CONTACT TEMPERATURK OF A PERIDOTITE DIKE
WITH PENNSYLVANTAN SHALE DETERMINED
BY CLAY MINERAL ALTERATIONS

WALTER . PARHAR®M
Hlingis Klate Geological Rurvey, Urhana

Basic igheous rocks have been en-
countered in ecoal mines and ia drill
goles from time to time in southern
IHinois (Clege and Bradbury, 1956).
One such oecenrrence uneovered in
a2 coal stripping operation near Ab-
sher, [linois, ((Mlegp, 1955) is of
two mica peridotite dikes and their
associated stringers, The dikes vary
from 8" to about 10 in thickness
and cut through sedimentary rocks
of Pennsylvanian age extending up-
wared into the shale that directly
pverlies  the Iarrisbure (No. )
Coul. Natural coke was formed at
the dilie contact during Intrusion
and contaet metamorphism of the
epal extends only 187-20" from the
dike.

Clege (1955} described the dike
rock as a mica-peridotite having z
seriate-porplivritic lexture. The rock
is spevular in overall appearance,
and the only minerals maeroseopical-
Iy recognizable arve olivine, pyroxene,
biotite, pyrite, and ealeite. The
phenocrysis are more-or-less equant
and eonsist of stubby, doubly termi-
nated evhedra of olivine and py-
roxenie as much as 1 to 2 mm in
diameter.  Along the dike contact
a few biotite crystals are 10 to 15
mm across, and olivine and pyroxene
may reach lengths of 10 mm. The
Phenocrysts are enclosed in a blue-
gray matrix in which grain size is

too small to permit identification of
individual minerals.

in thin section the microerystal-
line matrix appears to consist mainly
of finely shredded biotite, various
gnantities of chlorite, and some epi-
dote. Serpentinization of olivine and
pyroxene has procecded to the ex-
tent that differentiation is often im-
possible except by  crystal form.
Accessory minerals include apatite,
garnet, magnetite, ilmenite, chro-
mite, and perovskite. { 7). Secondary
minerals are serpentine, chlorite,
magnetite, pyrite, caleite, epidote,
and leucoxene.

Clegg studied the natural coke by
petrographic microscope techninues
and by differeniial thermal analyses
(DTA) and eoncluded that the coal
at the contact had been heated to not
more than 600° € and that the tem-
perature may have been lower. Sos-
man {1938} considered the coke in-
elusions in a similar mica peridotite
dike cutting a Pennsylvanian eoal
bed in western Pennsylvania to have
been heated at least to 480° C but
not above 550° €. He studied the
kinds and amounts of volatiles in
the coke and unalteved coal to ar-
rive at his estimate and suggested
that the coking temperature had
been elose to 520° C =+ 30° C,

In the present study an estimate
of the femperature of the contact
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60 Transactions Ilinois Acedemy of Science

( - _.__J: - | 1' !: H}
.r/)l I : i" - 'l"'_ .‘.'_
i~ [ S Jj
AN
i !_.;__l_l_____l - l__A__,gJ

Froure 1—Location of Absher Dike
area in southern Illinois, SE 34 Sec, 34,
T. 9 8, R, 4 E, Willilamson County.

zone between one of the dikes at
Absher, Tllinois, and the shale and
underclay associated with the No. 5
Cloal is based on the clay mineral
differences between the unaltered
copntry roek and the contact zone.
Laboratory heating of the unaltered
clay minerals was used fo aid in
estimating the contact femperature.

STRATIGRATITY

The area of study is localed in
SEL) see. 34, T. 9 8, R. 4 E.,, Wil-

liamson Counnty, Illinois (Fig. 1),
Here the Harrishurg (No. 5) Coal
has been strip-ruined and the pi
abandoned several years ago. The
Pennsylvanian rocks exposed in the
pit floor and in the high walls belong
to the Carbondale Formation of the
Kewanee Group (Kosanke ef af,
1960). The rocks throughout this
arca for the most part have a slight
dip to the north toward the deeper
portion of the present Tllinois Basin,

SAMPLING AND SAMPLE TREATMENT

Figure 2 is a generalized diagram
of tho field relationships of the vari-
ous sedimentary rock types and the
peridotite dike seleeted for study.
Tour samples of the top 1 foot of
the underclay were taken at varying
distanees from the dike; (sample
D-1) 30 feet from the dike, {sample
D-2) at 20 feet, (sample D-3) at 10
feet, and (sample D-4} & inches to
1 foot from the contact. (The actual
contact of the underelay and the
dike was not observed becanse of
slumping of the spoil bank at that
point. The position of D-4 was in-

Harrisburg
{Ng.5) Coal

Underclay

Pit Figor

Appronimate Scole
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F1GURE 2.—Gereralized field relationships of the Absher Dike, Pennsylvanial
rocks exposed in the abandoned stripmines, and sample locations.
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ol dize with the bed of vnderelay. ]
Tiees saraples of the shale nbove the
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the dike. (Hample TG4 af 134
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as If some of the mixed-layer ma-
terial has eollapsed to a 10 A spac-
ing as a result of the heal of the
intruding dike, The x-rauy trace of
the glycol treated sample D-4 shows
a definife increase in the intensity
of the first order illite peak when
compared to the same illite peak of
D-1, D.2, and D-3. The thermal
effect of the dike on the ¢lay mincrals
of the nnderclay at a distance of
about 6" to 17 from the contact is
very slight.

Figure 4 shows the effect of the
temperature of the ntruding dike
on the clay minerals of the overly-
ing shale. The (U2 basal plane re-
flection of kaolinite and the 004 basal
plane reflection of chlorite of the
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Fravrr 4—X-ray traces of the <2 mi-
eron lraction of the shale overlying
Harrisburg (No. 5) Ceal.

shale samples have been plotied i
Figure 5 from x-ray diffraction in-
tensity measurements taken at regy.
lar intervals over the 25° 20 region
for samples D-5, D-5A, and D-6 in
order Lo Inore elearly resolve these
reflections, Sample D-BA, 115 feot
ahove the top of the dike, shows no
alteration effects of ithe dike. The
cluy minerals of this sample are illit,
kaolinite, chlorite, and mixed-layer
elay malerial. Sample D-5, taken
3 inches above the dike-shale con-
tact, shows some differences in the
¢lay minerals when eompared with
D-3A. The first order illite and
chiorite peaks of D-D are seen to he
sharper on both the untreated and
glyveol treated sample, The sharpen-
ing of the illite peak is due to the
collapse of the mixed-layer elay ma-
terial and the sharpening of the
chlorite is due to the shift of the

same mixed-layer material away
from the 5° 20 area of the curve
Weiss and Rowland (18956) have

demonstrated the following relation-
ships: the 001 of chlorite should
inercase in intensity when heated 10
approximately 560° C while at the
gsame femperature the other hasal
refleetions of chlorite deerease i
intensity ; well ervstaltized kaolinite
no longer gives diffraction maximd
after being heated te approximatel¥
525° €5 the 002 of kaolinite begins
1o decrease in inlensity at approxr
mately 4757 C. These temperatires
will be Tower for kaolinite of pooret
crystallinity,  The orvstallinity of
the kaolinite in this Pennsylwmiaﬂ
shale, as well as that of many othef
Pennsylvanian clays and shales 3
Tllinois, is somewhat poorer thal
that referred to by Weiss and Row
land (1956). TI the sharpening ©
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Froure 5—X-ray intensity measurements of the <2 mieron fraction of 002
kaolinite and 004 chlorite of shale above Harrisburg (No. 5) Coal.
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the 001 chlorite peak of sample D-5
had been caused by temperature, the
002 reflection of kaolinite wonld have
decreaged in intensity. Fioure 4
shows that this is not the case, There-
fore, the maximum temperature (o
whiclh sample D-5 was subjected is
estimated at approximately 400° C.

The ¢lay fraction of I-6 is com-
posed of only illite and chlorite,
kaolinite being no longer present
{Fig. 5. The 001 of chlorite has
not inereagsed in intensity and its
other hasal reflections do nol show
a decrease.

A contact femperature of about
525° € to 550° ¢ would seem to be
compatible with the findings of Weiss
and Rowland if the kaolinite anc
ehlorite i the shale reaet in the same
way ag did theirs at elevated tem-
peratures.

Portions of the unaltered shale
sample D-5A were heated at various
temperatnres amnd times ag (ollows:
£00° € for 30 and 140 minntes, 4307
C for 30 and 60 minutes, 450° C for

TapLe 1. -X-ray Intensitics of Basal Reflections of Chlorite
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30 and 110 minutes, and 480° C for
15, 45, and 60 minutes. The inten-
sities for the basal reflections of
chlorite and kaolinite alter cach
heating are listed in Table 1. The
heatings at 400” C and 430° C pro-
dueed no changes in the Intensiiies
of the basal refleclions of the < 24
oriented ageregates of kaolinite or
chlorite for the t(imes indicated.
Ieating at 400° for 80 minufes
caused a slight redwetion in the in-
fensity of the kaolinite 001 and 0002
reflections and after 110 minutes at
this temperature the basal kaolinite
reflections were subdued even fur-
ther but were still easily recogniz-
able. After 10 minutes of heating
at, 4807 O, the x-ray diffraclion trace
was very similar to (hat produced
by 110 miuute heating at 45(° C.
Continued lLeating at 480° ¢ for
45 minutes further decreased the 001
of kaolinite and left the 002 scarcely
perceptible. After 60 minutes heat-
ing at 480° (, there is no longer
evidence of the 002 reflection of

and Kaolinite

After Heating at Various Temperaiures [or Different "Mimes.

Chlorite l Kaplimte
I __5.___ R
T'imes in 002 ¢ + i
[ O minutes 001 001 K ooz ond ] 002
4{)) 30 a5 90 15 25 44
400 140 35 RO 16 25 4}
430 30 30 1430 15 30 45
430 650 35 35 10 30 ; 40
450 30 35 i 10 25 35
450 114 35 40 10 15 20
480 15 35 45 10 20 25
480 45 ab 35 15 20 15
480 60 45 20 15 26) | a
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kaolinite and the small, poorly de-
fned peak at 12.4° 20 that remains
js attributed to the 002 of chlorite.

The basal reflections for chlorife
gre not as well developed in the
artificially heat ireated sample as
from those naturally heated. Thisg
difference might be expected sivee
there are a number of factors that
muy have influenced the natural re-
actions that arc not acting in the
laboratory heat treatmwent of the
same material.

First, the laboratory heating was
in an oxidizing atmosphere, whereas
the natural heating probably was
under neutral or reducing conditions
as is evidenced by the dark gray
color of the shale inelusions in the
dike and the salmon eolor or the
laboratory heated samples,

Sceondly, in the natural heating
water probably was present in the
system but in the laboratory the
heatings were dry.

Third, perbaps at the time of in-
trusign the chlorite in the shale at
the dike contact was able to aceept
magnesinm from the igneous ma-
terial into its sfructure at the ex-
pense of iron. The resulting more
magnesium-rich chiorite wonld give
more intense basal refleetions. Anal-
ysis of the magnesium eontent of
the ehlorite in sample D-6, using 1he
technique of Schoen (1963), showed
there to be between % and 9 magp-
nesium atoms per 12 octahedral
positions.

Tourth, all of the temperature
estimates in this study have heen
made on the assumption that the
effect of pressure near the contaet
of the dike and the shale resnlting
from their possible deep burial at
the time of intrusion was of little

conseynence.  Clegg (1953) states
“Field evidence indicates that
pressure was nol excessive at the
time of igneous activity. The con-
spieuous jointing above the coal and
the dike in the southeast highwall
points to a release of pressure as a
result of tension-fracturing prior to
the advance of the rising icneons
material, The manner in which the
small dike stringers are controlled
by fractures in the conntry rock also
indicates that fracturing had opened
avenues in advance. 1t is diffienlt
to understand how & stringer of ma-
teriai Iess than one-half inch thick
could advance for several Ffect into
couniry rock unless crevices were
already present. An apophyseal dike
nearhy consists of amyedaleidal
rock, showing that, at least locally,
confining pressure must have heen
almost. entirely absent. The planar
arrangement of vesicles in the nat-
ural eoke and the manner in which
the drag folds of the middle zone
arc deformed suggest that lateral
pressure was greater than vertical.”’
and ‘' (therefore) pressure is not
cousidered to be of major importunee
in the Absher area.”” Perhaps,
though, even a slight pressure
change at the contact would play
some part in the behavior of the
chlorite at clevated temperatures.
Lastly, the difference between the
rate of heating of the shale in the
laboratory and the time the shale
was held at a given temperature in
nature must be of significance in
accounting for differences in their
diffraction effee(s. This can be seen
in the results of the Iaboratory heat-
ing for, as mentioned earlier, heat-
ing for 110 minutes at 450° C pro-
duced an x-ray diffraction trace very
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similar to one obtained from a 15
minnute heating at 480° C. Clegg
(1953} also stated that the dike
probably eooled relatively slowly due
to the low conductivity of the conn-
try rock. ITad the dike been intrud-
ed at & lower temperature and cooled
very slowly, the same elay minersl
changes in sample D6 might still
have been produced. (Mlege’s DTUA.
data, though, show that the coal
within 6 inches of the dike contact
was heated to at least 480° C, yet
the same 1IN AL effects would proh-
ably be produced if the coal were
heated to a slightly lower tempera-
turc and held for some time. Rogers
ef al., (1962} have shown that at and
helow 400 C lignite held at fixed
lemperatures will show a decrease in
volatile eontent and an increase in
BT.U s with time. 1. A. changes
of the material would also be ex-
pected with time,

Sosman {1938) also places a lower
limit of temperature at 480° C. on
a similar dike in Pennsylvania based
on laboratory coking experiments.
Clegg (1953} has showu that most
of the olivine of the dike has been
altercd to serpentine. Bowen and
Tuttle (1949) stated that the water
necessary fo convert olivine to ser-
pentine must come from oulside of
the igneous body and that wuter will
be driven in from the comntry rock
as the olivine cools to approximately
500° C and lower. Clark and Fyfe
(1961) stated, ‘It has heen noted
frequently that ultrabasic rocks sel-
dom show thermal eficets at their
eontaets, which might be antieipated
from their melting temperatures,’
.. . the demand for water im-

posed by the serpentine reaction iu
ehilled marginal phases may canse
flow of water into the cooling magma
and an abnormally low heating ef-
feet at contacts. This situation is
in direet opposition to that with
granitic rocks where internal water
requirements are smali, and transfer
of water out from the magma may
heat contact rocks.” Whether the
serpentine Tormed at the time of
intrugion or later is not known in
this easc. If il had heen formed at
the time of intrusion, though, the
inflow of water into the dike would
probably have cooled the contact
rock rapidly, thus diminishing the
possibility of long-term low tempera-
ture alteration of the contact zone.
If the serpentine formed later ond
if the dike cooled slowly, approxi-
mately 450° C would secm (o be the
minimom contact temperature from
the elay mincral evidenee.

Based on the clay mineral chanees
noted in the partly ineluded shale
pieces and in the laboratory heated
samples of the unaltered shale, and
on the ficld relationships of the rocks
in question, the suggested contoct
temperature for the dike with the
country rock at the time of intrnsion
is estimated af approximately 450°
C to 480° ¢,
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