Monograptus sp.

§ § Rastrites sp.

Certograptus sp.

Dicranograptus sp.

N

Didymograptus sp. A n
Phyllograptus sp.
X Tetragraptus sp: ml

Graptolite shapes through time
Modified from Moore, Lalicker & Fischer (1952), Figure 22-7

‘ MIDDLE & UPPER ORDOVICIAN ‘ SILURIAN ‘

LOWER ORDOVICIAN

Graptolites through time
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Hardness scale

Hardness | Example Minerals/materials

1 Talc
2 Gypsum
25 Fingernail, pure gold, silver, aluminium
3 Calcite, copper coin
4 Fluorite
4.5 Platinum, iron
5 Apatite, Pyroxene group (3 to 6)

6 Orthoclase feldspar, titanium, spectrolite. Pyroxene group (5 to 6)

6.5 Plagioclase feldspar, steel file, iron pyrite, glass, vitreous pure silica

7 Quartz, amethyst, citring. agate, olivine,_ tridymite (high temp quartz)

1.5 Garnet, coesite (high pressure quartz)

8 Hardened steel. topaz, beryl, emerald, aquamarine
9 Corundum,_ ruby, sapphire
9.5 Carborundum

10 Diamond
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Evolution of birds and dinosaurs

Triassic Jurassic Cretaceous Cenozoic A
| | o
262 247 237 201 174 163 145 130 120 110 100 64 mi lion-year-ago §
Madern birds: - tners Crown group birds ~,

A

lehthyamis

Apsarans
® Yanornus

@ Enantiornis
Profopleryx

® Coconfuciusornis

Confuciusomis

’_‘ L e Jeholorms

SADCOMIS
Archasopteryx
Unonfzgs
’ ®/iafonavis
»_C\'Mmmwhus ' i
Micraraptor
linfengonteryx
| [: [}
Acrchiey ms * Mo
L e Epidexipteryx %
el e Oviraptar
Caudiptery:
LapE e Shuwive

Haplocherius

OTher\ Zinosaurys
eFaicanus
e Omithormimus

I
Theropod dinosaurs L —eshenzhousaurus

[ e Tyrannosaurus
—eYulyranmmus

®Procerafusdurus

Dinosauria: - ! el ancavenator
C e Sciurumimus
s [_ @ B0 T OSHUT
sty Y l oL irnsaurus
Y *Diophosaurus
Y- ‘{ —eCoelophiysis Saurcpodomorphs

® Tianyulong

Prerosaurs

eTriceralogs
Lo Psittacosaurus
‘I_ L Heterogontosaurus

A

- Euparkaria BT Crocediles and relatives

Archosauromorpha Ornithiscian dinosaurs

Evolution of Birds
Moaodified from Xu et al 2014. Science V346, 6215.1253293
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Topographic map of Mars
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