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Introduction

Drill core M5 sampled carbonatites and alkaline igneous rocks of the Magnet Cove
Complex, Hot Spring County, Arkansas. Representative samples of these rocks were
obtained as part of a study of the Magnet Cove Complex and other alkaline igneous
intrusions in the Southern Midcontinent of the United States. Recent detailed studies of
the Magnet Cove Complex and its associated Ti-V-Nb mineralization were presented by
Erickson and Blade (1963), Flohr and Ross (1989, 1990), Willis (1992), and Flohr (1994);
earlier studies are cited by these authors. The Magnet Cove Complex is one of numerous
igneous intrusions in the region, some of which crop out and others of which are not
exposed at the surface, but which have been sampled by deep drilling and (or) identified by
gravity and magnetic surveys (e.g., McKeown, 1982; Hendricks, 1988; see Fig. 1 of Flohr
and Howard, 1994, for a sketch map of the region that shows the locations of these
intrusions).

Drill core M5 was obtained by Molycorp, Inc. as part of their mineral exploration
program. The drilling location was in the northwest corner of Sec. 19, TS3, R17W. The
total depth of the core was 750 feet. The core is curated by the Arkansas Geological
Commission in the Norman F. Williams Well Sample Depository, Little Rock, Arkansas.
This report contains major-, minor-, and trace-element geochemical data of 33 rocks from
the core. Short descriptions of the rock types sampled are included. Drill core samples
other than those for which geochemical data were obtained were also collected, but these
samples are not discussed here. :

Analytical Methods

Samples were prepared for geochemical analysis using standard procedures
(Arbogast, 1990) by USGS personnel. Outer surfaces of samples were removed before
the samples were ground to ensure that no contamination by the coring equipment was
present.

All analytical work was performed by USGS personnel. The following methods
were used for the analyses reported in Table 1. Where ‘a given element was determined
by more than one method, all values are reported without attempting to evaluate the
superiority of one method over another method. Si, Ti, Al, total Fe, Mn, Mg, Ca,'N3a; K,
and P were analyzed using wavelength-dispersive X-ray fluorescence spectrometry
(WDXRF; Taggart and others, 1987) by J. S. Mee and D. F. Siems and are reported as
weight percent of the oxides. Ferrous iron, reported as FeO, was determined by H. Smith
who used the colorimetric titration method of Peck (1964). Ferric iron, reported as Fe,0g3,
was calculated from the total iron as obtained by WDXRF and the measured ferrous iron
content. F~ and CI" were determined by ion-selective electrode potentiometry using either
the method of Kirschenbaum (1988) or of Bodkin (1977) for F and that of Aruscavage and
Campbell (1983) for Cl (analysts: C.J. Skeen and N.H. Elsheimer). Total S was analyzed
by first combusting the sample in a sulfur analyzer and then measuring the evolved sulfur
dioxide by an infrared (IR) detector (Kirschenbaum, 1983; analysts: C.J. Skeen and N.H.
Elsheimer). CO, was measured by first digesting the sample with HCIO,, a process during
which CO, is evolved and carried into a coulometric cell. The CO, was then converted
into a strong acid by ethanolamine and was titrated coulometrically (Engleman and others,
1985; analysts: C. Papp and H. Smith). H,0, or nonessential water, was determined by
weighing the sample before and after drying it for one hour at 100°C (Shapiro, 1975;
analyst: H. Smith). Total water was determined by H. Smith who used the method of



Jackson and others (1987): the sample was mixed with a flux, heated to 950°C, and the
~ evolved water was determined coulometrically by Karl-Fischer titration. H,0*, or bound
water, is the difference between the total water and H,0". Loss on ignition (LOI) was
determined as part of the WDXRF analytical work-up and was determined by weighing the
sample before and after heating at 925°C for 45 minutes. A large number of elements,
including the rare-earth elements (REE), were determined by instrumental neutron
activation analysis (INAA; Baedecker and McKown, 1987) by P. A. Baedecker and J.N.
Grossman. Additional important trace elements were analyzed using inductively coupled
plasma-atomic emission spectrometry (ICP-AES; Lichte and others, 1987) by M. W.
Doughten or using energy-dispersive X-ray fluorescence spectrometry (EDXRF; Johnson,
1984; Johnson and King, 1987) by J. Kent. :

Polished thin sections of all samples, except the altered clay-rich rocks, were
obtained. Examination of these thin sections and limited X-ray powder diffraction (XRD)
analysis provide the basis for the brief mineralogical descriptions presented in the next
section. \

Rock Types

Lithologies sampled by drill core M5 include a variety of carbonatites and altered
rocks. Altered rocks include (1) rocks that contain abundant clay and may be the product
of relatively late-stage hydrothermal alteration (these rocks are termed altered clay-rich
rocks in Table 1) and (2) altered silicate rocks that are the products of intense
metasomatism and reaction between silicate rocks and carbonatite. The following brief
descriptions present only the gross characteristics of the rocks. Some of the carbonatites
are complex and contain clasts of partly altered silicate rock or earlier-formed carbonatite.
Within each of the following groups discussed below, the analyses (Table 1) are ordered
from low to high Si content to emphasize the ranges of compositions present in each of
these three broad and compositionally diverse groups. ’

Carbonatites. The dominant lithologies in the M5 drill core are coarse-to-medium-
grained calcite carbonatites. These calcite carbonatites are readily distinguished in hand
sample and in thin section on the basis of the abundance of accessory silicate, oxide,
phosphate, and sulfide minerals. Intervals with concentrations of one or more of the
accessory minerals are interspersed with zones of almost pure coarse-grained calcite™
(barren) c;arbonatite. The accessory mineral-bearing and barren carbonatite intervals range
from a few feet to tens of feet in thickness. The most common accessory minerals are
monticellite, apatite, magnetite, perovskite, and pyrite. Barren calcite, monticellite-rich,
and apatite-rich carbonatites are the most common. Vuggy REE-mineralized coarse-grained
carbonatite (e.g., sample M5-47, with bastnaesite and tentatively identified synchesite)
forms a thin zone near the top of the core. Coarse-grained pyrite is most abundant in
calcite carbonatite where the carbonatite is in contact with fine-grained mafic silicate rock.
Phlogopitized coarse-grained calcite carbonatite (sample M5-549.8) contains masses of
phlogopite with subordinate aegirine.

A distinct medium-grained calcite carbonatite contains accessory phlogopite,
magnetite, apatite, and sulfide. In some occurrences, particularly in the 706 ft to 727 ft
interval (e.g., samples M5-717, M5-721), this carbonatite is faintly laminated, with
millimeter-wide bands rich in mica and magnetite. Medium-grained carbonatite is less
common at shallower depths, where coarser-grained carbonatites are more common.

Ankeritic carbonatites, which contain calcite and ankerite, are not common in the
M5 drill core.. Accessory minerals include hematite, apatite, pyrite, quartz, and



arfvedsonite. A Ti-mineralized zone (represented by sample M5-387) contains, in addition
to calcite and ankerite, rutile, feldspar, pyrite, mica, and a 14A clay mineral, which is
represented by several weak XRD peaks that are consistent with smectite group minerals.
Altered silicate rocks. Aphanitic mafic rock occurs at the bottom of the core at
about 729 ft to 750 ft and at several shallower intervals. Pyroxene grains replaced by
biotite and oxide minerals, fine-grained recrystallized groundmasses, and local development
of abundant pyrite characterize these rocks. Other altered silicate rocks are more syenitic
and contain abundant pyroxene and zoned red garnet. Mafic and felsic rocks that are in
contact with carbonatite are the most altered.
Altered clay-rich rocks. Altered clay-rich rocks occur mainly in the interval from
“about 619 ft to 662 ft, although altered rocks are present at other depths. Smectite and
subordinate kaolinite are the clay minerals present. Other minerals in these rocks include
calcite, ankerite, siderite, orthoclase, biotite, and sulfide. Enrichments of Ti and REE are
also found (e.g., samples M5-658.5 and M5-658.5, respectively).
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