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Introduction:  Among a number of proposed 

causes of the P-T extinction the impact scenario looks 
somewhat more attractive to us because (1) it is well 
known that catastrophic collisions of Earth with celes-
tial bodies regularly produce large meteorite craters 
[e.g., 1], with at least one of them, Chicxulub, Mexico, 
being associated with extinction at the K-T boundary, 
and (2) a large impact leaves behind a suite of distinct 
tracers, making it clear how to test the impact hy-
pothesis. Recently we reported on the discovery of 
meteoritic fragments, Fe,Mn-metal grains, and impact 
magnetite-silicate spherules in magnetic separates of  
P-T boundary samples from Graphite Peak, Antarctica 
[2-4] that is consistent with earlier reports of a 3He-rich 
magnetic component with solar-type gases in P-T 
boundary samples [5,6]. Among the questions which 
still remain unanswered, the most important ones may 
be why and how highly unstable forsteritic olivine and 
Fe-rich metal have survived in the hostile subsurface 
conditions for ~250 million years. In an attempt to 
answer these questions we have began searching for 
extraterrestrial and impact materials in the P-T bound-
ary samples in situ.  Because such materials are scarce 
and searching for them in thin or polished sections is a 
time-consuming process, we looked first in magnetic 
separates to test feasibility of the project. Here we re-
port the first results of studies of magnetic separates 
from three samples representing different layers of the 
P-B boundary rock complex from Graphite Peak, Ant-
arctica. 

Samples:  The samples were collected in November 
2003 by the field team that included L. Becker. Sample 
# 1 (204.27 g, 6×5×5 cm ) is a whitish-gray sedimentary 
rock with clear bedding delineated by dark mica (bio-
tite?) flakes interspersed among quartz grains and white 
(zeolites?) groundmass. Upon breaking the sample, a 
few irregular clusters of small rusty stained spots were 
observed. Sample # 2 (115.42 g, 7×5×2 cm) is a 
light-colored breccia with large whitish and greenish 
polygonal patches; it is massive in appearance without 
any signs of bedding. Both samples 1 and 2 were col-
lected from the ~2 m claystone breccia boundary in-
terval reported on in [3]. Sample # 3 (24.99 g, 
3.5×2.5×2 cm) is a relatively dense rock with irregular 
greenish and brownish areas with smooth boundaries. It 
was sampled at the bottom of the last Gondwana coal. 
No bedding is observed. The rock includes dark ir-

regular fragments. Several thin alternating layers of 
black coal and white (silicate?) material are attached to 
one side of the sample representing the lower most 
interval of the Gondwana coal that lies above it. The 
sample is crossed by several fractures lined with a 
greenish mineral.  

Separation and analytical techniques:  The sam-
ples received from UCSB as single pieces were divided 
into several sub-samples at Harvard. Each step was 
carefully documented and all splits were photographed.  
Sample #2 is fragile enough to be split into several 
pieces by bare hands. Samples #1 and #3 were split 
using a rock-splitter with tungsten carbide wedges. 
Before splitting, each sample was wrapped into several 
layers of aluminum foil in order to contain the frag-
ments. Two different magnets – a rather weak cylin-
drical AlNiCo magnet inserted into a silica test tube or a 
strong Nd-Fe-B square magnet wrapped into a plastic 
film – were used in magnetic separations. After col-
lecting magnetic particles, plastic wraps were discarded 
after each separation whereas the test tube was carefully 
washed and then inspected under the binocular micro-
scope to make sure that there were no particles attached 
to it before using it next time. The magnetic separations 
were performed at three consecutive steps. First, a weak 
magnet was passed over the crumbs formed after sam-
ple splitting followed by the strong magnet. Then the 
crumbs or single-piece sub-samples were gently 
crushed in a ceramic mortar and the aforementioned 
two-step magnetic separation was performed. The 
samples attached to the magnetic assembly at each step 
were collected and treated separately. Finally, a ~2 g 
aliquot of a fine-crushed sample was sonicated for 60 
minutes in ~ 50 ml of deionized water in a Pyrex beaker 
with the magnetic assembly inserted. 

 The collected magnetic fractions or parts of them 
were embedded into an epoxy resin on a glass slide. The 
polished sections were then examined by optical mi-
croscopy and studied by SEM and EPMA at Harvard 
using traditional analytical routines. 

Preliminary results and discussion:  In sample #1 
a magnetic fraction pulled by a strong magnet contained 
mainly intergrowths of silica and rutile; no extraterres-
trial or impact materials were found. Sample #3 is so 
magnetic that ~1/3 of the coarsely crushed sample with 
fragments of up to 2mm was pulled by a strong magnet, 
but nothing stuck to a week magnet. Although the 
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examination of this fraction is still incomplete, no ex-
traterrestrial or impact materials were found so far. Two 
separates pulled by a strong magnet from sample #2 
turned out to be ‘fertile’: the fraction # 2,7,2 from the 
crumbs left after splitting the sample by bare hands and 
the fraction #2,4,1 from the sub-sample #2,4 gently 
crushed in a mortar. The polished sections with identi-
cal numbers were prepared from these separates. Many 
grains were thin enough to be suitable for microscopic 
study in transmitted light.  

The section #2,4,1 contains an ideal, shiny, black 
magnetite spherule of ~ 100 microns in diameter. In 
both reflected light and BSE images the spherule shows 
a barred structure reminiscent of that of the barred 
olivine chondrules, but no chemical difference between 
the lighter and darker bars was observed. Although no 
silicates were found in the spherule, its magnetite con-
tains only Fe and Mn with proportions very similar to 
those described in [3]. A magnetite grain with 4.6 wt.% 
Ni was also observed in this section. 

The section #2,7,2 contains a polycrystalline, 
flake-shaped fragment of several hundred microns in 
size along with a number of smaller grains which have 
spontaneously aggregated into several clusters during 
section preparation. Most of the grains, as well as the 
fragment, turned out to be magnesian olivine and or-
thopyroxene with tiny inclusions of opaque minerals. In 
transmitted light some grains show polysynthethic 
twinning characteristic of low-Ca clinopyroxene. Three 
Opx grains contain either unaltered Fe,Ni-metal or 
troilite grains along with Ni-enriched magnetite. Fig. 1 
shows an Opx fragment (TiO2=0.08 wt%, Al2O3=0.65, 
Cr2O3=1.22, FeO=5.58, MnO=0.48, CaO=3.45, 
Na2O=0.05) with a dumbbell-like droplet of Fe,Ni 
metal (Ni=8.01 wt%, C0=0.60, Cr=0.20, P=0.53).  

The polycrystalline fragment (Fig. 2) consists of 
corroded grains of posynthetically twinned clinoensta-
tite (TiO2=0.07 wt%, Al2O3=0.10, Cr2O3=0.05, 
FeO=6.57, MnO=0.01, CaO=0.32), subcalcic augite 
(TiO2=0.05 wt%, Al2O3=0.58, Cr2O3=0.05, FeO=1.98, 
MnO=0.06, CaO=10.74, Na2O=0.09), and forsterite 
(Cr2O3=0.96, FeO=1.78, MnO=0.58, CaO=0.33) em-
bedded in a fine-grained silicate matrix. Although in a 
BSE image (Fig. 2) the large silicate grains look like 
well-formed crystals or their fragments, in secondary 
electrons these grains appear so corroded that is was 
difficult to find an appropriate spot for a good WDS 
analysis. One grain of Ni-bearing metal was located and 
analyzed (Fe-79.42 wt%, Ni=2.43, Co-0.44, Mn=0), 
with the low analytical total of 83.2 resulting from its 
small size. 

Conclusions:  The presence of Ni-rich metal with 
solar or subsolar Ni/Co ratios in magnesian silicates 
along with their high Mn/Fe ratios unequivocally con-

firms the meteoritic nature of the silicates. The discov-
ery of meteoritic fragments and probably an impact 
magnetite spherule in  a P-T boundary sample confirms 
our previous results and suggests it is worthwhile to 
search for these materials in situ in sample #2. This 
work is underway, with the further results to be reported 
at the conference. 
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Fig. 1. BSE image of an Opx grain (gray) with the 
inclusion of Fe,Ni metal (white). The epoxy is black. 
Field of view is 127 μm. 

 

 
Fig. 2. BSE image of an altered meteorite fragment. Corroded 
grains of forsterite, subcalcic augite, and clinoenstatite (light 
gray) are embedded in a fine-grained silicate matrix. Grains of 
Ni-bearing magnetite appear as tiny white specs. Field of view 
is 595 μm.  
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