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Fe/(Fe-+Mg) RATTO IN BIOTITE FROM GEORGIA GRANITIC ROCKS

L. D. Ramsport! AnND E. L. PLUNKETT, JR., Department of Geology,
University of Georgia, Athens, Georgia.

INTRODUCTION

Preliminary observation of samples from quarries in the Elberton
granite district, Georgia, revealed that biotite in gneiss and schist inclu-
sions had a different refractive index than biotite in adamellite taken
from the same quarry; whereas biotites in adamellite taken from scat-
tered quarries had similar refractive indices.

Uncertainties in the determination of the refractive indices of biotite
have been reported; Engel and Engel (1960) comment extensively on this,
but Peikert (1963) implies that the determination is not particularly
difficult. Because of absorption in the biotite, a match with the oil is
difficult to tell unless the grain size is very fine. Due to these uncertainties
d(060) was determined in addition to 8(=+) refractive index on biotite
from 45 specimens of Elberton adamellite and one specimen each of Gray
granodiorite, Stone Mountain adamellite, Danburg porphyritic adamel-
lite, Columbia County adamellite, and a gneiss and a schist inclusion in
Elberton adamellite.

GEOLOGY AND PETROLOGY OF Rocks

The Elberton Granite District (Ramspott, 1964a), from which most of
the samples came, extends over 200 square miles in Elbert, Oglethorpe,
and Madison Counties, Georgia. Fine- to medium-grained adamellite
bodies cross-cut the surrounding sillimanite-grade gneiss and schist, but
are themselves faintly metamorphosed (retrograde and dynamic), as
shown by microscopic metamorphic textures, chlorite-sericite alteration,
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and the occurrence of zeolites and related minerals along fracture sur-
faces. Some quarried bodies are dike-shaped, being as narrow as 200 feet,
and many are considerable elongated, trending generally north. Mig-
matite veins and dikes are common throughout the area.

In the fine- to medium-grained Elberton adamellites, oligoclase (me-
dian, Ans; range, Any to Anyr), microcline, and quartz are present in ap-
proximately equal amounts. Biotite constitutes about 5 percent of the
rock; the color index is about 6. Common accessories are magnetite, al-
lanite, muscovite, epidote, apatite, hematite, chlorite, and zircon.
Sphene, monazite, and calcite are present locally.

The Danburg coarse-grained porphyritic adamellite (Crawford and
others, 1966) is a 5- by 10-mile elliptical pluton trending N25E through
northeastern Wilkes County and northern Lincoln County, Georgia. The
rock weathers to a distinctive saprolite and appears to be uniform in com-
position and texture. An average of two modes gives a mineral composi-
tion of oligoclase (Ansy), 30; microcline, 37; quartz, 25; others, 8 percent
(including biotite, magnetite, sphene, with minor zircon, apatite, mus-
covite, chlorite, and hematite).

The fine-grained Gray granodiorite (Jones County, Georgia) is noted
as having a high magnetite content in saprolite by Hurst (1953). A modal
analysis is given in Vistelius and Hurst (1964) showing quartz, 38; K
feldspar, 18; plagioclase, 40; and others, 6 percent.

The Columbia County coarse-grained porphyritic adamellite has not
been studied quantitatively.

The Stone Mountain adamellite is well studied, the most recent publi-
cations being Herrmann (1954) and Wright (1966). It differs from the
other rocks, as it has an 11 to 1 ratio of muscovite to biotite. Neither of
the above papers mention magnetite, although Hurst (1953) reports it in
the saprolite, and the writers separated small amounts while obtaining
the biotite. The Stone Mountain adamellite has only about 1 percent
biotite, whereas the other rocks studied contain about 5 percent biotite.

The two inclusions are from the Acme Quarry (Ramspott, 1964b). The
schist inclusion is a biotite-oligoclase-quartz schist with muscovite,
apatite, allanite, sphene, magnetite, and carbonate. The gneiss inclusion
has the same mineralogy, plus the addition of microcline metacrysts. The
field occurrence indicates origin of the gneiss by metasomatism of the
schist.

All of the rocks studied contain magnetite and either microcline or
muscovite. Hematite was observed in nearly all as a very minor con-
stituent. These rocks thus contain the critical assemblage biotite, mag-
netite, and sanidine or muscovite, as well as containing both components
of the “buffer” FezO4-Fe,Os.
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The most conspicuous occurrence of hematite is as thin, translucent
flakes within biotite. It occurs scattered in very minor quantity in all of
the major minerals. There is no proof that this hematite coexisted with
magnetite to form a Fe;0s-Fe;O4 buffer during crystallization of the bio-
tite. However, the values obtained in this study plot near the curve
defined by plotting 8 index versus d(060) valves for corresponding
Fe/(Fe4+Mg) ratios from Fe;03-Fe;O4 buffered synthetic runs (Fig. 1,
data from Wones, 1963).

PROCEDURE

Rock samples were crushed with a Plattner mortar and sieved to ob-
tain 80-100 and 100-120 mesh fractions. Biotite was separated by means
of a Franz Isodynamic Magnetic Separator. Because of the intent to
analyze by X-ray diffraction or refractive index, checks for sample purity
were only qualitative.

The biotite was ground with a silicon internal standard in an agate
mortar to pass 325 mesh. Cell mounts were made by packing material
lightly to avoid orientation and slicing off the excess with a razor blade
leaving a smooth surface. Material coarser than 325 mesh did not make
good mounts by this method. Smear mounts and tightly packed cell
mounts were tried, but the preferred orientation made the biotite (060)
peak unmeasureable.

Diffraction peak 26 (060) was determined by step-counting across both
the silicon (311) and biotite (060) peaks, which occur respectively at
about 72.4° and 77.5°. The instrumental settings were FeKea radiation;
Mn filter; divergence and scatter slits: 1°; receiving slit: 0.006 inch; and
scale factor of 2. Counts were accumulated at points spaced 0.1° or nar-
rower for 132 seconds, so that 800 to 1000 counts were accumulated at
points on the slopes of the peaks. The peak was bisected at 2/3 height to
determine position. The silicon (311) peak will resolve into Key and Kas,
but the biotite peak is broad and unresolved [Wones (1963) suggests that
(331) may be superposed on (060)]. 26 (060) was converted to d(060) by
tables (Switzer and others, 1948) using the value 1.9373 A for FeKa.

Refractive index 8 was determined using Cargille index oils spaced at
intervals of 0.002 n. Both white and monochromatic (389 mg) light were
used as necessary. The 8 index is so close to the v that no differentiation
was attempted, nor was it possible because of the absorption of the thin
cleavage flakes.

One sample was determined three times by the X-ray method by
running remounts of the same material on different days. The standard
deviation of the repeated measurement is 0.00031 A. Assuming a normal
distribution, the measurements by this method should be within +0.0006
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A at the 95 percent confidence level. This is equivalent to +0.03 Fe/(Fe
+Mg). Wones’ (1963) data have a mean standard deviation of + 0.0006
(£0.06 Fe/Fe+Mg), indicating that this is about the range expected for
this method.

Duplicate determinations of the refractive index were made for ten
samples. The mean standard deviation was 0.00145. Assuming a normal
distribution, the measurements by this method should be good to +0.003
at the 95 percent confidence level, equivalent to +0.023 Fe/(Fe+Mg).
This is the value obtained by Peikert (1963) for 104 duplicate measure-
ments and Wones (1963) commonly reports the vy index to 40.002 or
+0.003.

The X-ray method takes about 1} hours per sample for +0.030 Fe/(Fe
~+Mg) precision, whereas the optical method takes less than 15 minutes
per sample for 1 0.023 Fe/(Fe+Mg) precision. Thus the optical method
is superior in speed to the X-ray method for similar precision.

Discussion

Figure 1 is constructed from data in Wones (1963). The curve is the
locus of corresponding Fe/(Fe+Mg) values for the measurements of
d(060) and B(~7v) refractive index for the buffer system Fe;0,-FeyOs.
Composition of biotite in terms of Fe/(Fe4+Mg) is marked along the
curve.

In the following discussion, several simplifying assumptions are made:
the variation in refractive index and d(060) is principally related to vary-
ing Fe/(Fe+Mg) ratio, and the observed variations are primary and not
due to alteration. Numerous variables have not been evaluated, among
them ferrous to ferric ratio and variation of Mn, Ti, Na, Al, and F. The
work of Peikert (1963) shows a reasonably high correlation between re-
refractive index and Fe/Mg ratio for similar rocks.

The scatter at the determinations shown in Figure 1 is greater than
estimated analytical error, but consistent patterns of variation related to
field occurrence have not yet been noted. Where it is known that two or
more locations lie along the same granitic band, the variation within the
band in Fe/(Fe4Mg) is as great as variation between bands. Two sam-
ples from the same quarry (C-O, Figure 1) show a spread of values out-
side the estimated analytical error and nearly as great as the entire range
of the district. Work currently in progress indicates that there may be
areal variation within adamellite bands related to the distance from the
contact.

The points labeled A-1 schist and A-1 gneiss were determined on biotite
from two-to three-foot diameter inclusions in the same quarry as A-1
adamellite, which contains one of the more iron-rich biotites. The ada-
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mellite sample came from within 50 feet of the inclusions. There are re-
cent observations indicating that fo, varies across compositional bound-
aries in many natural high-temperature rock systems (James, 1955;
Chinner, 1960; Peikert, 1963; Melson, 1966). Chinner (1960, p. 211)
notes a number of examples of changes in oxidation in country rock at
contacts or in inclusions. In the cases cited, there were distinct thermal
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F16. 1. Plot of 8 refractive index vs. d (060). The diagonal line is adapted from Wones
(1963) from curves drawn for the buffer Fe;Os-Fe;Os. The ratio Fe/(Fe+Mg) is marked
along the line. The symbols are as follows: D Elberton adamellite, A A-1 quarry schist,
vV A-1 quarry gneiss, A A-1 quarry adamellite, (] C-O quarry, @ Stone Mountain,
O Danburg, X Columbia, + Gray.

aureoles, whereas in the catazonal Elberton adamellites, temperature dif-
ferences between the plutonic and country rocks were small or did not
exist.

Figure 4 of Wones and Eugster (1965, p. 1244) suggests why the Fe/
(Fe-4-Mg) ratios of biotite in the schist and gneiss inclusions could remain
unequilibrated with those in the adamellite. A biotite with a Fe/(Fe
+Mpg) ratio of 0.4 (as in the schist and gneiss) is stable at any value of fo,
and 7 on or below the 40 contour. As the biotite in the associated granite
has a ratio near 0.5 (conditions appropriate for the 50 contour), the indi-
cated temperature from the Fe;04Fe,0; buffer curve is near 600°C.
Therefore the biotite in the inclusions would be stable under these condi-
tions, even if fo, in the inclusions equilibrated with that in the magma. In
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this example it is not possible to state that the fo, in the inclusion re-
mained independent of that in the surrounding magma. This assumes, of
course, that the temperature differences between country rock and inclu-
sion were negligible, as the diagram shows that a rise in temperature on
the order of 100°C would have a considerable effect on Fe/(Fe4-Mg)
ratio, even at constant fo,.

The Elberton adamellite samples all show hematite flakes along biotite
cleavages. Figure 4 of Wones and Eugster (1965, p. 1244) shows that fall-
ing temperature causes the biotite to react, forming sanidine and hema-
tite. The sanidine evidently has migrated away from the biotite as pos-
tulated by Chayes (1955) for the potash feldspar released by the biotite-
chlorite transformation (which also occurs to some extent in the Elberton
adamellites). This interpretation suggests that Fe;0; may not have been
in coexistence with Fe;O4 during initial crystallization of the biotite.

Peikert (1963) found 8 index values ranging from 1.624 to 1.663 in 430
samples of tonalite, granodiorite, and adamellite in 90 square miles of a
granitic band in the Precambrian of Northeastern Alberta. In the present
study, in 45 samples of adamellite composition taken from over 200
square miles, the 8 refractive index ranges from 1.637 to 1.647. Peikert
postulates a metamorphic origin for the granitic rocks, based in part on
the wide variation of the biotite indices. In the Elberton district, the re-
stricted range of refractive index accords with other evidence indicating a
magmatic origin. Assuming the magma to have been generated by selec-
tive fusion, it is not unlikely to suppose that, as the P-T conditions at a
given level are likely to be fairly uniform, the anatexis was governed by
water content of source rocks. This could account for the similar fo, of the
adamellites implied by the Fe/(Fe+Mg) ratios.
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ECLOGITES AND JADEITE
FROM THE MOTAGUA FAULT ZONE, GUATEMALA
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INTRODUCTION

Jadeite occurs as inclusions in serpentinite in the Motagua fault zone.
A boulder of remarkable size and purity was found near Manzanal, Gua-
temala, and chemical, optical, and X-ray studies have been made of a
separated sample of the jadeite. Elsewhere in the Motagua fault zone,
omphacite-garnet eclogites and glaucophane-lawsonite-omphacite-garnet
rocks have been found in similar environments. Only at the Manzanal
locality, however, have sodic pyroxenes been found in rocks which are
nearly monomineralic.





