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DISTRIBUTION OF FENITIZED CRUSTAL
XENOLITHS IN CARBONATITE INTRUSIONS,
WEST-CENTRAL ARKANSAS

JOHN SHARP
Department of Geology
University of Arkansas

Fayetteville, Arkansas 72701

ABSTRACT

Crustal xenoliths from carbonatite intrusions In the Morrilton-Perryville Arkansas area dis-
play a variety of mineralogical and textural features that suggest that they are fragments of
basement crystalline rock that has undergone sodic metasomatism resulting from their close
proximity at depth to a carbonatite complex. With increasing degrees of fenitization, the
leucocratic xenoliths range from granolite - syenite - analcite syenite, while the melanocratic
xenoliths range from hornblende - blotite to aegerine-apatite.

A definite increase In fenitization is observed from Morrliton in the north to Brazil Branch,
16.8 km to the south. Fenitized xenoliths from Brazil Branch are generally quite small (0.5 cm -
1.0 cm) and contain a substantial amount of analcite. At Morrilton Lock and Dam, the fenitized
xenoliths are very large (1.0 cm - 2.5 cm), and granolites are commaon. The xenoliths at Oppello
Dump are intermediate in both size and mineralogical character. This area is therefore inter-
preted as a single alkalic - carbonatitic complex at depth, with its center near the southern
extremily of the sampled area.

INTRODUCTION RITW RIEW

Three carbonatite intrusions from the Morrilton, Oppello, and
Perryville areas of west-central Arkansas have been studied to deter-
mine distribution of incorporated metamorphic xenoliths (Fig. 1),
Previously, Mitchell (1979) studied the xenoliths petrographically
and found a suite of rocks ranging progressively from granolites
thnk!er 19‘?6] to analcite uﬂlle—ljollle l'enile lhll have been meta-

d. Mineral B

at high temperatures and lower crustal pressures. Mitchell (1979)
concluded that the metasomatically altered xenoliths result from
deep seated lenitization of crustal material by emanations from a
carbonatite magma. He also suggested that each intrusion was
related to a separate carbonatitic complex at depth. The present
study was undertaken to determine the distribution of fenitization in
a north-south direction from three of the intrusions. This study pro-
poses that the degree of fenitization of the crustal material increases
to the south suggesting a single source of fenitizing emanations.

Morrilton

o
@ .
PXe

METHODS OF INVESTIGATION

Samples were collected by Mitchell (1979) at the various carbona-
tite localities in the study area, but only the xenoliths from the Mor- = @
rilton sill (Lock and Dam No. 9), Oppello Dump, and Brazil Branch
were studied b corresponding thin sections were only available 8
from those localities. Perryville T4N

Twenty-eight slabs were cut from samples at Morrilton Lock and /Rmr_,_/
Dam, 53 were cut from Oppello Dump, and 96 were cut from Brazil
Branch. Fifty thin sections were avalllble from lhe three localities,
Single thin sections were hically with the apg
ance of the same xenolith mgmopiul]y ‘on the slab to establish
criteria for distinguishing the eight lithologies of wall rock alteration.

i Locgtion Mop |
RECOGNITION OF FENITIZATION STAGES
Figure 1. Location of various carbonatite intrusions within std¥
Granolites exhibit a clear, unturbid appearance, and quartz is area: X, Morrilton Dam Sill: X: Oppello Dump: X, Brazil Branch

easily distinguished. Feldspars are porcelainous white and subhedral Breccia.
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with albite twinning on the plagioclase. Mafics about 20%
of the xenolith and consist uf bmtilc aud homblende, Granaolite xeno-
liths are on the order of 2.0 cm x 2.0 cm.

Quartz Syenite Fenite represents the first stage of alteration in the
|eucocratic xenoliths. Quartz is granulated due to shock meta-
murphi!m Carbonates rephu:e quariz. Aeserinc uppeurn as mull

mgn that are thr B
Feldspars are relatively unturbid,
ite Fenite rep the i stage. Quartz has been com-

plclc}y removed, Feld!pln become turbid and appear brown. There
{s a loss of twinning in plagioclase. Aegeri more abund
due to the introduction of sodium.

Albite Syenite Fenite is the third stage la tha alteration process.

Feldspars are very turbid and i le at tion to albite.
Aegerine and carb are abund

The final stage is mprmntad by analcite urtite - ijolite fenite,
Tsotropic anal is abundant as a white mi | that has no apparent

crystal boundaries. Aegerine becomes dark-green upon the introduc-
tion of analcite. These xenoliths are on the order of 1.0 em > 1.0 em.

The initial stage at alteration in the mel ic xenoliths is repre-
sented by hornblende - biotite xenoliths. The xenolith is black due to
many subhedral crystals of hornblende and biotite, These xenoliths
are about 1.0em X 1.0 cm.

The d stage of al ion in the melanocratic xenoliths is rep-
resented by hornblende - aegerine xenoliths. Aegerine is dominant
in these xenoliths, No quartzofeldspathic minerals are present. These
xenoliths are about 1.0 em X 1.0 em.

The final stage of al ion in the mel ic zenoliths is repre-
sented by aegerine - apatite xenoliths, The xenolith appears dark-
green because aegerine comprises about 95% of the material. No
qum.o[eldq)athic minerals are observed. Aplmn occurs as small,
translucent grains due to the introduction of phosphorus. The xeno-
liths are about 0.5 cm X 1.0 cm.

REGIONAL RELATIONS
Morrilton Sill (Lock and Dam No. 9).
This sill is exposed on the south flank of the Arkansas River near

{Fig. 2). There is also an abundance of granolites, most of which are
greater than 2.5 cm in diameter. An acid test proved that no analcite
is present. The ieldupnn are all fresh and unalbitized, The xenoliths
thus rep tic alteration, Melanocratic xeno-
liths are rare. Leucocratic xenoliths nppear mlnwely unaltered.
Quartz is p as small, eq pars are fresh and

pnrcclmmus white. Thrm.foft. the Mm'nhm sill is interpreted
as an area of minor metasomatic alteration.

Oppello Dump Sill.

This sill is exposed in a small stream that crosses Arkansas High-
way 113, 1.85 km northeast of the community of Oppello. At this ex-
posure, the sill is about 30.5 em thick and heavily weathered, Actual-
ly, the outcrop is in a shale pit previously used as a dump site, hence
the name Oppello Dump, The sill is intruded into the Stanley Shale of
Mississippian age. Fifty-three samples were available for study, The
fenitized crustal xenoliths average 1.5 em X 2.0 cm. Also incorp-
orated in the carbonatite from Oppello Dump are innumerable sedi-
mentary xenoliths from the Stanley Shale, These scdlmcnu.ry xeno-
liths are angular due to their shallow depth of origin. The meta-
morphic lennlilhs elhlbit a variety of mi logies with abund
of albite), alkali feldspar, sodic
lmphibule, legerh:e. and carbonates.

The cumulative histogram of the Oppello Dump sill shows that the
most common rock type is syenite fenite (Fig. 3). However, there is
also a great sbundance of albite syenite fenite. It would appear that
at this locality the liths exhibit more i tic altera-
tion than those of the Morrilton sill. No granolites were observed at
Oppello Dump and also, some analcite is introduced into the more
extensively altered xenoliths. The melanocratic xenoliths are quite
small, and uegenne dom;mtes the rock. Silicon and potassium have
been d with calcium and sodium as indi-
cated by the replwemaul of quartz with calgite and ugeﬁne
Feldspars are turbid and albitized. The Oppello Dump sill is inter-
preted as an area of moderate metasomatic alteration.

Lock and Dam No, 9. It is a small sill about 46 cm thick and is in- Tohet o120
truded into the Atoka Formation of Pennsylvanian age, Abund 0 53 s efl0em) %
fresh metamorphic xenoliths are exposed in the sill, and 28 samples 7 a5 b ikt
were available for study. The fenitized crustal xenoliths are quite /
large, significantly larger than those from the other sampled arcas. 40 / o b e |40
The xenoliths from Morrilton display n wide variety of mineralogy, / SF  =Syenite Fenlte
including abundant quartz, alkali feldspar, plagioclase, biotite, horn- i :W':hm j
blende, aegerine, sodic amphibole, and carbonates. 301 HB = Hornblende- Biotite 30
As shown in the cumulative histogram of the Morrilton Lock and - / :: :mm e
Dam No. 9 locality, the most common rock type is syenite fenite 01 Q / -
i W i
50 10 \\: a2 o
5
? ” A7 . Tetalsiio 4 &M\\ & 3
y § =(<lOom) 0 0 ] M-o
40 in M| efio-Rame) 40 G |oSF| SF [asFlauiF| ve | HA [ aA
H / g 2 Figure 3. Cumulative histogram for | ic and melanocrati
! 304 / 1\’ 0sF - Quarts e Fanite 30 g xenoliths from Oppello Dump.
% -\Q \ f“' :mﬂvﬂh Fenite s =
20+ gl 20
j k \ HB = Hor rine i Brazil Branch Breccia.
AL = Aagerine - L]
0 7 k 10 The breccia is d approxi ly 16.8 km south of the Morril-
ton sill. Mitchell (1979) inlerpﬂ.'tod this outcrop as a breccia pipe.
fon /4’ The outcrop is poorly exposed and somewhat weathered; however,
4] ’G 0 96 samples were available for study. The fenitized crustal xenoliths
from Brazil Branch are, on the average, the smallest of the three
Figure 2. Cumulative histogram for le ic and mel atic led areas and average 0.5 em X 1.0 em. The mineralogical
xenoliths from Morrilton. characteristics of the xenoliths are altogether dilferent from those at
Arkansas Academy of Science Proceedings, Vol. XXXV, 1981 87
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Tolal=125 is interpreted as a single alkalic-carb ith plex at depth, wip
s s{<iom) its center near the southern extremity of the sampled area.
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Figure 4. Cumulative histogram for atic and mel i OUGF_'Z
xenoliths from Brazil Branch, Syenite
25%| Fenite 25%
Morrilton Lock and Dam No. 9 in that the most abundant minerals
are albite, analcite, and aegerine. No quartz was observed, the
feldspars are albitized, and in many instances, the feldspars have
transformed into analeite. Analeite comprises 60% of the xenolith, in :
some cases, with dark-green aegerine making up the rest of the Granolite
xenaolith, o% y y o
The cumulative histogram of Brazil Branch shows that the most Moarrilton Oppello Dump Brazil Bml'u:h

common leucocratic rock type is analcite urtite-ijolite fenite (Fig. - . =
4). Albite syenite fenite is also an abundant leucocratic rock type. < 0Smiles

The very small aegerine-apatite assemblage dominate the melano- Figure 5. Cumulative percentage plot of north-south variations of
cratic xenoliths. 1t appears that this locality is an area of intensive lencocratic xenolith tvpe.

metasomatic alteration. The xenoliths are smaller, and their mineral-
Oy suggests ive al ion. The pr of analcite suggests
that these liths were me ically altered at pressures of 6-8
kilobars, At shallower depths, nepheline would have formed instead 100%
of analcite (Roux and Hamilton, 1976). The Brazil Branch xenoliths

are rounder than those from Oppello Dump and Morrilton. This

rounding is due to chemical reaction with the carbonatite and physi-

cal abrasion in transport. The Bl'lﬂl Branch Breccia is interpreted as

an area of e ive m al jon at depth.

Aegerine
Apatite

8% Y

VARIATIONS OF XENOLITH TYPES

The cumulative percentage plot of north-south variations of leuco-
cratic xenolith type provides a visual picture of how the rock types
are distributed in the study area (Fig. 5). It is evident that as one
moves from Mm'nllun in the north to Brazil Branch in the south, mck
type abund according to the i ity of
alteration. The peﬂ:lmlnge of g_ﬂnahte decreases from 13% at
Morrilton, to 0% at Oppello Dump and Brazil Branch. Conversely,
the percentage of analcite urtite-ijolite fenite increnses from 0% at
Morrilton, to 1% at Oppello Dump, to 50% at Brazil Branch, The
distance between Morrilton Lock and Dam No. 9 and Brazil Branch 25% Hprnblende
is about 16,8 km.and as one moves toward the south, a definite Biotite
graduation ean be seen, The fenitizing agent of the three localities is
sodic in nature, and the source of these fenitizing agents is centered
near the Brazil Branch locality.

The cumulative percentage plot of north-south variations of
melanocratic xenolith type concurs with this interpretation (Fig. 6). r T 0%
The perc ge of hornblende-biotite decreases from 40% at Oppello Marrilton Oppello Dump Brazil Brunch
Dump, to 2% at Brazil Branch. Conversely, the percentage of
aegerine-apatite increases from 9% at Oppello Dump. 10 90% at

50% 50%

2

Y —————— R I e

Brazil Branch. Toward the southern end of the study area, the inten- Figure 6. Cumulative percentage plot of north-south variations of
sity of metasomatic alteration is gradually increasing. The study area melanocratic xenolith tvpe.
68 Arkansas Academy of Science Proceedings, Vol. XXXV, 1981
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