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XENOLITHS INCARBONATITE INTRUSIONS,
WEST-CENTRAL ARKANSAS

JOHN SHARP
Department of Geology
University of Arkansas

Fayetteville, Arkansas 72701

ABSTRACT

Crustal xenoliths from carbonatite intrusions inthe 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 fromhornblende

-
biotite to aegerine-apatite.

Adefinite increase in fenitization is observed from Morrilton 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. AtMorrilton Lock and Dam, the fenitized
xenoliths are very large (1.0 cm

-
2.5 cm), and granolites are common. 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

extremity of the sampled area.

INTRODUCTION

Three carbonatite intrusions from the Morrilton, Oppello, and
Perry ville 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
(Winkler, 1976) to analcite urtite-ijolite fenite that have been meta-
somatically altered. Mineralogical evidence indicates metasomatism
at high temperatures and lower crustal pressures. Mitchell (1979)
concluded that the metasomatically altered xenoliths result from
deep seated fenitization 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.

METHODS OF INVESTIGATION

Samples were collected byMitchell (1979) at the various carbona-
tite localities inthe study area, but only the xenoliths from the Mor-
rilton sill (Lock and Dam No. 9), Oppello Dump, and Brazil Branch
were studied because corresponding thinsections were only available
from those localities.

Twenty-eight slabs were cut from samples at Morrilton Lock and
Dam, 53 were cut from Oppello Dump, and 96 were cut from Brazil
Branch. Fifty thin sections were available from the three localities.
Single thinsections were compared petrographically withthe appear-
ance of the same xenolith megascopically on the slab to establish
criteria fordistinguishing the eight lithologies of wallrock alteration.

RECOGNITION OF FENITIZATIONSTAGES

Granolites exhibit a clear, unturbid appearance, and quartz is
easily distinguished. Feldspars are porcelainous white and subhedral

Figure 1. Location of various carbonatite intrusions within study

area: X. Morrilton Dam Sill; Xj Oppello Dump; XiBrazil Branch
Breccia.
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with albite twinning on the plagioclase. Mafics compose about 20%

of the xenolith and consist ofbiotite and hornblende. Granolite 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
leucocratic xenoliths. Quartz is granulated due to shock meta-

morphism. Carbonates replace quartz. Aegerine appears as small
green patches that are randomly scattered throughout the xenolith.
Feldspars are relatively unturbid.

Syenite Fenite represents the second stage. Quartz has been com-
pletely removed. Feldspars become turbid and appear brown. There
is a loss of twinninginplagioclase. Aegerine becomes more abundant
due to the introduction of sodium.

Albite Syenite Fenite is the third stage in the alteration process.
Feldspars are very turbid and indicate a transformation to albite.
Aegerine and carbonates are abundant.

The final stage is represented by analcite urtite - ijolite fenite.
Isotropic analcite is abundant as a white mineral that has noapparent
crystal boundaries. Aegerine becomes dark-green upon the introduc-
tionofanalcite. These xenoliths are on the order of 1.0 cm X 1.0 cm.

The initialstage at alteration inthe melanocratic xenoliths isrepre-
sented byhornblende

-
biotite xenoliths. The xenolith is black due to

many subhedral crystals of hornblende and biotite. These xenoliths
are about 1.0 cm X 1.0 cm.

The second stage ofalteration inthe melanocratic xenoliths is rep-
resented by hornblende - aegerine xenoliths. Aegerine is dominant
inthese xenoliths. Noquartzofeldspathic minerals are present. These
xenoliths are about 1.0 cm X 1.0 cm.

The final stage of alteration inthe melanocratic xenoliths isrepre-
sented by aegerine

- apatite xenoliths. The xenolith appears dark-
green because aegerine comprises about 95% of the material. No
quartzofeldspathic minerals are observed. Apatite 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

MorriltonSill(Lock and Dam No.9).

This sill is exposed on the south flank of the Arkansas River near
Lock and Dam No. 9. Itis a small sill about 46 cm thick and is in-
truded into the Atoka Formation of Pennsylvanian age. Abundant
fresh metamorphic xenoliths are exposed in the sill, and 28 samples
were available for study. The fenitized crustal xenoliths are quite
large, significantly larger than those from the other sampled areas.
The xenoliths from Morrilton display a wide variety of mineralogy,
including abundant quartz, alkali feldspar, plagioclase, biotite,horn-
blende, aegerine, sodic amphibole, and carbonates.

As shown in the cumulative histogram of the Morrilton Lock and
Dam No. 9 locality, the most common rock type is syenite fenite

Figure 2. Cumulative histogram for leucocratic and melanocratic

xenoliths from Morrilton.

(Fig. 2). There is also an abundance of granolites, most of which are
greater than 2.5 cm indiameter. Anacid test proved that no analcite
is present. The feldspars are all fresh and unalbitized. The xenoliths
thus represent minimal metasomatic alteration. Melanocratic xeno-
liths are rare. Leucocratic xenoliths appear relatively unaltered.
Quartz is present as small, equant droplets. Feldspars are fresh and
appear porcelainous white. Therefore, the Morriltonsill is interpreted
as an area of minor metasomatic alteration.

Oppello DumpSill.

This sill is exposed ina small stream that crosses Arkansas High-
way 113, 1.85 km northeast of the community of Oppello. Atthis ex-
posure, the sillis about 30.5 cm 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 cm X 2.0 cm. Also incorp-
orated in the carbonatite from Oppello Dump are innumerable sedi-
mentary xenoliths from the Stanley Shale. These sedimentary xeno-
liths are angular due to their shallow depth of origin. The meta-

morphic xenoliths exhibit a variety of mineralogies with abundant
plagioclase (extensive development of albite), alkali feldspar, sodic
amphibole, aegerine, 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 abundance of albite syenite fenite. Itwould appear that
at this locality the xenoliths exhibit more intense metasomatic altera-
tion than those of the Morriltonsill. 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 aegerine dominates the rock. Silicon and potassium have
been removed, gradually replaced withcalcium and sodium as indi-
cated by the replacement of quartz with calcite and aegerine.
Feldspars are turbid and albitized. The Oppello Dump sill is inter-
preted as an area ofmoderate metasomatic alteration.

Total •125

Figure 3. Cumulative histogram for leucocratic and melanocratic
xenoliths from Oppello Dump.

Brazil Branch Breccia.

The breccia is exposed approximately 16.8 km south of the Morril-
ton sill. Mitchell (1979) interpreted this outcrop as a breccia pipe.
The outcrop is poorly exposed and somewhat weathered; however,
96 samples were available for study. The fenitized crustal xenoliths
from Brazil Branch are, on the average, the smallest of the three
sampled areas and average 0.5 cm X 1.0 cm. The mineralogical
characteristics of the xenoliths are altogether different from those at
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Figure 4. Cumulative histogram for leucocratic and melanocratic
xenoliths fromBrazilBranch.

Morrilton Lock and Dam No. 9in 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 analcite. Analcite comprises 60% of the xenolith, in
some cases, with dark-green aegerine making up the rest of the
xenolith.

The cumulative histogram of Brazil Branch shows that the most

common leucocratic rock type is analcite urtite-ijolite fenite (Fig.
4). Albite syenite fenite is also an abundant leucocratic rock type.
The very small aegerine-apatite assemblage dominate the melano-
cratic xenoliths. It appears that this locality is an area of intensive
metasomatic alteration. The xenoliths are smaller, and their mineral-
ogy suggests extensive alteration. The presence of analcite suggests
that these xenoliths were metasomatically altered at pressures of 6-8
kilobars. At shallower depths, nepheline would have formed instead
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 Brazil Branch Breccia is interpreted as
an area of extensive metasomatic alteration at depth.

VARIATIONS OF XENOLITHTYPES

The cumulative percentage plot ofnorth-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 Morrilton in the north toBrazil Branch in the south, rock
type abundance changes according to the intensity of metasomatic
alteration. The percentage of granolite decreases from 13% at

Morrilton. to 0% at Oppello Dump and Brazil Branch. Conversely,
the percentage of analcite urtite-ijolite fenite increases 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
is about 16.8 km.and as one moves toward the south, a definite
graduation can 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).

The percentage of hornblende-biotite decreases from 40% at Oppello
Dump, to 2% at Brazil Branch. Conversely, the percentage of
aegerine-apatite increases from 9% at Oppello Dump, to 90% at

Brazil Branch. Toward the southern end of the study area, the inten-
sity of metasomatic alteration is gradually increasing. The study area

is interpreted as a single alkalic-carbonatitic complex at depth, withI
its center near the southern extremity of the sampled area.

Figure 5. Cumulative percentage plot of north-south variations of I
leucocratic xenolith type. I

Figure h. Cumulative percentage plot of north-south variations of

melanocratic xenolith type.
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