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INTRODUCTION

Crustal rocks recrystallized at confining pressures charac-
terized by stabilities of the dense phases coesite and/or dia-
mond are defined as ultrahigh-pressure (UHP) metamorphic
rocks. P-T conditions required for the production of these poly-
morphs, as well as other UHP phase assemblages such as K-
rich and/or supersilicic clinopyroxene and majoritic garnets,
involve pressures of at least 2.7–3.2 GPa (Liou et al. 1988).
Such minerals and assemblages indicate that lithologic materi-
als initially formed near the surface of the Earth have been
subducted to great depths, recrystallized under extreme condi-
tions, and then exhumed through a process such as buoyancy-
driven tectonic regurgitation (Ernst et al. 1997).

In the first reported occurrence in the world of UHP crustal

* E-mail: ernst@geo.stanford.edu
† Present address: Dartmouth College, Department of Earth
Sciences; Hanover, NH 03755.
‡ Present Address: Department of Geology, Bowdoin College;
Brunswick, ME 04011-8468

Low-temperature microdiamond aggregates in the Maksyutov Metamorphic Complex,
South Ural Mountains, Russia

BENJAMIN C. BOSTICK,† R.E. JONES, W.G. ERNST,* CYNTHIA CHEN,† MARY L. LEECH, AND
RACHEL J. BEANE‡

Department of Geological and Environmental Sciences, Stanford University, Stanford, California 94305-2115, U.S.A.

rocks, Chesnokov and Popov (1965) described quartz textures
that they interpreted as pseudomorphs after coesite in
metabasaltic eclogite lenses from the Middle Paleozoic
Maksyutov Complex in the Shubino area of the South Ural
Mountains. Their conclusion was based on the presence of
cracks radiating from SiO2 inclusions in host garnets. Dobretsov
and Dobretsova (1988) reported petrographic evidence of relict
coesite in a jadeitic quartzite from the Karayanova area
(Sakmara River), 35 km north of Shubino. However, later pet-
rologic and structural studies (Matte et al. 1993; Beane et al.
1995; Lennykh et al. 1995) failed to identify the presence of
UHP minerals in the Maksyutov Complex; these workers docu-
mented minimum physical conditions of metamorphism of 1.5–
1.7 GPa and ~650 ∞C, derived by thermobarometric methods.
Subsequently, Leech and Ernst (1998, 2000) described mm-to-
cm-scale blocky graphite surrounded by quartz + mica pres-
sure shadows in micaceous, carbonaceous metasedimentary
units at Karayanova. The penetrative foliation of the mica schist
wraps around the blocky graphite as if it had behaved as a hard,
resistant phase during deformation. Leech and Ernst opined

ABSTRACT

The Middle Paleozoic Maksyutov Complex is an important component of the Eurasian colli-
sional orogeny. It consists of dominant mica-rich garnet schist and mica-poor quartzofeldspathic
gneiss enclosing minor mafic eclogite boudins (unit no. 1). Employing Raman spectroscopy, we
identified three cuboidal microdiamond inclusions (~2–3 micrometers in diameter) in garnet hosts
from two different mica-poor gneissic samples. Broad spectral bands and high magnification SEM
images suggest that the cuboids are fine-grained nanocrystalline diamond aggregates characterized
by limited long-range ordering. Their poor crystallinity is compatible with relatively low-tempera-
ture, solid-state growth in the absence of both melt and a C-O-H-N fluid. Poor crystallinity, and
small grain size suggest that such aggregates may represent the lowest temperature microdiamonds
yet identified in nature. Their formation required ultrahigh-pressures (UHP) at a minimum of 3.2
GPa, and a metamorphic temperature of ~650 ∞C. Blocky graphite up to 10+ mm across in the matrix
of mica-rich carbonaceous garnet schist may represent pseudomorphs after much larger neoblastic
diamonds. Thermobarometric calculations for analyzed coexisting garnet + omphacite + phengite
from six Maksyutov unit no. 1 mafic eclogites indicate retrograde physical conditions of 610–680
∞C, 1.7–2.6 GPa, slightly lower-pressure conditions than the coesite stability field. Complete con-
version of diamond to blocky graphite in the mica-rich schists, and recrystallization of coesite to
quartz in the schists, quartzofeldspathic gneisses, and eclogite pods reflect relatively slow exhuma-
tion from ~110 km depth to upper crustal levels over 60–90 m.y. Phengite inclusions in zircon and
garnet hint at modest activity of H2O during prograde UHP metamorphism of the eclogites and
mica-poor gneisses. The latter have retained rare, tiny microdiamond inclusions in garnet on decom-
pression. Abundant white mica in the carbonaceous garnet schists probably reflects a C-O-H-N
fluid-mediated, kinetically enhanced prograde production of diamond, and efficient obliteration of
this phase accompanying leisurely ascent of the subduction complex. In contrast, associated mica-
poor gneisses and eclogites were relatively dry during exhumation, so retained rare nanocrystalline
microdiamond inclusions in garnet.


