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Shoemaker-Levy 9 D RKE~DEZE (1994F7A8)

Jupiter in Ultraviolet

Jupiter 16 July 1994
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2008 TC,M3% T (2008%E10H7H)
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QPIBIEE A 2008 TC; SPACE ODYSSEY [7ocraons
| . The little boulder 2008 TC, went through a series of name changes during its ol
3 :
brief moment in the scientific spotlight. In space, the hunk of rock was called ﬁ:;nbt:!r:r::iﬁzr:;d;;o: daupszrt,
an asteroid or meteoroid. After it hit Earth's atmosphers, frictional heating observed by the Meteosat-8
set it aglow and it bacame a met=or. The pieces that weather satellite.
fell to the ground are called meteorites. Here is
the 2008 TC, biography, from the moment it
was discovered.
- g
T— A photograph captured clouds left behind after
) i . the firebal| disappeared.
6 OCT 2008 v
22:22-22:28 ur
When the meteoroid was 121,100 Y N DECEMBER
kilometres from Earth, a telescope T0 .M /\RCH
@ J‘IQ 3 95k inthe Canary Islands measured . 7 OCT 2008 ) :
. g how much light the body reflected \_\ 02:45:40 ur A search team -comb.ed
06:39 ur at different wavelengths. Ron de Poorter. a the desert multiple times
> 2 8 O 1@ i A T and recovered some 280
A fast-moving meteorcid 15 (| KLM pilot flying AR
— close to Earth was spotted - at an altitude of Y
J_ b /r 7 /r I\ by the Catalina Sky Survey 2 10,700 metres
on Mount Lemmonin " é over Chad, saw
Arizona. Orbital calculations | @ three or four short
suggested it would hit the S pulses of light
planet in 20 hours. beyond the
- herizon as the
600 700 800 900 1,000 meteoroid flared
Wavelength (nm) ‘h through the sky.
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6 June 1980, Vidume 108, Number 4448 SCI E NCE

Extraterrestrial Cause for the
Cretaceous-Tertiary Extinction
Experimental results and theoretical interpretation

Luis W, Alvarez, Walter Alvarez, Frank Asaro, Helen V. Michel

In the §¥-mill ar period for  microscopic floating animals and plants;
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iiary exiingions, 65 milion years age. Reasens amm el g irkdl
of exiaterrastial origin, bul Gd nol come & e A Fypothess s
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for peveral yaars and ba disiibuied worldwide, The resuling darkness woukd sup-
(=] hoipeynihesis, and he axpecied sk | Corseguances maich guibe clasaly
the exiinclions observed in the paleontclogical record. One pradiction of s hypothe-
8is bt been verlbed: the chemical compasacn of fie boundary clay, which i thought
v come from the stratosphenc dust, is markedly Gleren from that of day mized with
C limustanes, which am owemicsly similar o sech othes,
of the diameter of e astarcid gve values mat

of invertebrutes, Russell 2
that about half of the gemer living 21 that
time perished during the <

among lh: marine imverizhrates. L‘r.l— u
inclions pecurred ameng the  to explain the Cret

nd 1 finodieg of the
Tresh waler Gom & pos-

keen nceed from
Denmark
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wchertin o the Eneygy wod u-mh
sar &f Lassace Berk Laboratary.
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Fig. . Indium abun-
dances per unit
weight of 2N HNO,
acid-insoluble  resi-
dues from [ltakian
limestones near the
Tertiary - Cretaceous
boundary. Error bars
on abundances are
the standard devia-
tions in counting ra-
dioactivity. Error
Jbars on stratigraphic
position indicate the
stratigraphic  thick-
ness of the sample
The dashed line
above the boundary is
an “eyeball fit" ex-
ponential with a half-
height of 4.6 cm. The
dashed line below the
boundary is a best fit
exponential (two
points) with a half-
height of 0.43 cm. The
filled circle and ervor
bar are the mean and
standard deviation of
Ir abundances in four
large samples of
boundary clay from
different locations.
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[Alvarez et al., 1980]
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Fig. 1. Shock-metamorphosed quartz grains
displaying planar features. (A) SEM micro-
graph of HF-etched grain, showing one minor
and two major sets of planar features. Open
planar features of the two major sets are
believed 10 have been once filled with a glassy
phase. Distance between tick marks equals 10
pm. (B) Photomicrograph of an unetched
quartz grain in plane polarized light. Promi-
nent intersecting planar features are indexed
to the corresponding crystallographic planes
in quartz.

w = trz 8 pTrme

15+ H“
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10+ | {
|
| |
¥ e, | FREET
10 30 50 70 20

Angle (deg) between c-axis and
poles 1o planar features

Frequency of
occurrence (%)

Fig. 2. Orientation with respect to the c-axis
of the poles 1o 61 sets of planar features from
15 quartz grains, plotted at 2° intervals. Greek
and Roman letters designate specific crystal-
lographic planes in quartz.

Montana, USA [Bohor et al., 1984]
Beloc, Haitti [Sigurdsson et al., 1991]
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B E2EOL—3—DF KR [Hildebrand et al. (1991) Geology]
(The Chicxulub Crater)

BT AXSa, AHAVFEEILEE
(21°20°N, 89°30°W)

4% 6,55175 /i

EfE: D=195km [Gulick et al., 2008]
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B EEXRAOBEFDHR [Kyte (1998) Nature]
DSDP Hole 576 (328 21.49 N, 1648 16.59 E) & ZE#h fah S 0D PEE£9,000km
REBIAVRSAH

CV, CO, or CR type [Kyte, 1998] CM2 type [Bottke et al., 2007]
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Figure 2 Photograph of separated meteorite and surrounding clays. A fossil
meteorite (A) was found encased in light-brown clays (B). Portions of the

meteorite still line the interior cavity of the light-brown clays (C), and the white spot

* IJ\ IL:\E BaptIStI nab\16OMy HIJ O) in the cavity is a portion of the black and white inclusion at the centre of the
ﬁ ,r /{ I\ _C- E& i% é *L 7___ E& Jﬂl_ 9 meteorite surface. We note that some light-brown clays remain on the surface of

I x - -~ H the meteorite (D). Typical sediments from the K/T boundary at DSDP Site 576 are

dark brown. Small pieces of dark-brown clay (E) can be seen on the bottom of the
[BOttke et al . (2007) Natu re] piece of light brown rim. Largest dimension of the meteorite is 2.5 mm.
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[Kaiho, 1994]
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[Zachos et al., 1989]
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B EMEEDELL

IR T DEIEICE ST, REKE
REBIKDETO xFRGLIRLL D BB
[XBK9 BIEXT [Broecker and Peng, 1982]

l
KITERIZE T HRFRGLIALLDEE)
&, REHRRICEIEYMEE LA
EA)DIFLLZEKRT 2D TI>HTELIH

[Hsu and McKenzie, 1985]
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B 5 EETIIEEYOIEENFIIFTREITHRLUED, EEETIXHEEH
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Hof-C&é, BKDRFRLGARLDFEHENFTN_EEERATES
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100 200 300 Figure 4. Long- leﬂ'nre sponse of surface- ocea n isoto| peoompostl n to
same perturbation as in Flgre3R organic carbon burial rate

time (yr] (Fy?)=0. Run b: F,° 09 of Cretaceous tady state value H c:Fh =

Cretaceous steady-state value. Note that after time zero, these curves

Figure 3. Short-term response of oceanic carbon-isotope system to -:::too:f-ﬂ“' isolapic composiion of deep acean (e, ocean becomes

lly h .
instantaneous loss of net production and thus of flux of organic carbon ‘cally homogensous)
to deep ocean.

[Kump, 1991]






Paleogeographic map at 65 Ma

— FRICK>TRERNFEELI-AIREME



) Flnerly )

: =N
i, !

£ &

$ 3

- NORTH
: 4 e.v‘.i

Norris et al. (1997)




ARV REICHLN DR KIEIRY

Figure 15. La Lajilla, Mexico, Stratigraphic column through the K/T sandstone complex at La
Lajilla, Mexico. 40 km east of Cludad Victoria. Measured paleocurrent directions are plotted next 1o
the stratigraphic Jevel At right the total number of curment reversals is indicated, inferred to indicate
the number of passages of tsunami waves, Pel = primary current lineation

current measurements
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Penelver Formation, Habana

J:tB:L—‘J I* Deep -sea tsunami deposit
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Tsunamis affected toward the deep-sea bottom (~2,000 m)

[Takayama et al., 2000; Tada et al., 2003; Goto et al., 2008]
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K/T Boundary Tsunami Deposit in Western Cuba
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Cacarajicara Formation
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1 B/IKDZE [e.g. Ahrens and O’Keefe, 1983]
EBEANDIKESR BT DHEE

— AV UEDOEE [Klumov, 1999]
2 MEFEYID 2K F [e.o. O’Keefe and Ahrens, 1989; Pope et al. 1994, 1997]

REEIES: CO, — REEIE
ARFEERE . SO, — BEER MW
3 {[E]';glil}id)%ﬂi [e.g. Hills et al., 1994; Ward and Asphaug, 2000]
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The Eltanin Impact

15 P Bellingshausen /& (R KFEDEKEFEEH5—)

7KiZE: 95000 m

F4:2.15 Ma

FmEXRMEK AV TIAE dp:O.S km [Kyte et al. 1988], 1-4 km [Gersonde et al. 1997]
0

1960’ USNS Eltanin [Z&k A& .
1981 Ir ;ﬁl‘%‘-%ﬁ [Kyte et al. 1981] *%EéhTL\éﬁT;gE}ﬁ#%E
1985 Eltaninf&F M % B [Kyte and Brownlee, 198$xnn_1eltled _meteorlte ll‘ragment
1995 FS Polarstern IZ& & _ Seisrzzl:_ser);m ac;t ?ee“jle

1997 R—1)> a7 D53 H [Gersonde et al. 1997]_"FJ anomaly o =P

2001 RV Polarstern [C&k5FHE
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