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This edition of the Earth and Space Sciences Reference Tables should be
used in the classroom beginning in the 2026—-27 school year. The first
examination for which these tables will be used is the January 2027 Regents
Examination in Earth and Space Sciences.
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Solar System Objects Data Table

Si—Fe

Celestial Mean Distance Period of Period of Eccentricity Equatorial Axial
Object from Sun Revolution | Rotation at Equator of Orbit Diameter (km) Tilt (°)
(million km) (d=Earth days)
(y=Earth years)
SUN - - 254d - ~1,391,400 7.25
MERCURY 57.9 88.0d 58.7d 0.206 4879 0.03
VENUS 108.2 224.7d 243.7d 0.007 12,104 177.36
EARTH 149.6 365.26 d 23 h 56 min 0.017 12,756 23.44
EARTH’S 149.6
MOON (0,384 from Earih) 27.3d 27.3d 0.055 3475 6.68
MARS 228.0 19y 24 h 37 min 0.094 6792 25.19
CERES 414.0 46y 9 h 5 min 0.079 ~939 4.00
PALLAS 414.0 46y 7 h 49 min 0.231 ~513 84.00
JUPITER 778.5 119y 9 h 54 min 0.049 142,976 3.13
SATURN 1432.0 294y 10 h 39 min 0.054 120,536 26.73
URANUS 2867.0 84.0y 17 h 15 min 0.047 51,118 97.77
NEPTUNE 4515.0 164.8 y 16 h 6 min 0.009 49,528 28.32
PLUTO 5906.4 248.0y 6.4d 0.244 2376 119.51
ERIS ~10,000.0 ~557.6y 1.1d 0.436 2400 ~78.30
Generalized Nucleosynthesis in a Massive Star
H— He
He —C
cC—>0 Stage Duration
H— He 7x10° years
He —C 7x10° years
c—0 600 years

1 day

Core Collapse 1/4 second
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Generalized Portion of Electromagnetic
Spectrum Related to Earth and Space Sciences
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>
r N Increasing Wavelength (nm)
Spectral boundaries are Key
not discrete, and there is
an overlap in the biological nm = nanometer
effects between adjacent (107° meter)
forms of electromagnetic
radiation. Hz = hertz
. J

Emission Spectra of Some Elements from Stars
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H-R Diagram
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GEOLOGIC HISTORY

PRECAMBRIAN EON

—
Billion| . Time [Million| .
Precambrian I . Epoch Life on Earth
Years | Era Distribution Years |Era] Period (million years ago)
Events . milhon )edrs dg()
Ago of Fossils Ago
{Hol (.012- present))— s 11l Of ICe Ages; human populations grow eege = = =
AY
50 QUATERNARY 5 6PIeistocene 2.6-.012 Humans, mammoths, giant beaver
’ 539 ox NEOGENE | Pliocene 53 arge carnivorous mammals; diverse human ancestors
’ g I Ediacaran Fauna; first multi- 3 g 3 Miocene i} Abundant grazing mammals; giant crocodiles
. cellular organisms (all soft- ) i i
= | body and arne) S @ § =) Oligocene 34 sfafilands bezom: \Imdespread
. [T) =) irst horses and whales
3 8 L cryogenian Period z @2 | PALEOGENE | Eocene
=& (Time of Snowball Earth a 56
] 4 E glaciation) ~.720-.635 «» Paleocene Many modern groups of mammals evolve
o Fi 66 I— Mass extinction of all non-avian dinosaurs, many.
— =T irst sponges .89 land plants, ammonoids, and other marine organisms
4 = Grasses first evolve. Earliest placental mammals
1.0 o 1.0 —] Grenville orogeny: Late Cretaceous
Metamorphism of exposed
bedrock - Adirondacks and
= % Hudson Highlands. 1.2-.98 CRETACEOUS 101 Giant marine reptiles (ichthyosaurs, plesiosaurs)
' N Rays and modern sharks become common
(OR =)
E 2 1 ngesYtorr‘l’(cé‘;:g 13 Early Cretaceous Earliest flowering plants
= = E W ’ Diverse bony fishes
) 3]
N E o 145 Earliest birds; peak of sauropods and ammonoids
1.5 e
o g < Late Jurassic
Q1
-1 1.6 — #A
n
I~ Ha 162 " ]
] . = Middle Jurassic Abundant dinosaurs and ammonoids
JURASSIC 17
] = 5 Oldest sauropods
— o O 1 First protists 1.9 z Early Jurassic
Q
-2 Y
20 o 8 g C 201 |— Fifth largest extinction event
E E | First eukaryotes 2.1 = Late Trinssi Dinosaur tracks in NY (Rockland County)
) ate Triassic Earliest mammals
[} Oxygen Revolution
A Oxygen from ocean @) TRIASSIC 237 Earliest d
escapes to Earth's . . arliest dinosaurs
atmosphere 2.4-2.1 Lo Middle Triassic 247
O Early Triassic
N [— Largest ma‘ss extinction of many land and marine plants ==
Late Permian and animals
25 25— Oceanic Oxygen Middle Permi 260 Ancestors to mammals were diverse
E (produced by = PERMIAN icdle Fermian 273 - — —
- ' i ) Reptiles more common than amphibians for first time
ol photosynthesizing Qﬁ Early Permian
== cyanobacteria) combined Y
. z O with iron, forming repeated = 299 -
iron-oxide rich layers on PENNSYLVANIAN] ,E2ry |~ Middle Late Extensive coal-forming vegetation in swamps
ocean floor 2.8-2.5 Z . 303323 315 | 315-307 | 307-299
] Z 2= « § Late Mississippian Abundant amphibians
| Z o 331
© 145 F Middle Mississippian
3.0 9; ’é m § MISSISSIPPIAN PP Large and numerous vascular plants
' = E o =W S 347 Earliest reptiles
i Early Mississippian
(7]
w
Z = 359
32— 6' Extinction of man: i i ibl
. )y marine organisms, possibly
< 2 Late Devonian —> | caused by climate change due to spréad of forests
= Q
: 383
= Q é 8 S 3 Middle D . Earliest amphibians and seed plants
= |18z 5 Na DEVONIAN iddle Devonian 303 | Earth's earlest forests - Gilboa and Cairo, NY
(=24
E o Oldest undisputed = A ) ’
35 ) 5 - evidence for life z ) Abundant fishes and brachiopods
e (stromatolites) 3.5 Early Devonian Earliest ammonoids
1 3.6 —
419 — -
< ] Pridoli Abundant eurypterids in NY; earliest sharks
Oldest evidence for 423 -
- % T biological carbon 3.7 SILURIAN Ludlow 497 Earliest land animals (arthropods)
S Wenlock 433 Earliest fish with jaws; first vascular plants
1 o Llandovery Widespread reefs; rising global temperatures
=o 444 [— Mass extinction affecting all major groups
a 5 Late Ordovician of marine organisms
4.0 40— Oldest known rocks . - 458 Earth’s fi . . Is, first land pl
. 7 - (Acasta Gneiss, Canada) 4.0 ORDOVICIAN Middle Ordovician 70 arth’s first reef-containing corals, first land plants
< Early Ordovician Rapid diversification of Paleozoic animals
485
= z Furongian 197 Extinction of many early life forms
jaolingi Peak trilobite diversit
R = | Oldest known zircons CAMBRIAN Mizolingian 509 fontte dversty
< (Jack Hills, Australia) 4.4 Epoch 2 Earliest trilobites; earliest fishes
—1- Formation of Moon 4.5 - 521 — -
m Terreneuvian First life forms with hard shells
4.6 (Estimated time of origin) 539 --a
of Earth and Solar System
}
T J}
Cryptozoon Columnaria Heliophyllum Dinorthis Mucrospirifer Eucalyptocrinites Phyllograptus Plethopeltis
Hydnoceras Halysites Lingulella Pentamerus ITocrinus Ancyrocrinus Stimulograptus
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OF NEW YORK STATE

NY Rock Important Geologic Inferred Positions of
. oy . . . Record P g
Time Distribution of Fossils and Index Fossils o g:;;em Events in New York Earth’s Landmasses
I Bedrock

‘ ‘ Advance and retreat of last continental ice

Sands and clays underlying Long Island
and Staten Island deposited on margin
of Atlantic Ocean

Dome-like uplift of Adirondack region begins

—Q___-

%)
:
o (9]
2 g
z
< o
Z ® 9 Initial opening of Atlantic Ocean 125 millon years ago
5 Q 3 North America and Africa separate
& S &
[} z (8}
— o o
5 S
=
=)
a B
o
g ) . : A s S
o I < Intrusion of Palisades sill Yot T
g Pangaea begins to break up, /II" §Y\k&\
S [N
o
0
[} e 8 220 million years ago
5] =
3 o
a o [}
[a}
@ o = ol 4
| O] (oL, z
2 il =
8 % o Alleghenian orogeny caused by collision
w — o i % . of Proto-North America and Africa along
@ 8 u g transform margin, forming Pangaea
(= =) o| [ @)
= 4 ol |=] Zz
- a1l )
< & B 2 ol [ % \
o > > <
X o x
5] B IE m
N
~ (E)(1)(L o . ﬁM/
TATAD \V) Catskill delta forms 17
] Erosion of Acadian Mountains 359 million years ago
Acadian orogeny caused by collision of
Proto-North America and Avalon and
closing of remaining part of lapetus Ocean
[ Salt and gypsum deposited in evaporite basins
) (H) 2 7o Salinic orogeny caused new subduction to the
D geny |
—/ 5 L“, east of Proto-North America

Erosion of Taconic Mountains; Queenston
delta forms

Taconian orogeny caused by closing of western
part of lapetus Ocean and collision between
Proto-North America and volcanic island arc

I®
©)
(o)
=)

458 million years ago

VERTEBRATES

Widespread deposition over most of New York
along edge of lapetus Ocean

®

(m)

Wy
) ) S/ \r/
! Uy <
Arctinurus Eurypterus Michelinoceras Cooksonia i Bothriolepis V{mmmth
Isotelus Eldridgeops Zittelloceras Agoniatites Eospermatopteris Atreipus Giant Beaver
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Generalized Model of Earth’s Interior Structure

.5_
+3.0

Continental crust
*30 -50 km
*2.7-29glcm®
granitic

* basaltic

Oceanic crust

15k
glem®

Earth

Mantle

o _ &
er mantle  *34-56g/m

Fluid outer core
+9.9-12.2 glem®

Solid inner core —
+12.8-13.1 glcm®

400 km
670 km

2900 km

5150 km

6378 km

(Not drawn to scale)

Generalized Cross Section Model of Earth’s Surface and Interior

Volcano

Ocean
Tectonic| N\ ridge
Plate 1

Tectonic
Plate 2

Tectonic

%Plate 3

Trench

Asthenosphere

Molten outer core

Volcano
Continent

Asthenosphere

Magma

Solid mantle
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Geologically Important Radioactive Elements Used for Radiometric Dating

Parent Daughter Approximate Useful Dating Materials That
Isotope Decay Product | Half-life (years) Range (years) Can be Dated
Samarium-147 | Neodymium-143 - - - Garnets, lunar
1Sm 1N 106 billion 10 million - 4.6 billion fragments, and meteorites
Potassium-bearing
Rubidium-87 Strontium-87 - - - minerals (mica, feldspar,
¥Rb o1y 49.7 billion 10 million - 4.6 billion hornblende), whole igneous
or metamorphic rock
Uranium-238 Lead-206 . . . Uranium-bearing minerals
29 205pp 4.5 billion 10 million - 4.6 billion (zircon, apatite, uraninite)
Uranium-235 Lead-207 - - - Uranium-bearing minerals
25 2P} 703 million 10 million - 4.6 billion (zircon, apatite, uraninite)
Potassium-40 Ardon-40 Potassium-bearing minerals
a0 g“OAr 1.3 billion 100,000 - 4.6 billion (mica, feldspar, hornblende),
igneous or metamorphic rock
. Organic materials, glacial
Car?%”'” N'tr°194,‘j”'14 5730 100 - 70,000 ice containing carbon dioxide,
groundwater, and ocean water

Locations of Selected Hotspots

\ @ Yellowstone
Azores

g

Galapagos

Samoa
Pitcairn®

@ Easter Island

Tristan da Cunha @

<__\

Tasman @

Iceland

@ Eifel

® Canary Islands
® Cape Verde

@ St. Helena

Bouvet

Afar

@ Reunion Island

Amsterdam

Prince Edward

Key

Approximate plate boundary

@ Selected prominent hotspots
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Model of Bowen’s Reaction Series

Temperature

Highest
Temperature
1400°C
(first to crystallize)

®
=
o
®
=
o
=
[
O
o

Lowest
Temperature
650°C
(last to crystallize)

Sequence of Mineral
Crystallization from Magma

Olivine
Calcium-rich (Ca)

Potassium (K) Feldspar

v

Muscovite Mica

Quartz

Ultramafic
» Komatiite

* Peridotite

Mafic
* Basalt
e Gabbro

Felsic
« Rhyolite

« Granite

Igneous
Rock Types

Mineral Composition of Igneous Rocks

Composition

Felsic Mafic

Rock types

* Granite * Gabbro
* Rhyolite * Basalt

100

80

Percent 60

by
|
volume 40

20

Potassium
feldspar

Quartz

<>70% Increasing silica (§102) N Y

4

increasing potassium (K} and sodium (Na)

Visualization
of Magma
Crystallization

<> g AN
& —(Ca-Feldspar

® o0
Olivine

%000 %o

a7 Ca/Na-Feldspar

‘./ o 0

Pyroxene

& N
Vit pmy S
Biotite Mica N\

/7
Q Na-FeIdspar'
© Amphibole
0>

ANy

/ 7z
O K-Feldspar &
M(u;co\viteO Mi<c:,a
<:>\Quar1z OO0

Ultramafic

Pyroxene
(Augite)

* Peridotite
* Komatiite

Increasing iron (Fe), magnesium (Mg), and calcium (Ca)

[650°C

Earth & Space Sciences Reference Tables — 2026 Rev. Edition

Temperature at which melting begins 1400°C

14



INCREASING HEAT AND PRESSURE ——>»

S)00Yy
olydioweja\

uoneloden]

D
R

Precipitation

5 00 G0

*(uoneouiyy
- uoljeud W)

°

= w=was [T

LA
il S

T HE 1 X X

[ jjeseg XXX

T __ 1AMy © ~

XXX X X X X X\

)

: uoljoedwo)

&XXXMOH_CNLOXX
XX XX X x X x XXX

aseqel(
Ll

90BJING UBSDQ

Buriayieam [eoIWBYO
pue |esiueyos|\

Buissebinp

ajopled

SR
Snoaub| aAISNX3

olydeuboju| 91949 300y

15

Earth & Space Sciences Reference Tables — 2026 Rev. Edition



Mohs Hardness Scale

Hardness | Mineral Name Tools
10.0 Diamond
9.0 Corundum
8.0 Topaz Mineral Identification Flowchart
7.0 Quartz
Glassy luster, any color can occur.
6.5 Steel nail Conchoidal fracture. Hexagonal crystals Quartz
common. Hardness 7.
6.0 Orthoclase
55 Glass plate Barrel shaped, hexagonal crystals. Hardness 9.
5.0 Apatite Commonly brown, but various colors. Corundum
4.0 Fluorite
35 Copper penny Dodecahedron Color often dark red or reddish brown. Vitreous
crystal balls luster. Fracture may resemble poor cleavage. Garnet
3.0 Calcite Hardness 7-7.5. Colorless streak.
2.5 Finger nail
20 Gypsum Green sand Vitreous luster. Commonly in granular masses Olivine
1.0 Talc grains (looks like sand grains). Hardness 6.5-7.
Vitreous, resinous, or dull luster. Red-brown to
ggg\:;N% Forn;s );;z:\saped brownish-black. Prismatic and X or Staurolite
9 Ty cross-shaped crystals. Hardness 7-7.5.
Perfect in Vitreous luster. Light blue. Hardness 4.5-5.5.
2 directions Blue blades Parallel to crystal, but 7 if tested against Kyanite
short length. Blade-shaped crystals.
Cleavage difficult Various, bluish green. Hardness 7.5-8.
to determine Elongated six-sided crystal prisms with Beryl
(imperfect) flat ends common.
Harder than 2 directions Vitreous luster. Dark green or black. Cleavage Amphibole
glass not at 90° planes at 56 and 124 degrees. Hardness 5-6. (Hornblende)
[}
o
T Cleavage Vitreous to dull luster. Black to dark green. Pyroxene
v o Tends to look “blocky”. Hardness 5.5-6. (Augite)
©
»
L Vitreous luster. Darker colors. Hardness 6-6.5. | Plagioclase Feldspar
Striations Striations visible on cleavage face. (Ca-Plag, Anorthite)
2 directions Dissolution i Vitreous luster. Light colors often. Hardness | Plagioclase Feldspar
at 90° Issolution fines 6-6.5. Dissolution lines visible. (Na-Plag, Albite)
NON- Cleavage Vitreous luster (glassy). Potassium Feldspar
METALLIC next page Usually pink. Hardness 6. (K-Spar, Orthoclase)
Red-brown Strong red- Earthy luster and strong red color, silvery can H it
Streak brown streak be metallic. Hardness 5-6.5. ematite
Softer than Yellow/Light Earthy luster. Found in earthy masses. Li it
glass brown streak Hardness 1-5, depending on weathering. imonite
No cleavage
Light yellow Bright yellow | Resinous or vitreous luster. Bright yellow color. Sulf
streak color Hardness 1.5-2.5. ultur
. Some samples- Bright blue-green/green. Hardness 3.5-4.
Light green p .
9 t 9 K Perfect cleavage Ocecurs usually as tiny crystals. Often Malachite
strea in only 1 direction associated with azurite (bright blue).
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Mineral Identification Flowchart (Continued)

Vitreous luster. Colorless to light shades of

Light flaky . .
sheets green. Hardness 2-3. White streak. Muscovite Mica
1 direction
Dark flaky Vitreous luster. Dark green, brown, and black. Biotite Mi
sheets Hardness 2.5-3. White to gray streak. iotite Mica
Vitreous luster. Green to greenish black.
MENI%ELIC SOftg;ga“ Cleavage White to pale green. May have slippery feel. Chilorite
9 Hardness 2-3. White streak. Perfect cleavage.
Pearly to greasy luster. Pale shade of green
Soapy feel and gray. Hardness 1. Greasy feel. Talc
White streak. Perfect cleavage.
Car!tt:lafs_ily scra_tlch Vitreous to pearly luster. Colorless to white.
With Tingernail. Hardness 2. Crystals common. Found in Gypsum
Sometimes might columns and easy to scratch with fingernail
have 3 cleavages. 4 9 ’
2 directions Vitreous to pearly. White to gray. .
at 90° Hardness 4.5-5. Wollastonite
3 directions . Vitreous luster. Hardness 2-2.5. .
at 90° Tastes like salt Perfect cubic cleavage. Halite
Reacts with acid Vitreous luster. Whlte to gray streak. Calcite
Many colors possible. Hardness 3.
3 directions
not at 90°
Vitreous to pearly luster. Many colors
Reacts with acid possible. White streak. Only reacts with Dolomite
acid when powdered. Hardness 3.5-4.
4 directi Glows under Vitreous luster. Many colors Fluorit
irections fluorescent light possible. Hardness = 4. uorite
No cl . Black color. Hardness 5.5-6. .
o cleavage Magnetic Strongly magnetic. Magnetite
Black to 0} 3223232 Smudges Dark gray to black color. Greasy Graphite
gray streak difficult to see. fingers feel and smudges fingers. Hardness 1-2. P
N Bright metallic luster. Shiny lead-gray color.
3 directions of Perfect cleavage
METALLIC cleavage at 90° (cubes) Hardne_ss 2.5. S_t_reak Ielad—gray. Galena
High specific gravity.
Green-black Brass-yellow color. Hardness 6-6.5.
or dark green No cleavage “Fool’s gold” No cleavage. Cubic crystals Pyrite
streak common with striated faces.
Brass-yellow color. Often tarnished to
m .
E No cleavage purple or bronze. Hardness 3.5-4. Chalcopyrite
I
t Strong red- Steel-gray or red-brown color. Hardness 5-6. .
H
g No cleavage brown Streak Often breaks into thin sheets. Brittle. ematite
Yellow, brown, No cleavage Yellow-brown to dark brown color, also Iimenite
9 maybe black. Hardness 5.5-6. Brittle.

or black streak
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Key to Weather Map Symbols

Station Model
Wind Sealevel o
Temperature (°F) \ /ea- evel pressure (mb)
Weather
3 @ 45e
Visibility (mi)-—" \
/56 Pressure trend (mb)
Dew Point (*F) Sky cover (a steady 4.5-mb drop)

Wind Speed Weather Conditions Sky Cover Misc. Sky Cover
Intermittent No Clouds oo Haze
@ Calm Light ~ Moderate Heavy O Smok
° moke
<5 knots | | pi- . . b4 @ 1o i
~——— 5knots ; Q 1 S Dust/Sand
\ %*
10 knots | | Snow * * : O o == Fog in patches
L 20 knots ° 9 —— Lightfo
\: Drizzle ° ° ; O 3/4 — Lg g
25 knots — 4 ;
—— Heavylog
50 knots Light I\?c:g:r?c,e Heavy 0 o0 Sh
owers
: ® Completel
Rain oo oo g . overtast %SIight rain
Wind Direction
s - * * ® Sky obscured
N now * % * % ® Moderate/Heavy
NW NE . rain
w E i °
Drizzle 99 L %’ Pressure Trend | $
SwW SE (previous 3 hours) Violent rain
S Thunderstorms Rising Y
Light Heavy / continuously % Sleet
. , ° L Fallin
Air Pressure Rain KA Z \ continguously .
H High o Slight snow
* Rising, rising, v
Snow * z /\ falling *
L Low IZ Falling, steady, Moderate/Heavy
A AN falling snow
Hail R Z Fronts
Pressure
Sea-level pressure Hail AN . L Cold W W W W -
is plotted in tenths of F_reezmg Drizzle:
millibars (mb) with the | | Tornado )( | Light Heavy Yy ¥ ¥ ¥ ¥ Y
leading 10 or 9 omitted. | | Hyrricane 6 | v Q) Warm
410: 10410 mb Sleet ZN Erer:etzingHRain: Stationary T‘T‘v
. : Snow grains  =&<| -9 eavy
987 998.7 mb Vo R v vV Vs
872: 987.2 mb Drifting snow Occluded
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Model of Generalized Planetary Wind Belts in the Troposphere

Polar front 90° N Olgr . v
jet stream }

Spbtropical :
jet stream P 7
30° N ical hi
focpecacae :I_p--'l"rzoplco;Cancer -------------- v %
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</ 4/ '\ %54
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X w\ 1\ P % Y
Southeast trade wmds N
15° 5 Y\ 2
S
.- -------------TroplcofCaprlcom- ------------- A q’_.
30° S i
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alr\ Cell ‘./alr Convergence
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The patterns shown on this map shift seasonally.

Cross Section Model of Earth’s Lower Atmosphere
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