
I.5   -2.5

S . :-I .
0   -i.5

Kaolinite

11.2

11.4

12.4

10.2

11.7

7.05

20.1

13.9

Chlorite

5.85

15.3

trace  ?

11.8

11.9

11.3

trace  ?

trace  ?

I|1ite

83.0

73.3

87.6

78.0

76.4

81.6

79.9

86.1

Sectio+1  I.      Stream  bank  4  miles  northwest   of   Independence.
SE   see.    9,    T.    32   S.,    R.15   E.



Spring  +Hill  at   tr+is   locality.     Diffraction  patterns

of   the  variations   found  in  Vilas   Shale  samples   from

sc.ction  D  are   given   in  Figure  4.

The  absence  of  chlorite   in  the  Vilas  Shale  at   See-

tion  C  and   its  presence   in  trT,e  shale  stringers  of   the

underlying  Spring  Hill  may  be   indicative  of   a  facies

relationship  between  the  two  units.      If  the  Vilas

Shale  represented  only  a  compressed  section,   chlorite

sl^iould  be   present   in  the   si`.a~.c,   ovei-lying   the  Sprir.g.

;fill   Limestone.      However,   before   the  evidence  of   such

a  facies  relationship  can  be  fully  accepted,   an  evalu-

at;ion  of  bo-;h  the  effect   of  weathering  and  diagenesis

must   be   rr,ade.

Samples   from  the  Captain  Creek  of   section  D

contain  an  appreciable  amount  of  chlorite  while  material

from  the  top  ol-  the  Vilas  Shale  in  an  underlying  part  of

the  section  contains  no  chlorite.     This  would  seem  to

indicate  weathering  alone   is  not   the  cause  of  the  up-

ward  disappearance  of  chlorite,   for  if  weathering,was

the  only  cause  of  the  disappearance,   chlorite  should  be

removed  from  the   samples   in  the   Captain  Creek.

The  relative  height  of  the  kaolinite  peaks  does

r^ot   show  any  consistent   change  vertically   in  section  A.

AS  Stated  previously,   the  overlapping  of  the  kaolinite

and  chlorite  peaks  causes  cliff iculties   in  obtaining

results.     An  e}:amination  of  the  fig`ures  for  kaolinite

22
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abc)ve   the  point  where  chlorite  drops  out,   shows   a  tend-

ency  foi-  the  relative  amount   of  kaolinite  to  increase

with  increasing  heig`ht  within  the  section.      Section  C

does  not   show  this   increase,   possibly  owing.  to   the  close-

ness   of   the  samples.     An   increasing  amount   of   kaolinite

rr+Liy  be   indicative   of   conditions   becoming  more   nonmarine

in  r^ature.      This  would  support   trie   idea   ol-Davis   (1959)

i or  an  uplif t   in  northern  Oklahoma  with  subsequent  burial

oi`   t;-ie  reef  by  clastics   oi'  Vilas   lithology.

Tl^..at   ail  of   the  Vilas   Shale   is  not   post-Spring

Hill  may  also  be  supported  by   the  presence  of  chlorite   in

sections   on  both  sides  of  the  marine  bank.     The  marine

bank  could  be  assumed  to  have  been  somewhat   of  a  barrier

to  detri-col  sediments   from  the  south.      1±-  the  chlorite

was   deposi-ted  f irst   and  the  sedim.ents   later  graded  into

a  non-chloritic  clay,   the  sediments  to  the  north  of  the

marine  banks  si`.ould  be  dominantly  non-chloritic  because

chlorite   is  not  present   in  the  sediments  of  section  C.

A   sc;`ui-ce   area   to   the   south  as   suggested  by  Moore   (1936)

is  rec£'uired  for  -:his   evaluation.

Horizontal  Variations

An  examinat;ion  of   the   i igures  for  kaolinite   (Table  I)

in  sections  taken  from  the  north  compared  with  sections

furt`f.er  south  shows  no  disti.net  change   in  the  relative

heig.his  of   the  kaolinite  peaks.     The  source  area  as

indicated  by  an  increase  in  kaolinite  is   inconclusive   in

this  area.
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A  study  of  a  g`reater  horizontal  extent  of  the

Vilas  Shale   is  perhaps  necessary  tc)  detect  signif icant

changes   in  t:n.e  kaolinite.     Values  for  chlorite  and  illite

also  yield  no  consistent  changes   in  a  lateral  direction.

A  source  area  to  the  east  would  also  tend  to  provide

f airly  constant  values   ir^  the  clay  mineralogy  of  a

north-south  section.

Variations   in  Non-Clay  Minerals

Fig.ures  g`iven   in  Table   2   I'oi-  all  minerals  were

calc.dlated  in  a  manner  similiar  to  those  f or  the  clay

minerals.      The   4.29  A°   peak  of   quartz,   3.21  A°   peak   of

feldspar,   and  3.03  A°  peak  of   calcite  were  used.     The

total  peak  height  of  all  001  basal  ref lections  were

taken  to  calculate  the  clay  mineral  component.     No

ref erence  was  found  on  the  ref lecting  powers  ,of  the

Ron-clay  minerals  with  respect   to  the  clay  minerals

or  each  other.     A  one-to-one  relationship  was  assumed.

Considerable  variation  in  the  relative  peak  heights

for  the  various  non-clay  minerals  can  be  noted  in  Table  2.

Some  tendency  towards  the  occurence  of  fewer  clay

minerals  with  increasing  height   in  the  section  can  be

noted  in  sections  C  and  D,   possibly  reflecting  an  influx

of  coarser  sediments.      Section  a,   however,   seems  to

contradict  this  hypothesis.     The  figures  for  relative

peak  heig.hts  of  calcite  can  be  seen  to  .vary  considerably

and  the  calcite,   to  a  large  degree,   may  be  secondary.
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Ta`ble   2.      P.ela-:ive  Heights   of   All  }\Iineral   Peaks   Based
on  Unoriented  Samples

Section  A.      P.oad
NT,\/   scc.     26,

Sample   Nurr.ber

130   -   131

118   -   120

100   -   102

80   -   82

50   -   52

30   -   32

0-2

cu`:   6   rr.iles   northwest   of   Altoona.   NW
T,    28   S.,    R.15   a.

Quartz Calcite

23.2        I           53.5

41.0

40.0

55.6

•1 3 .  0

47.4

32.5

12.8

10.0

0.00

7.30

0.00

12.5

Feldspar

Section  a.      Road  cut   along.   Kansas   Highway  47,
west   of   Altoona.      NW  see.    i8,    T.    29   S.,    R

7.00

10.3

13.3

11.1

16.4

10.5

15.0

2  miles
.     16   E.

Section  C.      Carr   iimesto.rie   quarry   1  mile  northwest   of
Neodesha.       NW   see.18,    T.    30   S.,    R.16   E.

20.3 13.i
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Table   2.    (continued)

Section   I.      Road  cut   along   Kansas   IIighway   96,   2.5  miles
west    of   Neodeszi^a.       SE   SW   see.    23,    T.    30   S.,    R.15   E.

Section  E.      Stream
SE   see.    9,    T.

60

bank   4   }i`iilcL   i-^or-:i-iwest   of   Independence.
32    S.,    R.15   E.

36.7 21.0
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Visible  veinlets  of  calcite  cutting  the  bedding  of  the

sr^ale  were  noted  in  several  shale  samples.

The  presence  of  secondary  calcite  tends  to  obscure,

fc)r   tl`Le  most   part,   int;erpretations   of   changes   in  the

primary  detrital  minerals.     An  examination  of   the

figures  provides  I ew  consistent  patterns  in  changes

of   the   the   non-clay  components.

In  order  to  secure   information  c)n  the  detrital

rLinerals  alone,   a  recalculation  of  the  data  given  in

Table   2  was  made.      Calcite  was   omitted  and  the  relative

peak  heigl:ts  of  quartz,   feldspar,   and  the  clay  mineral

content  was   cieterm.ined.     Recalculation  resulted  in  the

figures  given   in  Table   3.

Data  for  i:he  feldspar   indicate  a,  greater  relative

abundance  of  this  mineral   in  sections  to  tr.e  south  of

the  buildup  area.     This  may  reflect   the  existence  of  a

source  ai^ea  to  the  south;   however,   the   increase   in  feld-

spai"  content   is  not  great.

Sections  A  and  a,   noi-th  of   the  marine  bank,   show  a

reduction  ir,  relative  peak  heights  for  the  total  clay

mineral  content  beginning  at  the  bottom  of  the  sections

anci  -:raveling  upwards.     After   a   low  point   is  reached,   the

L^elative  clay  mineral  cop^tent   beg.ins   to  increase.      It   is

tr+ought   I.nat   this  may  be  an   indication  of   the  marine  bank

presenting  a  greater  anci  greater  obstacle  to  the  passage

of   detrital  sediments   from  the  south.     Marine  bank

development  subsided  with  a  greater  imf lux  of  detrital

material   from  the  source  ai-ea.
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Table   3.      Relative  ,Heights   of  Mineral  Peaks  Excluding
Calcite

Section   A.      Roz`.a   cut   6   miles   nortliwest   of   Altoona.      NW
NW   see.    26,    T.    28   S.,    R.15   E.

Sar,ipie   NLmber

130   -    131

118   -   120

100   -   102

80   _   82

50   -   52

30   r   32

0-2

Section   8.      Road   cut
v7est   of  Altoona.

34.7

41.2

40.8

33.3

J 0 .  `J

42.1

45.7

i       Quai-i:z

37.i

Feldspar

15.1

11.7

14.7

11.i

17.7

10.5

17.2

along   Kansas   Highway  47,    2  miles
NW   see.18,    T.    29   S.,    R.16   E.

Sami)1e   Number      I       Clay       i      Quartz Feldspar

i8  -   20

14   -   16

|C)   -    12

5-6

0-2

See-:ion   C.      C:irr
o=^   1\-eodesha.

53.0

46.1

45.6

40.0

47.2

35.0

38.4

42.9

44.0

42.1

12.0

15.5

11.5

16.0

10.7

limestone  quarry   1  mile  northwest
NW   see.18,    T.    30   S.,    R.16   E.

Sample   Number

i-2

0-1

Sl..ale   in
Spring  Hill 23.2

Quartz

66.8

39.3

46.7

Feldspar

30.i
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Table   3   (continued)

Section  I).      Road  cut   along   Kansas  His-hway   96,   2.5  miles
west   of   Neodesha.       SE   SW   see.    23,    T.    30   S.,    R.15   E.

Sami)1e   Nuzriber

i2  -   i/±

a-10

6-2

S . F. .
0   -1.5

uartz
47.3

42.9

i 8 . 2

36.4       i           39.4

Feldspar

24.2

Sectioii.   E.      Stream  ba=ii[  f=   .,-tiles   northwest   of   Independence.
S]   see.    9,    T.    32   S.,    R.15   E.

Sar,A.pie'  Number Quar.cz      i      Feldspar

45.I 25.9

Relative  heights  of  quartz  peaks  show  little

cor.sistent  change  and  remain  fairly  constant,   with  the

exception  ol-  a  higF.  I igure  for  the  uppermost   sample  from

sectiofi  C.     This  may   indicate  the   irj.flux  of  a  greater

amount   of  detrii:al  material  as  the  Vilas  elastics

overf lowed   the  ri.£arine   bank.



31

s-I,T.i/n,LiRy  ANI>   coNcljus IoNs

Ti`ie  clay  iTiineralogy   of   the  Vilas   Shale   taken

above   the   area   of  maximum  marine  bank  development   in

the  Spring  Hill  Limestone  and  the  samples   taken  in

the   shale   st;ringers  within  the   limestor.e  when   compared

witl`|  Se-ctlons   on  either   side   of   the  bank  rr,ay   indicat;e

a  facies  relationship.     A  complete  section  of   the

Viias  Shale  overlying  the  Spring  Hill   is  apparently

not  present  as   indicated  by  the  absence  of  chlorite.

A  consistent  decrease   in  the  relative  chlorite

ccr^tent  with  increasing  elevation  is  noted  in  sections

taken  on  both  sides   of   tLe  marine  bank.     An  increase

ill  the  relative  heights  of  the  kaolinite  peaks  is

discernible  where  chloi-ite   is  not  present.     The  clay

mirierals  present   in  the  area  are  comprised  chief ly  of

illite  wit:^i  varying  amounts   o=   chlorite  and  kaolinite.

Direction  of  source  area   is  not   discernible  from

an  examinai:ion  of   the  clay  fi-action,   perhaps  owing  to  ,

an  insufficient   latei-al  extent  of  the  sections  studied

or   -t.c;  a   source  area  more  to   the   east.

1,7eathei^ing   does   not   seem  to   be   an   important;   factor

in  destruction  of  chlorite  as  shown  by  the  presence  of

czilorlte   in  samples  frozri  the  Captain  Creek  overlying

the  Vilas   Shale  at   section  C.     Tne  effect   of   diagenetic

cr,anges,   if  such  occurred,   was  not   discernible.
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STUTGC-ISTIoi\TS   FOPL   FURTHER    STUDY

;^ssuming  a  source  area   to  the   south,   comparisons

ol-   samples   of   the   Vilas   Shale   from  southeastern  Kaiisas

\i,'ith  sections   taken  farther  north  arid  south  might   provide

ITlore  knowledge   of   the   source   area  thi-ough  a  more  Signif i-

cant   lateral  variation  in  the  clay  mineralogy.     Size

analysis  ol^  the  rion-clay  detrital  rr,aterial  could  pro-

vide  aciditionai  evidence  of  source  area.

Sani.pies   ol^   i:he  Vil.as   Shale   taken   from  drill   hole

cl`.ttings   in  the  same  area   could  be  compared  with  surface

material  to  determine  more  precisely  the  role  of  recent

weathering   in  the  control  of  the  clay  mineral  content.
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