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1. ABSRACT

Apatite from carbonatite and alkaline rocks from the Magnet Cove Igneous
Complex in Arkansas was analyzed for major and trace element composition.
Halogen concentrations were used, along with both calculated and assumed
temperatures and pressures, to determine changes in HF and HCI fugacities
over the time of crystallization of the magma. Additionally, apatite was
analyzed for REE concentrations. These data were used to estimate the
degree of differentiation between rock types that occurred over the
crystallization history of the complex. Concentrations of major and minor
elements (including halogens) in apatite were determined by electron probe
microanalysis, and trace element concentrations were measured using laser
ablation inductively coupled plasma mass spectrometry.

2. THE MAGNET COVE IGNEOUS
COMPLEX

The Magnet Cove Igneous
Complex Is a carbonatite
complex in the Arkansas
Alkaline Belt. Carbonatites

,~ are uncommon (~330 known

" occurrences) igneous rocks
composed of >50% carbonate
minerals. They are typically
associated with silica-
undersaturated igneous rocks,
and generally form small
Intrusions where a carbonatite
core Is surrounded by ring-

om0 W tow m__zme shaped silicate intrusions
MCIC-1=Trachyte-phonolite (phonolite) (WOOley and Kempe, 1989)
MCIC-2=Garnet pseudoleucite nepheline syenite (syenite) : : .
MCIG-3=Biotite fiolite (iolite) Apatite is common In the rocks
MCIC-4=Jacupirangite of the Magnet Cove Igneous

MCIC-5=Carbonatite :
Complex. It ranges in modal

abundance throughout the rock types, and can make up anywhere between 1-
24% of the rock. Because of its ubiquity, composition, and resistance to
subsolidus change, apatite was used as a proxy for multiple elemental systems
that may have evolved and changed as the magma that formed the Magnet
Cove Igneous Complex cooled.

Carbonatites are characteristically enriched in trace elements and halogens.
Assuming that the Magnet Cove rocks are representative of a magma that
evolved into a carbonatitic composition, with various rock types representing
periods in its cooling history (Erickson and Blade, 1963), there will be
systematic changes in both halogens and REE in the apatite from all of the
Magnet Cove rock types.
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4. RARE EARTH ELEMENT GEOCHEMISTRY 5. WHY ARE HALOGENS IMPORTANT?
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Halogens, like water, can control properties of a melt. The presence of chlorine and fluorine can lower the
Chondrite-normalized REE in apatite in Chondrite-normalized REE in apatite in solidus temperature of a melt significantly. The presence of halogens in a melt, along with their

trachyte-phonolite

carbonatite A

concentrations, can be determined in part by the presence and composition of minerals that crystallized
from the melt. Apatite takes in halogens into its crystal structure in a way that allows its composition to be
used as a proxy for halogen concentrations in the melt from which the apatite crystallized. Halogen
concentrations in apatite from the Magnet Cove Igneous Complex were used to determine the changes In
e~ - the halogen budget of the original melt that evolved and cooled to form the rocks of the Magnet Cove
Igneous Complex.
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Fugacity ratios are used to express the changing concentrations of halogens and water in the melt that formed
the Magnet Cove Igneous Complex rocks at different points in its crystallization history. Fugacity values are
used to express overall concentrations of volatiles in a melt when it exists at varying temperatures and
pressures as it evolves. Ratios of these values show how fluorine and chlorine changed in proportion to each
other and to water in the melt as it cooled and evolved.

. . . H XAp 1
Total rare earth element concentrations in apatite from the Magnet Fuc/Frzo Fue/Fuzo ; L XAy (Catl) x 0 0aect L 75358 003030-T)
Cove Igneous Complex ranged from ~500 ppm to almost 6 weight (xz:tz) 2 6E-05 1.6E-05 70 (CaOH) (' +( T )‘( T )
percent. REE concentrations in apatite were strongly controlled by MCIC-1
the presence of other REE-bearing phases in the rocks. These (Phonolite) 3.3E-05 1.6E-05 fur _ XApcar) 1
included titanite, perovskite, and kimzeyite, a Ti-Zr garnet. REE MCIC-4 1.4E-05 1.6E-06 fHy0 XAP(caomy  107(0.18219+(3211) - 2220
: : : (Jacupirangite) ) ) r r
fractionation varied between rocks, and LREE:HREE values tended MCIC.3
to increase with increased overall REE content in apatite. All apatite (ljolite) 3.7E-06 8.1E-07
was enriched in LREE relative to HREE. (C'V'C'C--"’_* 2 9E-06 5 OE-07
arbonatite)
VISP 3.2E-06 4.5E-07

(Carbonatite)

3. METHODS

Six thin sections made from silicate and carbonate rock
from the Magnet Cove Igneous Complex were made.
They were examined by petrographic microscope to
locate apatite for analysis. Crystals were analyzed by
laser ablation inductively coupled plasma mass
spectrometry for trace element concentrations, and
electron probe microanalysis for major elements. Data
from LA-ICP-MS measurements was reduced using
the LAMTRACE program, and EPMA data on fluorine
and chlorine concentrations was input into models to
determine halogen fugacity ratios from each
representative rock type.

pyroxene, nepheline, and magnetite in jacupirangite. Upper middle: apatite within altered nepheline in syenite. Lower middle: cluster of equant apatite in carbonatite. Upper right: apatite within

pyroxene and mica in ijolite. Lower right: zimzeyite containing apatite inclusions surrounded by equant and elongate apatite in carbonatite.

/. CONCLUSIONS

Modeled fugacity ratios determined from halogen concentrations in apatite indicated a systematic decrease in both HF and HCI
fugacity as the rocks decreased in age, while REE concentrations indicated that trace element partitioning was strongly
controlled by phases in the individual rock types in the Magnet Cove Igneous Complex. These results suggest that
geochemical evolution in the complex was influenced by continuous (fractional crystallization) and/or episodic (multiple
episodes of magmatism from the same parental magma) processes.
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