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MICROPALEONTOLOGY INVESTIGATIONS
AND NEUTRON-ACTIVATION ANALYSIS OF
CARBONACEOUS METEORITES

INTR()DUC TI()N

Meteorites are Typically Class1ﬁed on the
Basis of Mineralogy, Structure, Physical
Properties am__j Chemical Composmon

E

Pelonnaruwa has Abundant REE; Platinum
Group Metals(Ir, Ru§Re); Ti, W & U
.

Radiochemical Neutron ctivation Anal-ySis
is Powqrful TQOl for Stu of these Meteorites



MICROPALEONTOLOGY INVESTIGATIONS
AND NEUTRON-ACTIVATION ANALYSIS OF
CARBONACEOUS METEORITES

INTR()DUC TI()N

Env1r0nmental and Field Emlssmn Scannlng
Electron Mlcroscopy (ESEM & FESEM) with
Energy Dispegsive X-Ray Spectroscopy (EDS)
and 2D X-Ray Maps has Provided a Powerful
Tool to Search for Bli)loglcal Remains i in
Uncoated Meteorites and Detect C & N to
Dlstlngulsh Indigenous Mlcrofossﬂs from
Post- Arrrlval Biological Contaminants
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CARBONACEOUS METEORITES
Class of Chondrltes with 8 Known Groups

Primitive Meteorites: Elements~Solar Photosphere
CI & CM ~ 3%-22% Deuterlulﬁ Enriched Water
and ~ 4 Wt% Extraterrestrlal Carbon

Volatiles & Organics Indicate Heating< 200 C;
. ‘Organic Grains in Matrix ~ Kerogen or Coal

Have Extraterrestrial Nucleobases & Biomolecules
(Murchison:Aracil 613C f +44.5%0; Xanthine = +37.7%o)
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Probable Parent Bodles Come,ts or C-Asterouls



Nitrogen & Beam Damage to Detect
Recent Contamlnants in Meteorltes

Aclnmm\cetf: Cunt amination 1}1 Mui chnun

C %
N %
0 45%
\lg 12%
S 3%
Fe 4%
C/N 1

C/IS 1.6

[0pm 2000X |

Nitrogen @ 5% Indicates Recent Bio-Contaminant




Mlcropaleontology of .
Carbonaceous Meteorites

Fossils in Carbonaceous Meteorites Malnly |
Cyanobacteria. Permineralized Carbon-rich
Sheaths with Size & Marphology of Many Known
Genera & Species-of Cyanobacteria & Acritarchs
\' DIVERSE'MIODES OF REPRODUCTION:

' DistinctiveﬁCharacteristiés of Life
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- Micropaleontology of :
LCarbonaceous Meteorites

CYANOBACTERIA
' (“Blue-Green Afgaé”) -

_. ‘Oxygenic Photosynthetic Prokaryotes
PhotoautotroRhs-Use H20 as Photoreductant &
CO2 as Source 6f C for Energy & release Oxygen
Some are Facultative Chemoheterotropps and use
PSII for Andxygenic Phﬁtosyntliesis of H,S -

Precise Size & Charactel;istg‘s of Cells, Sheath,
Triéhorge & Filament are Taxonomic Diagnostics

jﬂ



Strong Biomarkers in Murchison CM?2
and Orgueil CI1 Meteorites
In Nature Only from éomplex Metabolic Bio- Pathways

Chiral Amino Acids with Moderate to Strong L- Excess
Engel & Nagy, Nature, 296, 837, 1982; Engel et al. in Pefspectzves int Astrobiology, 2005.

{

Pristant (C,H,,, Phytane €20H429 & NorPrlstane C,sHig
Kissin, Geochm. Cosm. Atta, 67,1723-1735,2003  “

Pristane --(2,6, lb 14- tetramethylpentad.acane)

Phytane - (2,6,10,14-tetramethylhexadacane)

Pristane & Phytane-C19 & C20 isoprenoid hydrocarbans derived from
phytol chain of tﬂe Photosynthe’c Chloroghyll Biomolecules*
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Chemical Biomarkers: Biological
Fractionation of Stable Isotopes

L Terrestrial Life Prefers 12C over 13C |

.$13C ~ +5 to -9 for inorganic Carbon on Earth
813C ~ -5 to —39 /oo for C4 Plants &- Cyanobacteria
 §13C £ 20 to —42 /s, for'Methanogenic bacteria
61°C ~ 25 to \_85 700 for Methanotrophic bacteria

i 813C ~+10 to +60 /4, Carbonaceous Meteorites
Galimov: THermodynamic Fractionation; ﬁ‘ZBC of

. Carbon in amino acids of Carbonaceous Meteorites

“Stable Isotopes show CarbonNn Meteorites is clearly
Extraterrestrial but analogous to terrestrial biology”
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Carbon Isatope Biomarkers in Meteorités:

Analogous Fractionation of Stable Isotopes in Amino Acids *

(a) Chlorella pyrenoidosa b)Y Gracilaria sp.
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(c) Euglena gracilis (d) Murchison Meteorite
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Cralimov, Eric W, “The Biological Fractionation of Stable Isotopes™ Academic Press, NWew Yorl, p. 28, (1985).
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Reproductive Modes in Orgueil Microfossils

»
y =y
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BSED imil e of 10.um diameter filament with thick electron.transparent sheath
enelosing Uniseriate Linear Chain of 1.8 pm dia. X 5.5 nm Long Cells in Trichome



Orgueil Microfossils of Order: Pleurocapsales

L]

| "" Nltrogen Fixing by Cells
' s: ~ Sausage-Shaped Chains
-~ with Reproduction by

- Baeocyte Formatlon

18pm
Polygonal Coccoids in

Pseudo-filaments with
Terminal Hairs and
Carbon?‘ceous Sheaths
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Reproductive Mode: Emergent Hormog‘f)nia
in Orgueil Similar to Living Cyanobacteria

Collapsed Sheath & Fllament W?th thick sheath
and Emergent Hormogonia of Fossil Lyngbya
sp morphotype in Or?l)lell'CII Meteorite

» e - o O
W LW
Collapsed Filamient of =5;m )
Living Oscillataria lud Collapsed Sheath & Emergent
- RS Hormogonia in Living Lyngbya
- ' S % wollei in Pure Culture at NSSTC

*




Oscillatoriacean MOTILITY IN ORGUEIL
CI1 CARBONACEOUS METEORITE

Splral Fllament (7 p) of Umserlate‘f richomic (3 u) Prokaryote
2 orphotype of Cyanobacteria (cf. Lyngbya spiralis)



PROTOZOAN IN EFREMOVKA CV3.5
CARBONACEOUS METEORITE

10pm 2000X

Eukaryote- Rhizopod or Testate Amoeba Protlst with segmented
Pseudopodla In Efremovka , CV3,5 Kazakhstan (Cf. Sarcodina sp.)



The P'olonn'allu,wa Meteovite

Observed Fall: 29/12/2012,6:30 PM - Bright Yellow Fireball in NW-
SE tﬁaj ectory. Black stones fell in Polonnaruwa District of Central
Srl Lanka (N 7°52' 59.5” E 81° 9' 15.7%) in Paddy Fields & Roads like

“Twmkllng Green Flreﬂles” ‘ * '

#

Meteo‘hte Wlth Fhsmn Crust Found by Hoovel: on 29/01/2013

*
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The Polonnaruwa Meteorite
J et-Black Stones Contain Carbon (~4%) & Kerogen Microfossils
Witnessed Fall, N. Central Sri Lanka - .

Very Low Density (~0.6-) ~ Pummiee, Diatomite and Comets

GCMS Data shows Significant Deuteriurh Enhancemenf over
Terrestrial Abundances;

ICP-OES & Neutron Activation Analys1s Show High Level Iridium

X-Ray Powder Diffraction at Cardiff University: Amorphous Silica,
Cristobalite andjAnorthite CaAl,Si,O¢; Anorthite found in Sample.
\ .'Recovered from\"‘lld 2 by STARDUST Mlsswn

Poionnaruwa Stones Unlike KNOWN Meteorltes & T errestrml Rocks
May Repuésent New Grogp of Carbonaceous Metem;ltes
Fossils of : Pennate Centric Diatoms in Meteorite Rock Matrix
Heterocystous Nitrogen Fixing Cyanobacteria
Morphotypes of Acrimrcﬁ and Hystricflospheres
wGenera & species of Freshwater & Marine Diatoms
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Polonnaruwa Oxygen Isotope

L

Independent Laser Fluorination Measurements of
4'l’riple Oxygen Isotopes by Prof. Dr. Andreas
Pack University of Gottingen and

Prof. Eizo Nakamura Okayama University
Produced Consistent Results
\xith A0 Far Away from
Terréstrial Fractionation Line

TABLE 1
TRIPLE OXYGEN ISOTOPE DATA

Measurement * j

Prot. E1zo Nakamura - Run 1 | 20.84 \ 10.60
" Prof. Eizo Nakamura-Run 2 | 20.75 ‘ 10.59 }



- - .‘

P()lonnziruwa Oxygen Isotopes
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Fig. 1. Triple Oxygen Isotope measurements by laser fluorination at the Stable Isotope
Laboratory of the University of Géttingen in Germany by Prof. Dr. Andreas Pack revealed
the Polonnaruwa samples were far away from the Terrestrial Fractionation Line and could
not be logically considered typical Earth rocks.
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Polonnaruwa La/HF & REE Data

Polonnaruwa 7
MST72/001-05
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La/Hf and REE In Polonnaruwa Meteorite, Lunar Basalts and Stannern Eucrite
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Apollo 14 Hi-Al
Mare Basalt 14303
VHK Basalt

"M572/001
Polonnaruwa

L}
‘Stannern
Eucrite

La Ce Nd Sm Eu Gd Th Yb Hf Ta

Hf/La & REE Plots for Kraﬁganwila/l%olonnaruwa,

Lunar ﬁasalts and Stannern Eucrite from. Vesta .
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Micropaleontology-of Polonnaruwa

.

* Diatoms are one of the largest and ecologlcally
most S1gn1ﬁcant groups of organlsms on Earth

sEasiest to recognize due to unlque cell structure,
silicified cell wa]l and life cycle

*Occur wherever Water & Light Co-Exist

4 &

| cs / .
Rroduce Qver 20% Global Phgtosynthgtic Carbon
Fixation (> All Tropical Ralaforests of Earth)

Eﬂ



JiRE EC QCT 17 200 1513
qf B

Diafoms: Microscopic Single Celled Aquatic .Plants that
build Shells of Silica. Photoﬁn\etic Plants Need Sunlight
f(“;; Energy. Pennate Diatoms Swim; .Centric'Diatoms Float

’ - - .
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Micropaleontology of Diatoms
- Origin of Diatonts i |

Marine Diatoms (Pyxidicula bglensis) appeared
on Earth abruptly during Jurassie (190 Ma)
" . ’ N : '

130 Ma Gap Implies Cosmic
Injection and not Earth Origin
._ . : L \

- ﬂ’yxidic%la sp., Marine, Lower:
Cretaceous, Panoche Hills, CA
Phowo: Richard B. Hoover
Athens State University




Fossil Record of Diatoms on Earth
B = [ P | B

Freshwater Dlatqms

™ Raphid Pennates Appearance
" Paleocene (Russia) of Diatoms .
Late Eocene (North America) g
' (45-65 Ma) &
Marine Araphid Pennates
. Eate Cretaceous G
' (Cenemonian-Maastrichtian) % -
, (65-96 Ma) 5
L . »
F 4 S Devonian

Silurian

Ordovician

Pyxidicula (F. ligssica; F. Bollensis)
Jurassic, Toarcian Stage
Liassic Boll Shales, Wurtenburg

(190 Ma) ~

'l

Cambrian 570 _,3
Proterozoic 2500

Archean 4000

Geologic Time Scale Based on Hurland, 1959



. ’ g #
- Fossil Diatoms 1n the -
« Polonnaruwa Meteorite -

Marine Araphid Pennates in U pper Cretaceous ~ 70 ma;
— Freshwater Pennates with Raphc? in‘Paleéocene ~ 60 ma



http://westerndiatoms.colorado.edu/images/glossary_images/sternum.jpg

‘Diatoms and Cyanobacteria in *
_ Polonnaruwa Meteorite

NltZSChla frustulum, Rezme:% shata & Placonezs sp. with

= 'cyanobacterla Microcoleus chton'oplastes



Araphid Pennates (Marine Diatoins)

in Polannaruwa Meteorite .

SUmM

-Intact Aréplﬁd Diatoms cf.Ardissonea robusta
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Fossil Marine Diatoms In
Polannaruwa Meteorlte

4um

S

Internal Septa of Fossﬂ-M‘nne Araphld Pennate
.Rhabdonema minutum Kutzing & New Species



Embedded Pinhularia species in
Polann.a_'ruwa

Lcu...x_ Z

l'l““lnuu,

- " Pinnularia spp.



. Intact Diatom Frustules in *

Polonnaruwa Meteorite

=4

e 'r N ' s . <
= "Nitzschia species with Raphe on Keel



Diatoms in Polonnaruwa Meteorite

L4

= Exotlc Pennate with Strange Morphology
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Marine Diatoms in Polonnaruwa Meteorite

}Aulacosezm ambigua W # |

‘Grunow (Simonsen) 1979 R 3 -
(2 e 1__

Embedded Aulacoseira ambigua Filament and
> Nfarine Araphid Pennate Rhabdonema sp. .
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Planktonic Diatoms in Polonnaruwa Meteoyite
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Rimoportula

Separation Spine N "~

Aulacoseira ambigia

Potnpers, bl sned Faghiuk, 1 {1910,
Ardarwrelon amdigus Es
Pt of th Wil Sinisen 5 ] "

Aulacoseira ambigua cells in

logaruwa (8.6um dia. x 9.5 pm
mantle height) with Rimoportila and Ringleiste marked.

4 errestﬁql Forms Length Range 3-12 um; Width Range 5-15 um



Polonnaruwa Eukaryote @ PIN

Euglena: Lepocinclis spirogyra



Unknown Polonhz{ruwa Protist @ I;IN
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MICROPALEONTOLOGY INVESTIGATIpNS
AND NEUTRON'ACTIVATION ANALYSIS
, OF CARBONACEOUS METEORITES

Conclusmns

Mlcrofossﬂs (Mostly Prokaryotes) found in all Groups of
Carbonaceous Meteorltes but Never in Other .Meteorites

Polonnaruwa stones Unhke Known Meteorite Groups
Observed to Eall in North Central Sri Lanka 29/12/2013

Dens1ty, Mmera‘ogy & Triple Oxygen Isotopes Establlsh
Stones are not Terrestrial

Polonnaruwa Stones Have Anomalous Abundances of
Rare Earth Elements, Rére Eartll Metals, PGE’S and
_ Contain Dlatoms & Many Exotic Extinct Microfossils

bt



MICROPALEONTOLOGY INVESTIGATIONS
AND NEUTRON'ACTIVATION ANALYSIS
, OF CARBONACEOUS METEORITES

Thank You For Your Klnd
" Attentlon -
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