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Late   Palec]zoic   rocks   of   Mic]c:ontinent   North   Americ:a

are   c=haracterized   by   c:yclic:   sedimentary   c]eposits,

Particularly   limestones  and   shales.      Several

c]epcJsitional   models   have   been   develcjped   to   e>{plain   I.he

genesis  of   these  rc]cks.      A   lithostratigraphic:   and

Paleontologic   study   of   an   Upper   Pennsylvaniarl

(Virgiliani    Wabaunsee   Grc]Lip)    c:yc:lic:   sequence   in   Nebrasl..a

and   Kansas   revealed   a   set   of   sedimentary   rc3c:ks   whic:h   do

not   c=c]mpletely   i it    ariy   of   the   prev:icJiisly   prcJF)cJse(]

depositional    mc]dels.       The   stratigraphic:   i`iiits   ir`c:li.\]cL`c]

in   this   stLidy   are    (in   ascending   c)rt]er):    F`ill5bLir`,.

Formatic}n,    Dover    Limestone   Member,     Dry   Shale   !v'emb=:-r,     .i,~`c]

the   Granc]haven   Lime5tc3ne   MemE)er    (Stc)tier   Limestori.e

Format i on )  .

The   Pillsbury   Fc)rmatian   was   deposited   in   a

nearshcJre,    nc]n-marine   environment,    c]i.il~ing   reeres5ion   c]f

an   epeiric:   sea.      As   sea   level   rc]se   again,    the   Dover

I_imestcJne   was   cleF)osited.       DL`ring    rna:.{imum   transqressi.n,

the   Dry   Shale   dapc3sition    w{as    init.i`ated    ln    an    EiT`b,:i`/iTit=rlt

rlear    HL\mbc]lc]t,     NebrasL::a.        Dyt5afrcjt]ic:    condl  I.1c3ns
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I ntroduct i on

Thg   Late   Palec)=c)ic:   strata   c)i   the   Midcontinent

United   States   are   c:haractErized   by   c:yclic:   sedimentary

deposits,   F)rimarily   limestc]nes   and   5hales.      Weller    (in

Wanless   and   Weller,    1952)   first   used   the   term   c:yc:lothem

tc)  describe  these  cyclic   sequences.     Midc:ontinent

c:yc:lothem   research   has   sine:a   been   cc}ncentrated   an   t.Ilo

Middle   and   Upper   Pennsylvanian   5ectic)n.      The   Upper

Pennsylvanian   Wabaunsee   Grc]up    (Virgil   Stage)    c:ontains

cyc:1ic:   depc)sits   c]f   5anclstc]nes,    5hales   and   limestc)nes.

These   arE   somewhat   prc]blematic=   in   that   they   lac=k   fissile,

phc)sphatic:   blac:k   5hales   whic:h   are   t=haracteristic   of   mc3st

cJf   the   Middle   and   lJpper   Pennsylvanian    (DesmcJiiiesian-

Mi5sc}urian)     c=yc=lc]them5   desc:ribed    by   Hec:kel     (19Bt:I,     1!?95)

(Fig.1)  .

The   lac:k   c]f    blac:I::   shales   and   a.ther   featLirr?s   {J.f    the

Wc`bausee   Group   F)rompted   a   lithcJstratigraphic   and

pcllec)ntc)lc)`]ic:   sti`dy   c)i    a   I:yc:lit:   5Eqi`enc:a   wit.h.in   the

Wabaunsee    (this   repc]rt)    in   order   tcJ   determine   the

depc)sitic]nal    env-irc)nments   c]f   that   5equenc=e.       The

stratigraphic:   i.`nits   inc:1uc]ed   in   this   study   are    (in

asc:ending   order):      the   Pillsbiiry   Fc]rmation,    cind   the

Dover   Limestc]ne,    Dry   Shale,    and   the   Grandhaven   Lime?stonE

members   c)i   the   §totler   LimestcJne   Fc]rmation    (Fig.I).

§i;.:teen   e>{F)osures   of   these   st.ratigraphic   i.nit.a

(Fig.I)    in   Nebraska   and   I:.``ansas   were   stLid.ied.

Stratigraphic=   sections   were   measL`red   and   c]esc:ribec],



Figure  1.     Middle  and  Upper  Pennsylvanian  stratiqraphic

5equenEe  from  HidEc]ntinent  North  America.     Letter  B-P

denote  presence  of  black  phosphatic  shale5   (Heckel,

1985) .
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Figure  I.     Map  of  the  Study  area.     Numbers  denote

locations  of  outcrops  Studied  in  this  report.     Measured

5tratigraphic  Sections  for  each  location  are  in  the

Appendix.
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and  reck  sampl.s  were  cBllectE)d  for  Subsequent

laboratory  study   (See  Methods  of   Investigatic]n

section).     The  area  of  Study  extends  from  near  Nebrasl<a

City   toto.  County),   Nebrasl<a,   in  the  north,   to  near

Emporia   {Lyon  County),   I<ansas,   in  the  south   {Fig.3}.

R®s.arch  on  this  project  was  initiated  in  the  spring  of

1986.     The  majority  of  the  i ield  worl<  was  done  in  the

Summer  of  that  year.
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Figure  5.      Upper   PEnnsylvanian   c:yc:lothems   grouped   into

megac:yc:lothems    (Mc]ore,1964).
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(1948)    assigned   a   5hallc]w   water,    lc)w   energy   environment

c]f   depc)sition   for.this   lithology.   both   c:onc:eded   that   it

was  the  most   problematic:   aspect   of   the  Pennsylvanian

c:yc:lothems.       Hec:kel    and   Baesemann    (1975)    L`5ed   c:c]nodc]nt

paleoecc]logy   to   reinterpret   Moore's   megacyc:lothem

(Fig.6).      They  detErmined   that   the  fissile  blac:k   shales

werE   deposited   in   very   deep   water    (GOO   feet)    below   a

thErmoc:line.      This   is  the  deepest   water   deposit   in   a

glacially   induc:ed,   transgres5ive-regressive   c:yc:lothem

depc)sitic]nal    mc)del,    referred   tc}   as   the   Hec:I::el

depositional   mc)del   throughc]ut   this   report.

The   Heckel   depositional    mc]c]el   divides   cyc:lothems

into   four   basic:   lithologie5    (in   asc:ending   order):

nearshore  shale,   transgressive  limestone,   c)ff shore

shale,    and   rEgressive   limestone    (Fig.7).      Nearshc3r-a

shale5   are   the  5hallawest   water   depc]sit,   often

e>{hibiting    subaerial    e>{F)osi`re   featurEs    (Hec:kel,     L9€3ll;

Watney]    198S).      The   blac=k   fis5ile   shale   i5   the   deepest

water    litholcJgy,    cleF)ositec]   during   ma>{imum   I.i~ansgression.

Transgressive   anc]   regressive   limestc]ne5   were   depo5itE?d

during   sea   level   rise   and   fall,   respectively.      Ilec:lf.el's

wc)rk   has   been   c:onc:entrated   on   h.ansas   c:yc:1c)thems,    b`.it   he

also   applies   it   to   the   Illinois   c:yc:1othem    (Fig,8).

IJnlikE   Heckel,    Merrill    and   van   BittEr    (1976)    and   Zangerl

and   Ftic:hardson    (196.?.)    c:c]nsider   the   f is5ile   bl,.`c:k    shales

in   the   Illinois   cyclc)them   tc]   be   5hallc]w   wciter,    :low

Energy   depc]sits.
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Description  of  Lithostratigraphic  Unitg

§tratigraphic  Nomenclature

The   stratigraphic:   pc)5itic]n   c)i   the   units   c]f   interest

in   this   study   (Pill5bury   Formatic]n,   Dover   Limestone]    Dry

Shale,    and   Granc]haven   Limestone)    i5=   Pennsylvanian

System,   Upper   Fenn5ylvanian   §erie5,   Virgilian   Stage,

Wabaunsee  Group.      A5   might   be   expec:ted,   the

5tratigraphic:   nc]menc:laturE   c]f   these   units   has   c:hci;need

since  th5y  were  i irst  described.

Pillsburv   FCJrmatic}n.    The   stratigraF)hic   interval    nc)w

oc:c:upied   by   the   Pillsbury   Fc]rmatic]n   was   c]riginally    Lr.nc)wn

as   the   Langdon   Shale   in   Nebraska    (Cc]ndra   and   Reed,

1943),    and   as   the   Table   Creek   Shale   in   Kansas    (MocJre,

1956).       MoarE   and   Muc]ge    (1956)    adc3pted   the   name

Pillsbury  Shale  tcj   include  the   strata  between   the

Zeandale   Lime5tc]ne    (belc]w)    and   the   Stc]tler   Limestc)ne

(above).      The   Pill5bul-y   retainec]   its   formatic)Hal    status

after  this  revision.

Dc)ver   Limestc]ne.    The   Dover   Limestc]ne   was   originally

c]esc:ribed   by   Beede    (1S98).       It   was   c:c]nsidered   part   of

thta   Admire   Shale   by   Hawc)rth   and   Bennett    (19C)a).       Cc)ndra

(1949)    dEfined   the   Dover   Limestc)ne   as   the   stratigraF)hit:

interval   between   the   Langdc]n   Shale    (belc]w)    and   the   Dry

Shale    (above)    and   assigned   it   formational   statL`s,    rloc]re

and   Mudge    (1956)    reduc=ed   it   tc]   mEmber   stati\s   within   the

(then)    newly   named   Stotler   Limestc]ne   Fo+rnation.
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Qr}£  Shale.    The   Dry   Shale   was   c]riginally   clef inec]   by

MocJre    (1936)    as   the   strata   between   the   Dc]ver   Limestc]ne

belc]w   and   the   C5randhaven   Lime5tc]ne   abc]ve.       It   was

assigned   formatic]nal   status.      Previously   t.his   interval

was   c:c)n5iderEd   an   unnamed   part   c]f   the   Admire   Shale

(Haworth   and   Bennett,1908).       Mc]ore   and   Mudge    (1956)

rEduced   it   tc]   a   member   c]f   the    (then)    newly   named   Stc]tler

Lime5tc]ne   FormaticJn.

G_ran_dh_aven   Limestone.    The   Grandhaven   Limestone   was

c)riginally   dEfined   by   Moore    (19=6)    a5   the   limestone

between   the   Dc)ver   Limestc)ne    (below)    and   the   Jim   CrEeli

Limestc)ne   (abc)ve).       It   was   assigned   formational   status.

Previously   this   interval   was   c:c]n5ic]erEd   an   unnamed   part

c)f   the   Admire   Shale    (Haworth   and   Bennett,19C)8).       MocJre

and   Muc]gE    (1956)    reduc:ed   it   tc)   a   member   c]f    the    (then)

newly   named   Stc]tler   Limestc]ne   Formation,    spec:if ic:ally

the   strata   between   the   Dry   Shale   member    (belc.w)    and   the

F.riedric:h   Shale   Member    (Rc]ot   Formatic]n)     (above).

In   Nebraska,    Condra    (1949)    referrEd   tc]   the

lime5tcJne   at   the   C3randhaven   stratigraphic:   interval    as

the   MCJrtcJn   Limestc]ne.       He   dic]   not   believe   that    the

Mc)rton   and   Grandhaven   were   stratigraphic:ally   eqi\iv€ilent

l`nit5.      Elurchett   and   Peed    (1967)    alsc)   referred   tc)   this

interval    as   the   Mc]rtc]n,    but   later,    E(i`i~c:hett    (.t977)

c:ailed   it   the   Grandhaven   Limestone.

SL\mmarv.    The   stratigraphic:   nc)menc:latL`re   c]f    the
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those   localities   near   Nebraska   City,   Nebraska

(1c)c:atic]ns    1,    2,     and    3).

I).a_yer.  Limestone...__   In   the   northern   part   of   the   Study

area  the  Dover   is  rEpresented   by   c]ne   limestone

(bio5parite)   bed,    ranging   in   thic:knes5   frc)in   15   inches

near   Nebraska   City,   Nebraska    (loc:atic)n   1)    to   6   inc:hes

near   Humbc]lclt,    Nebraska    (lc)c:ation   6).       It   is   grey   and   is

c]ominatEd   by   phyllc)id   algae   and   intraclasts.      Hematite

c:c]atec]   intrac:lasts   are   c=ommon.

In   the   southern   F]art   c]f   the   stL`dy   area   the   Dover   is

represented   by   two   beds  of   limestc]ne   5eparc`ted   by   shale.

The   lower   Dover   Limestc]ne   bed   has   a   fusL`linid-ric:h,

thinly-beddEc]   base,    which   gradEs   upward   intc]   a   mcis!5ive.

hematite   ric:h   algal    limestc]ne.       The   fusi`linid   ric:h   zc]iie

i512   inchE}5   thick,    the      massive   algal    =c]ne   is   .=t:)   tnc:has

thic:k.      The   intervening   shalE   is   thin    (6   inc:hes),

cc`lc:areoL`s,    and   fc)s5iliferc)L`s.      F.o5sils   present   in   the

shale   include   fenestrate   and   rhombc}pc]rc)id   bryo=t]ans,

prc)duc:tid   brac:hic)pods,    and   c:rinoid   colL`mnals.       The   i.`pper

D(]ver   lime5tc}ne   bed   i5   a   thinly-bedded   bicJmic:rite,    up   to

50   inches   thick    (Fig.10).

Fc35sils   c]bserved   in   th£   Dc]ver   limestc]ne,    within   the

study   area.,    include:    Echinoc]erms,    brac:hic]pocJs,

bellerophc]ntid   gastropc]ds,    phylloid   algae,    bryo=oans,

i`-\..igcJse    c:c)rals.,     and    fusL`linid5.
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Figure   10.      Dover   Limestone   in   Wabaun5ee   CoL\nty,    k::an5a5

(lc)catic)n   7).       FLisL`linid-ric:h   zc]rie   i§   at   bc)ttcJm   of    the

photograph,    c]verlain   by    (in   ascending   order)    massive

a.1gal    limestone,    marine   shale    (marl<ed   by   head   c)+   hammer)

and   L`pper   limestcJne.





r±[]£  shale.    The   lithc)1c]gic=   and   palec]ntc]1c]gic=   nature

of   the   Dry  varies  within   the   study   area.      Fc]r   the   most

part,    it   is   a   thic:k    (1C)-15  feet)   shale   and   5iltstone

unit,    with   sandstc)ne5   Ec)mmon   at   the   top    (Fig.11).       It   i5

grey   and   brt]wn   in   c:olc]r   and   mu5cc)vite   ric:h.      Marine

fossils  are  rarE;   whEre  they   do  occur   they   are   loc:ated

at   the  base   and/or   tc]p   c3f   the   unit.      These   c:ould

reprEsent   transiticJnal   zc]nes   .from   the   i`nder-anc]

c)verlying   lime5tc]nes   c]r   they   c=c]L`ld   be   reworked   frcJm

previcJL`sly   dEpositEd   sedimentary   roc:ks.      As   they   are

often   fcJund   in   sandy   parts   c)+   the   Linit   and   shcJw   siqn5   cJ.f

abrasic]n,   rewc)rking   appears   tc3   be   the   bett.ar

explanatic)n.       In   5c)iithern   Lyc)n   Cc]i`nty,    k(antsas,    chcJnetc]id

brachiopods   that   c]o   nc)t   appear   to   have   been   reworkg?c]

are   prEsent   within   the   Dry   Shale.      These   may   be   from   ci

thin    "limestone   stringer"   desc:ribed   t]y   Tasc:h    (195:I)

At   c}utc:raps   near   Humbc}1dt,    Nebraska,    the   Dry

differs   markedly   from   its   nc)rmal    lithologic   and

paleontc)1c)gic   c=harac:tar.      At   its   base   there   is   ,a   well-

developed   jiivenile   gc)niatite     fauna.      Gastrc]pods,    and

Small   nautilaids   and   pelecypad5   are   alsc]   presEnt.    The

fossils   here   are   usLially   rEplac:ad   by   limc)nits   and

limonitic   c:c)nc:retic]ns   are   c:ommc]n.       The   top   c)i   the   Dry

near   HL\mbc]1dt    is   a   rEd    shale,    whic:h    is   also   uiiiqi.ie    tc)

this  part   of   the   stLidy   area.

Tasc:h    (1953)    perfcjrmed    an    e>(tensive   sti.\dy   an    r>mall
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ammonoids   frc]m   the   Dry   Shale   to   the   soiith   c)i   the   stLidy

area   of   this   rEpc)rt    (Lyc3n,    6reenwoad,    and   Elk   c:cJunties,

Kansas).      The   c)utcrc]p5   he   desc:ribed   are   more   Similar   to

the   Humboldt,   Nebraska,    lc)calities   than   tc)   the   cjther

Dry   Shale  exposures   5tuc]ied   in   this  report.      Tasc:h

briefly  mentic)ned   that   some  exposures  of   the   Dry   Shale

are  unfc)95iliferous.      This  suggests  that   Tasc:h   may   have

preferentially   Sought   c3Lit   outc:raps   suc=h   as   this   and

ignorec]   the   more   commc)n,    sparsely   .fc)s5iliferc]us   c]nes

(Ta5ch,1953,    p.    I61).

Grandhaven   Limestone.    The   Grandhaven   is   variable

within   the   study   arEa,   especially   with   respec:t   tc)   the

number   and   c:haracter   of   limestc}ne   becls   and   interbeddec]

shale5   included   in   this  unit.      In   the   nc]rthern   part   of

the   Study   area   ,   near   Nebraska   c:itv,   Nebraska

(lc]cations   1   and   2),    there   is   nc)   intErbedded   shalE

associated   with   the   Grandhaven.      Here   the  base   a+   the

unit   is   a   thinly-bedded   biosparite,    2C)   inc:he5   thic:r„

that   contains   phylloid   and   cc]ralline   algae,   brat:hiopc]d5,

and   intrac:lasts    (Fig.12).       This   gradEs   uF)ward   intcJ   a

massive   algal   bio5parite,    19   inches   thick,   that   cc)ntains

brycJzoan5.      §ubsurf ac:e   data    (Burchett   and   Maroney,    1979)

indic:ate   that   the   Grandhaven   inc:ludes   an   interbedded

shale   in   southern   Nebraska.      An   expc)sura   of   the

Granc]haven   in   this   area,    hc)Never,    does   not   c:c)ntain   an

interbedded   Shale    (1cjc:atic]n   5).

Ml`dge   t:inc]   Bl`rtc]n    (1959)    report   that   the   Granclhaven
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is   represented   by   c]nly   one   bed   of   limestc]ne   in   Wabaunsee

County,    k.an5a5.      Wabaunsee   Cc)urity,    Kansas   expc]sures   c]f

the   6randhaven   e>{amined   in   this   Study    (lc)c:atic]ns   7   and

8)    cc]nsi5t   of   only   one   lime5tc)ne   bed,    suppc)rting   Nudge

and   Elurton's   claim.      Here  the   Brandhaven   i5   a   hematite-

rich,   unfossiliferc)ug  calcarenite,    17   inches  thick,   with

abuiidant   intraclasts   (Fig.13).

In   Lyon   County,    k.ansas,    the   Grandhaven   is   cc)mpc)sad

of   two   separate   limestone  beds.      The   intert]edded   unit   i5

a   shale    (C]'Cc]nnor,1955;ML`dge   and   Yoc:helsc)n,1962).       The

shale   is   coverEd   by   Soil   and   vegEtation   in   I.his   area   and

was   nc}t   observed   dLiring   the   c:oi`rse   of   this   stuc]y.       The

lower   Grandhaven   Limestt]nE   bed   is   an   i`nfossilifercJus,

mic:aceoL`5,    calc:arenite,    19   inc:has   thic:k,    with   abLindant

intrac:lasts    (Fig.14).      The   Lipper   Grandhaven   LimestcJne

bed   is   a   mic:ac:ec]u5,    hematite-rich   biomic=ritE,    8   inc:he5

thick    (Fig.15).       It   is   not   laterally   persit5tent.    (Mudge

and   Yochel5on,1963).      Fc]5sils   prEsent   include:

fL`siilinids,    bryc)=c]ans,    echinc)derms,    and   brachicJpc)(]Ei.

The  three   separate   lithologies  that   c:omprise   t.he

Granc]haven   in   Lyc]n   Cc]iinty,    klansas,    differ,    especia:lly   in

fossil   t=ontent,    frc]m   the   three   6randhaven   units

describec]   by   Mudge   and   Yc)c:helson    (1962,    p.    9).       This   may

be   due   tc)   thE   variability   of   the   Grandhaven   over   even

short   get)graphic   di5tance5.
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Figure   14.     Photo  negative  print   of   thin   section.      lower

Grandhaven   Limestc)ne   frc)in   Lyc]n   Cc)i`nty,       Kansas    (lcJc=aticJn

11)       (7.5    X).
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Pal eontel ogy

Fc]55ils  are  present   in   all   foiir   litholc]gic   i.init5.

Fc)ssils   from   the   Pillsbury   and   I)ry   werE   analyzEd   under   a

binc]clllar   mic:rt]scope   after   having   been   extrac:ted   thrc]ugh

washing   and   sieving   techniquEs   (See   MEthods   of

lnvestigatic)n   5ectic]n.).      Fc)5sils   from   the   Dc)ver   and

Grandhaven   were   analyzed   in   the   field,    in   polished

sections,   and   in   thin   sectic]n   Linder   a   petrographiE

in i c: r a s c: cJ p a .

Several   geolc)gi5ts   have   stL`died   the   i lc)ra   and   f ciuna

•of   these   lithc]lc}gic   L\nits.       Mi`dge   and   Yc]c:helson    (196£,

•table   1,    sheet    1)    i5   recc)mmended   a5   the   mc}!5t

c=omprehen5ive   palec)ntc]lc)gic:   5tLic]y   c]f    these   rc]ck5.       `[n

this   report,    disc=us5ic]n   will   be   cc]ncEntrated   I)n   the(5e

fossils   fc)und   by   the   authc]r,   within   the   stuc]y   area.

Algae

The   Dc)ver   cind   6randhaven   are   bc)th   algal-ric=h

limestc)nes   throughout   muc:h   c]f   the   study   area.      Bath

c:c)ntain   abundant   phyllcJid   and   blLie-`grEEn   algae    (Fi\3.16).

Algal-coatEd   grains   are   c:c]mmc)n   in   bc]th   limestc)nes.

Coralline   algae   are   present   in   the   6ranc]haven   near

Nebraska   City,    Nebraska    (Fig.12).        In   Wabai.insee   Cc3i.inty,

I:::cinsas   bl\.`e-green   algae   i5   a   majc]r   cc]mpc]neiit   c]f    the

lc]wer   Dc]ver   Limestc)ne   bed.
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Figure   16.   A.   Photo  negative   print   of   thin   secticJn.

Dc]ver   Lime5tc)ne   frc]m   Nebraska   City,    C}tc]e   Cc}unty,

Nebraska    (loc:ation   2).       Note   abi`nc]anc=e   of   Phylloid   alt3ae

(5   X).      a.      Phc)to   negative   print   af   thin   Section.      BILie-

grean   algae   in   the   Dc)ver   Limestone   frc}rn   WaE]ai`nsee

Cc)unty,    Kansas    (lc)c:atic]n   6)     (3   X).
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Fusulinid5   (Fig.17)

Fusulinic]5   are   present   in   the   DovEr   Limestc]ne.    Dry

Shale,    anc]   6ranc]haven   Limestone.      They   are   mc]re   abundant

in   the   5cJuthern   part   c)i   the   5tuc]y   area.       In   WabaLmseE

C:ounty,   Kan5a5,   the   base   of   the   Dover   Limestone   is

fl`5ulinid-rich.      The  sandy  tc]p   c)i   the  Dry   Shale   at

loc:ation    12   c:c]ntain5   abundant   fi`5ulinic]s   and   c:rinoid

C:all`mnal5,    but   these   may   have   bEen   rewarked   frc)in

prEv.iously   deposited   sedimentary   rc]c:I¢s.       In   Kansas,

fusulinid5   are   lc)cally   abiindant   in   the   6randhaven

Limestone.

EEh i nodermat a

C=rinoid   c:c]lumnal5   are   present   in   the   Dover

Limestone,    Dry   Shale,    and   GrandhavEn   Limestone.      They

are   mc)5t   abLindant   in   thE   c=cirbonatet5.       At    location    1.I

(LycJn   I:ounty,    k.ansa5)    c:rinoid   c:c3lumnal5   are   abi.\ndant    at

the   top   of   the   Dry   Shale.      Ilere,    the   Dry   is   sandy   `and

fllsulinids   are   alsc]   abundant.      ThesE   may   have   been

rewc)rked   from   previoLisly   deposited   5editnentary   rocl.::s,

Evidenc:a   that   5i`ggests   this   inclL`des:    presE?nc:e   in   a

sandy   matrix,    Linifc)rm   Size,    and   wecithered   cippearence   of

the   fc]55ils.

Echinc)c]erm   fragments   are   cc]mmc]n   allc]chem5   in   bc)th

the   Dover   and   Grandhaven   limestc]nes.      They   are   easily

ic]entif icible   as   ec:hinoderms   in   thin   sec:tic)n,    bLit    in    t.his

study   werE   no.t    c:lassi'f ied    tc]   lower    ta>{onc)mic:    level.s.
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Ccol en t ar at a
Rugose  Coral5   (Fig.    18)

F3ugose   cc)rals   arE   present   in   both   the   Dc)ver   and

6randhaven   Llimestc]nes.      In   Wat]aunsee   County,    Kansas,

rugose   c:c)ral5   are   a   c:c}mmon   c:I)mponent   in   the   lc]wer

limestc)ne   bed   af   the   Dover   Llimestone.      DibunoDhyllum

has  been   prEviously   observed   in   these  units  by   Nudge   and

Yc)c:hel5on    (1962).      Those   c:01lEcted   in   this   study   appear

tc]   be   similar.       Fiugt]5e   c:c]rals   were   analyzEd   cJnly   in   thin

anc]   pc}1ished   sectic)ns.

Bryozoa

Bryc)zoans   are   present   in   the   Dover   Li/ne5tcJne,    Dry

Shale,    and   6randhaven   Limestone.      At   lac:ation   7

(WabaLinsee   CoL`nty,    k:ansas:     (Fig.3)    fenestrate    (Fig.19)

anc]   rhombopc]roid    (Fig.2C))    bryo=c}an5   werE   Eollec:tEc]    from

a   shale   layer   within   the   Dover   Limestc]ne.       The   btat5e   cJf

the   Dry   Shale   c:c)nt:ains   rhc]mboporioc]   bryc)=c)ans   at   this

i c,Gal i ty .

BrycJ=c)an5   are   c:c)mmon    allc}c:hems   in    bc)th   the   Dc]ver

and   Brandhaven   Limestc)nes.      They   are   easily   idEntifiable

a.s   bryc]=c}clns   in   thin   5ectic]n,    but   in   this   study   were   not

c=1assif led   to   lower   ta>{onc]miE   levels.

Br ach i epoda

Brachic)pads   were   c}bserved   in   the   Dc)vcr   Limet=tc)ne.

Dry   Shale,    and   GrandhavEn   Lime5tc]ne.       F'roduc:toic]

brclchiopc}d(3   arE   prat.sent    .ln   the   Grandhaven   Limestt:;ne
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Figure   19.      Fene5trate   bryc)zc]an   frc]m   a   marine   shale

within   the   Dc)ver   Limestc]ne,    Wabaiinsee   Coi\nty,    h'a"sas

(loc:ation    8)     (6.5    X).
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Figure   20.      Bhombc]poroic]   brycJzoan   from   a   marine   shale

within   the   Dover   LimEstone,    Wabaunsee   Cc}L`nty,    k`{anscis

(1oc:atic]n    8)      (a    X).
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Figure   21.      Produc:tc]id   brac:hiopod   fragment   from   a   mci:ri.ne

t5hale   within   the   Dc]ver   Limestc]ne,    WabaL`nsee   I:cJi.int`/,

h:ansas    (locatic)n   8)     (7   X).





Figure   22.      Chonetoid   brae:hic3pod   frc3m   thE   Dry   Shale!,

Lyc)n    Coiinty,     I:::ansas    (1c)celtic)n    16)      (=X).
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Figure   23.    GonicJlc)boc:eras   c]c)niolc)bL`m   from   the   Dry   Shale

near   Humboldt,    F]ic:harc]sc]n   Cc}unty,    Nebraska    (lc]c:atic)n   6)

(9    X).
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Figure  24.      GlaDhvrites   (Eoasinites?)    frc)in  the   Dry   Shal9

near   HL`mbc]lc]t,    Bicharc]son   Cc}unty,    Nebraska    (1c)c:atic)n   6)

(7    X).
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Figure   25.      Gastrc)pod   from   thE   Dry   Shale   near   Hi`mbc]ldt,

F3ic:hard5on   Cc}unty,    Nebraska    (lc)catic]n   6)     (a   X).
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Figure  26.      Pelecypod   from   the   Dry   Shale   near   Hi`mboldt.,

Ric:hardscJn   County,    Nebraska    (1oc:ation   6)     (7   X).
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Humboldt,    NebrasL¢a.      They   are   present   in   the   Dry   Shale,

biit   are  not   nearly   as  abundant   as  the   juvenilE

goniatites   whic:h   dt]minate   this   fauna.      The   pelec:ypc]ds

here   are   small,   most   are   less  than   1   inch   lc)ng.

Plants   (Fig.27)

Plant   fc}ssils   were   observed   c)nly   in   the   Pill5bury

FermaticJn.       Fossil    wood   was   collec=ted   at   loc:a`tion   I,

near   Nebraska   City,   Nebrasl::a.      A   study   of   the

F)alync]f lc)ra   c)i   these   units   might   c:c]r`tribi\te   tc3    the

\.Lnder5tanding   cJf   their   depc)sitional    env:ironment{=.

Financial    c:cJnsideratic]ns   F)revented   si\c:h   a   study   frcJm

cc)ntribL`ting   tt]   this   report.       The   Illiriois   eec)1o`3ic:al

SL\rvey   grac:ioiisly   agreed   to   F)rc)c:es5   material    fi`-c3m    I:he

Dry   §ha.1e   at    lc]ccitic)n   6,    near   H`.imboldt,    Nebr=i5l::ta    f(]r

palynomc)rph5.       Upon    c:t]mplEtiori    c]f    this   repc]rt,    i'-ESLilts

a.f   th:is   study   were   not   yet   avai.table.

Trace  Fos5il5

Tr{ace   fc)s5ils   were   c]bserved   in   the   Grandhav@n

Limestc)ne   in   scJuthern   Lyon   C:ounty,    k::ansas,    and   in   the

Dry   Shale   near   Humboldt,    Nebraska    (lc]c:atic)n   6).       Thc)se

in   the   C3randhaven   Limestone   appear   tcJ   reprESEnt   feeding

or   loc:c)motic)n   tracEs    (Fig.2B),    whereas   thc)se   in   the   Dry

Shale   appear   to   represent   dwelling   5trL`c:tures    (Fj.g.:9).

The   tra:\ce{5   in   the   Dry   were   nc)t   analyzed   in   situ   at   t.he

cJLltc=rc)F).        They    were    e>{trcicted    frc)in    a    washed    bi.`].I<    5c.impl@

taken   from   I.his   lc)cality.
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Figure  27.      Plant   fossil    (wood)   from   the   Pillsbi\ry

Fc)r/naticJn   near   Nebraska   City,    Otc)a   Cc)unty,    Nebrasl.::a

(loc=atic]n    3)      (3    X).





Figure  28.      Trace   fossils   in   the   Grandhaven   Limec3tc)ne

frc)in   Lyc)n   Coiinty,    k:an5as    (loc:atic)n    16).





Figure  29.      Trace   fc)sail   from   the   Dry   Shale   riear

HLlmbc)1dt,    Bic:hard5on    Cc)L`nty,    NebrasL::a     (loc:a.lion    6j)      (5

X).
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Figure  50.      Paleogec3graphy   of   Upper   Pennsylvanian

Midcc]nt.inent   Sea   di`ring   rna,vimum   transgression    (Hec:kel,

1980)  .
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Depositional   Environments  at  Kay  Area.

Nebraska  City,   Nebra5l<a      (Fig.32-34)

The   Pill5bury   Formation   is   thic:k   here   (2S   feet)    and

Cc)nsi5t5   cJf   alternating   beds   c}f   shale,    siltstc)ne,    ancl

sandstone.   Coal,   pyrite  nodules   anc]   plant   fc)sails   are

also  present.      These   are   indicative  c)i   depositic]n   in   a

nearshore  environment,   c]L`ring   a  regression   of   an   epeiric

Sea,

As   Sea   level   rc}se   again,    the   Dover   LiiT`e5tc]ne   was

dEpositEd.      The   base   c]f   the   Dover   i5   a   bionic:rite   t:hat

gracles   \Apward   into   a   bic]sparite    (\]r€iinstone).       It   :is

dominated   by   phylloid   algae   and   algal-coated   grains

(0`5a_Qi__a_?)     (Fig.34).        It    was   most    Ilk:ely   c]epc)sited    in

a   shallow-marine,    high-energy   envirc]nment.      The   Dc]ver

bec:omes   less   fc)ssili+erous   and   more   mic:ritic:   tcJwcird   it`s

middle.    The   iippermc]st   part   of   the   Dc3ver   here,    hc3wever,

is   dominated   by   fc)ssil   frtagments   and   intrac.1a5tt5,

indicating   deposition   in   a   high-energy   envirc]nment.      No

evidencE   of   5uba:rial    E>{posi`re   wa{5   observed.      The

presenc:a   of   diagenetic:   pyrite   in   the   i.`pper   part   of   t.he

Dover   is   evidenc:e   against   sLibaerial    e!{po!5L`re.

The   I)c3ver   Limestone   at   Nebraslr.a   City,    Nebraska.    /T`ay

represent   a   single   rise   and   fall   c]f   sea   level,   or   it   may

represent   a   transgressivE   limestc]ne   that   was   i loc]c]ed   oL\t

by   c]etritL`t5,    before   an   offshc)rE   c]r   regret5sive   f t=it=Lec=

c=cJlild    c]evelcJF).        The    tc)p    c]f    the    Dover    i=>thibits
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Figure  32.      Stratigraphic:   section   from   Nebraska   Cit.y,

Otoe   C=ounty,    Nebraska    (1c)catic)n51    and   I).       Sc]1id   b.1cicl::

5ymbc]l   at   tc}p   of   Pill5bury   Fc]rmation   represents   coal.
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Figure   53.       CJl`tc:rcJp   at   lcJc:aticJn   2,    near   Nebraska   I:ity,

Otc)e   Cc]unty,    Nebrask.a.       A   =   PillsbL`ry   Fc)rmation,    a   =

DovEr   Lime5tc)ne,    C   =   Dry   Shale,    D   =   Grandhaven

Limestone.





Figure   34.      F`hotc}   negative   F}rint   of   thin   sac:t.ion.       DCJver

Limestc]ne   cit   Nebraska   City,    Otoe   County,   Nebraska

(loc:ation   2).       Nc]tE   abundanc::   of    phyllcJid   algae    (8   X).
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c:yclE   cJf   sea   levEl   rise   and   fall   c3r   a   transgressive

limestone   that   was   f looc]ed   c)ut   by   detrital    inf lL`>:.      The

morE   massive   natL`re   toward   thE   tc]p   o{   this   unit   ccJulc]

represent   depositic)n   in   a   less   mudc]y,    more   c)pen   marina

environment   than   at.the   base.       It   c=c}L`lc]   alsc)   be   thE

result   of   some  diagenetic:   process   independent   c]f

depositional   envirc}nment.      No   5ubaerial   Exposlire

i eatures   were   observed   in   t`he   Granc]haven   here.

Unfc)rtL`nately,   the   unit   whic:h   overlies   the   6ranc]haven

(Boot   Formation)    is   nc}t   E>{posed   here.      The   nature   of   the

base   c)i   this   L`nit   might   sL`pply   some   c:lues   as   to   why

c=arbcjnate   dEposition    c:eased    (alloc:yc:lic:   v5.    autoc:yc=lic:).

Humbc)ldt,   Nebraska   (Fig.   35)

The   Dover   LimEstc]ne   is   a   thin    (6   inc:has)    c:c]quincJid

limestc]ne.       It   was   mc)st   likely   cleF)c)sited   in   cl   shallc)w

marine,    high-energy   environment.

Only   the   base   a+   the   Dry   Shale   is   a:.tF)osed   here.

The   mc]st   striking   fEatLire   c)f   the   Dry   shale   near

HL`mbc]ldt,    Nebraska,    i5   the   abundanc:e   of   juvenile

goniatite5.      Lot:ation   6    (Fig.5)    is   the   c)nly   e>{posure

of   the   Dry   Shale,   in   the   stL\dy   area,   where   these   fossils

were   observed.      A   great   c]eal   of   study   has   been   dEvot.ed

recently   to   juvenile   ammc]noid   faunas   in   Late   Palec)zc)ic=

rcJc:ks   of    the   Midcc)ntinent   by   Boardman   et   al.     (i,984)    anc]

by   Hammer   et    al.,     (19E}6).       They   propc]sec]   that    fauntE\s

5L`c:h    as   this   reF)resent   ma5ss-mortality   Events   c:aL\5E?d   by
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Figure  35.      Cc}mpc)site   stratigraphic   section   from

Humbolc]t]    Bicharc]sc}n   County,    Nebrash:a    (lc)c:atic)ns   5   and

6).



` GRANDHAVEN  LIMESTONE

DF]Y SHALE

DOVEB  LIMESTONE



96

f ll\c:tuatic]ns   in   the   c]ysaerobic:   zone   of   the   water   c:cJlumn

(figure   56).      Apparently,    ac]ult   forms   were   able   tcJ

Esc:ape   the   rising   anc]xic:   anc]   near-anoxic:   waters.      No

ac]Lllt   fc)rm5   were   observed   in   this   expc]sure   c)f   the   Dry

Shale,

Dysaerc}bic:   c=c}nclitions   i`sually   develcJp   in   dEeper

parts    (150   feet)    of   the   water   c:olumn.      BCJardman   et.   al.

(1984)    c]emonstrated   that   dysaerobic   faL`na5   are   usL`ally

associated   with   offshore   shales   of   the  Hec:kel

(]epositic)Hal    model.       All    c)ther   e).:pc)sL`re5   of   the   Dr\/

Shale   in   this   study   area   lac:k   evidenc:e   of   dy5aerc]bic:

Conditions.      The   palec)geographic   evidence   clcJes   nc)t

SuF)port   an   offshore   c]epositic]nal    envirc)nment   for   the   Dry

Shale   here,   bLit   rather   a   necirshore   One.

There   arE   two   possible   ExplanaticJns   for   the

develc)pmEnt   of   dy5aerc}bic   c:c)nclitic)ns   in   a   nearsht]re

Environment.      One   is   the   pre5enc:e   of   a   topographic:   basin

near   HLimbc}ldt,    Nebraska,    that   resL`ltEc]   in   deep   water

c:c)nditions   t=lose   to   shore   during   transgres5ic]ns.      The

other   is   the   dEvelc}pment   of   a   re5tric:ted   bay   I)r   estL`ary

in   whic:h   dysaerobic:   c:onditions   c:oL`ld   develc]p.       Devgra   et

al.     (1987)    have   employed   the   latter   sc:enaric)   tc)   a).tplain

the   oc:currEnce   of    jLivenile   ammonoid   faL`na5   frc]m   somE

LC)wer   Pennsylvanian   roc:k5   in   the   Illinois   basin.      Either

sc:Enario   c:oi`lc]    e>{plain   the   c]ata   prEsently   availab].a   fl~c3m

the   Dry   Shale   near   Hi.`mbc)ldt,    Nebrt=i5L::a.
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Figure   38.      Dover   Limestone   from   Wabaiin5ee   CcJL`nty,

k.`.ansas    (lc]catic)n   7).      Note:    figures   38   and   lc)   are

i c] en t i c: a i ,
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depositic}n   c]f   the   Dover   limestcjne   began.      The   basal

fL`siilinid-rich   lime5tc}ne    (Fig.39)    was   deposited   in   a

shallcJw,   high-energy,   marine   environment.      This   basal

unit   grac]es   L`pward   intc}   a   Sparsely   fos5iliferou5

mic:rite,    indicating   lower   energy  .c:onditions  than   at   t.he

base,

The   basal   fiisulinid   ric:h   limestc}ne   is   direc:tly

overlain   by   a   massive   algal    limestc]ne    (Fig.4t)).      This

was   depcJ5ited   in   a   5hallc]w   marine    (within   the   photic

zone)    environment,    free   of   detrital   influx.       .      Thj.5

ma55ive   bec]   bec=c3mes   less   algal,    anc]   c]ther   bioc=1asts

become   more   abundant,    toward   the   top.      This   may

represent   higher   energy  c:onditic)ns   at   the  top   of   this

bed,   than   at   its  algal-ric:h   base.

The   massive   algal    li/nestc)ne   i5   c}verlain   by   a   fnarinE}

shale.       The   faL`na   c]f   this   shale   inc:luc]es   brycJ=c)ans

(fenestratEs   and   rhc]mboF}c}roids) ,    prc)duc:tc)id   brachiopcJd5,

and   c:rinoid   c:olumnal5.      The   fenestratEs   in   partic=ular

seem   fragile   and   must   have   been   depc)5ited   in   a   lc)w-

energy   (deep-water?)    Envirc)nment.      This   shale   is   light

c]live   gray.      Althoi`gh   no   black   shale   facies   develc]ps

here,    this   unit   may   be   a   shallc)wer   water   analogL\e   c]f   an

offshore   shale   in   the   Hec:kel   depositic]nal   model.

Direc:tly   cjverlying   t.he   marine   I,hale   i5   t.he   i.\pper

:LimestcJne   bed   of    the   Dc]vEr   Lime5tc)ne.        It    .ls   a

biomic=rit.e    whic=h    bec=omes    mc]re    fc)s5il.iferoL\s    tc]warc]    I.+.s
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tc]F]    (Fig.41).       Algal-c:Dated   grains   are   present   toward

the   tc]p.      This   may   represent   depc)5ition   di.`ring   a

regressic]n   after   ma>{imum   depth   was   reac:had   dL`ring

cleF)cJsitic}n   c)f   the   marine   shale.       This   woi`ld   than   be   a

regressive   limestone.

The   Dry   Shale   i5   thic:k    (15   feet)    and

unfossilifEroi`s   here    (Fig.42).       The   deF}cJsitic]nal

environment   c)f   this   iinit   is     nearshc)re   and   iic)n-marina.

as   at   Nebraska   City,   Nebraska.      The   basal   6randhaven

Limestc)ne    (Fig.45)    here   is   a   bic]{3parite.       It   was

deposited   during   a   relative   rise   in   sea   lEVEl.      Whether

this   rise   was   c)i   allocyclic:    (eL`static:)    c]r   autc]cyc:.1ic=

origin   is   unc:lear.       The   6randhaven   grades   L`pward   intcJ   a\

c:gllc:arenite.       It   is   c)verlain   by   a   calc:arEc)us,    mic:aceous.

shale   that   grades   i.`pward   into   a   5andstc]ne   whic=h

:indiccltes   cleF}c}5ition   c]L`ring   a   regression.       Mudl]e   {.=ind

BurtcJn    (1959)    maintain   that   there   is   c]nly   c]ne   limestone

bed   in   the   Grcindhaven   in   WabaLinsee   CoLinty,    k.an5ci5.       This

is   not   the   case   tc)   the   south,    in   Lyon   Cc)i.`nty,    li::an5as,

where   the   Grandhaven    i5   c:c)mpc]5ed   c]f    twc)   li/nestcJnE   bec]s,

separatEd   by   a   shale.

Lyon   t=ounty  Kan5a5(figure  44)

No   e>{pc]5ures   c}f   the   Pillsbi`ry   Fc]rmation   c]r   the

Dt]ver   Limestone   were   lc]c:ated    in   Lyc]n   CcJunty,    h.an5ci!s.

The   Dry   Shale   hera   i5   similar   t.cj   it.s   c:Dunterpart   in

Wabaun5ee   (.`,oL`nty,     r{::an5a5     (Fig.45).        It    15,     `fc]r    the   `J\ost

part,    a   non-marine   shale   c]epc)sited   i.n   a   nec`:ir5hc]re
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Figure  43.      EXF}osure   of   the   Brandhaven   Limestone,

WabaL`n5ee   County,    Nebraska    (1c]catic)n   7).    Hat   fc]r   sc:ale.
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Figure  44.      Cc}mposite   5tratigraphic:   Section   frc)in   Lyc)n

Cc]Llnty,    Kansas.
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Figure  45.      OutcrcJp   at   lot:atic]n   9,    Lyon   CoL`nty,    Kansas

(hat   fc]r   sc:ale).      Grandhaven   Limestc]ne   is   E\t   the   tc]p   c]f

the   ledge,   c}velying   the   Dry   shale.
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sec:tic}ns   and   geologic   maps    (especially   O'Connc)r,1955).

The   base   of   the   Grandhaven   is   c:omprised   of   two

different   lithologie5.      In   some  parts  of   Lyon   County,

k:an5as,   it   is   a  bic}micrite   (Fig.   46),    in   others   it   is   a

calc:areous   5and5tt]ne   (Fig.14).      These   t=ould   represent

different  environments  along  the  depositional   strike  of

a  single  stratigraphic   unit,   but   are  mt]re   likely   twc)

clifferent,    lc)c:ally   develc]ped,    stratigraphic=   L`nits.      The

biomic:rite  was   most   likely   dEposited   under   normal   marine

c:onditic)n5,    whereas   the   c:ale:areoLis   5and5tc}ne   was

depc}sited   in   a   shallc]w,    high   energy   envirc}nment.

The   5halE   within   the   t3ranclhaven   is   locally   thic:k

(16   feet).      The   majority   c]f   it   is   coverec]   by   Vegetatic)n.

Despite  this  it   is  reasonable  to  infer,   bec:ause  of   its

thic:kne5s,   that   it   is  not   an   offshc}re  shale  but   was

instead   depc}sited   in   a   nearshore   environment    (Heckal,

1980)  .

The   upper   Grandhaven   Limestc]ne   bed   i5   c]nly   loc:ally

devElc]ped.       It   i5   a   fu5ulinid-ric:h   bionic:rite    (Fig.47).

Many   c}f   the  bic]clasts   ;re   algal-cc]ated.      This   inc]ic:ate5

deposition   in   a  normal   marina,   high-energy   environment.

General   Depo5itional   Model

ThroL`ghc}iit   the   5tL`dy   area   the   Pillsbi`ry   Fc)rmatic]n

was   deposited   L`nder   nearshorEf    nc]n-marine   c:onditicJns

(Fig.48).      The   Pillsbury   i5   a   regressive   c]epc)sit   that
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Figure  46.      Phc)to  negative  print   of   thin   Eec:tion.      Basal

6randhaven   Limestone   from   Lyon   CoL`nty,   k.ansas    (loc:ation

11)       (4     X).
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Figure  47.      Phc)to   negative  F)rint   c)i   thin   5ec:tion.      Upper

Grandhaven   Limestone,    Lyon   Coi`nty,    k.ansas    (lcic=atic]n   12)

(4    X).
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Figure  48.      Schematic   diagram   c]f   possible   facie5

relationships  within   the  stiic]y  area  during  deposition   c]f

the   Pill5bury   Formatit]n.      Upper   left   of   diagram   is  the

land   mass.    *H   denc}tes   the   locatic}n   of   Humbc}ldt,

Nebraska.     Dotted  pattern  represents  near5hore,   sandy

envirc)nment.     Dash-and-frc)nd   pattern   represents

deposition   t]f   nearshore,   nan-marine   shales.
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formed   c]uring   a  eustatic   fall   in   sea   level.

As  eustatic   Sea   level   rc]5e  again,   deposition   c)f   the

DovEr   Limestone   was   initiated    (Fig.49).      Near   Humboldt,

Nebraska,   dy5aerobic  conditions  developed  either   in   a  bay

or   ttJpegraphic   basin,   and   the  basal   Dry  Shale,   with   a

well-developed  juvenile  gc]niatite  fauna,   was  depc}5ited.

Near   Nebraska  City,   Nebraska,   the  Dover   Limestone   is

composed   of   only   one   lime5tc]ne  bec],    the   base   c]f   which

was   c]epo5ited   dL`ring   this   transgression.      In   WabaL`nsee

Cc}unty,   Kansas,    however,   the   Dc}ver   is   cc]mposed   of   twc]

limestone  beds   separatEd   by   a   shale.      The   lower

limestc}nE   and   the   shale  may   be   analegues   c]f

transgre5sive  limestones  and  offshore  shalEs,

respectively.      Bc}th   were  deposited   di`ring   this

transgressi on .

Sea   level   eventi`ally  began   tc]   fall   cigain.      §hallaw

water,   higher   energy   c:onditic]n5  are  rec:orded   in   the  top

©f   the   Be.¢eF   [ifFleitE)ne   near   NEEFa5Fi.:a   Eity]    NEbFa§}i;.a.

Here,   the  Dover   Limestone  was  deposited   by   a   Single  rise

and   fall   of   sea   level.      It   does  nc]t   appear   tc]  be  a

tran5gres5ive   limestone  that   was  i loc]ded   c]ut   by  detrital

inflllx,    as   was   propc)5ec]   by   Shields    (1987a,1987b).      The

Dry   Shale  was  deposited   in   a   near5hore   environment   as

sea   level    c:c)ntinL\ed   to   fall    (Fig.5C)).

Near   Hiimboldt,    Nebraska,   this   regres5ic]n   is

recc]rded   by   the   red,    Linfc)5siliferc}Lts   shale   at   the   tc]p   c]f
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Figure  49.      §c:hematic:   diagram  of   possible   fac:ies

relationships  within   the  stiidy  area  duriiig   depc)sition   c]f

the   Dover   Limestone   and.of   the   Dry   Shale   near   Humboldt,

Nebraska   (*H).      Elc}ck   pattErn   represents   marine

carbc)nate   depostic}n    (Dc}ver   Limestone).      Dashed   pattern

repre5ent5  depc]sition   of   the  Dry  Shale  near   Humbc)ldt

(location   of   juvenile  goniatite  faiina).
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Figure  50.      §c:hematic   diagram  of   possible  fac:ies

relationships  within   the   5tL`dy   area  during   depositic}n   c]f

the  Dry  Shale.     Carbonate  dEpostion   in   the  5outhea5t

represents  a  regressive  limestone  phase  c}f   the  Dover

LimestonE.
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the  Dry  Shale.      This  unit   recc]rds  detrital   influx    (into

the  bay  or   topographic   basin)   and   possible  siibaerial

expo5iire.      In   Wabaunsee  County,   Kansas,   the  upper

limestone  bed   in   the  Dc}ver  Limestone   is  a  regressive

limestone.      As  regression   c:ontinued   here,   the  Dry  Shale

was   depc)5ited.

A5  relative  Sea   level   rose  once   again   (Fig.51),

depositicJn   of   the  6randhaven   Limestone  began.      The

Grandhaven   i5   a   variable  iinit   whit:h   i5   comFio5ed   of

different   lithc]logies  that   are  separate,   gEographic:ally

restric:ted   stratigraphiE  units.      The  Brandhciven

Limestones   in   the  nc)rthern   {Nebraska)   and   soi`thern

(Kansas)   parts  c]f   the  Study  area  are  not  equivalent

stratigraphic:   units   (Condra,1949).      This   litholc]gic:

variability  si`9gests  that  the  Granc]haven  was  not

deposited   by   a   single,   wic]esprEad   eu5tatic:    (allocyc:lit)

rise  of   sea  level.      It  appears  instead  that  varying

rates   c}f   detrital   inf lux    (autoc:yc:lic=)   at   differEnt

plac:e5   in   the  5ti`dy  area  had   a  greater   inf luence  on

5Edimentation   than   eL`static   changes   in   sea   level.

lJnan5werEd  Guesti on.

Several   aspects  of   the  c]epc]sitic}nal   environments

are,   at   this  time,   cliff icult   to  ey`plain.      Whether   single

limestone  beds  rEpresent   cyc:leg  of   relative  Sea   level

rise  aEji  fall   or   were  depositEd   as  Sea   level   rose   g!=

fell    (the   transgres5ivE   ci:nd   rEgres5ive   limestonE5   of   the

Heckel    c]epc)5itional    mc)del)    i5   Llnc:ertain.      Shields
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Figure  51.      §c:hematiE   diagram   of   possible   facies

relatic]nships  within   the  sti`dy  dL`ring   depesitit]n   cJf   the

C3randhaven   Limestone.      Note   the  geographic   restric:tion

of   carbonate  depc]sitic]n.
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(1987a,    1987b)   suggested   that   the  Dover   and   Grandhaven

lime5tc]ne5  were  bc]th   transgres5ive   limestc}nes  and   that

detrital   inf lux   inhibitEd  the  formation  c]f   regressive

limestones.      This  c:lain   may   have  been   prematLire,    a5   sc)me

evidence  does  exist,   especially  in  the  Dover,   that

single  limestone  beds  rec:erd  cycles  of   sea  level   rise

and   fall..     Mo®re    (1936,1950,1964)    maintained   that   eec:h

limestone  bec]  represented  a  Sea   level   rise  and   fall.

Many   factors  besides  depositional   environment   c:an   affec:t

the  lithology  of   carbonates  and   it   is  diffic:L`lt   to

determine  whether   allocyclic   or   autoc:yclic:   factc]rs  were

the   dominant   c:c]ntrc}1   on   =arbonate   Sedimentation.

Mu5c:ovite   mic:a   is   present   in   all   fc}lir   lithologic:

units.      It   i5  espec:ially  abundant   in   the  Dry  Shale  and

Pill5bury   Formation.      Although   a   provenanc:a   study   i5   nc3t

within  the  scc]pe  c]f   this  report,   it  would  be  interesting

to   know  the   c]rigin   of   the  muscovite.      It   wc)uld   c:ertainly

add   some   insight   to  the  paleogeography  c]f   the

MidEontinent   during   Virgilian   time.

The   deF}c]sitic]nal   envirc}nment   of   the   Dry   Shale   near

Humboldt,   Nebraska,    i5   also   prc)blematic:.      This   unit   has

a   well-developed   jL`venile  goniatite   fauna   whit:h   i5

indicative  of   dysaerobic   water   Eondition5.      In   the  Late

Palec]zc}ic:   Midcc}ntinent   Seas   dy5aerc]bic:   c:c)nditic]n5

developed   offshore,    in   water   depths   of   approximately   15C)

feet    (Eloardman   et   al.,1984).       Evic]enc:e   frc)in   c]ther

lot:alities   indic:ates   that   the   Dry   §shale   was   depc]sitec]
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in   a  nearshore  environment   and   that   an   off Shore

depc)sitional   envirc]nment   would   be   inconsistent   with   the

paleogeography   c]f   the   area.      Development   of

geographically  re5tric:ted,   nearshore,   dysaerc]bic

c:c}ndition5  can   be  explained   by   at   least   twc}  scenarios.

C]ne   is  that   this   area  was   a   topographic:   basin   in   whic=h

deeper   water   Eondition5  developed   Elc)se   tc}  the

paleoshoreline.     ThE  c]ther   is  that   this  area  was  a

shallc}w   water   bay   and   c]ysaerobic   c:onditi.c]ns   developed

because  it  was  a  stagnant  water   body.     Devera  et   al.

(1987)   c]escribed   a   similar   siti`ation   in   the   Lc]wer

Pennsylvanian   of   the   Illinois   Basin.

Jl`venile   ammenoic]s   from  the  Dry   Shale   in   an   area   to

the  south   of   the  Study  area  have  been   desc:ribec]   by  Tasch

(1955).      It   appears  that   Tasch   cc)ncentratEd   his   5tiidy   c}n

the  paleontology  of   this  unit,   paying   littlE  heed  t.a

unfossiliferou5  expesi`res  ef   the  Dry  Shale.      He  thl`s

gave   the   impre55ion   that   juvenile   ammc]neids   are   c:ommen

along   the  depositic}nal   Strike  of   this  Linit.      This  may

not   be  the  case.      His  fo5siliferous   loc:alities   c:c]uld   be

geographic:ally  restricted,   muc:h   like  the   localities  near

Humboldt,   Nebraska   disc:u5sed   in   this   reF}ort    (location

6).      If   this   interprEtatic}n   of   Tasch'5   (1955)   5ti`c]y   i5

correc:t,   it   would   seem  far   more  plausible  that   there

wc)uld   be   a   Series   c)i   shallow   watEr   bays   alcJng   the

paleoshoreline  than   a  series  of   topographic   basins  with

deeper   water.      The   presenc:a  c)i   structL`ral   features   nEar
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Humboldt,   Nebraska,   hc]wever,    does   nc]t   allow   complete

rejection   c}f   the  topographic:,   c]eeper   water   basin

scenario.
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Cent 1 LJ5i on3

1.   The  PlllsbLiry   Formation   was   deposited   in   a   nearshc)re,

shallow  watEr,   nc}n-marine   environment.

2.   The  Dover   Limestone  was  depc]sited   in   a  normal   marine

environment.     At  Nebraska  City,   Nebraska,   it   is  a   single

bed  c]+   limegtone  that  appears  to  reprE5ent  a  5inglE  rise

and   fall   of   Sea   level.      In   Wabaunsee  County,   Kansas,

this  ilnit   includes  two  limestone  beds  separated  by  a

Shale.      The   lithologies  here  appear   tc]  be  analogue3  c]f

Heckel.'s   (1980)   tran5gres5ive   limestc)ne,   off5hc}re   Shale,

and   regressive   limestone   (in   asc:ending   order).     Eustatic

(allot:yclic)   processes  werE  more   inf luential   in   the

deposition   of   this  unit  than   were  autc]cycliE   prc)cesses

slich   as  detrital   influx.

3.   The   Dry   Shale   was   depc]sitEd   in   a   nearshore,   shallc]w

water,   dominantly   nan-marine   environment.      Near

Humboldt,   Nebraska   the  Dry   shale  contains   a  well-

developed   juvenilE   ammonc]id   fauna,    indic:ative   of

dysaerc]bic   cc]nditic]ns.      These   dysaerobic   c:onditic]ns   werE

geograF}hic:ally   restricted   and   probably   c]cc:urred   in

shallc}w  water   bays.      The   pc}ssibility   c)i   dysaerobic=

conditions   in   a   c]eEper   watEr,   nearshore,   toF)c]graphic:

basin   near   Humbc}ldt,    Nebraska   c:annc]t   be   ruled   oLit,

however.

4.    The   Grandhaven   Limestone   i5   c:c}mposed   of   varioi`s

geographic:ally   restric:ted   lithologies.      It   was   depc]sited



1 4 (:)

in   a   shallow   marine   Environment   that   was   5ubjec:tEd   tc}

detrital   influx.     Unlike  the  situation  with   the  Dover

Limestone,   autocyclic   procasges  were  c]ominant   over

allocyclic   (eu5tatic)   ones  in  the  deposition  of   the

Grandhaven   Limestone.

5.   Devlatlt]n   frc]m  the  HeckEl   depositional   model   by  this

Virgilian   Eyc:llc   Sequence   ig  due  to  the  more   extensive

transgre5sion5  rEcorded   in   the  Mi5st]urian   rc]ck5  Lipon

which   Heckel   based   his  model.      Tha   less   E}xtensive   natui-a

a+   the  Virgilian  transgressions   inhibited   fc}rmation   of

off Shore  shales  and   left  the  basin  more  prone  to

detrital   influx.

6.    Determining   whether   aiitocyclic:   c]r   alloc:yc:1ic

conditions   werE   dominant   factors   c:c]ntrc}lling   depc)5iticJn

of   carbc)Hates,   determining   the   origin   c}f   miisc:c)vite   mic:a

in   these   r.oc:ks,   and   deter.mining   whether   the   Di-y   ShalE

Ilear   Humboldt,    Nebraska,   was   depc}5ited   iinder   c]eep   c]r

shallow  watEr   dysaerobic:   I:c)nditions   are   all   problEms

concerning   the   depositic}nal   envirc]nments   c)i   this   c:yc:lic:

5equenc:a  that   cannot   be   answered   with   c:omplete   certainty

at  this  Point.

7.   Expc]5L`res  of   these  units   are   f ew   and   i ar   between.

§tratigraphiE   c:orrelation   from  outcrop   to  c]utc=rc]p   is

C:hallenging   at   best.      This   mList   be   kept   under

c:c]nsidEratic]n   with   respec:t   to   the   c:onc:lusic]ns   c)i   this

Stlldy.      It   i5   Suggested   that   fi`tL`re   sti`dies   c]f   Vir`jilian
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rot:k5   in   this  area  utilizE  as  much   5ubsurface  data  as   i5

possible.
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Location   #2

Bc]adcut   1.75   miles   South   c]f   NEbraska   City,    §W1/4

§Wl/4   §E1/4   see.10,    TBN,    B14E   0toe   Co.,    NE,    under   new

bridge  being  Een5tructed.

Bar uLEj± Desc:r i Dt i on Thickness
( i n c:h eg )

§totler  Formation
Grandhaven   Limestone   Member

16        Limestone,   dusky   yellow   (5   Y   6/4),   fos5il5
(bryo=oans),    massive ................. .  .  .19

15        Limestc]ne,    medium   grey    (5N5),    thinly   bedded,
limonite   cagts,    fc)s5il5    (braEhiopc]d5) .... 2C)

Dry   Shale   Member

14        §halE,    medium   light   9rEy    (6N6),    well   bedded
micacec)us,   red   staining   alcJng   some
part i ngs ..............................

15       §iltstone,   light   olive  grey   (5  Y  5/2),
i inely   laminatecl,    micac=eous ...........

12        Shale,    medium   light   grey    (6N6),    laminated
in   Plat=es,    micac:eou5 ..................

11         Limestone,    medium   light   grey    (6N6),
mic:aceous,   three   separate  beds ........

.42

.3S

.5

10        Shale,   medium   grey    {5N5),   finely   laminated
(light   laminatic}n5) ....................,.. i

9        Shale,    light   grey   (7N7),   slightly   bedc]ed
(fissile),   micaceous,    c:ale:areoi`s ......... 44

a        Shale,light   olive   grey    (5   Y   5/2),    mic:ac:Eou5,
limc]nite   staining(??) .................... 24

Dover   Limestc]ne   Member

7        Limestone,    c:alc:arenite,    brc)wn,    weathers   medii`m
dark   grey    (4N4),    fossils    (brac:hiopods,
bryc)zc)ans,    c:rinc)ids) ,    irregular
b age ................,.................... 28
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LOEation   #4

Bc]adc:ut   a.75   miles   5oL`thwEst   c)i   Humboldt,    NE1/4

SEl/4   §E1/4   §ec.4,    T2N,    R13E,    F`iEhardson   Cc].,    NE.

BEZEJI  ULEj± I)escr i Dt i on Thickness
(inches)

F]oet   Formation

5          Limestone,   light   olive  grey   (5  Y  5/2),
Cross  bedding   present,   Slumped   anc]
may   nc)t   be   in   situ ...................

2           Shale,    c]ark   yellowish   orange    (1C)   YB   6/6),
mc]5tly   sliLmped .......................

18

47

§totler  Formation
Grandhaven   Lime5tc}ne   Member

1           Limestc)ne,    dusky   yellow    (5   Y   6/4),    thinly
bedded,    fc)s5il5   (brachic}pc]ds,   bryozoa) .... 9

present  roacl  level
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Lc)catic)n   *7

F{oaducut   5.5   milEs   South   of   Maple   Hill,    §W1/4   §W1/4

NW1/4   seE.6,    T12§,    Ftl3E,   Wabaunsee   County,   Kansas.

89=Ji  t±Pj±                    Descri Dti en Thickness
( i n c: h es )

§totler  Formation
Grandhaven   LimestcJne   Member

7         Limegtt]ne,   mottled,   weathers   into
small    blocks ......................

Dry   Shale   Member

6          Shale,    light   olive  grEy,    (5   Y   6/1),
micaceous,    fo5silg    (?) ............

5          Shale,   medii`m   light   grey   (6N6),   finely
laminated,   micacec)u§   toward   the
top...............................

......  14

124

....... 69

Dover   Limestc)ne   Member

4          Limestone,   light   olive   brown   {5  Y   5/6),
thinly   bedded   with   beds   bec:c)ming
thicker   tciward5  the  tc]p,   fc]s5il
i r ag men t s ,.....................-... .  .  .16

3          Shale,    light   olive   grey   (5   Y   6/1),
micaceous,   c:alc:areous,    c:layey,
fo55ils    (brachiopod5)  ....................  11

2          Limestone,    mc)ttled    {brownish-grey) ,
fossils   (c:rinoids,   fugiilinids). .=4

1            Cc)vered   by   vegetation ........................ 266
---------------- 1I -------
level   of   bridge  en  road
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Lc]cation   #9

Pc]nd   Spillway   at   the   inter5ectian   c]f   Highway   56   and

Kansas  Turnpike,   3.5  miles  northwest   of   Miller,   §W1/4

§W1/4   §E1/4   see.13,    T16§,    B12E,    Lyon   Co.,    K§.

BB£Ji  !!Pj±            Desc=ri Bti on Thic:kness
(inches)

§tetler  Formation
Grandhaven   Limestone  Member

5           Limestone,    dugky   yellc}w   (5   Y   6/4),
thinly  bedded,   thickness  varies.

Dry   Shale  Member
§and5tc]ne,    light   olive   brown    (5Y   5/6),   with

c)range   speckles   (li.monite?),   fine   grained,
c: a I c: a r oi` 9 ..........................

lens   c]f   limestone,   light   grey   (7N7),
masBi ve ............................

§andst®ne,    light   olive   brown    (5  Y   5/6),
micaceoug,    limonite  conc:retic]ns ....

30

.  .  16ma^, ,

Shale,    medium   grey    (5N5),    c:all:areous    (Some
interbedded   c=alcarenitE),   fissile ........ 29

(meas.  )
level   of   pool   at  base  c]f   waterfall
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Location   #10

Boadcut   4   miles   sc}uth   c]f   Admire,    §W1/4   §W1/4   §E1/4

set.    54,    T16§,    F}12E,    Lyon   Co.,    K§.

BE=Ji  lJJ±j.i                 DesEri Dti on Thickness
(inches)

Stc)tier   Limestone  Formation
Grandhaven   Limestone   Member

2          Limestone,   light   olive  grey   (5  Y  5/2),   thinly
bedded  at  base,   massive  at  top,
irregular   basal   t=c]ntac=t .................. 33

I}ry   Shale   MEmber

1          §iltstone,   light   olive  brown    (5  Y  5/6),
mic:aceou53    becoming   more   massive,
Sandier,    and   having   more   c:c]nc=retions
tc}ward   the   top;   cc]nc:retic]ns   are
cal c:arEoiis ....................  ( mea5iired ) . 83

level   of   ditc:h   alc)ng   road   I
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Lec:ation   *11

Bc]adcut   6   mileg   5outhea5t   of   Admire,   §E1/4   SW1/4

§Wl/4   §ec.2,    T17§,    812E,    Lyon   Ca.,    h`s.

Bg=Ji  !jpj±              Descri Dti on Thic:kne55
(inches)

§totler  Limestone  Formation
Grandhaven   Lime5tc)ne   Member

=          Limestc}ne,    light   gray   (7N7)   and   mottled
fresh,   weathers  brown,   thinly  beddEd,
mc)re   massive   tc]ward   top ..............

Dry   Shale   MEmber

. . , 25

2          §and5tone,   dark   yEllt]wish   oralige    (10   YB   6/6),
very  i ine  grained,   micac:eous,   calcareou5,
cc}nc:retion5  present,   badly
weathered........ . .  (measured ) . . 7

I            Slumped.   material .............................. 5C)

present  rt]ad  level



Ta^at   aH€t   }uasald

C]9 .  ( PalnseeLP )  .......................... I Ton
+c}   I.ed   laddn   uT   suoT}a.=uo=    `do]

aH]   p.eMo]   a^Isseu/  a.OUJ   pup   latpup6
sauJc]aaq    `atTSst+   }euMauJc}s    `snoa=e3tu

`slloa.E=[e=`(I/i   A   E)    ^a.b   l|S[Mo[[e^   `auo]g}l}§           I

laquJaH   a[tpL|§   ^|a

6T
•............-.  (spodeTu=Elq)    ST Tesc]}
`pappeq   ^[uTH]    `os[e   Aa.El   +a   sal|=]ed

`(I/E   A   §)    ^alEl   a^I[o   }1|EITT    `auo}sauJi|           I

66T ................... Pala^O=   6lJIl||^|a^a   `H=uag           s

a ........  ((i)    5PTUT[nsn+
a^ t55'u,

(Sau=ut)
S a a u H I i lJJ.

`splouI|=)   gtIBeo+
f^e|6   }ii6tt   `auo|SauTl          b

laquJaw   BIJo}sauJT|   Ua^el|PIJel9
uet}eui.o]  euc)|sauJT|  la[}o]S

iTEFi FTa
•§H   `.o3   ut]^l   `]ZTa   `§£T|.   `t£.=as   t/T]N

ty/TEN   b/"§    `aHE[   EluiH5T+   ^}llnc}]   uc]^|   }e   a.n6ctdx]

ZT#   Uo{]e=oi

i.9T



164

Lc]c:atien   #13

Boadgllt   7.5   miles   northeast   c)i   Emporia,E1/2   NEl/4

§E1/4   §ec.24,   Tla§,    RllE,   Lyon   Co„   K§.

BB£Ji  [!Ej±                Descri i]ti on Thickness
(inches)

§totler  Limestone  Formation
Grandhaven   Limestc)ne   Member

1           Limegtc)ne,    greyish   orange   (10   YB   7/4),
+os5il5   abundant,   massive .........

---------------------
road  level

15
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