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Samples of alkaline basalt used in this investigation represent
parts of the DVDP-2 core (Dry Valley Drilling Project, borehole
no. 2) drilled in 1973 on Ross Island, Antarctica. A well-defined,
44-meter-thick lava flow (unit 13) was examined from top to
mid-flow. Intra-flow compositional variations of olivine may be
used to interpret chemical evolution of the host magma.

Basaltic rocks from DVDP-2 are extremely fresh, containing
dominant olivine and pyroxene. Geochemistry of the Ross Is-
land region had been investigated with some detail by Goldich
et al. (1975) and Kyle (1976, 1981). Forbes (1963) studied ultra-
basic inclusions from basalts of the Ross Island area and re-
ported strain bands in olivine. Weiblen et al. (1978), having
analyzed 56 clinopyroxene samples from DVDP cores and vol-
canic rocks on the surface of Ross Island, noted four types of
occurrences: xenocrysts, megacrysts, zones of phenocrysts,
and groundmass pyroxenes. They pointed out that this classi-
fication is not entirely unambiguous because small xenocrysts
may be mistaken as groundmass pyroxene and overgrown
xenocrysts may be regarded as phenocrysts.
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Figure 1. Intra-flow compositional variations of strain-free and strained macrocrysts and matrix microcrysts in DVDP-2 basalt. Dots indicate
areas analyzed and numbers are in mole percent Fo.
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BASALT BASALT

Because complexities in olivine cannot be observed pe-
trographically, we conducted an electron microprobe study of
several types of olivine in DVDP-2, unit 13

• megacrysts or discrete nodules,
• strained and strain-free macrocrysts which may be phe-

nocrysts or xenocrysts, and
• microcrysts in the matrix.

Most macrocrysts (0.5-1.0 millimeter) are anhedral, set in a
fine-grained matrix. Their rounded margins resulted from re-
sorption in the melt. Many of the large olivine crystals show
undulatory extinctions due to the presence of sub-grains, al-
though there are also completely strain-free crystals. Both types
of macrocrysts were selected at depths of approximately 2, 5, 12,
and 23 meters below the top of unit 13 and analyzed on an
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Figure 2. Plot of electron microprobe analyses of olivine in DVDP-2,
unit 13, sample 12412. Dots indicate areas analyzed. a. Traverse
across olivine megacryst. b. Traverse across olivine macrocryst
from core to rim.
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electron microprobe. Chemical compositions of the center and
edges of each grain were determined. Compositions of olivine
at the core were found to change progressively from Fo 89 to Fo75
(Fo = mole percent forsterite, Mg 2SiO4) from top to mid-flow (at
23 meters). This trend may be a function of intra-flow cooling
rates. A slower cooling rate at mid-flow favors iron enrichment
in olivine.

Compositions of olivine rims show no discernible systematic
trend within the flow. Rims of macrocrysts occurring in a thin
section may show dissimilar compositions which may even
vary from edge to edge in a single crystal (see figure 1). Micro-
crysts of olivine in the matrix are progressively enriched in iron
toward mid-flow, changing from Fo 7 , to Fo 70 . 5 from top to mid-
flow. Representative analyses are shown in the table.

Many megacrysts were found throughout the core. Most of
them are nodules of olivine including trace amounts of spinel
and phlogopite. Part of a nodule we analyzed is depicted in
figure 2a which also presents results of a microprobe traverse.
Interior grains of this nodule show a homogeneous composi-
tion of Fo8 , even at grain boundaries. Margins of this nodule
adjacent to the surrounding magma have a uniform composi-
tion of Fo 75. The transition zone is about 200 microns in width.
Figure 2b shows a similar transition zone at the edge of a
macrocryst. Two types of phlogopites (A and B, table) are pres-
ent in this nodule. They have magnesium to magnesium-plus-
iron ratios of 0.72 and 0. 84, respectively, but both contain equal

Microprobe analyses of olivine and phiogopitea

Megacryst	 Microcryrst

Olivine	Phlogopite
Olivine

Oxide	Center	Edge	A	B	in matrix

amounts of titania (9 weight percent). This megacryst, com-
posed of olivine whose primary composition is Fo 85, phlo-
gophite, and spinel, is probably a partially digested xenolith
derived from the uppermost part of the Earth's mantle from
which the magma evolved.

Chemical data indicate that olivine macrosrysts in the alkaline
basalt are derived from disaggregation of mantle xenoliths.
These macrocrysts, therefore, are not phenocrysts. During the
ascent of magma, mantle-derived ultramafic megacrysts frag-
mented in the melt. This mechanism explains
• compositional variations in olivine macrocrysts. Outer grains

of a fragmented olivine megacryst (xenolith) are enriched in
iron, whereas, interior grains are enriched in magnesium. All
of these grains are xenocrysts.

• inhomogeneities in rim composition in single olivine grains.
When an olivine grain is detached from a disintegrating
megacryst to form a macrocryst, the outer rim of this grain
shows iron enrichment, whereas, the inner rim is more en-
riched in magnesium. Composition of edges of a single grain
has been observed to vary by as much as 6 weight percent Fo.

• formation of undulatory extinctions due to the presence of
sub-grains caused by recrystallization during the ascent of
magma. At a later stage, when macrocrysts further disinte-
grate into smaller grains, the latter become strain-free.
Our results also indicate that systematic intra-flow chemical

variations observed in macrocrysts and microcrysts are related
to progressive decrease in cooling rates from top to mid-flow.
The abundance of mantle xenoliths incorporated in the magma,
their position within the flow unit, and the extent they had been
digested in the melt play an important role in determining the
evolutionary path of the host magma and the final petrological
characteristics of the basalt.
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