










Illinois  Basin  is problematical;  a  seaway  connecl.ion  probably  existed  during  Early  Pennsylvonion  time,   but  may

not  have  exist.ed  in  Late  Pennsylvanian  time.

There  is  some  controversy as to  conditions of the  Ouachira  System at  the  southeast  border of the area,

during  Virgilian  time.    It  does  seem  probable,   however,   that  the  Ouachita  System  furnished  some  sediment
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Figure  2.-Postulated  paleogeogrophic  setting  during  Leavenworth  time®
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The  Leavenworth  macrofouna  comprises  79.4 percent  suspension  feeders,   19.9 percent  deposit  feeders,   and    less

than  1  percent  carnivores.

In  order  that  some  idea  of  the  taxonomic  diversity  of the  Leavenworth  macrofouna  could  be  ascertciined  ci

macrofaunal  index  was  computed  (see  Fig.4).    The  macrofciunal  index,  or percent  diversity,   was  plotted  as  a

function  of  n-taxa  at  each  locality  over  the  maximum  number  of  tcixa  possible  at  clny  one  locality  (in  this  case

30),   multiplied  by   loo.

Figure  4.-   Leavenworth  macrofaunol   index®

The  diagram  shows  two  arecis  with  high  taxonomic  diversity,  separated  by  two  intervening  areas  of  very  low

diversity.    Localities  in  Nebraska  and  Iowa  represent  the  northernmost  area  of  high  diversity  with  a  range  from

17 to 53 percento    The  Missouri  localities are  areas  of  lowest  diversity  (3 to  7  percent).    The  cirea  of  highest

diversity  (17  to  63  percent)  is  located  in  Kansas from  northern  Leavenworfh  County  to  northern  Woodson  County.

The  southernmost  area,  extending  from  southern  Greenwood  County,   Kansas,   to  Osage  County,   northern

Oklahoma  is  cilso  an  area  of  relatively  low  diversity  (3  to   17 percent).    This  distribution  pattern  of  Lecivenworth

macrofaunal  diversify  is  not  readily  explained.    Most  Late  Paleozoic  units  thclt  have  been  studied  in  this  area

(Mudge  and  Yochelson,   1962)  have  shown  an  increase  in  the  number  of  fossils  and  overall  macrofaunal  diversity

in  a  southern  direction  (southern  Kansas  and  northern  Oklahoma).    It  has  been  thought  that  this  increase  in

macrofaunal  diversity  is  coupled  with  approach  to  shoreline  in  this  direction.    This  is  known  to  be  the  case  with

the  Leavenworth,  yet  macrofauncll  diversity  appears  fo  be  relatively  low  in  this  area  and  does  not  seem  to  be

influenced  by proximity  to  shoreline.    Perhaps  the  two  areas of  low  macrofaunal  diversity  represent  areas  of

flucluafing  bottom  salinities  or  temperciture,  possibly  due  to  shoaling,   which  may  have  been  detrimental  to
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F igure 5,ie-reAe'n,T}:eo,I:3:r::T::::,ii,::n,i;:),eeit)I:?)Th  inso Luble  residues (coc,rse  fraction) ,  a,  to,al

sshows  it attains  a  maximum  of 25  percent,  and  niore  than  half  the  samples  coi'`tclin  less  than   10 percent;  a)

tracerelement  analyses of s:"  elements  Ire,   Zn,   Sr,   U,   S,  and  P)  show a  highly  variable  range  without  any

apparent  meaningful  diistribution  pattern;  and  (3)  tests  for organic  carbon  indicdre  that  the  Lea\renworth  Lime-

stone  cowl.ains cimounts  less  than  one-half of  1  percent  indicdring  th:is  minute  quentity  of organic  ccn.ban  could

hardly ciccount  for  the  characteristic  dark  color  of  the  limestone;  it  is  suggestecl  that  the  presence  of  relatively

high  percentages  of finely  disseminated  pyrite  impclrt  to  the  rock  its  dark  color.

Cky Mineralogy
0

The  clay  mineral  suite  in  the  Lec]venworth  Limestone  consists  of  illite  (10 A),  mixed-layer  illite-mont-
000

morillonire  (11.5  A),  chlorite  (14  -14.2  A),  and  kaolinite  7 A).    The  distribution  pattern  and  relative  per-

cen           *  are  shown  in  Figure  8.

.Ehr:inca,,:yymL=,da,*ony:eg,:c;c;:cauk,ohtee,dghatss:pp:.rcc:nnttoogge.::gtuhrees,:,ooj:i:yfnce::::::::edaatc:au::t:ofoo,i,¥6

percent.
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Figure  7o-   Percentage   Leavenworth  carbonate  and  noncarbonate  (determined  by  versenate  method)a
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Figure  8.-   Percentage  distribution  of  Lecivenworth  clay  assemblageso
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The  measure  of  sclmple  similarity  is  determined  by  utilizing  all  the  available  data,   in  this  case  by  con-

sidering  all   19  or  14  variables  simultan`8usly.    This  can  be  accomplished  by  a  vector  represenfaf ion,   assuming

that  the  degree  of d:fference  between  any  two  samples  is  represented  in  vector  nofalion  by  the  size  of the

angle  between  their  respective  vectors.    However,  as  lmbrie  and  Purdy  (1962),   have  pointed  out:

:,::e,,u;:coofnavnena:negn:,;:rT::seurpeu:fossjemsj::r:::nsstfrjr:s,Teots:gne,oo,oagfs,t:ea:s7:=7er::,
parcimeter  theta  prime .... "

Theta  prime  ranges  from  +  I.00  through  0.00 to  -1.00,  with  these  values  corresponding  respectively  to  theta

values  of  0,   45,   and  90 degrees.     Higher  negative  values  reflect  increasing  dissimilarity,   hig:ier  positive

values  increasing  similarity.

Once  the  degree  of similarity  between  given  pairs  of samples  has  been  delineated,  the  next  step  is  to

identify  clusters  of  sample  vectors  in  an  n-coordinate  system.    In  order  to  accomplish  this,  the  algebraic

operation  of  factor  analysis  is  performed.    The  mechanics  of  this procedure  are  given  a  lengthy  treatment  by

lmbrie  and  Purdy  (1962),   lmbrie  (1963),   and  Harbaugh  and  Demirmen  (1964).    Two  modes  of  analysis  are

possible:    (I)  R-mode  in  which  relationships  among  variables  are  fully explored  and  in  which  correlation

coefficients  are  used,   and  (2)  the  Q-mode  in  which  relationships  among  ccises  are  explored,  applying  the

function  of  cosine  theta.

If  now  becomes  necessary  to  graphically display  the  group  relationships  between  variables.    By  using  a

twondimensional  dendroid  hierarchical  representation,   it  is  possible  to  extrclcf  the  main  features  of  the  inter-
1

clusfer  relationships  and  to  display  them  as  such.    The  dendrogram  was  consfrucfed  in  the  following  way:

(1)  each  variable  was  grouped  with  the  factor  on  which  it  was  loaded  most  highly;

(2)  the  mean  loading  for  each  factor  group  of  variables  wcis  computed  by  dividing  the  tofal  intragroup

loading  by  the  number  of  variables  in  the  group;

(3)  the  similarity  between  factor  groups  was  computed  by  summing  cill  possible  intergroup  variable   loadings

and  dividing  by  the  number  of  total  varicibles  in  both  groups.

From  the  factor analysis  of all  Leavenworth  Limestone  samples,   five  distinct  constituent  particle  factor

reaction  groups  and  four  foraminiferol  factor reaction  groups  have  been  identified  (see  Fig.  9,11).    It  now

becomes  desirable  to  relate  the  factor  reaction  groups  to  a  geographic  index,   in  this  case,   factor  locality

groups,  which  will  in  essence  delineate  facies  or  biofacies.    The  grouping  procedure  for  this  integral  step  is

identical  to  that  just  described  and  consequently  will  not  be  repeated  here.
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RESULTS  OF  CONSTITUENT  PARTICLE  ANALYSIS

The  principal  results  of  applying  the  statistical  methods,   as  outlined  in  the  previous  section,   to  the  samples

from  32  Leavenworfh  Limestone  localities  may  be  broadly  outlined  under  the  following  headings.

Factor  Reaction  Groups

From  the  unbiased,  equal  and  simultaneous  consideration  of  19  petrographic  attributes,  the  Leavenworth

variables  were  grouped  into  five  discrete  facl.or  reaction  groups.    These  five  groups  account  for  70.2  percent

of  the  observed  variability  expressed  by  33, 000 point-counts  of  constituent  particles.    In  other  words,   the  data

demonstrate  what  constituenfs  tend  to  occur  with  what  other  constituents,  and  at  what  similarity  level  they  are

re lated .

Perusal  of  the  Leovenworth  constituent  particle  dendrogram  Gig.10)  shows  that  members  of  the  discrete

fusulinid-spar-sponge  group  have  the  greatest  similarity  with  one  another  af  a  mean  similarity  level  of 0.66.

Mud,   Tubiphytes,and  unknown  skeletal  debris  constitute  a  second  group,   referred  to  as  the  mud  group  (since

mud  is  the  dominant  constituent).    The  elements  within  this  group  are  related  at  a  mean  similarity  level  of

0.20.    The  mud  group  is  associated  wifh  the  fusulinid-spar  group  at  0.05.    The  remainder  of  the  dendrogrclm

can  be  read  and  interpreted  in  a  like  manner.

Figure  9o-Leavenworfh  hierarchy  depicting  similcirify  among  five  constituent  particle
reaction  groups®
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Figure   10.-Leovenworth  hierarchy  depicting  similarity  among  three  constituent
particle  fcictor  locality  groups.

The  value  of  this  type  of  hierarchical  representation  is  that  it  documents  the  extent  to  which  Leavenworth

constituent  particles  tend  to  occur  together  in  various  unspecified  environments.    Accordingly,   the  hierarchy

diagram  shows  four  independently  discrete  factor  reaction  groups:    (1)  fusulinid-spar  group,   (2)  mud  group,

(3)  smaller  foram  group,  and  (4)  a  shelly-bryozoan  group.    These  four  factor  reaction  groups  show  descending

intergroup  similarity.      The  fifth  factor  reaction  group  (coated-grain)  appears  to  be  the  most  exclusive  group,

and  is  less  closely  related  fo  any  of  the  four  preceding  fact.or  reaction  groups.     In  fc]ct,   the   level  of  similarity

between  the  coated-grain  group  and  the  four other  reaction  groups  is  -0.27.

Factor  Locality  Groups

lt  is  desirable  to  determine  what  constituenls  tend  to  occur  together  along  the  outcrop  belt--in  reality,  to

del ineate  facies .

For  the  Leavenworth   Limestone  three  factor  locality  groups,   or  fcicies  are  recognizable:    (1)  skeletal

mudsfone  facies,   (2)  aggregate-grain  facies,  and  (3)  mudstone  facies.    The  three  factor  locality  groups  account

for  82. I  percent  of  the  variability  expressed  by  the  constituent  particle  data  for  the  32  Leavenworlh  localities.

Perusal  of  the  hierarchical  representation  (Fig.   10)  demonstrates  that  three  independently  discrete  litho-

logical  families  comprise  the  entire  Leavenworth  Limestone.     Geographically,   the  skeletal  mudstone  facies
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is  the  most  widespread  since  it  contains  27 of  the  32  localities,  and   extends   almost  across  the  entire  outcrop

belt.    Its  meaning  is  clear--the  many  processes  contributing  to  the  distribution  and  abundance  of  grain  types

within  this  facies  are  highly  interrelated  and  represent  strongly  intercorrelated  elements  of  c]  marine  environ-

ment.    Without  doubt,   lateral  homogeneity  of  the  Leavenworth  constituents  is  forcefully  demonstrated.

The  aggregate-grain  facies  comprises  four  outcrop  localities,  and  is  geographically  restricted  to  both

the  northern  and  southern  extremities  of  the  outcrop  belt .    The  elements  within  this  facies  are  highly  interrelofed.

The  aggregate-grain  facies  is  related  to  the  skeletal  mudstone  facies  at  a  mean  similarity  level  of 0.21.

The  mudstone  facies  is  represented  only  by  the  two  distinct  limestone  units  at  Locality  27  in  Cass  County,

Iowa.    These  two  units  are  superficially  different  from  the  rest  of  the  Leavenworth  in  many  respects.    Corre-

spondingly,   the  petrographic  attributes  of  these  two  limestones  show  they  are  also  lithologically  dissimilclr  from

other  Leavenworfh   localities,   and  can  be  distinguished  as  a  sepc]rcite  facies.    This  mudslone  facies  is  independ-

ently  delineated  as  a  discrete  factor  locality  group,  and  is  related  to  the  skeletal  mudstone  facies and  the

aggregate-grain  facies  at  the  relatively  low  level  of  0.17.

Skeletal  Mudstone  Facies

This  fQcies  comprises  the  maiority  of  the  Leavenworth  Limestone   localities.    The  principal  distinguishing

feature  is  the  diversity  of  the  particle  constituent  suite,   for  this  is  the  only  facies   in  which  all   19  particle

consfituents  were  recorded.    A  statistical  summary  of  the  volumetric  composition  of  thin  sections  from  the  27

localities  represented  under  this  facies  is  given  in  Table   I .

Table   1.   -Volumetric  composition  of  the  skeletal  mudstone  facies,   based  on  27  Lecivenworlh  Limestone
loco I ities .

Constituent  particle                              Mean                       Standard  Deviation                                   Observed  Range,
Percent

imasto

:#ains
forams  (mobile)
forams  (encrusting)
fusu I i n ids

:Pc°hl::Serms
echinoid  spines

i:o:,ii;:a?n:ds
ostracodes
trilobites
unknown  skeletal
pe I lets
mud
Spar

0-   0.5
0-I.1
0-   0.7

0.5-33.0
0-1.6
0-   2.0

0.1-]2.8
0-     7.5

0.7-3.1

0-   0.9
0-   0.6

0.3-   5.5
0-   3.5
0-   0.9
0-   0.3

1.4-15.4
0.5-   6.7

38 . 0- 85 . 9
0.5-   7.9

17



Mud  is  the  dominant  component  of  this  facies.    Percent  of  mud  ranges  from  38.0 to  85 .9,   with  a  mean  of

69.8 percent  of  the  rock  volume.    Second  in  abundance  is  the  small   Osagia-type  of  coated-grain  which  is

present  in  all  thin  sections of  this  facies  in  amounts  ranging  from  0.5  to  33.0 percent,  with  a  mean  of  8.I

percent .    Aside  from  spar,  pellets,  and  unknown  skeletal  debris,   fusulinids  are  the  only  olher  component

present  in  amounts  exceeding  4  percent.    The  total  skeletal  content  has  a  mean  of  22.8  percent.    Spar  accounts

for  3.6  percent  of  the  rock,  and  is  present  mainly  as  recrystcillized  mud.     Of  the  three  Leavenworth  Limestone

facies,  pellets  are  most  abundant  in  the  skeletal  mudstone  facies.    Pellets  have  an  observed  range  of  from  0.5

to  6.7 percent,   with  a  mean  of  3.7 percent.    Accordingly,   this  facies  is apparently  very  homogeneous,  as  no

radical  extreme  or  uniciue  systematic  variation  was  delecfed.

Aggregate-Gra in  Fac ies

This  facies  comprises  four  Lecivenworth  Limestone  localities  restricted  to  the  northern  and  southern  extrem-

ities  of  the  outcrop  belt .    The  principal  distinguishing  features  of  this  facies  are  the  reduction  of constituent

particle  diversity  from   19  to   15  consfituents,   the  overall  reduction  in  mud  content,   and  the  significant  abun-

dance  of aggregate  coofed|grains  (see  Table  2).

Table  2.   -Volumetric  composition  of  the  aggregate-grain  facies  based  on  4  Leavenworth  Limestone
I oca I it ies .

Constituent  particle                            Mean                      Standard  Deviation                                  Observed  Range,
Percent

plc,fy  c,lgae

i:a;a:ti:]d:s:oacjrTjs:;,,nggg,regate)
echinoderms
echinoid  spines

i:o:,;i;:a,n:ds
ostracodes
unknown  skeletal
pe„e,s
mud
Spar

0-   0.4
0-45 . 1
0-   0.9

0.1-0.6
0 .4-J7 .9

0-    I.9
0-0.I
0-   0.5
0-   3.2
0-   0.8
0-0.I
0-   5.0
0-    I.4
0-66.9

0.4-18.6

The  dominant  component  is  mud  with  a  mecin  of  38.7 percent  by  volume  of  rock  and  a  range  of  0 to  66.9

percent.    Second  in  cibundance  is  the  aggregate-grains present  in  three  of  the  four  facies  localities,   in  amounts

from  22.9  fo  45. I  percent;  the  mean  for  this  facies  constituent  is  27.9 percent.    Fusulinids  are  the  only  other

maior  organic  constituent,  and  hove  cln  observed  range  of from  0.4  to  77.9  percent,   and  a  mean  of  21.2  per-
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cent.    Fusul:nids  form  the  dominant  rock  constituent  at  Locality  2  in  Osc]ge  County,   Oklahoma,   where  the  unit

is  practiccilly  a  fusulinid  coquina.    The  total  skeletal  content  has  a  mean  of 55. I  percent.    Spar  accounts  for

5.3  percent  of  the  rock,   and  is  present  mclinly  as  void+illing  space  between  the  fusulinid  grains.     Pellets

comprise  a  very  minor  constituent  of this  facies,  and  only  account  for  0.9 percent  of  the  total  rock.

Mudsfone*  Facies

This  facies  comprises  the  two  limesfone  units  from  Locality  27  in  Cass  County,   Iowa.    The  distinguishing

features  of  this  facies  are  the  reduction  in  consf ituent  particle  diversity  from  a  possible  maximum  of  ]9  con-

stituents  to   12,   the  very  high  percentage  of  mud,   and  the  radical  reduction  in  organic  constituents  (see  Table  3).

Table  3.   -Volumetric  composition  of  the  mudstone  facies  based  on  2  Leavenworth  Limestone  units.

Constituent  particle                             Mean                       Standard  Deviation                                  Observed  Range,
Percent

1.             coated-grains
2.              forcims  (encrusting)
3.             echinoderms

::         i:o:,ii;:a?n:ds
7.            ostracodes
8.             trilobites
9.             unknown  skeletal

10.               pellets
1'.                mud
'2.            spar

3.5-   3.9
0.I
0.8

0.2-    1.3
0.7-   2.9

0-   0.3
0.I

0-0.1
3.2-   3.4
0.3-1.5

84 . 0- 86 . 0
I.3-5.5

Mud  is  the  dominant  component  with  a  mean  of  85  percent.    Second  in  abundance  is  the  small  Osagia-

type  coated-grains,   with  a  rrieon  of  3.6  percent.    Total  skeletal  contenf  has  a  mean  of only  10.7 percent .

Spar accounts  for  3.4 percent  of the  rock,  and  is  mainly  microspar,  probably  recrystallized  from  the  mud.

Pellets  are  cllso  a  very  minor  constituent  of  this  facies,   and  ciccount  for  only  0.9  percent  of the  total  rock.

Facies  Synoosis

Results  of the   Leavenworth  Limestone  fcictor  arialysis  substanticites  what  was  determined  through  direct

field  observation,   that  this  thin  persistent  carbonate  unit  is  lafercilly  homogeneous.    The  clesignafion  of the

maior  part  of  the  outcrop  belt,  from  northern  Oklahoma  to  soufheastem  Nebraskcl,  cls  one  maior  facies  is  in-

deed  convincing.    Significantly,   however,   f\^ro  other  focies  were  also  delineated:    (I)  the  aggregate-grain

fclcies  restricted  to  both  northern  and  southern  extremities  of  the  outcrop  belt,   which  probably  indicofes  that  a

*Strlct  cidherence  to  the   Dunham   (1962)   limestone  clossif:cation  scheme   would  consider  all  of  the   Leavenworth

:::des|::ee,:a::erseaosr::::akteesdt°snpeec|i::aYF;yt:ongsh°omw°:n::g°rfe:t:ffe::,:ie:::;::::'o:°wT£:The?thse.b:oh:df:Ca'ce;eds::i9enat:a"
group ing .



different  set  of environmental  conditions  was  cicting  upon  this  portion  of the  ecosystem  as  the  shore  was

approached,   and  (2)  the  mudstone  facies,   which  is  apparently  a  local  development  in  which  the   lack  of skeletal

debris  is  the  most  outstanding  feature.

RESULTS  OF  TOTAL  FORAM  COUNT  ANALYSIS

Results  of  the  factor  analysis  of  the  total  foram  counts  (24,975)  from  thin  sections  of  32  Leavenworth

Limestone   localities  can  be  summarized  under  the  following  headings.

Factor  Reaction  Groups

Based  on  equal  and  simultaneous  consideration  of  14  calcareous  foraminiferal  variables  (genera  or  family

groups),  the  foraminiferal  constituents  were  grouped  into  four  independently discrete  factor  reaction  groups

with  definite  disconformifies  among  them.    The  boundaries  are  thought  to  reflect  the  discontinuities  present

within  the  system  responsible  for  the  observed  facts.    The  four  factor  reaction  groups  account  for  75 .1  percent

of  the  variability  expressed  in  the  total  foraminiferal  counts.    The  hierarchical  representation  (Fig.    11)

demonstrates  which  Leavenworth  Foraminifero  fend  to  occur  together,  and  indicates  the  interrelationships

between  the  foraminifercil  factor  reactior\ groups.

The  four  foraminiferal  factor  reaction  groups  are:    (I)  Millerella  group,   (2)  Fusulinidae-Palaeotextulariidae

group,   (3)  Staffella-Hemigordius  group,   and(4)  the  encrusfing  foram  group.    The  Millerella  group  comprises

five  genera,   all  of  which  cire  most  closely  related  to  each  other  at  a  mean  similarity  value  of  0.54.    The

Mil lere I la  group is  most  closely  related  to  the  Fusulinidae-Palaeotextulariidae  group,   which  comprises  four

generci  and  has  a  mean  intergroup  similarity  value  of  0.45.    These  two  groups  are  the  most  similar  foraminiferal

factor  reaction  groups  of  the  Leovenworth,   and  are  relcited  to  one  cinother  at  a  similarity  value  of  0.29.    The

two  remaining  forominifercil  factor  reaction  groups  are  fairly  exclusive  entities.     The  Stclffella-Hemigordius

group,  comprising  only two  genera,   has  a  mean  similarity  value  of  0.48,  and  is  ossociafed  with  the  preceding

two  factor  reaction  groups  at  the  low similarity  level  of  -0.04.    The  remaining  encrusting  forcim  group,   com-

prising  at  lecist  four  generci,   possesses  the  highest  mean  intragroup  similarity  intensity  (0.58)  of  all  the  forcim-

iniferal  factor  reaction  groups.     However,  this  group  possesses  the  least  similarity  fo  the  preceding  three  factor

reaction  groups,   and  is associated  with  them  cit  the  low  level  of  -0.18.

Factor  Locality  Groups

Three  foraminiferal  factor  loccllify  groups,   or  biofacies,   are  recognizable:    (1)  mobile  foram  biofacies

comprising  20  localities,   (2)  fusulinid  biofacies  comprising  nine  localities,   and  (3)  an  encrusting  foram  bio-

facies  comprising  four  localities.    These  fcictor  locality groups  account  for  80.1  percent  of  the  varicibility

expressed  by  the  foraminiferal  counts  for  32  Leavenworfh   localities  (see  Fig.12).     Each  of the  biofacies
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Figure   11 a-   Leavenworlh  hierarchy  depicting  similarity  among  four  foraminiferal
factor  reaction  groupso

possesses  a  relatively  high  mean  intragroup  similarity.    The  mobile  forom  biofacies  is  most  similar  to  the

fusulinid  biofacies,   and  is  related  to  this  biofacies  at  a   level  c>f  0.23.     The  encrusting  foram  biofacies,   as  also

noted  above  in  the  factor  reaction  groups,  shows  high  mean  infragroup  similarity  but  correspondingly  low

intergroup  similarity  (0.14)  with  the  mobile  foram  biofacies  and  fusulinid  biofacies.

Mobile  Foram  Biofacies

The  mobile  foram  biofacies  has  the  greatest  geographic  spread  (comprises  20 out  of  32  localities),   and

highest  mean  intragroup  association  (0.72)  of all  the   Leavenworth  foraminiferal  biofacies.    This  biofacies  also

contains  the  highest  percentage  (33.7 percent)  of  mobile  smoHer  foraminifers  (Palaeotextulciriidcie,   Bradyina,
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Globivalvulina, Syzrania,   and  Endothyra).    The  most  dominant  mobile  foraminifer  is  Globivalvulina  with  a

mean  of  15.3  percent.    Encrusting  foraminifera  comprise  24.3  percent  and  fusulinids  41.4  percent    of  the  total

foraminiferal  assemblage.    The  percentage  composition  of  this  foraminiferal  b:ofacies  is  given  in  Table  4.

FACTOR       LOCALITy     GROUPS

-07T

-a 8q-

- a 9Ch-

1

- I  CX} -

Figure   12®-Leavenworth  hierarchy  depicting  similcirity  among  three  foraminiferal
factor  locality  groups.

Table  4.Le-a:::Cweonrtt°hg:,:°eTfpo°ns:ti::ai:t:::.mobile  foram  biofacies  based  on  total  foraminiferal  counts  for 2o

Foraminifer                                                Mean                       Standard  Deviation                                   Observed  Range,
Percent

Staffe I la
M i I le re I I a
Waerinaella
Tr it ic ites-Kansane I la

aeotextu

EHnedm°{g=orrda.Ns

etrataxis
Tuberitina
Hedraifes
Other  forams

1.9

I.7

.61
18.8
3.I
I.1

8.4



The  dominant  characteristic  of  this  biofacies  is  the  relatively  high  percentage  of mobile-type  smaller

foraminifers.

Fusulinid  Biofacies

The  fusulinid  biofacies  contains  a  dominant  fusulinid  assemblage  comprising  58.6  percent  of  the  total

foram  microfaunci.    This  biofcicies  includes  nine  localities  spread  from  northern  Oklahoma  fo  southeastern

Nebraska.    Most  abundant  fusulinids  occur  at  those  northern  Oklahoma  localities  where  the  fusulinid-rich  top

of  the  Leavenwoi.th  Limestone  is  weH  developed.    The  genus  Triticites  is  the  dominant  fusulinid  constituent.

Mobile  forams  comprise  17.5  percent,   and  encrusfing  forams  24.1  percent  of  this  biofacies.     One  mobile

smaller  foraminifer,   Hemigordius,   attains  its  highest  mean  (4.0 percent)  within  this  biofacies.    The  fusulinid

biofacies  is  most  closely  related  to  the  mobile  foram  biofacies,  and  is associated  with  it  af  a  similarity  level

of  0.23.     Percentage  composition  of  the  foraminiferal  biofacies  is  given  in  Table  5.

The  dominant  foraminifercil  characteristic  of  this  biofacies  is  the  high  percentage  of fusulinids,   especially

the  genus  Triticites.

Tables.Le-a:::Cweonrttahg:::°eTfpo°ns:'i::a|:t:::.fusulinidbiofaciesbasedonfotalforaminiferalcountsforo

Foraminifer                                                Mean                       Standard  Deviation                                  Observed  Range,
Percent

StaffeHa
M i I lere I la
Waerin.gella
Tr it ic ites-Kc]nsane I la
PalQeotextu  arii   ae

lino

Endotnyra
ordius

Tuberifina
Hedrailes
Other  forams

I-I.3
0-   9.4
2-37.5
0-.2

Encrusting  Foram  Biofacies

This  biofacies  is dominated  by  three  encrusting  foramin:feral  genera  (Tetrataxis,   Tuberitina,   clnd  Hedraites),

which  comprise  83.6 percent  of  the  total  foram  assemblage.    Four  localities,   restricted  to  southwestern  Iowa,

are  included  within  this  biofacies.    Mobile  forams  constitute  only  6.4 percent  of  the  micro fauna,  and  fusulinids

only  9.6 percent.    The  foraminiferal  constifuents  of this  facies  show  high  mean  intragroup  association  (0.70),
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but  possess relatively  little  similarity  to  the  other  two  foraminiferal  biofacies.    Percentage  composition  of  this

foraminiferal  biofacies  is  given  in  Table  6.

The  principal  foraminiferal  characteristic  of this  biofacies  is  the  dominance  of encrusting-type  foraminifers

(Tetrataxis,   Tuberitina,  and  Hedraites).

Table  6.   -Percentage  composition  of the  encrusting  foram  biofacies  based  on  total  foraminiferal  counts  for
three  Leavenworth   Limestone  locc]l ities.

Foraminifer                                               Mean                       Stondcird  Deviation                                  Observed  Range,
Percent

Mi I lere I la
Tr it ic ites-Kansane I la
Pdlaeotexfulariidae

lino
[ndotnyra

ordius

etrataxis
Tuberitina
Hedraites
Other  forams

0-5.1
0-21. 6

.6-    1.4
0-.8

.3-    I.4
1.4-5.6
0-.9
0-1.I

6.2-20.1
27.I-61.1
I 1 . 4- 49 . 3

0-1.4

Facies  and  Biofacies  Synopsis

Results  of the  foraminiferal  factor  analysis  demonstrate  that  three  factor  loccility  groups,  or  biofclcies,

account  for  80.0 percent  of  the  observational  data  expressed  by  the  total  foraminiferal  counts.    Taking  info

consideration  the  inherent  errors  in  the  data,  and  the  fact  that  only  14  parameters  were  identified,   the   sim-

plicity  of  the  results  is  outstanding  (Fig.13).

Comparison  of  the  foraminiferal  biofacies  with  the  constituent  particle  facies  does  show  a  slight  relation-

ship.    The  data  from  both  facies  and  biofacies  can  be  explained  by  three  factor  locality  groups,  with  comparable

levels  of  mean  intragroup  association.    The  main  difference  seems  to  be  that  when  the  Foraminifera  are  treated

as a  separate  entity  they  do  not  show the  same  type  of  environmental  response.    This  is  to  be  expected  because

in  the  foraminiferal  analysis  I.he  basic  concern  was  wiih  only  one  type  of organism,   and  its  response  to  the

environment.    This  is  in  direct  contrast  to  the  constituent particle  analysis  where  all   14  foraminiferal  variables

were  lumped  into  three  broad  groups,  and  these  in  turn  compared  with  qt  least  12  other  different  organism

groups .

The  mobile  foram  biofacies  corresponds  in  part  to  the  skeletal  mudstone  fc]cies,   with  the  notable  exception

that  the  mobile  foram  biofacies  comprises  seven  less  localities  than  the  skelefal  mudstone  fticies.    These  seven
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Figure   13.-Mop showing  environmental   reconstruction  of  Leavenworth  Limestone o
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Iocalifies  apparent ly  combine  with  two  other  localities  from  the  aggregate-grain  biofacies,   that  also  contained

relatively  abundant  fusulinids,   to  create  a  separate  fusulinid  biofacies.    The  two  remaining  localities  (28  and

29)  under  the  aggregate-grain  biofacies  do  contain  abundant  encrusling  foraminifers  ITetrataxis),  and  hence

split  off  lo  ioin  two  other  localities  high  in  encrusting  foraminiferal  content  to  form  the  distinctive  encrusfing

foram  biofacies.

The  primary  advantage  in  applying  statistical  methods  to  the  constituent  particle  point-counts  and  total

foram  count  dcita,   was  that  all  the  data  were  given  equal  weight  in  delineating  facies  and  biofacies,  and

were  treated  simultaneously  and  impcirtially.    From  the  geological  standpoint,  the  principal  advantage  lies

in  the  fact  that  the  statistical  approach  facilitated  condensation  of  a  large  cimount  of  dcita  (variables)  into

as  few  as  three  fo  four  groups of  statistical  variables,   which  essentially  contained  all  the  information  present

in  a  vastly  larger original  set  of  observations.    Accordingly,  the  three  fundamental  obiecfives  in  a  geological

study:    (I)  detel.mincition  of  the  minimum  number of causol  relationships  needed  to  explain  the  observed

relationships,   (2)  identification  of these  causal  relationships,  and  (3)  relative  importance  of each  cause,  were

more  readily  ascertained  by  using  the  statistical  approach  than  by  utilizing  a  more  customary  subiective  mode

of  cinalysis.
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Locali,y
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27

26
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24
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REGISTER  OF  LOCALITIES  (NORTH  TO  SOUTH)  AND  TtllcKNESSES

S°N#r`?/74Im#'``y//:5s%e£:r:a,::SS7755o'NNS,:`RF%%'..r,=#de#£,%onouu=n:`yuy:#!::a:x::I.:nes°`:eroan"i:doe,°m':,e=d=,d.

!iv:J`'iti,:74.sec 16,   T.  75  N.,   R.   37  W.,  Cass  County,   Iowa.     Exposure  at  rock  ciJt  in  Nishnobotnci  fliv®r

!uES'i7Z'SkbEei';4W:e::  L#..   12  N.,  R.   W  E.,  cass County,  Nebraska.    Expesure  in  Heebner  Quarries  olong

}#e}!v',;£Vle¢i}2;':U;i::cSs.:a::':TTa.:,i°::i;:.:,?RS.i;eg::E::o,:;e;:s:Cn;uo:nu:ni::;;N;n;g:r;a;;k::u'.r°:nx:oio;U:'uerpe:n:;:;eo:c:ri:s:e°k:.::anr;nocu:.,d.
town  of  Soijth   Bend.
SW  1/4  NE   1/4  see.  30,  T.  58  N.,   R.  35  W.,   fuchanan  Coiinty,  Missour:.    Expesure  in  old  obondon.d  quarry
in  bluffs  obDve  C.   a.   a  a  Railroad  tracks.
CSL  see.   22,   T.  55  N.,   R.  37  W.,

21                Nw   I/4  NW   I/4sec.   22,   T.  8S.,
7:  LEAVENWORTH  TYPE  IOCALITY

RTC££nE°.n,CL::::yn'wo|iis°cu:i.n,yE,X%::::.:Sf[:js°ufre°':dn:obe±::tngn3Ut:;:yi,ghway

20                CSL  NW   1/4  sec.   8,   T.11   S.,   R.   21   E.,   Leavenworth  County,   Kansas.     Expesure  in  roadcut  along  State  Highway

?               L6W|;L's°efc'.°¥;,°Tf.i:gs°.n:XR:.e.io  E.,   Douglas  county,  Kansas.    Exposure  in  town  of  Lawrence  in  roodcut  olong

i8              I.iivH|%::.42i,  T.   12  S.,  RW  E.,  Douglascounty,   Kansas.    Expesure  in  roodcut  olong  Kansas  Turnpike

7                €gshetc:U2}:,deT.C:i'Z  :i.,LeR:r28CEe..,   Doug|os  county,   Kansas.    Expesure  in  roadcut  along  i`orth-south  "ending  county
rood  outside  of  Bcildwin.

: :           :N:w:!i#c;o::,(::/:,:o:C:.c:.':4i'£;:]f,',a:,£S:.:i?;Rg.i:1 8f7En.:'.S,¥Fr:!n:#°cuon;:;y :°Kn:::s.EXE::::r:n , :°arodoc;c'u: I::n:a::sW.esH' ,g hway

; ;A        !rYs:E£{n¢fN?i:c!:a%:T:.:C.;;:st!,:I ;:n.:e i:5: :E.:,: i;f;e:y: ::oaufn;:;I,nc;;:u:n;':y.'K ;:a;s:.:,.es h::X,;ou;U,r:et:I:/h:c;;:eu:;;,:,:en:gf3n;:f:::;;:;.

: :          :EL:T::::i::w;fx;;i::;de::;;T3j;;;,U:T:T.;yc2j3;i::::;nR3.:R,e{%:r::,;:::ro:clefs:a:no:i:::%u:ns,,;:me:nao5:.%::o¥£esru:r:e::.:st;onfkb::ocnkg. ::s:::nveend::,th

10                 CSL  SW   1/4  sec.   33,  T.   26  S.,  R.13  E.,   Greenwood  County,   Kcinscis.     Exposure  along  north  Side  of  ocist-w®St

tr:[ds'encg.C;U,n'Ty.r3;ds..,  R"  E.,  Greenwood  county,  Kansas.    Exposure  in  roodcut  on  Cos+westhending  county
ro od .

9A             CWL  see.   21,   T.   27  S.,   R.13  E.,   Greenwood  County,   Konsca.    Exposure  in  rooclcut  on  north-south  trending

8                CN°Euni'/y4'°NaEd.1/4  see.   i3,  T.   2?  S.,   R.|2  E.,   Elk  County,   Kansas.    Exposure  in  roodcuton  north-south  trending

7               :°EULn::cr.°a3d6.,  T.  32s.,   R"  E.,  Chautouqua  county,   Kansas.    Exposure  in  roodcut  on  north-south  trending

:          ;;e:Ts!j#::ois;i;:§y;j°;,: :#.:':h::u;.:S,::i: ;SEW:a:y,C1:#:.:axis::oof:¥'::;:KS:e:d:a:::. E:=:Us::e'°ocna:::, ',:4q:::®ryn:.",h/W2e§'

4                NE   1/4  NE   1/4  see.  7,   T.   28  N.,  R.10  E.,   Osoge  County,   Oklahoma.    Expesure  along  curve  on  county  rood

3           i_E:L;£S::,::ef[:;:.h°w£S::aT:.: ;:8;get;o,anyR;9::,;0
sE,.o',e°HS?gghew:;ugn;¥J  Oklahoma.    EXFX)Sure  olong  side  of  county  road

:        ioi:£:;::;#:::I:::¥uu;,:t;y#:Tiuj::!I|fj;r:,R:EC:Y,::y:oi::gi';:io::ao:ue;t:y;:;;'iei:;:;:aqa.:t:e':xa;;:;e:ai:::d;::;;::dn``;d;i:,:e;:i:I:i::

+Expc}sure  col lected  and  described   11/59;  by  June,1963  quarrying  operations  had  destroyed  exposures.

*tExposed  only  on  quarry  floor;  impessible  to  measure  entire  unit  thickness.
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