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65015
Poikilitic Impact Melt Breccia

1802 grams

Figure 1:  Photos of 65015 showing rounded exposed surface with numerous zap pits and angular portion
without zap pits protected by burial in soil.  NASA photos # S72-39209 and 49436.  Cube and scale are 1 cm.

Introduction
Sample 65015 was collected from the lower slope of
Stone Mountain.  It was about half buried in the soil,
as judged by the obvious “soil line”, below which there

are no micrometeorite pits (figure 1).  It is a very
coherent, dense rock with little void space.  This
KREEP-rich rock is broadly similar to 60315 and
62235.
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Figure 2:  Photomicrographs of 65015,164  taken
by C Meyer @ 20 and 50x.

Mineralogical Mode
Albee et al. Simonds et al.
1973 1973

Plagioclase 57.1 vol. % 61
Low-Ca pyroxene 28.9 29
High-Ca pyroxene 6.4 6
Olivine 1.1 1
Opaques 1.7 3
Mesostasis 3.6
Whitlockite 0.7

The research on 65015 was well summarized in the
catalog by Ryder and Norman (1980).  The age of 65015
is 3.85 b.y. and its exposure to cosmic radiation is about
400 m.y.

Petrography
65015 is a feldspathic impact melt rock characterized
by a well developed poikilitic texture in which
oikocrysts of pyroxene enclose abundant clasts and
chadocrysts (figures 2-4).  Most, but not all, of the
chadocrysts are plagioclase.  Albee et al. (1973) also
report numerous relict lithic fragments as clasts in
65015.  Samples 62235 and 60315 are similar rocks.

Large interlocking oikocrysts of pyroxene (up to 0.6
mm) dominate the texture (figures 2-4).  Boundaries
between the oikocrysts are characterized by lath-shaped
plagioclase intergrown with granular olivine and
accessory ilmenite, Fe-Ni metal, troilite, phosphates
and K-feldspar.  The ilmenite (0.2 mm) occurs in chains
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Figure 3:  Photomicrographs of 65015,164 with
crosssed nicols, taken by C Meyer @ 20 and 50x.

and is itself poikilitic.  Abundant plagioclase grains
(up to 1.5 mm), occurring as chadocrysts throughout
the rock, are found to be very calcic (An93-95).
Papanastassiou and Wasserburg (1972) and Meyer et
al. (1974) found that the large plagioclase grains were
not in equilibrium with the trace element content of
the bulk sample.

The rock has a high content of trace elements and
meteoritic siderophiles (Ni, Ir, Au).  Wasson et al.
(1975) found that the ratios of siderophile elements in
metal grains separated from the rock were different
from those in the bulk rock.

The distinctive poikilitic texture of this rock, the
inclusion of relict lithic and mineral clasts and the high
meteoritic siderophile content are also common
features of the Apollo 17, Boulder 6 samples as well
as the melt sheets found in large terrestrial craters.
Simonds et al. (1976) modeled the formation of these
rocks as a mix of impact melt and cold clastic material.

Mineralogy
Olivine:  Relict, partially reacted, olivine grains (Fo65-

74) are reported by Albee et al. (1973)

Pyroxene:  Albee et al. (1973) determined the chemical
composition of pyroxene in 65015 (figure 5).   The
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Figure 5:  Plagioclase, pyroxene and olivine composi-
tion for 65015 (data replotted from Albee et al. 1973).

Figure 6:  Ni and Co content of metallic iron grains
in 60315 compared with 65015 (from Misra and
Taylor 1975).

Figure 4:  Photomicrographs of large pyroxene
oikocryst enclosing numerous chadocrysts of
plagioclase.  Bottom photo is with cross-polarizers.
Field of view 5 mm.

low-Ca pyroxene occurs as large oikocrysts and is
generally homogenous. The high-Ca pyroxene is found
in the intergranular regions and in clasts and is
somewhat variable in composition.

Plagioclase:  Abundant plagioclase grains (up to 1.5
mm) occur as chadocrysts throughout the rock and are
found to be very calcic (An93-95).  Laths of plagioclase
(An85-90) are found in the mesostasis between the
oikocrysts (figure 5).  Albee et al. (1973) found that
the trace FeO content of the plagioclase in the clasts
was lower than for the plagioclase in the groundmass.
Meyer et al. (1974) found that the trace element (Li,
Ba etc.) content of the plagioclase phenocrysts was well
below the level expected for plagioclase in equilibrium
with the bulk rock content.  Papanastassiou and
Wasserburg (1972) also showed that the plagioclase
was not in isotopic equilibrium (figure 9).

Ilmenite:  Ilmenite occurs as irregular poikilitic grains
intergrown with other minor phases in the mesostasis
(figure 7).  It rarely has exsolution of rutile, baddeleyite
and Cr-rich spinel (Albee et al. 1973).

Metal:  El Goresy et al. (1973), Albee et al. (1973) and
Misra and Taylor (1975) analyzed the Fe-metal grains
(including one large ball, 400 microns) and found they
were generally homogeneous 5-6% Ni, 0.2-0.3% Co,
0.12% P and 0.01 % S.  Taylor et al. (1976) found that
this composition did not change during annealing
experiments.  Wasson et al. (1975) proved an analysis
of one metal sphere from 65015 (very high Ge!).

Whitlockite:  Long needles (40 microns) of whitlockite
are the only phosphate (Albee et al. 1973).
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Figure 8:  Normalized rare-earth-element diagram for
65015 (data from table 1).

Figure 7:  Ilmenite and metal grains in 65015.
Reflected light photo of polished thin section.

Chemistry
Hubbard et al. (1973), Haskin et al. (1973), Wanke et
al. (1977) and others have analyzed 65015 (table 1).
The rare earth elements are in high abundance and
similar to KREEP (figure 9).  The meteroritic
siderophiles are relatively high (Ir > 10 ppb) indicating
that this is not a pristine rock, but rather an impact
melt (Krahenbuhl et al. 1973, Wanke et al. 1977)
contaminated with a significant meteoritic component.
Jovanovic and Reed (1976) reported small amounts of
Ru and Os (3 ppb and 0.43 ppb, respectively).  Wanke
et al. (1977) reported a superior measurement for
vanadium (36.7 ppm).  Kerridge et al. (1975) reported
9 ppm carbon and some sulfur.

Radiogenic age dating
Because of the included old component, it has proven
difficult to accurately date 65015.  Papanastassiou and
Wasserburg (1972) found that the plagioclase separates
were not on the isochron defined by quintessence and
whole rock (figure 10).  But these and various other
investigators (figure 11) have concluded that 65015
was last melted or “metamorphosed” at about 3.9 b.y.

(see table).  Kirsten et al. (1973), Jessberger et al.
(1974) and Norman et al. (2006) all reported ages
around 3.85 b.y. (figures 10 - 14).

Lugmair and Carlson (1978) determined a “model age”
of 4.32 ± 0.12 b.y. by Sm-Nd.  Nunes et al. (1973)
found that U/Pb ages were concordant at 3.99 b.y. and
that initial Pb was extremely low.  Schaeffer et al.
(1978, 1979) studied laser extraction of Ar.

Recently Bouvier et al. (2011) have precisely dated
65015 by U-Pb and Pb-Pb.

Cosmogenic isotopes and exposure ages
Kirsten et al. (1973) reported a cosmic ray exposure
age of 365 ± 20 m.y. for 65015 by the 38Ar method.
Jessberger et al. (1974) found it to be about 490 m.y.
Bhandari et al. (1973) determined the “suntan” age as
1.2 m.y. by track studies.

Other Studies
Sato (1976) measured the in-situ oxygen fugacity as a
function of temperature.

The magnetic properties were studied by Brecher
(1977) , Stephenson et al. (1977)and Cisowski et al.
(1983); electrical properties were determined by
Olhoeft et al. (1973) and Alvarez (1977); thermal
expansion by Todd et al. (1973); electron spin
resonance by Tsay and Live (1974) and ultraviolet
reflectance spectra by Hapke et al. (1978).
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Table 1a.  Chemical composition of 65015.

reference Hubbard 73 Hubbard 73 Duncan 73 Haskin 73 Krahenbuhl 73 Boynton 75 Wanke 77 Garg 76
weight Wasson 77
SiO2 % 47.18 (a) 46.99 (a) 47.6 (b) 46.77
TiO2 1.04 (a) 1.1 (d) 1.26 (a) 1.23 (b) 1.2 1.22 1.27
Al2O3 19.98 (a) 23.2 (c ) 19.68 (a) 19.5 (b) 20.03 20.6 19.33
FeO 7.91 (a) 8.71 (b) 8.59 (a) 8.52 (b) 7.98 8.33 8.81
MnO 0.12 (a) 0.112 (a) 0.11 0.13 0.11 0.11
MgO 10.34 (a) 9.5 (b) 9.31 (a) 9.66 (b) 8.34 9.61
CaO 12.03 (a) 12 (b) 11.9 (a) 12.3 (b) 12.73 11.75 11.98
Na2O 0.44 (a) 0.59 (b) 0.55 (a) 0.57 0.63 0.52 0.57
K2O 0.32 (a) 0.34 (d) 0.36 (a) 0.35 (b) 0.36
P2O5 0.4 (a) 0.409 (a) 0.39
S % 0.13 (a) 0.079 (a) 0.139
sum 99.89 99.24 99.339

Sc ppm 14.9 (e) 17 16.1 17.1
V 40 36.7
Cr 2350 (d) 1280 (e) 1270 1320 1300
Co 27.1 (e) 49 42.6
Ni 185 (a) 400 (e) 580 (f) 30 730
Cu 1.8 (a) 5.06
Zn 0.48 (f) 1.46
Ga 4.25 (e) 3.81
Ge ppb 380 (f) 600
As 0.17
Se 0.245 (f) 0.29
Rb 9.09 (d) 9.55 (a) 9.2 (e) 7.8 (f) 10.2
Sr 164 (d) 157 (a) 146
Y 179 (a) 174
Zr 909 (a) 920 940 933
Nb 55.2 (a)
Mo
Ru
Rh
Pd ppb
Ag ppb 1.5 (f)
Cd ppb 9.25 (f)
In ppb
Sn ppb
Sb ppb 4.34 (f)
Te ppb 3.25 (f)
Cs ppm 0.42 (e) 0.405 (f) 0.423
Ba 492 (d) 609 460 560 570
La 49.5 (d) 60 (e) 47 55.6 65.5
Ce 125 (d) 153 (e) 180 132 185
Pr 98 (e) 26
Nd 78 (d) 80 118
Sm 22.2 (d) 26.5 (e) 35 24.8 26.7
Eu 1.91 (d) 2.12 (e) 2.28 2.1 1.97
Gd 26.6 (d) 33 (e) 36
Tb 5.2 (e) 5.4 5.2 6.28
Dy 28.8 (d) 38 (e) 33 38.1
Ho 7.4 (e) 8.3
Er 16.8 (d) 22 (e) 23.8
Tm
Yb 15.3 (d) 19.1 (e) 20.8 17.1 21.1
Lu 2.24 (d) 2.6 (e) 2.87 2.44 2.84
Hf 19.3 (e) 22 19.2 21.6 20.6
Ta 2.4 2.1 2.46
W ppb 883
Re ppb 1.16 (f) 1.8
Os ppb
Ir ppb 11.6 (f) 17
Pt ppb (f)
Au ppb 10.2 (f) 10.9
Th ppm 10.7 9.4 8.92
U ppm 3.42 (d) 3.42 (f) 2.6 2.22
technique  (a) XRF, (b) AA, (c ) colorimetry, (d) IDMS, (e) INAA, (f) RNAA
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Table 1b.  Chemical composition of 65015.

reference Lugmair 78 Nyquist 73 Nunes 73 Ehmann 74 Miller 74 Taylor 73 LSPET 73
weight
SiO2 % 47.1 (g)
TiO2 1.16 (g)
Al2O3 20.7 (g)
FeO 8.1 (e) 7.37 (g)
MnO
MgO 9.58 (g)
CaO 11.9 (g)
Na2O 0.52 (g)
K2O 0.47 (g) 0.48 (h)
P2O5
S %
sum

Sc ppm 14.4 (e) 9.5 (g)
V 44 (g)
Cr 1230 (e) 1400 (g)
Co 30 (e) 25 (g)
Ni 260 (g)
Cu 6.5 (g)
Zn
Ga
Ge ppb
As
Se
Rb 9.09 (d) 8.3 (g)
Sr 163.8 (d)
Y 182 (g)
Zr 920 1010 (e) 960 (g)
Nb 58 (g)
Mo
Ru
Rh
Pd ppb
Ag ppb
Cd ppb
In ppb
Sn ppb 400 (g)
Sb ppb
Te ppb
Cs ppm 0.35 (g)
Ba 540 (g)
La 56 (e) 58 (g)
Ce 145 (g)
Pr 21 (g)
Nd 101 (d) 81 (g)
Sm 28 (d) 24.5 (g)
Eu 2 (e) 2 (g)
Gd 32 (g)
Tb 4.86 (g)
Dy 30.5 (g)
Ho 7.44 (g)
Er 21 (g)
Tm 3.1 (g)
Yb 19 (g)
Lu 2.9 (g)
Hf 19.8 21.4 (e) 19 (g)
Ta
W ppb
Re ppb
Os ppb
Ir ppb
Pt ppb
Au ppb
Th ppm 10.32 (d) 10.4 (g) 10 (h)
U ppm 2.58 (d) 2.34 (g) 3 (h)
technique  (a) XRF, (b) AA, (c ) colorimetry, (d) IDMS, (e) INAA, (f) RNAA, (g) SSMS, (h) radiation counting
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Figure 14:  Ar/Ar plateau diagram for carefully
selected piece of 65015 (Norman et al. 2006).

Figure 10:  Ar/Ar release pattern for 65015, 68415
and 68416 (fKirsten et al. 1973).

Figure 9:  Rb-Sr isochron diagram for 65015 (from
Papanastassiou et al. 1972).

Figure 11: Ar/Ar release pattern for plagioclase
separate from 65015 (Jessberger et al. 1974).

Figure 12:  Ar/Ar release pattern for pyroxene
separate from 65015 (Jessberger et al. 1974).

Figure 13:  Ar/Ar release pattern and K/Ca ratio for
whole rock sample of 65015 (Jessberger et al. 1974).
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Figure 15:  First saw cut of 65015 and approximate position of slab.  Cube is 1 inch in this processing photo.

Summary of Age Data for 65015
Ar-Ar Rb/Sr Sm/Nd Pb/Pb

Papanastassiou and Wasserburg 1972 3.93 ± 0.02 b.y.
Kirsten et al. 1973 3.92 ± 0.04
Jessberger et al. 1974 ~3.98
Nunes et al. 1973 3.99
Norman et al. 2006 3.854 ± 0.014
Bouvier et al. 2011 3.935 ± 0.002
Caution:  Old Rb, K decay constants.
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Figure 16:  Group photo of pieces cut from slab of 65015.  The cube is 1 cm.  NASA photo #
S72-47359.

,15

,16

,43

,6

,17
track
studies

,4 exterior surface

,5

,7

,9

,11

,12

,8,10

,46

References for 65015
Albee A.L., Gancarz A.J. and Chodos A.A. (1973)
Metamorphism of Apollo 16 and 17 and Luna 20 metaclastic
rocks at about 3.95 AE: Samples 61156, 64423,14-2, 65015,
67483,15-2, 76055, 22006, and 22007.  Proc. 4th  Lunar
Sci. Conf. 569-595.

Baedecker P.A., Chou C.-L., Sundberg L.L. and Wasson
J.T. (1974)  Volatile and siderophile trace elements in the
soils and rocks of Taurus-Littrow.  Proc. 5th  Lunar Sci. Conf.
1625-1643.

Bhandari N., Goswami J. and Lal D. (1973)  Surface
irradiation and evolution of the lunar regolith.  Proc. 4th

Lunar Sci. Conf. 2275-2290.

Bouvier A., Wadhwa M., Korotev R.L. and Hartmann W.K.
(2011)  U-Pb chronology of two lunar impact melt breccias
(abs).  Met. Soc. London

Boynton W.V., Baedecker P.A., Chou C.-L., Robinson K.L.
and Wasson J.T. (1975a)  Mixing and transport of lunar
surface materials: Evidence obtained by the determination
of lithophile, siderophile and volatile elements.  Proc. 6th

Lunar Sci. Conf. 2241-2259.

Brecher A. (1977a)  Interrelationships between
magnetization directions, magnetic fabric and oriented
petrographic features in lunar rocks.  Proc. 8th  Lunar Sci.
Conf. 703-723.

Butler P. (1972)  Lunar Sample Information Catalog Apollo
16.  Lunar Receiving Laboratory.  MSC 03210 Curator’s
Catalog. pp. 370.

Cisowski S.M., Collinson D.W., Runcom S.K., Stephenson
A. and Fuller M. (1983)  A review of lunar paleointensity
data and implications for the origin of lunar magnetism.
Proc. 13th  Lunar Planet. Sci. Conf.  A691-A704.

Processing
In 1972 a small slab was cut from this rock (figure 15).
Allocations were also made from the small butt end.
There are 58 thin sections of 65015 and some are used
in the education lunar thin section sets.



Lunar Sample Compendium
C Meyer 2011

Duncan A.R., Erlank A.J., Willis J.P. and Ahrens L.H. (1973)
Composition and inter-relationships of some Apollo 16
samples.  Proc. 4th  Lunar Sci. Conf. 1097-1113.

Ehmann W.D. and Chyi L.L. (1974)  Abundances of the group
IVB elements, Ti, Zr, and Hf and implications of their ratios
in lunar materials.  Proc. 5th  Lunar Sci. Conf. 1015-1024.

von Engelhardt W. (1979)  Ilmenite in the crystallization
sequence of lunar rocks.  Proc. 10th  Lunar Sci. Conf.  677-
694.

Garg A.N. and Ehmann W.N. (1976a)  Zr-Hf fractionation
in chemically defined lunar rock groups.  Proc. 7th  Lunar
Sci. Conf. 3397-3410.

Haskin L.A., Helmke P.A., Blanchard D.P., Jacobs J.W. and
Telunder K. (1973)  Major and trace element abundances in
samples from the lunar highlands.  Proc. 4th  Lunar Sci. Conf.
1275-1296.

Hubbard N.J., Rhodes J.M., Gast P.W., Bansal B.M., Shih
C.-Y., Wiesmann H. and Nyquist L.E. (1973b)  Lunar rock
types: The role of plagioclase in non-mare and highland rock
types.  Proc. 4th  Lunar Sci. Conf. 1297-1312.

Hunter R.H. and Taylor L.A. (1981)  Rust and schreibersite
in Apollo 16 highland rocks: Manifestations of volatile-
element mobility.  Proc. 12th  Lunar Planet. Sci. Conf. 253-
259.

Irving A.J. (1975)  Chemical, mineralogical, and textural
systematics of non-mare melt rocks: implications for lunar
impact and volcanic processes.  Proc. 6th  Lunar Sci. Conf.
363-394.

Irving A.J. (1977b)  Chemical variation and fractionation of
KREEP basalt magmas.  Proc. 8th  Lunar Sci. Conf. 2433-
2448.

Janghorbani M., Miller M.D., Ma M-S., Chyi L.L. and
Ehmann W.D. (1973)  Oxygen and other elemental
abundance data for Apollo 14, 15, 16 and 17 samples.  Proc.
4th  Lunar Sci. Conf. 1115-1126.

Jessberger E.K., Huneke J.C. and Wasserburg G.J. (1974)
Evidence for a ~ 4.5 aeon age of plagioclase clasts in a lunar
highland breccia.  Nature 248, 199-202.

Jessberger E.K., Huneke J.C., Podosek F.A. and Wasserburg
G.J. (1974)  High resolution argon analysis of neutron-
irradiated Apollo 16 rocks and separated minerals.  Proc. 5th

Lunar Sci. Conf. 1419-1449.

Jovanovic S. and Reed G.W. (1973b)  Volatile trace elements
and the characterization of the Cayley formation and the
primitive lunar crust.  Proc. 4th  Lunar Sci. Conf. 1313-1324.

Jovanovic S. and Reed G.W. (1976a)  Chemical fractionation
of Ru and Os in the Moon.  Proc. 7th  Lunar Sci. Conf. 3437-
3446.

Kerridge J.F., Kaplan I.R., Petrowski C. and Chang S. (1975)
Light element geochemistry of Apollo 16 rocks and soils.
Geochim. Cosmochim. Acta 39, 137-162.

Kirsten T., Horn P. and Kiko J. (1973a)  39Ar/40Ar dating and
rare gas analysis of Apollo 16 rocks and soils.  Proc. 4th

Lunar Sci. Conf. 1757-1784.

Kleine T., Palme H., Mezger K. and Halliday A.N. (2005)
Hf-W chronometry of lunar metals and the age and early
differentiation of the Moon.  Science 310, 1671-1674.

Korotev R.L. (1996c)  On the relationship between the
Apollo 16 ancient regolith breccias and feldspathic
fragmental breccias, and the composition of the prebasin
crust in the Central Highlands of the Moon.  Meteor. &
Planet. Sci. 31, 403-412.

Krahenbuhl U., Ganapathy R., Morgan J.W. and Anders E.
(1973a)  Volatile elements in Apollo 16 samples: Possible
evidence for outgassing of the Moon.  Science 180, 858-
861.

Krahenbuhl U., Ganapathy R., Morgan J.W. and Anders E.
(1973b)  Volatile elements in Apollo 16 samples:
Implications for highland volcanism and accretion history
of the moon.  Proc. 4th  Lunar Sci. Conf. 1325-1348.

Lugmair G.W. and Carlson R.W. (1978)  The Sm-Nd history
of KREEP.  Proc. 9th  Lunar Planet. Sci. Conf. 689-704.

McGee P.E., Warner J.L., Simonds C.E. and Phinney W.C.
(1979)  Introduction to the Apollo collections.   Part II: Lunar
Breccias.  Curator’s Office.  JSC

Meyer C. (1977)  Petrology, mineralogy and chemistry of
KREEP basalt.  Physics and Chemistry of the Earth 10, 239-
260. (Ahrens and Runcorn , eds)

Meyer C., Anderson D.H. and Bradley J.G. (1974)  Ion
microprobe mass analysis of plagioclase from “non-mare”
lunar samples.  Proc. 5th  Lunar Sci. Conf. 685-706.

Misra K.C. and Taylor L.A. (1975)  Characteristics of metal
particles in Apollo 16 rocks.  Proc. 6th  Lunar Sci. Conf.
615-639.

Norman M.D., Duncan R.A. and Huard J.J. (2006)
Identifying impact events within the lunar catalysm from
40Ar-39Ar ages and compositions of Apollo 16 impact melt
rocks.  Geochim. Cosmochim. Acta 70, 6032-6049.



Lunar Sample Compendium
C Meyer 2011

Nunes P.D., Tatsumoto M., Knight R.J., Unruh D.M. and
Doe B.R.  (1973b)  U-Th-Pb systematics of some Apollo 16
lunar samples.  Proc. 4th  Lunar Sci. Conf. 1797-1822.

Nyquist L.E., Hubbard N.J., Gast P.W., Bansal B.M.,
Wiesmann H. and Jahn B-M. (1973)  Rb-Sr systematics for
chemically defined Apollo 15 and 16 materials.  Proc. 4th

Lunar Sci. Conf. 1823-1846.

Olhoeft G.R., Strangway D.W. and Frisillo A.L. (1973)  Lunar
sample electrical properties.  Proc. 4th  Lunar Sci. Conf. 3133-
3149.

Papanastassiou D.A. and Wasserburg G.J. (1972b)  Rb-Sr
age of a crystalline rock from Apollo 16.  Earth Planet. Sci.
Lett. 16, 289-298.

Papanastassiou D.A. and Wasserburg G.J. (1972c)  Rb-Sr
age of Luna 20 and Apollo 16 samples.  Earth Planet. Sci.
Lett. 17, 52-63.

Ryder G. and Norman M.D. (1980)  Catalog of Apollo 16
rocks (3 vol.).  Curator’s Office pub. #52, JSC #16904

Simonds C.H., Warner J.L. and Phinney W.C. (1973)
Petrology of Apollo 16 poikilitic rocks.  Proc. 4th  Lunar
Sci. Conf. 613-632.

Simonds C.H., Warner J.L. Phinney W.C. and McGee P.E.
(1976)  Thermal model for impact breccia lithification:
Manicouagan and the moon.  Proc. 7th  Lunar Sci. Conf.
2509-2528.

Stephenson A., Runcorn S.K. and Collinson D.W. (1977)
Paleointensity estimates from lunar samples 10017 and
10020.  Proc. 8th  Lunar Sci. Conf. 679-687.

Sutton R.L. (1981) Documentation of Apollo 16 samples.
In Geology of the Apollo 16 area, central lunar highlands.
(Ulrich et al.) U.S.G.S. Prof. Paper 1048.

Taylor S.R., Gorton M.P., Muir P., Nance W.B., Rudowski
R. and Ware N. (1973a)  Composition of the Descartes
region, lunar highlands.  Geochim. Cosmochim Acta 37,
2665-2683.

Taylor H.P. and Epstein S. (1973)  O18/O16 and Si30/Si28

studies of some Apollo 15, 16 and 17 samples.  Proc. 4th

Lunar Sci. Conf. 1657-1679.

Taylor L.A., Misra K.C. and Walker B.M. (1976)  Subsolidus
reequilibration, grain growth, and compositional changes of
native FeNi metal in lunar rocks.  Proc. 7th  Lunar Sci. Conf.
837-857.

Tera F., Papanastassiou D.A. and Wasserburg G.J. (1974a)
Isotopic evidence for a terminal lunar cataclysm.  Earth
Planet. Sci. Lett. 22, 1-21.

Todd T., Richter D.A., Simmons G. and Wang H. (1973)
Unique characterization of lunar samples by physical
properties.  Proc. 4th  Lunar Sci. Conf. 2639-2662.

Touboul M., Kleine T., Bourdon B., Palme H. and Wieler R.
(2007)  Late formation and prolonged differentiation of the
moon inferred from W isotopes in lunar metals.  Nature 450,
1206-1209.

Tsay F-D. and Live D.H. (1974)  Ferromagnetic resonance
studies of thermal effects on lunar metallic Fe phases.  Proc.
5th  Lunar Sci. Conf. 2737-2746.

Vaniman D.T. and Papike J.J. (1978)  The lunar highland
melt-rock suite.  Geophys. Res. Lett. 5, 429-432.

Vaniman D.T. and Papike J.J. (1980)  Lunar highland melt
rocks: Chemistry, petrology and silicate mineralogy.  In Proc.
Conf. Lunar Highlands Crust (Papike J.J. and Merrill R.B.,
eds.) 271-337. Pergamon.  Lunar Planetary Institute,
Houston.

Wänke H., Palme H., Kruse H., Baddenhausen H., Cendales
M., Dreibus G., Hofmeister H., Jagoutz E., Palme C., Spettel
B. and Thacker R. (1976)  Chemistry of lunar highland rocks:
a refined evaluation of the composition of the primary matter.
Proc. 7th  Lunar Sci. Conf. 3479-3499.

Wänke H., Baddenhausen H., Blum K., Cendales M.,
Dreibus G., Hofmeister H., Kruse H., Jagoutz E., Palme C.,
Spettel B., Thacker R. and Vilcsek E. (1977a)  On the
chemistry of lunar samples and achondrites. Primary matter
in the lunar highlands: A re-evaluation.  Proc. 8th  Lunar Sci.
Conf. 2191-2213.

Warner J.L., Simonds C.H. and Phinney W.C. (1973b)
Apollo 16 rocks: Classification and petrogenetic model.
Proc. 4th  Lunar Sci. Conf. 481-504.

Wasson J.T., Chou C.L., Robinson K.L. and Baedecker P.A.
(1975)  Siderophiles and volatiles in Apollo 16 rocks and
soils.  Geochim. Cosmochim. Acta 39, 1475-1485.

Wasson J.T., Warren P.H., Kallemeyn G.W., McEwing C.E.,
Mittlefehldt D.W. and Boynton W.V. (1977) SCCRV, a major
component of highlands rocks.  Proc. 8th  Lunar Sci. Conf.
2237-2252.

Wiesmann H. and Hubbard N.J. (1975)  A compilation of
the Lunar Sample Data Generated by the Gast, Nyquist and
Hubbard Lunar Sample PI-Ships.  Unpublished.  JSC


