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Chairman’s Report

Magma Production Rates: Mantle Melting
and the Thickness of the Crust

By Robert T. Gregory

ur understanding of the origin of oceanic crust received

Oa big boost during the plate tectonic revolution. The
study of ophiolites, sequences of rocks presumed to

be slices of ancient oceanic lithosphere, provided land-based

geologists the opportunity to map oceanic rocks that could not
be readily sampled by the dredge or the drill. One of the most
interesting results of seismic surveys of oceanic crust is that the
thickness of crust seems to be remarkably uniform independent of
spreading rate. This result dates back to the pioneering refraction
work done out of Scripps Institution of Oceanography by Russ

Raitt and George Shor.

Spreading rates vary by about a factor of 10 in the modern ocean
basins, so that it is interesting to speculate about what oceanic
crust may have looked like in the Archean (>2.6 billion years
ago). The mechanism for generating oceanic crust is important
for the heat budget of the Earth; today it accounts for a significant
fraction, almost 10%, of the geothermal output (e.g., Geology at
SMU, December 2006). What happens to the amount of magma
produced and to the thickness of the crust back in time when
there was more heat production from radioactive elements such
as during the Archean?

This is a problem where the type of mantle petrology practiced
by new faculty member James E. Quick becomes important.
Most petrologists now agree that the upper mantle of the Earth
is dominated by peridotite, a peridot-rich rock. Peridot is the
gemologists name for olivine. Upper mantle peridotite usually
contains, in addition to olivine, two pyroxenes (orthyroxene or
enstatite and clinopyroxene or diopside). Depending upon the
pressure, there may also be accessory spinel or garnet.

The mantle source regions for basalt are dominated
volumetrically by olivine and pyroxene with minor
amounts of aluminous phases. Yet, partial melts of the

mantle yield basalt and gabbro the dominant rock types of the

oceanic crust. Gabbro is the slowly cooled plutonic equivalent
of basalt. Gabbroic rocks, that faithfully reflect basaltic liquid
compositions, are typically dominated by the mineral plagioclase

(>50 volume %). Plagioclase,
a member of the feldspar
group, is a solid solution of
CaAl,Si,Og and NaAlSi;Og.
Our concepts of crust versus
mantle are defined on the
basis of feldspar occurence. In
seismology, the special term
describing the transitions from
a feldspar-dominated lithology
to olivine-dominated mantle lithology is called the Moho.

The Earth manages to partially melt an olivine((Mg, Fe),SiO 4)-rich
rock and produce a magma dominated by plagioclase components that
eventually makes its way to the surface. If it crystallizes deep enough
in the mantle, it makes an eclogite (a mixture of pyroxene and garnet).
The keys to understanding magma production rates are the melting
relationships of mantle pyroxenes. Under mantle conditions, because
of solid solution, pyroxene is the home of aluminum, calcium and
sodium, the major constituents of plagioclase in addition to silicon
and oxygen. The change in coordination from 4 nearest neighbors for
Al in plagioclase to 6 nearest neighbors in pyroxene is a response to
pressure. Of the two pyroxenes, clinopyroxene is the more important
carrier because it naturally accommodates calcium.

Quick’s original work on the Trinity Peridotite is important
because it demonstrates the sequence of mineralogic depletion in a
fertile (capable of generating basaltic liquid) peridotite (see photo
on page 1). Aluminous peridotite called Iherzolite loses its calcium-
rich clinopyroxene first to become harzburgite, mixtures of olivine
and orthopyroxene. Upon further melting or reaction with melts, the
rocks transform by magmathermal interactions to become dunite
(an olivine-dominated rock). The inferred sequence of melting is
olivine plus two pyroxenes, olivine plus orthopyrxoene, and finally
olivine by itself. The components necessary to make basalt are
dominantly extracted as lherzolite transforms to harzburgite. This is
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An example of a fertile mantle peridotite from the Ivrea Zone
of the Alps. A near vertical foliation is present with bands of Cr-
rich green diopside (clinopyroxenite) parallel to the foliation. The
darker minerals are spinels rich in chromium. The more massive
pale rock is Iherzolite (olivine + Ca-Mg pyroxene + enstatite, Mg-
rich pyroxene). The elements that melt out of the rock to produce
feldspar in basalt largely come out of the pyroxene.
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why harzburgite is the most common rock sampled beneath the
crust/mantle boundary recorded by ophiolites. So what happens
when the temperature of the mantle melting is increased? Clearly,
the amount of plagioclase and eventually crust produced is limited
by the volume of aluminous pyroxene. More heat leaves more
dunite residuum but does not result in more gabbroic liquid. The
resulting liquids that become more Mg-rich have names like picrite
and komatiite. The later, named after a place in South Africa, is
considered on the basis of melting experiments to be a very high

temperature melt of the mantle, ~1500 °C.
agmas that are very rich in magnesium tend to be highly
M fluid. Experimental petrologists estimate that they form
some 60 km below the surface. Because fluid magmas
typically travel as veins and dikes, they quickly lose heat to their
surroundings and as a result drop crystals. For Mg-rich magmas
(ultramafic), the mineral most commonly precipitated is olivine in
the form of cross-cutting dunite. Peridotites from ophiolites or the

so-called Alpine peridotites are full of cross-cutting dunite bodies

left behind by ascending magmas.

The answer to the question about why the thickness of
oceanic crust is so insensitive to spreading rates is now for
two reasons: firstly, the amount of feldspar extracted from

the mantle is largely limited by pyroxene content and secondly,

increased degrees of melting yield more olivine-rich rocks in the
upper mantle because of the efficient separation of olivine from
ascending melts. Increased degrees of partial melting of the mantle

The boundary between the crust and mantle is exposed in the
Oman Mountains, Sultanate of Oman. Rocks to the right are pe-
ridotite (olivine-rich rocks) consisting of the subtypes dunite, the
buckskin brown color, and harzburgite (olivine + orthopyrox-
ene), the darker rocks. Plagioclase feldspar-rich rocks on the left
are separated from the mantle by a thin dark layer of wehrlite,
a magmatic accumulation of olivine and pyroxene. Seismically,
the crust-mantle boundary is marked by the predominance of
Al-rich feldspar of the crust.

do not yield more oceanic crust; the thickness of the crust is robust
against changes in spreading rates.

ane Christman Albritton died on

Saturday, September 22, 2007,
after a stay of a few days in Baylor
Hospital. Jane had suffered many
years from a lung problem result-
ing from an encounter with bird flu
in Ethiopia. Pneumonia was the ul-
timate cause of her death. Jane was
v T married to Claude Albritton for 5
404" | decades until his death in 1988.

The Albrittons were very effective partners, not because
they were alike but because in many ways they were op-
posites who shared the same goals. Together, they made a
dynamic pair who contributed much to their family, to the
university, to the city, to the geological community and to
the world. Jane was very much her own person with her
own distinctive approach to almost everything.

One of those distinctions is that, as a young woman, Jane
was hired as a park ranger at the Volcano House on the big
island of Hawaii. She kept the job until the National Park
Service discovered that she was a woman; there were no
female park rangers at the time. Inacompromise to keep
the job, she was reclassified as a switchboard operator.
Jane met Claude in Hawaii, most likely as a result of her
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Jane Christman Albritton Life-Long Partner to Professor
Claude Albritton, Jr., & Grand Matriarch of SMU Geology

position near the volcano, and relo-
cated to Dallas to join Claude who
was a young professor in the SMU
Geology Department. Jane never
forgot her ties to Hawaii.

Jane had a deep respect and af-
fection for the things that Claude
did and, in her own way, was to-
tally and effectively supportive of
them. This included joining him
in the deserts of Nevada while walking barefoot in grand
Hawaiian style.

s Claude’s memory faded within the SMU com-
munity, Jane was a very effective advocate for
Claude’s important legacy to SMU. Jane was a frequent
participant at our Golden Mustang Geologist Dinners held
each spring. She contributed the idea for the article on the
balloon bombs of World War 11 and elucidated Claude’s role
in locating their source (Geology at SMU, 2003).
At the University of Hawaii, a scholarship supports el-
ementary education in memory of Jane’s contributions to
early childhood education. The SMU Albritton Chair and a
Geological Society of America scholarship honor Claude.
J.E. Brooks, D.B. Blackwell, & E.T. Herrin, contributors.
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arb Dutrow (M.S. 1980; Ph.§,

1985), a faculty member at Loui-
siana State University, is now co-
author of the Manual of Mineral
Science, 23rd edition, based upon
Dana’s Mineralogy originally pub-
lished in 1848. She joins, as co-author,
Cornelius Klein, University of New
Mexico, who joined Harvard’s Corne-
lius Hurlbut as coauthor for the 19th
edition published in 1977.

The 23rd edition represents an
extensive rewrite (now some 10%
more pages) while remaining faithful
to the spirit of the previous editions
that cover crystal chemistry, crystal-
lography and comparative mineral-
ogy. The new edition is more student
friendly. Former chapters are now
multiple, smaller coherent units; each

Al e’ G gCes 12 e

During the Fall SJFnester 20(§,hNe re-
peated our survey of the alumni using
the same format that was used in 2002.
We only contacted alumni who did not )
respond to the previous survey. The results Oil & Gas
of this survey were consistent with the * T 37%

results of the previous one (see Geology at
SMU, October, 2002). As we said before, p
“Geology is always a good bet.” Careers gl

with recent graduates getting snapped up
due to the shortage of geologists and the
pressures on companies with aging work
forces. A large number of our bachelor
degree holders go on to higher degrees.

Opposite page top: Geothermal springs at Yellowstone National Park exhibiting different colors related to a multiplicity
of environments around the hot spring from silica oversaturated blue waters to yellow to brownish-red colors of bacterial
colonies that exploit the extreme chemical and physical environment for their metabolism. Extremophiles are critical for
understanding how early life may have evolved on the Earth. The 2007 Institute for the Study of Earth & Man excur-
sion participants: Professors David Blackwell, James Brooks, Robert Gregory, Bonnie Jacobs, Louis Jacobs, Roy Mink
(new research professor) and James Quick (US Geological Survey, see our cover story), Earth Sciences; Professor, David
Johnson, Mechanical Engineering, S.EA.S.; James Gibbs, Jack Hamilton, Ray Marr and Leighton Steward, ISEM Board
Members; Adam Dunsworth, vidographer; Diana Vineyard and Kent Newman, logistical support, and guest excursion
leader: former Hamilton Visiting Professor, Robert Smith, University of Utah.










