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ORIGIN OF FISSURE FILLINGS
IN A PENNSYLVANIAN SHALE IN
VERMILION COUNTY, ILLINOIS

W ARTHU'R WHITE
- Itlinois Rtate Geologica.l 8’1&?’1;81;‘, U?bana

Ansrraot. — The top 15 feet ‘of the

‘marine, shale above the. Sunmum {No.

4) Coal of Illincis contains vartieal fis-
sures that ‘could not have been formed
by regional -jointing, Some of the fis-

" gures are filled with siderite, dolomite,

and caleite in various proportions. The
fisgurer were developed by symaeresis,

and the fillings contain twe additiomal

generations of !synaelesis cracks.

A Pennsylvama:ﬂ shale, mottled
maroon and greén -at the top and
grading to gray below, crops out in
the bed and along the valley walls
of g tributary of the Vermilion Riv-
er, on the novtheast side of a county

.road in SW14 NE1) 8Wij see. 14,

T. 18 N, R. 11 W., in Vermilion
County, Ilinois. The shale is above
the. Summum (No. 4) Coal (J. A.
Simon, personal communieation,

1964) and oceurs in the marine por-

tion of the eyclothem (Weller, 1930
p- F102). '

qure 1 shows the colamnar sce-
tion at the above location.

Datd on the mincralogy and text~
utal and structural characteristics
of this shale are ‘presented here, and

‘conelusions are drawn regarding the -

depositional environment of the
shale and the origin of its fissures
and fissure fillings.

I)BQ'ORIPTION OF SEDIMENTS

The top inch of the shale is bright’

rei, and the next 15 to 20 feet is
motﬂed maroon and green, It con-
tains vertical fissures that enclose
polygons of noncaleareous shale. The

polygons have from 8 to 6 sides. and
vary in size (Figs. 2-8). The outer
inch of the shale bounded by the
fissures ls completely green, even
after weathering, and outlines the
polygons with green bands. The
largest polygons ave bounded by the
widest fissures, which have . calear-
eous, hard, greenish brown fillings.

"Qome of the large. polygons are di-
+ vided inte smaller polygons by

smaller fiséures. The fissure fillings
vary vertically (Fig. 2} from a
gmall fraction of an ineh to as
much ag three to four inches thick.
N'he fillings apparently become less

‘nmumerous from the top of the shale

down, One filling was not vertieal -
but diagonal. The vertical fissures
extend down almost to the first hori-
zontal siderite layer.

The shale has no visible figsures

- below the giderite layer and is sandy’

near the base. The lower shale con-
taing at least three more siderite
bands below the top one. One ma-
rine fossil was found in the shale
above the top hormontal siderite
Tayer. -

"The clay above the shale is dark
gray in the npper 18 to 24 inehes
and eontaius red staing along ran-
domly oriented fractures. Below this

. lies 12 inches of light gray, sandy -

clay with red staining along diago-
nal fissures, which is underlain by
10 inches of light gray laminated
shale with red and pink staing along
the fissure surfaces.
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'Fn.mm 3.-An 1dea11zed ﬁssure pa.ttern
.. for the upper 15 to 20 feet
- of the ghale ahove Summum

(No 4} . Coal,

e]dy ‘Wlﬂi no iroh qtammg alcmw ‘rhe'.

ﬁE:S!_ll’Pb

, MI\ERALOGY 0F. THE. SHALE
The chief nonelay m_l_neral in the

- erals (Fig. 4) of the upper 15 to 20

# is section cut paralel Jo the bedding -
B is seclion cu!._perpendiculor 1o the
bedding '

[ e i

25 20 15 G 5

: BEGREES™ 28
. Fmrmm 4 — X-ray .diffractograms of Lhe

ghale eut parallel (A} and
perpendicular (I3) to fhe
bedding. ' :

ieet of the shale is 0.47, wh]ch i

dicates a - random orientation

{Odonm, 1963, p: 55). The cqucztmn
used for detummmg Qnentatlon i

counts illite 001 1 to bedding

Orien- =

 tation counts fllite 001 L't pedding

_ - illite 001 paralle] to bedding
Yhe shale evidently contains very

ghale is quartz, Pyrite, gypsum, and little ealeium carbonate, but it does
siderite also are present, .The dis- - have some gypsuin, which is pro-
£y tribution of the elay minerals found duced when sulfates formed by the
%i in-the shale is erolted in Table 1. weathering of pyrite or marcagite
& "The 0r1entauon ‘of -the clay mm—:' resct with caleite or the exchange-

~able eatlons on the elay mmerdlg

'IABLE 1. —~Clay Mmeral XRa}r Diffraction Intensitles (parts in ten)

Tllite: Mixed- layer Chlorite I{aalinite

) Samples. )
: Clay hetween shale -and hmestnne ...... 3 4 2 2 1-2
- Upper 15 teet of shale ... ... .ooveenens z - 2 1
Shale helow first giderite bed ............ 4'- 1 3 i
1 2 1

" Bhale 40 feet below ftop .. ... .. .ovinn [
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Tleis Hllimge it the woin wis aeadind
by both x-ray and mieresecpe. The
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Investigation by microscope
showed that the siderite gnd dolo-
mnite were very fine grained. The
siderite had evidently formed first
as a colloidal gel of very tiny crys-
tallites with - random orientation.
The gel had then split into masses
of various sizes and shapes, and
the periphery of these masses had
partially oxidized, making
brown rims (Palache et al., 1951,
‘p. 168) avound the greemsh oTay
siderite interiors. After the oxida-
tion bad taken place, somé of the
masses had been sheared by local
movement. These iasses are sur-
rounded by a light yellowish brown
mineral, probably the iren-rich d010~
mite,
more hght than the siderite.

growing from each side did not qu ite
meet. In some of the larger veius,
a series of bands surround the sid-
erite masses in the following ordel:
an iron-rich dolomlte cither calmtc
or a dolomite poorer in iron;
rich dolomite;. poekcts of calclte
where the vein is widest;
dolomite; a layer of less ye]low dolo-
mite or ealclte and a thin layer of
" high-iron dolomlte adjacent to the
next siderite mass. In some areas

there are irregular stringers of sid- -

erite in: the dolomite, indicating that
the dolomite may have replaced the
siderite.
ceross-breaks that are filled w1fh cal-
eite.

‘Table 2 gives permnta gas of min-
erals in
B. Flsaurr, A ié located about 100
feet from fissure B and about 2 feét
higher in the shale. Tablc 3 gives
the carbonate percenmges, for fis-

dark

that transmits conﬂderablv _
The
dolomite is fine grained, and it ei-
ther has been cracked or- the' velm'

T.I'Gllv-.

11-011-11011"

“MThe dojomite . veins have

sdmp]es taken from fissure

TapLE 2.—Carbonate Percentage in Sev-
en Samples from Fiksure B.

gSample Siderite Dolomite Calcite

B-1 38 49 13
B2 36 37 L2327

B-3 48 . 28 - 2§
. B4 38 41 21
T BS 44 34 17
B-§ 39 C4l 20
B-7 36 i 51 13

‘Range 36-48 26-51 13-27

Average 40. 40 20

sure A and the averé,ge from .Ta,ble 1
for fissure B. Tables 2 and 3 show
that the carbonate minéralogy can

vary several per cent within a. fis;

sure and hetwaen” fisgares.

TABLT‘ 3. —Carbonate Pelcenmgo in Fis-
sure Iilling.

Fissuré

_Sldcrlte TDolomite Claleite
A 72 7 2%

B average 40 40 20

QRIGIN o7 FISSURES .AND CRAUKS

Kallstenius . (1963, p. 20) de-
seribed two zones of fissures. in
Swedigh postglacial clays, one sda-
sonal and the other permanent, He

stated’ that cracking in the first

clay, which- lies above the .water

table; cceurs in the dry seagons; in

the second elay, below the top of the
water table, the cracking is' perma-
nent: He decided thai the perma-
nent fissureg are shrlnkaﬂe cracks
cansed by synaeresis, or ehemical
“deying’’ (1963, p. 21). His figures
4la, b, and c (1963, p. 95) show
a ﬁssured elay below a nonfissured
clay in a scar left by a 1andshdc, in
1961, .

Rosenqgvist (1935, p. 63) and Kall-

stenius. (1963, p. 21) suggested that

the postglacial clays of the Sean-
dinavian Peninsula were deposncd

in marine waters and that sinee up:-
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lift there has been a leaching of
the sodium salts and an increase in

the "potassium content of the porc

water, They assnmed some weather-
. ing hecause oxidation has occurred
~on the fissure surfaces below the
water table.. Kallstenius (1963, p.
21) stated:

The changes cause shrinkage of the

clay due to decrease in michelle &ize

and Increase In strength. It should

aldo ~tend to induce wvertical flgguras:

m the soil, 8uech effects have bheen
cbserved by the present author [Kall-

stenius] in clay lying immediately be--

low an area:treated with lime to in.

crease its bearing capacity.

I a- fresh-water mérsh; - about
half" a mile north of Bayou Bion-
venue In the Mississippi River Delta

and on the east side of Towisiana

Highway 47, polygonal -mudm_'aéks
. were developed. The polygons were

abont 1 foot in diameter and the fis:

sures surronnding the cracks were
from 1 to 2 inches wide. The cracks
were found to oxtend several feet
below the water table. Aceording to
Gould and Morgan (1962, p. 293),
the surface of the swamp is ghout
sea level. The. water-table level was
visible about a foot below the {op
of the eracks. That the muid had
. been deposited in a flocenlated state
was shown by the random orienta-
tion of the elay minerals in the clay
(Odom, 1968, p. 79, 82). The fis-
sures were fthe result of synaeresis,

‘Van Stragten (1954, p. 75 dig- -

cussed muderacks of subaqueous ori-
gin that result. from processes ac-
tive under permanent water cover.
He suggested that the eracks formed
after the mnde were in a More T oF
less advanced state of compaction
hecause of the changes in the salin-
ity of the water with cach sucoessive
tide. : ' ;

In Colorado, montmorillonite elay

containing sodium as the exchange. -

&ble eation was used to line some of
the irrigation dJitehes, Aceording fo

‘& -D. Dirmeyer, dr., of the Civit

Engineering Department of Colo-
rado  State  University {personal
communieation, 1962), when frosh

irrigation water containing soluble

salts of caleium and magnesinm was
passed through the ditehes, the mont-

morilionite elay developed synaer- -

esis  eracks under the -irrigation
water,

~ The shale in Vermilion County
appears’ to have polywons: and fis-

sures similar to those in the Miss-

lssippi River Delta axcept that the

fissures in the shale are filled with

carbonates instead of water. The
origing of the polygons and flssures

were probably more closely related

to the synaeresis cracks formed in’

the elay in the irvigation ditehes,

If the shale had ‘been: eracked by

stbnerial - dessication, the fissures

wonld have been filled with sand or

clay—probably clay beeatse. it is
the overlying sediment. Holweve_r-,
less than 10 per cent of the filling
is clay and sand. The greatest bulk
of the {iling is ehemical precipi-
tato, _

If the eracks had been formed by
subacrial drying, the sides of the
fissures would have been parallel, or
almost parailel. Some of the fissares
do have siraight walls, but others
have walls that are 3 inches apart at
one point and almost come together
at other points (Fig, 2A-B),

The ecracks or fissures could not

have been formed by regionil Joint- -
ng, because some: of the fissures
meet-at an angle of 120°, and the -

fissures are only about, 114 to 2 feet
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~long - (Fig. 2). Six-gided ‘polygons
~could be. made by three sets of re-

‘nor the 60° angles.
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gional jeints, but the joints would
have to ' continne through, also
making triangular . polygons with
60° angles next to the 120° angles,
Figure 1 shows neither the triangles
Three 120°
angles originate at one point.

The hypothesis’ drawn from -the

. vesults of the study is that the poly-
-gons and fissures were produced by
synaercsis. The shale probably. was -

deposited as a normal marine skale,
except for the top 15 to 20 feet.
Instead -of having a sufficient per-
contage of elay minerals deposited
with their long dimensions parallel

‘to 'the bedding te produce a shale

with a fissility having a normal fab-
rie index of 0.3 or less (Odom, 1963,
p. 55), the top 15 to 20 feei of elay

minerals was deposited with almost
‘sompletely - random orientation.

Tven though the clay has been com-
paeted since Pennsylvanian  time,

" thé fabrie index is roduced to only

0.47, whieh signifies almost complete
random orientation. The  chemieal
environment c¢onld have e¢hanged
from a godium-rich environment to
one rich in ealeium, magiesium, and
iron. Jf such a ehange had ocenrred,

the shale would be caleareons. Since

ihe shale is nonecaleareous, evidently

there was a.change in the chemical
environment, a change .in the sedi- .-

mentation rate, or hoth,
The top 15 feet of shale exhibiting

the polygons contains 10 per cent

or less of quarls, whercas the part of

the shale 85 to 40 fect below the top.

confains considerably more quariz.
When the top 15 fest of shale was
deposited, most of the sediment was
composed of clay-size pariicles.

'The velocity of transport and the
rate of  deposition probably had
slowed down by the time the top
of the shale member was formed.
The clay was deposited in a flocen-
- lated state in water with a salt eon-
tent nearly that of marine waters
15 to 20 feet below the. top, as in- -
dicated by the marine fogsil. The
waters could have become less guline
ag further deposition ocenrred, but
there is no proof of this,
After the deposition of the shale
and  beforec the deposition of the
_underclay above the limestone, the
‘character of the water changed from’
dominantly sodinm chioride to one
dominated by ferrous iron, magnes- -
ium, and caleinm. The change to
waters containing a dominance of
divalent jons probably began with
deposition of the underelay. When
{he waters containing divalent
eations began to replace the sodium
chloride waters, the stability of the
cliy-water gystem was changed and
“gynaeresis began io pull the parti-
cles closer -together, forming " the
polygons and figgures.

TORMATION OF IFISSTRE MILLINGS

The filling of the fissures began
with the precipitation of iron as
very tiny crystals.of giderite. The
crystals were of colloidal size —a
‘tenth, & hundredfh, or a thousandth
of a micron——and they formed a gel.
At the same time, or perhaps a little
later, an iron-rich dolomite began 1o
precipitate with the giderite. The
latter precipitate seemingly fractur-
ad “into polygons and cracks. The
eracks probably rvesulted from ‘a
change to a water content: with more
caleiom and magnesium and less
iron, which is suggested by the fine
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precipitate in the vein fillings around

the siderite polvgons. These veins

cracked and were later filled with
caleite. The eracking may have been
the result of the change from waters
containing little iron but high in cal-
cium and magnesium to waters high
in ealeium. S
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