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This report. presents the vesulis of
g detuiled study of the clay mineral
composition alf a Peonsylvanian tn-
dereley which was made while the
author was sttomding the Lniversity
of ireis, The nnderslay crops sul
alomg the sontheast bunk of the Salt
Fork Creek, W %4 sec. 41, T 1% N,
E 18 W, near the town of FPithion,
Vermilion Couantly, Ilioois. Tt oe-
cupies 4 steubipraphic position be-
low  the Flat Creel Chal J0 A
SBimiom, persanal  eooiemunieation .
This undercluy wus selseted for stady
gimen it 18 tha typa leestion Lor ithi-
an illite, a stamdard reference clay
mineral | American Petrelenm  In-
shitute, 1949500 ; and alsa, hecavss
i displays featorves Fonnd in mans
Pennsvlvanian underelars,

Follawing s a descviption of the
shratigraphie sequanee aml semple
s Liang :
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Pray Mispranosy

Seenples were abiainsd Zpons fresh
fr eleaned outersp soefaces.  Clay
antiples Fromm e sone steatigraphio
serpueni: wore also abdained anehalf
mile wpstrepm from the tepe loea-
Hom,  Thier x-ray traces are similary
tn thoss i Figure 1, Fach elay
sampla was dizpersad in distilled wa-
ter and fractionated by sedimanta-
Lo 1 remove the < 2 micron size,
Ciriented agoregates wers preparcd
for z-ray analyaiz, A General Klez-
Leig X WIS diffraction unit with cop-
pier radiation was nsed. The x-ray
traces af anleated, ohroclatad, and
heated samples from the fype loca-
Livn are shown {Fig 1), Bamples
wwere hewterd fo 47590 far r]l.irl.:." -
ntes  fo fli.:rt'i'rtml.;ﬂh
lenolmite.

The anderlving silistons s verwr
micneons, thas giving the intenss,
well defined pealk at 10 an. e the
woriy trace.  Baolinite and ehlorite
are very ahnndant in the siltstove
aad deeresae a3 the siltstone srades
upward into the bese of the unde--
clay (samples B BE 3§l The
contaet brbwesn the silstone and un-
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2 Pronsnedieny Filinms
devclay g tranaitional as reflected in
cradnal wertical lithologic amd min-
eralegic changes.

The z-ray iracres (Fig. 1] indicate
# e rease in Lhe ammaonnd of kaslioiie
and chlerize vertieally in the undere-
elay. lllite and mixed-leyer min-
erals dominste. Mixzed-layer nm-
terig]l slightly decredses in amouat
1'|-.:rl,.i|.1:1.||._'|.'. while tllile inereasss. The
illite in the nooealenreous zone i
nat ereatly desraded ws indieated
by an mtense and shurp pesk at 10
an. (PFie. 1, samples 7T, iG], An
abrupl elange o (e kaslinite and
pralorite content is mofed ot the iron-
atained zone. Delow the zone [=am-
ple 1331, the clay is ealenrcsus ond
oontaing mixed-loyer minerals, sbun-
danl illite, with & @ivor scount of
logolinide and ehlorile.  Above the
wone (enmple BEY the clay is non-
calenreons wnd contains only illide
and mixed-layer minarals.

InTERTRETATION

Several explanations aecounting
far the werigtion in clay miaesal
compoaition are as Tollows (il un-
dercluy could represent a Fossil anil
produced by wentbering and laach-
inge [ Weller, 1955 ) which wonll alter
the clay minerals in the zame msn-
ner as in reeenl saila; (b the nnder-
clay may have had a detrital orisin
anid 1 hecompagition variazion refuects
dingenelic changes; (o] the bagin of
undarelay depesilion may Jave baen
suppliod by variows sowree materizls
of  different 1_'||r|r|'u're$il-|l:||| with 1o
chamzes prodeced in the clay maters
Al during anderelay pecammlation.

Manx in\'v:ﬂ'l"igut-'un: hawe stodisd
the vertieel distribuiion of oay min-
erale in goil profiles. Frye, Willman,

Avefeimy of Ectence

and (Glazz (19607 stndied peofiles in
Ilineian 1l and found an altere-
tina seqmenee from chlorile and bio-
the-type micaz throwsh vermicolite-
chlarite,  wermienlice, wized-layer
clay minerals to expandable vermi
culite: kaolinite iz nnaffected and
may aven be angmented. In buried
Aangamnn profilas on THioncian 1600
amil autwnesh, the orginnl illite and
chlorite are alwered completely in the
upper purt to montrmarillonite {Bra-
phy, 19585, Muarray and Leininger
[1856) Jound that illite and ehlorite
1o unwealasres] parte of Tlhinoian
and Weeonsin {ills wlter to mont-
morillonite  in highly  weathered
parts  Dirosts, Dhattechorya, and
Suncderman  (19862] found thaet in
gail profiles on glasial 1ill, leess, and
limestones the chiorite of the par
ent material =3 ehanoed complstely
to montmarillenite wizh intermedi-
ale stagees ol raondom miseldayes
of  ehloritesvermicalibe-mentimorille-
nite. They stated that kaclinite muy
be prodaced as & westhoring product
ar remain anchansed from the par-
sanl mal=rizl

Draltan, Swinsford, and Jewett
(053] shalied the elay minerals in
a Fosil &oil zone ara Desmonesiun-
Missonran dizronfcrmity in south-
restern Wansas,  The seil sope is de-
velopsd or top of & marine shale
whieh eantaing predeminantly llite.
elhlorite, quartz, 2eldapar, and a vary
smal quantity of Kaolinite. The re-
silts of altorstion in the eoil zome
show o hyidration of Nee, chavae-
terized by il broadening of the hazal
reflections,  peodoetion of  “emil"
chlorile {ie, chloiie wloss basal
spn.r-.'inm Hro IJ.-I!SI‘.ELI.}'\'_“] il -.‘:ETC:I.
sporadic inersase: 10 Kaolinite, and
modifiealion and destruetion of noe-




Migerml Varisiion in Undereiay

mal shisrite [bseal refloetinn  re.
tained sfter hemted fo 373700 with
produetion of mixed.Jayer and ver
wiznlite minarals,

Osteom and Poiter {191 stadiad
Ui eluy eompasition of a weathersd
eime in the Winkaid Formalion an
the Missizsippian-Pennsrlvanian con
tact in the Mipois Basin.  Their evi-
deaee indicated that the wone repra.
sented w trunented pre-Pennselvani-
gn westhering  profile,  The illice
in the nnalered purt of the Foroms-
tivm was found to desroase vertically
commensurate with an vereesse of
mized-layer material,  The imdics-
tion of a structural breakdews of
Mlite o produce  the wixed-layer
o pronel = naed as evidence il:r_]'
Chtramn amd Polter 1o support the
exostenee of a wealthering profile,

There are several faetors eontrol
ling weathering proeesses whiclh in-
fuence  wodl  Covelopment . parent
ok, topopraphy, weoetation, time,
and climate [Grim, 19531, The Fue-
tore existing during the formation
of tha wnderclay of the Flat Creck
(al may have been similar tie thes:
influencing seil profile development
at the Deamoinesian-Missonrian dis-
eninfoermity in Kansas and the 3lis
sisgippian: Penngylvanian eontact in
the Tlhinnis Basin, sines the meolomio
aonaditions were probably similas in
many parts of the Ad-Continen:
I.Illri.lili_' LII‘t‘ PEI:II'Jhl'u I.'I-'H.'Li.H.II Pf‘l'i.l.ll.l.
I'l.']lt" IHlH"T [RESY} |Fl'|.ln.|1'!H LIl.II.'I:II.El..I gRIL
ilsanizantly kaoliniiie, elileritic, and
illitie vreks (o eompoeiticn eimilar
Loy the ailrstone helow the anderelay
of the present investimating ) Hinep
the parent rock and other gril .
ducing factara were nrobebly rewson-
ably similar threvohout the mid--en-
tinent, the eluy minera. compozition
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af the thoee examales shonld resem-
bl gneh ather. Hiowewer, the varia-
tion  of undemley  ompesition s
markedly different from that Focedd
inn the two exumples known to be fos-
sil wpila.

Thers is ne indication of o weather-
ing peofile zimilar to that found in
Pleisteeene depaosits.  X-ray data of
the nnderelay indicate a decrease
upewarl in the kaclinite and chlorite
eorilent, na dication of & hydreation
o deeregee of dllite, and no forma-
tion  of  montmortllonlie  or  other
three-layer minssls.  The mixed-
lpver eemmpanenl. o peresses i ke
dapee,  The
llite peals indicetes 2 lack of de-
erading which weuld result under
alleratier. Creim and Allen (TR
determined the baze-exchanges valuee
of the Fitluan illite underelay andd
foomed ne stpadlarity to valwes ob-
tained 10 0 vortieal ST ol =awmis
plea from recent seils showing a pro-
file. The elay mimerals o Lhe un-
derelay do not wppeer e have hean
altered tr prodoce the compasition
of these soll profiles Permed during
the  Pleistocenz or  ennsyleanian
Peripds. thus suzrestine that the
variation in  eompesition  prelubly
fid oot result from the soil forming
EOnaEE,

The undsrclay may have formed
as clav rmaterial was deposiced in a
basin prioe b con] ewang develop-
JI.I'.'EIII- r:rll.lf" I'.I-\‘.'I_'u :II:Ii:II:HI.'-!I.] l'HI'i.-I:I.'.]U]I
sy rellect olierpical chanres in the
epyvironment of deposition. also e
depced by the wariation o7 the =al-
careains sontart af the omders HIF.
Eanlinite and echlorite are present
in the ealearenns part of the andor-
clay bt abeent in the nonenlewreons
gertinn. A number of imvestigators

sharp,  welloresplved
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Tradwrelions Tilinos

have fovnud thal chilerite tneroases in
A setimenlary  eaviromment ws the
salinity of the wafer inecmees CTobng
and Grim, 1952 ; Brown and Tneram,
1954 Powers, 19545, A= the sourer
rupterinl first pomes in contuet with
more mling water, vaton exehuangs
reactions result in the aeceptonee of
I wnd My jons in exehense position,
With inzrepsiog magnesium content
anc pll, protons vould be subtraetcd
from the water and the brocite sun-
fgruriticn wowld develep, A defi-
nite, thoweh poorly crystallized, diz-
erote ehlerime phase woiuld develop
witlh  increasie  brosite  svoatdl
(Grim end Jolus, 10637, The cal-
cabeous parl l the I||.:||.|.:|L"r\-:'|u._1-' el
have been deprasibed in o mere salins
anvironment in which chlcrite oonld
form Chlorite development  prob.
ably diminisled ae ihe wiader hesaene
fresher. thus indieating why Bb s
absenl, an the nooeslewrees portion,
The variptivn in underclay com-
pesition mey b due wlss to the de-
positon of source materinl of dit-
ferent compositions it whish les
keolinitie, chloritie, and mixed-lavar
material were depesited curing tha
aeeumaletion of the woper pars of
the nnderclay.  The gradoal de-
vrzusy  of  kualinite,  chlarita, anid
mixed-luyer minerals apwamnl may
Aimply reflect n diminishing of sup-
pely of these particalar minevals, The
HSUPR af illi=e miay kave charsed
il sliphtly,  'Thus the varintion in
parnpesition mlse may be purely o
prromi ey sl imentation fentunre

Avademy of Retenee

SUaMaAzy

A detiled clay mineral investira-
tion oF the Pithinn dlise noderelay
indivates w verticel variation in clay
composition. Ilite and mixzed-layer
cluy minerals are sbundent thrangls-
ot [aelivite and ehlovive devress
in amonat towanl the lop ol Lhe
umit, Clay mincral evidence doen
non indigats tle prespase of o pro
file of a foeeil enil. A detridal arigin
may acexunl For e variation o
cimpRsit on
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