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Classification of Rocks

« Igneous Rocks
« Sedimentary Rocks
« Metamorphic Rock

->Some figures are not used in my lecture



Carboniferous to Permian

Phetchaburi/Ratchaburi
Limestone




Phetchaburi and Ratchaburi provinces in Thailand are
famous for their extensive Permian limestone formations,
rich in diverse marine fossils like fusulinids, corals
(Sinopora), brachiopods (Stereochia, Marginifera),
gastropods, trilobites, and nautiloids, indicating ancient
shallow seas. Key fossil sites include Khao |-bit in
Phetchaburi (huge fusulinids) and formations around
Ratchaburi (Ratburi Limestone), part of the larger Ratburi
Group, showcasing a vibrant marine ecosystem from
millions of years ago, with some deposits also yielding

older Silurian-Devonian fossils and Tertiary mammals in
coal mines
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| ater Paleozoic

geological map
from “The Geology of Thailand”

Ridd et. al.,, 2011

Fig. 5.1. Distribution of
Carboniferous and Perminn strata in
Thailand. Data mainly based on 1:1
million scale geological map of
Thailand (DMR 1999) with minor
madificarions. Note that Fang
Chert-bearing clastic unit
distributed in northernmist
Thailand is here attributed
expeciently to Carboniferous—
Permian, based on age of Fang
Chert, although this unit itself is
probably post-Permian (sce
discussion in text).



Weathering

« Physical process: Break
Thermal expansion

Frozelexpansion
'965 Cal
- Chemical process: chans’;’@te\s h
Feldspar, Mica -> clay mmera! "Z()"e
Quartz -> sand
Cf. Limestone

CaCOs + H,0 + CO, -> Ca2+ + 2HCO4

Rain water

Water solution

CaCO5 + 2HCI -» CaCl, + CO, + H,0



Thailand Karst (lime sto 5\@) yain
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Ao Phang Nga National Park, Thailand

Krabi region, Thailand
Phangnga Bay Area, southern Thailand
Doi Nang Non, northern Thailand



Limestone weathering

- Karst landforms |
Sinkholes

Sinkholes | - River Stream disappears
' underground

Debris (soll,
rock, etc.)

Groundwater
table

http://builtinlondon.co/wp-content/uploads/2018/07/map-of-karst-topography-in-us-
111-karst-topography-of-map-of-karst-topography-in-us-sinkhole-zones-in-fl.jpeg



rdovician Lime,stone at Chonburi




My visit to Surat Thani
in 2017
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Limestone cave in
Surat Thani

Stalactites Stalagmites




Thailand Karst

Ao Phang Nga National Park, Thailand
Krabi region, Thailand

Phangnga Bay Area, southern Thailand
Doi Nang Non, northern Thailand!!

Images from Wiki




Phra Nang Beach atiRailay
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f" cient Human fossils
2 found in lime stone caves.

NO ENTRY
WITHOUT GUIDE

Australopithecus africanus B o T
was found in this cave. 2.7 Ma B e
Sterkfontein cave, SouthAfrica ,,,; S
Terra Rossa soil is a veryigood nmen
For fossil human skull preser
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Fusulina flourishing (late Paleozoic)

e Carboniferous to Permian
e “Fusulina period”
e Shallow warm ocean: Corals and Fusulinas
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crinoid

Echinoderms: a kind of Starfish and sea urchin

CROWN

ABORAL CUP

COLUMMNAL

STALK

HOLDFAST




Fusulina shell (CaCO;)

« A few mm to 10cm: usually 3mm ~ 2cm
- Protozoa: a kind of ameba
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Septal folds

Septal furrows

Axial section

“MiCFOpaleontOlogyn B Equatorial section
By Abdelbaset S. El-Sorogy B Tangential section
Klng Saud UniverSity Three types of sections in Fusulina



Fusulina evolution! And Extinction!

Trends of evolution of Arctic fusulinids Trends of evolution of American fusulinids
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"Evolutionary increase in the diameter of the
proloculus (initial chamber) of the fusulinid foraminiferan
Lepidolina multiseptata. For each population, the
horizontal line represents the range of sizes, and the
black rectangle depicts the 95 percent confidence limits
for the mean, which is inidcated by the vertical line. The
six clusters of populations are in stratigraphic succession,
but within each cluster, the vertical ordering of populations
I5 aribtrary (From Ozawa, 1975)" [Stanely 1976]

Text material © 2005 by Steven M. Carr
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Index fossils as a combination use

Example: Soccer Japan national team FW
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CRINOIDS

Crinoid

Stellarocrinus, (top) and
Brabeocrinus (bottom),
Pennsylvanian crinoids
showing stems and
calyxes, from

. 5 . :t e ".
, . P 250 W% Livingston County,
A ‘ . : 4 lllinois.
1

https://isgs.illinois.

Barycrinus %sx Agaricocrinus %ax Rhodocrinites %/ax



Fusulina inner structure
A kind of plankton

168 Part 4: Inorganic-walled microfossils

Mural pore
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wEARPEETN .
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Wordian Capitanian
Murgabian

Twin Lakes
N.craticulifera Zone

Morcrop Qg_&ql_rr.y__ San Juan

Neoschwagerina colaniae Z.

3 mm (all specimens)
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Rock-Forming Minerals: Seven Sisters!!

Quartz Potassium Feldspar Plagioclase Feldspar

https://tesep.org.au/student-online-resources/rock-forming-
minerals html
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Biotite Pyroxene Olivine
(Mg, Fe,K,Al)Si,0,, (OH), (Mg,Fe,Ca,Al)Si0;  (Mg,Fe),Si0,
Amphibole
(Mg,Fe,Ca,Na)Siz0,, (OH),
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lgneous Rock table ...

Volcanic Rock - . .
AohaniticTex) | ROMAtiite Basalt Andesite | Rhyolite
Plutonic Rock - : « e .
Phanertic ) | CEFIDOtIte | Gabbro Diorite Granite
SiO,(wt%) Ultra Basic Basic Mid Acid
45 52 66
Major Rock forming (Ca rich) \
minerals L N Quartz
(Vol%) \ \ . \

N

\Qeldspar

Pyroxene-

\Akmm

Olivfne

(Na rich)

Biotite




FOSSILS IN THE LIMESTONE
CaCO(s) + CO,(g) + H,O(l) > Ca(HCO,),(aq)

The most common fossils in the limestone are corals (Fig. 1A), brachiopods (a type of
shellfish) (Fig. 1B), snails (Fig. 1C) and crinoids (a relative of starfish) (Fig. 1D).

Fig. 1. Common fossils in the limestone, from left to right: corals, brachiopods, snails, and crinoids.

https://www.burrengeopark.ie/wp-content/uploads/2013/04/fossils_in_the_limestone1.pd
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Fusulinid sketch and two image data sources. (a) Typical images of each fusulinid family in the dataset. (a) Fusulina teilhardi,
Cutaway view of a schwagerinid fusulinid and its of Family Fusulinidae, showing spirotheca of three layers (tectum,

typical features of septation and endoskeleton, after transparent diaphanotheca and lower tectoria). (b) Schwagerina
Dunbar and Condra (1927). (b) Schematic diagram of knightiformis, of Family Schwagerinidae, showing spirotheca of two layers
the axial and sagittal section of a fusulinid fossil, after (tectum and alveolar keriotheca). (c) Eostaffella hohsienica, of Family

(Sheng et al., 1988). (c) A thin-slice photo of Ozawainellidae, showing small, umbilicate test. (d) Schubertella
limestone-preserved fusulinids, with main characters paramelonica, of Family Schubertellidae. (e) Neoschwagerina glintzboeckeli,
illustrated. (d) Scanned image example of a piece of of Family Neoschwagerinidae, with inflated fusiform test and distinct
literature on fusulinids. parachomata and septula. (f) Misellina megalocula, of Family Verbeekinidae,

showing subspherical test and distinct parachomata.

https://rmets.onlinelibrary.wiley.com/doi/10.1002/9dj3.215



History of earth part I
Fossils and Paleozoic era

Yoshio Okamoto
SU Lecture



Fossils

* Body fossils: shell, born, tissue
* Trace fossils: cast, foot print, trace etc.
« Hard part (shell or born): easy to remain
« Soft part (tissue): difficult to remain
-> a few exception: ex. “Burgess shale”
 Classification: biological feature (species change)
- now using molecular clocks etc.
* Index fossils: to use confirming period
 facies-fossil: to use estimating environment



ndex Fossils (from wiki)

PALEQZOIC ERA
(Age of
Ancient Life)

PRECAMBRIAN

Pennsylvanian
Pariod

CORtaay Neptunea tabulata
CENOZOIC ERA
{Age of
Recent Life)
T;::‘;::" Venericardia planicosta
Cretaceous
i Inoceramus labiatus
MESQZOIC ERA
Jurassie
(Age of Period Perisphinctes tiziani Nerinea trinodosa
Medieval Lifa)
-— .‘.I.
Triassic ( i
Period Trophites subbullatus |, Y
Parmian =
i ( !' Leptodus americanus

Dictyoclostus amearicanus

Mississippian

Pericd
Devonian Palmatolepus unicornis
Period
4
IIII_..-"
Silurian f Hexamoceras hertzeri
Period l\\
Ordovician Tetragraptus fructicosus
Period
= T
Cambrian Y4 Y Billingsella corrugata
Period “-{I?’ g q




Facies Fossils

. ?ora - warm sea, shallow, transparent
sun light) etc.

- Dinosaurs: warm land, rich plants and
animals etc.

- Peat: cool swamp, fresh water
- Coal: tropical forest, fresh water

- Bivalves: sea / fresh water, depth of
water etc.

- Pollen: climate(warm / cold), land
area etc.






Trace fossils as facies fossils

Sandy Shore

E Sandy .
i http://www.sjvgeology.ord/geology/glossary
“ Semi-consolidate
i Substrait: e html
Coast peat o Sublittoral Zone
Xylic
Eubstrate I

=%
A e

11 I’
13
% 22
12 M 3%
Peat or Xybe Semi-consolidated EEE EE

Rocky Coas! Substrate Substrate Sandy Backshore | Sandy Shar Sublitoral Zohe Bathyal Zone Abyssal Zone

Trypanites | Teredolites thssfrungifesiPs:'-'am‘chnusl Skolithos Cruziana |Zoophycos| Nereiles

affer Seilacher irage forn RffpAresearch eas Ualbaria caichnoloqy
Distribution of Common Marine Ichnofacies

Typical trace fossils include: 1) Cawlostrepsis; 2) Entobia; 3) echinoid borings; 4) Trypanites;, 5) Teredolites;
6) Thalassinoides: 7, 8) Gastrochaenolites or related genera; 9) Diplocraterion (Glossifungites); 10) Skolithos;
11,12} Psilonichnus; 13) Macanopsis; 14) Skoelithos; 15) Diplocraterion: 16} Arenicolites; 17) Ophiomorpha;
18) Phveodes; 19) Rhizocorallinm; 200 Teichichnus: 21) Planolites; 22) Asteriacites; 23) Zoophycos; 24) Lorenzinia;
23) Zoophyeos; 26) Paleodictyon, 27) Taphrhelminthopsis; 28) Helminthoida; 29) Cosmorhaphe; 30) Spirorhaphe.
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Paleozoic era (543Ma to 225Ma)

- Invertebrates

- Trilobite (early stage)
- Fusulina (late stage)

- vertebrate
- armored fish



Cambrian

« Cambrian explosion!

- Many Invertebrates suddenly appeared on this planet
« Some have eyes!

 Trilobite kingdom: an armored arthropod

- But, “Burgess shale” is rediscovered in 1980’ s
- “Wonderful life” revolution kicked off!



Ordovician to Silurian

- Graptolites are appeared.
- Very strange animal?

- Brachiopod

- Plants landed at the first time
(Cooksonia)



Devonian

« Fish kingdom “Armored fish”
» The first land-living arthropods(spider?)

gap or hinge thoracic naked
shield body

head shield single long heterocercal

— dorsal fin / tail fin

strong W ——— paired pelvic fins
lower jaw N\ paired pectoral fins

External anatomy of the placoderm Coccosteus decipiens -

http://blogs.nobl.k12.in.us/hurstes/files/2014/02/image-281b4na.jpg



Carboniferous

 Big insects and
thick forest

« Fern plants forest
 Later, turn to coal.

- Fusulina appeared
and evolved

https://s-media-cache-
ak0.pinimg.com/originals/95/2¢c/47/952¢c47cd521ab0463¢c99d
ddb555d92a9d.jpg




https://cdn6.bigcommerce.com/s-
fme25/products/578/images/8546/pl072b_ 53754.143398
8.1280.1280.jpg?c=2

www.fossilguy.com/sites/ambridge mbridge—fossil—
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Why this period insects so big?
'RiCh 02

‘No natural enemy

‘What is the natural enemy for
Insects™?



Permian

« Fusulina kingdom
- Ice age was coming

 The continents began to moving!
(Pangea began to breaking)



P/T boundary

« Most powerful extinction

« Over 93% sea creatures are disappeared.



P-T boudary

Permian
-riassic

Most powerfu

Extinction
Trilobite
Fusulina

sea organic
03%<7?

Marine extinctions
Marine invertebrates

Foraminifera

Radiolaria (plankton)

Anthozoa (sea anemones,
corals, etc.)

Bryozoans

Brachiopods

ivBlves
E ropods (snails)
Ammonites (cephalopods)

Crinoids (echinoderms)

Blastoids (echinoderms)

Trilobites

Eurypterids ("sea
scorpions")

Ostracods (small
crustaceans)

Fish

Acanthodians

Genera extinct

97%

99%[431
96%
79%
96%
59%

98%
97%

98%

100%

100%

100%

59%

100%

Notes

Fusulinids died out, but
were almost extinct
before the catastrophe

Tabulate and rugose

corals died out

Fenestrates, trepostomes,
and cryptostomes died
out

Orthids and productids

died out

Inadunates and
camerates died out

May have become extinct
shortly before the P-Tr
boundary

In decline since the
Devonian; only 2 genera
living before the extinction

May have become extinct
shortly before the P-Tr
boundary

In decline since the
Devonian, with only one
living family


http://en.wikipedia.org/wiki/Genus
http://en.wikipedia.org/wiki/Marine_invertebrates
http://en.wikipedia.org/wiki/Foraminifera
http://en.wikipedia.org/wiki/Radiolaria
http://en.wikipedia.org/wiki/Plankton
http://en.wikipedia.org/wiki/Permian%E2%80%93Triassic_extinction_event
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Fig. 1. Development of some plankton, nekton, and benthos representatives during the Late Permian to Early Triassic (after [16],
with modifications). The dashed lines denote the “temporarily disappeared” taxa.
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This place is located at Austinmer, a coastal suburb between Sydney —
and Wollongong.

Photo Credit: Allosauroid Enthusiast
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How Life on Earth

Nearly Ended
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Vases: 24
Years Ago

Causes:

1) Impact event (external)
2)Volcanism

3)Methane hydrate gasification
4)Anoxia

5)Hydrogen sulfide emissions
6)The supercontinent Pangaea
7)Microbes

Etc. (by Wikipedia)

Combination of all causes?
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Other, older, explanations for the PTME, are su

1. Impact: Evidence for impact at the Permo-Tri

S0, emissions

CO, emissions Thermogenic methane

presented by Becker et al. (2004) - a possible
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eutrophication
¥ 3. Supercontinent fusion was one of the first s
TG i and Lauras_,la moved closer and drove to_gether |
marine C-sotope | Supercontinent Pangea was formed. This had me
productivity excursion | the loss of inland seas, increase of the inland, ¢
l and associated reduction in endemicity, as regid

land and in shallow seas mixed together.
Neosive | Oceanic anoxia 4. Glaciation had been suggested, perhaps caus
C-isotope [€ "~ Sitation northern and southern portions of Pangaea ove
excursion [€ -7 v build-up of ice sheets. This idea is though much
o | maRine founcant| limited.
MASS EXTINCTION growth

[~ reaction
rates

Global warming

indicators, but these have been disputed.
2. Climate change was also noted in earlier yea
Increased | and glaciation sometimes mentioned, and more ¢
;’3“@';’ made that climates became steadily warmer. The
S Permian is widely accepted (Joachimski et al. 2C
this on its own could have caused the profound

http://palaeo.gly.bris.ac.uk/PTB/cause

s.html

One of most recent hypothesis of a
super volcanic eruption in Siberia

Each of the theories outlined above proposes a single primary
cause for the mass extinction. Subsidiary causes trigger the extinc-
tions, but each flows from the primary trigger. Life would be much
easier if complex events had single causes, but the lessons of his-
tory are otherwise. The causes of most complex historical events s
are notoriously difficult to pin down, and the same is likely to be s
true of events in the history of life. In 1993 I suggested that meth-
ane release combined with several independent factors to trigger
the Permo-Triassic extinction. I christened this the Murder on the
Onrient Express hypothesis, after the Agatha Christie murder mystery

where all the suspects perpetrated the crime (although in Dame
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