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Rock Cycle in Earth's Crust

Dewataring
Compaction

SEDIMENTARY
ROCK

Pressurg
and/orTTe
vtk arphism

Relationship of Transported
Particle Size to Water Velocity*

100.0 —
BOULDERS
---------- 256 cm-
— 10.04
E ________ c _O§B£E§ - B.4¢cm-
x 10-
T PEBBLES
E 0.2
?c Ol f-—-—-—— == .2 cm-
B po1d SAND
g __________________ 0.006 cm-
E 0.001 - SILT
L oot H-------------—--- 0.0004 cm.
CLAY
0.00001

0100 200 300 400 500 600 700 800
STREAM VELOCITY {cm/sec)

*This generalized graph shows the water velocity needed to
maintain, but not start movement. Variations occur due to
diflerences in padicle density and shape.

Scheme for Igneous Rock Identification

e | TEXTURE
w
=) =
& I35 gl 2
2 23 Granite Dictite Gabbro Perid-/Ef E2 | Coarse
g EL otite |3| EZ
z |Z
(o}
L c
W
O ; - Basalt ol 2E
w Rhyolite Andesite Sooria Rare & E Fine
z 53 B~
s |35 —
Z |8
g |52 o o .
> umice i of o=
z *Obsidian Obsidian Basalt Glass Rare 3 zog Glassy
* Obsidian may appear black. o
" |
o
Z LIGHT |- cotor - I DARK
i LOW |- DENSITY 4 ——> HIGH
3 FELSIC (A COMPOSITION ' 1> MAFIC (Fe, Mg)
T 100% —rrrerrees - ; 100%
o - P'ota sium Y= i i
=1 eldspar . e
—{-*(pink to white) .‘f 1 N
B R P4 £ s
Z 75% i = : F — 75%
E e — . Quartz . . P 1 ,’f\f\/\.r\..
£ — . . {clearto . " NN
@ g : Plagioclase feldspar ST
3 — . . . white) ; NN
2 >O R (white to grey) [ERERENEY
23 sow—fiis L A A _ so%
Sa I A ’ ¢ " Pyroxene
22 = OV » (green) ~
- vy S -
]
m
g“ 25%— — 25%
0% 0%

Note: The intrusive rocks can also occur as exceptionally coarse-grained rock, Pegmatite.



Scheme for Sedimentary Rock Identification

INORGANIC LAND-DERIVED SEDIMENTARY ROCKS

TEXTURE GRAIN SIZE COMPOSITION COMMENTS ROCK NAME MAP SYMBOL
Mixed, silt to boulders Rounded fragmants Conglomerate
(larger than 0.001 cm}) Mostly ]
quartz, Angular fragments Breccia
feldspar, and
Clastic Sand i i
clay minerals; Fine to coarse Sandstone
{fragmental) | (0.00610 0.2 cm) May contain
Silt fragments of . : . [T T IT]
(0.0004 o 0.006 cm) other rocks Very fine grain Sitstone - =]
Clay and minerals Compact; may split Shale — —
{less than 0.0006 cm) easily = — ——

CHEMICALLY AND/OR ORGANICALLY FORMED SEDIMENTARY ROCKS

TEXTURE GRAIN SIZE COMPOSITION COMMENTS ROCK NAME MAP SYMBOL
' . i 1T 1
Coarse to fine Calcite (?hemlcal T 7
Limestons N -
. ) Crystals from -
Varied Halite chemical Rock Salt
precipitates
Varied Gypsum and evaporites Rack Gypsum
Nonclastic
Varied Dolomite Dolostone
Microscapic to coarse Calcite Cemented shells, sheil frgg- _ Fossil
ments, and skeletal remains Limestone
Varied Carbon Black and nonporous Bituminous Coal
Scheme for Metamorphic Rock Identification
GRAIN PE OF
TEXTURE GiZE. | COMPOSITION | METAMORAHISM COMMENTS ROCK NAME | MAP SYMBOL
Slaty Fine Low-grade Slate
) metamorphism of shale
8 | Regicnal
== Medium Medium-grade metamorphism;
< |schistose 10 Mica crystals visible from Schi
o coarse metamorphism of feldspars and chist
rd | clay minerals
o Heat and i T—
Gneissic ( High-grade metamorphism; ;
Coarse : Mica gas changed to feldspar Gneiss
G ';ﬁ::l Ah,
olding, and . )
' s Metamorphism of plant Anthracite
Fine Carbonaceous fautting) remains and bituminous coal Coal
Depends on Pebbles may be distorted Meta- ARD S
Coarse | conglomerate or stretched; Often breaks 5459580
UQ_' composition through pebbles conglomerate DS eriy
j.._
<
= Metamorphism of .
O uartz Thermal Quartzite
o Fine Q (including sandstone
% o contact)
< coarse Calcite, or Metamorphism of
Dolomite Reglonal Iir'mastcmcsfJ or dolostone Marble
) Metamorphism of various EE AN
Fine Elgglif)zélase Contact L{;{;};\sf:y contact with magma ‘Hornfels :.,-\\/,’u i




GEOLOGIC HISTORY OF NEW

Record in N.Y.
- . Fossils
Eon Era Period Epoch Life on Earth —_—
g § §3 88
Millions of years ago Millions of years ago cdg E Eg EE
0 0 S
HOLOCENE
QUATERNARY 1051; Humans, mastodonts, mammoths l-l_—ﬂ
CENOQZOIC | PLIOCENE 5 Large carmvores —
MIOCENE 1 Abundant grazing mammals
————— 24 Earliest grasses
TERTIARY OLIGOCENE 4 Large running mammals
500 EQCENE e Many modern groups of mammals
L Oldest PALEQCENE g¢ Last of dinosaurs -
Al marine Earliest placental mammals
T |inverte- . .
E [brates MESOZOIC LATE Climax of dimosaturs and smmonoids
1 - xtinetio
000 — CRETACEQUS o Earliest flowering plants
oM Great decline of brachicpods
o B EARLY Great development of bony fishes
[w) D First 144
™ appearance
o [ s LTE
oo erganisms F——————163 Earliest birds and mammals
>z = _E_ '! TEant JURASSIC Mlﬁ? Abundant dinosaurs and ammonoids
B |
EARLY
190 -
<z TRIASSIC T N i e I l
e arliest dinosaurs, flying reptiles
2000 [ — o |A szw Abundant ¢ycads and conifers
o Rj EARLY 5,5 Extinction of many kinds of marine —
L PALEOZOIC LATE I animals, including trilobites
2a| Y PERMIAN 256
2 EARLY Little change in land animals
1L 286
4 A . Earliest reptiles
'S T Pennsylvanian Great coal-forming forests l I
= 320 LS
) E CARBONIFEROUS Abundant sharks and amphibians
; i aa i Large and numerous scale trees
3000 . = Mississippian and seed ferns a .
1 A
360 —
24 LATE 1
A . E mE—3Z4 Earliest amphibians, ammonoids, sharks
< |E DEVONIAN |———— 387 Extinction of armored fishes, other
= fishes abundant
o~ EARLY I Diverse brachiopods
U LATE 4?3 Earliest insects
Eé SILURIAN a9 Earte;t lalnd planttsfand animf::s
EARLY I eak development of eurypterids
438 —
4000 LATE 1
458 f‘irst cagals
MIDDLE nvertebrates dominant
ORDOVICIAN ! — mollusks become abundant
478 Echinoderms expand in numbers
EARLY I and kinds
505 Graptolites abundant
LATE Earliest fish
Algal reefs
MIDDLE Earliest chordates
CAMBRIAN Diverse trilobites dominant
EARLY
5000 Earliest marine animals with shells
540
Soft-bodied animals
1300 Stromatolites u .




‘ORK STATE AT A GLANCE

Tectonic
Events
Affecting
Northeast
North
America

Important Fossils
of New York

Important Geologic
Events in New York

Inferred Position of
Earth’s Landmasses

Advance and retreat of last continental ice

MASTODONT

FIG-LIKE LEAF

Uplift of Adirondack region

Sandstones and shales underlying Long Island and
Staten Island deposited on margin of Atlantic Ocean

Development of passive continental margin

Kimberlite and lamprophere dikes

Passive Margin

Atlantic Ocean continues to widen

Initial opening of Atlantic Ocean

Intrusion of Palisades sill
Rifting

Rifting

Massive erosion of Paleozoic rocks

Appalachian {(Alleghanian) Orogeny

caused by collision of North America
and Africa along transform margin

BRACHIOPOD
AMMONOID

PLACODERM FISH

Catskill Delta forms
Erosion of Acadian Mountains

Acadian Orogeny caused by collision of
North America and Avalon and closing
of remaining part of lapetus Ocean

Fvaporite basins; salt and gypsum deposited

Transform Collision

Erosion of Taconic Mountains; Queenston Delta forms

AN

Taconian Orogeny caused by ¢losing of
western part of Iapetus Ocean and col-
lision between North America and vol-
canic island arc

TRILOBITE

Continental Collision

=
S
-
k2
E}
=]
2
=}
wm

up
£
<
&

STROMATOLITES

Iapetus passive margin forms

Rifting and initial opening of Iapetus Ocean

Erosion of Grenville Mountains
Grenville Orogeny: Ancestral Adirondack
Mtns. and Hudson Highlands formed
Subduction and voleanism

Sedimentation, volcanism

1189 million

years
ago

458 miilion

years
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B
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PRESSURE
{millions of atmospheres)

TEMPERATURE (°C)

Inferred Properties of Earth's Interior

o™

UMﬂKLO

ANTIC
RIDGE

CEAN >

DENSITY (g/cm?)
2.7 continent

/3.0 ocean

3.4-4.7

EARTH'S CENTER

6000

5000

4000

3000

2000

1000

e

1
(—-- PARTIAL MELTING OF
ULTRAMAFIC MANTLE

c—

1000 2000 3000 4000 5000 6000

DEPTH (km)



TRAVEL TIME (minutes)

= N W & OO0 OO N O W O

Average Chemical Composition

of Earth's Crust, Hydrosphere, and Troposphere

CRUST HYDROSPHERE | TROPOSPHERE
E(';f,:f.fﬂ; Percentby | Percent by Percent by Percent by
Mass Volume Volume Volume

Oxygen (O} .{. 46.40 ... . 84.04 33 21
Silicon (Si) e oees 28.15 .. . 0.88

Aluminum (Al) 8.23 0.48

Iron {Fe) 5.63 0.49

Calcium (Ca) 4.15 1.18

Sodium (Na) 2.36 in

Magnesium (Mg)| ... 2.33...|...0.33

Potassium (K) 2.09 1.42

Nitrogen (N) 78
Hydrogen (H) 66

Earthquake P-wave and S-wave Travel Time

) AN
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3 4

5

6 7

EPICENTER DISTANCE (x10° km)
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Dewpoint Temperatures

Dry-Bulb Difference Between Wet-Bulb and Dry-Bulb Temperatures (C°)
Tt:::"(?g AR EREREREEEEEREREREREAEEERES
-20 -33
-18 -28
-16 -24
-14 -21| -36
~12 -18] -28
-10 ~14}) -22
-8 -12| -18] -29
-6 -10| ~-14| -22
-4 -7 -12{ -17| -29
-2 -5] -8| -13]| -20
0 -3] -6] -9] -15] -24
2 -1 -3 -8 -11] -17
4 11 -1 -4 -7 -11] -19
[:] 4 1 -1 -4 -7] -13] -21
8 [ 3 1] -2] -5] -9] -14
10 8 6 4 1] -2 -5] -9] -14] -28
12 10 8 6 4 11 -2]1 -5] -9| -186
14 12 11 9 6 4 11 -2 -5 -10] -17
16 14 13 11 9 7 4 1 -1 -8 -10] -17
18 16 15 13 11 9 7 4 2{ -2} -5| -10[ -19
20 19 17 15 14 12 10 7 4 2] -2| -S| -10] -19
22 21 19 i7 16 14 12 10 8 [ 3] -1{ -5] -10] -19
24 231 21 20| 18 16 14 12 10 8 6 21 -1l -5] -10] -18
26 25| 231 221 20 18 17 15 13 11 9 6 3 0] -4] -9
28 271 25] 24| 22| 21 19 17 16 14 11 2] 7 4 1] -3
30 29] 27] 26| 247 23] 21 19 18 16 141 12 10 8 5 1
Relative Humidity (%)
Dry-Bulb Difference Between Wet-Bulb and Dry-Bulb Temperatures (C°)
Tempera- \ 13T Ts Te [ 7 8 [ o T30 [ [2 355775
ture {°C)
~20 28
-18 40
-16 48 0
-14 55 11
-12 61| 28
-10 66| 33 0
-8 IA; 41 13
-6 73] 48] 20 0
-4 77 54 32 11
-2 79] 58] 37| 20 1
0 81 63] 45| 28 11
2 83] 87| 51 36| 20 <]
4 85| 701 sSef 42 27| 14
6 86| 72| B9; 46| 35| 22 10 0
] 87| 74| e2f 51 3g| 28] 17 6
10 88| 76| 65| 54| 43 337 24 13 4
12 88| 78| 67| 57| 48[ 38| 28| 19] 10 2
14 89] 79| 89| 60| 50| 4% 33] 25 16 8 1
16 90F 80y 7t 62] 54] 45] 37| 28 21 14 7 1
18 91{ 81] 72| 64] 56] 48| 40| 33 28] 19 12 6 0
20 91 82f 74| 66] 58] 51 44| 36| 30| 23§ 17 11 5 0
22 92 83| 75{ 68| 60| 53| 48| 40| 33| 27] 21} 15| 10 4 0
24 02 84| 78] 69| 62| 55| 49| 42| 36| 30 25] 20| 14 9 4
26 92| 85| 77} 70| 64| 57| 51} 45] 39| 34 28F 23] 18] 13 9
28 93| 86| 78] 71 65| 59| 53| 47| 42| 38] AN 26] 21 7] 12
30 93| 86| 79] 72| e8] &1] 55F 49| 44| 39] 34 29] 25] 20| 16




Temperature
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Electromagnetic Spectrum

Wavelength in meters (increasing)

Violet

Blue Green Yellow Orange Red

Solar System Data
Mean Distance Period Period | Eccentricity | Equatorial
Planet from Sun of of of Diameter Densitsy
(millions of km) | Revolution | Rotation Crbit (km) {g/cm™)
MERCURY 579 B8 days | 59 days 0.206 4,880 5.4
VENUS 108.2 224.7 days | 243 days 0.007 12,104 5.2
EARTH 149.6 [365.26 days | 23 hours 0.017 12,756 5.5
56 min
4 sec
MARS 2279 687 days | 24 hours 0.093 6,787 3.9
37 min
23 sec
JUPITER 778.3 11.86 years 9 hours 0.048 142,800 1.3
50 min
30 sec
SATURN 1,427 29.46 years | 10 hours 0.056 120,000 0.7
14 min
URANUS 2,869 84.0 years { 11 hours 0.047 51,800 1.2
NEPTUNE 4,496 164.8 years | 16 hours 0.009 49,500 1.7
PLUTO 5,800 247.7 years 6 days 0.250 2,300 2.0
9 hours




Selected Properties of Earth's Atmosphere

km 50— mi
-+ TEMPERATURE ZONES
_"75 ’f’
ATMOSPHERIC ~

PRESSURE 00—

—

THERMOSPHERE

. b50 — — ~ —— — — MESOPAUSE —
L ? MESOSPHERE
-1 L
[}
—_— - 50 _— — E — - - STRATOPAUSE
--25 E
4 <
B STRATOSPHERE
P P =~ TROPOPAUSE —~ —
TROPOSPHERE
SEA LEVEL Q-0 i . o : —
0 -1Q I o 100*
CONCENTRATION -90° -s85¢ |5
{g/m% PRESSURE (atm) TEMPERATURE (°C)

Planetary Wind and Moisture Belts in the Troposphere

Mean position
of polar jetstream

Polar Front

Mean positions
of subtropical
jetstreams

Mean positions
of subtropical
jetstreams

« SE "\
WINDS |\

Mean position
of polar jetstream

The drawing shows the locations of the belts near the time of an equinox. The locations
shift somewhat with the changing latitude of the Sun's vertical ray. In the Northarn
Hemisphere the belts shift northward in summer and southward in winter.




Equatwnsandl’mpoﬂwns

Equations
Percent deviation deviation (%) — Sifference from accepted value 44 Cp = specific heat
from accepted value accepted value C = circumference
. . d = distance ;
Eccentricity of an eilipse eccentricity = distance between fgm . T
length of major axis D'= density o
, . change in field value F=torce -
Gradient gradient = change in distance h < height
Rate of change rate of change = change in field value Hy = heat of fusion

change in time izati L
ge in i H, = heat of vaporization L

Circumference ofacircle €= 2nr Za = shadow angle

Eratosthenes’ method sa s /= length
tc?rgffﬁfré?ghif arth's 360° - C s = distance on surface
m= mass -
Volume of a V= Awh _
rectangular solid W Q = amount of heat
. m r=radius
Donsity of a substance b= v AT = change in temperature
i . V = volume
Latent heat solid =—~liquid Q= mH, W < width
liquid—gas Q=mH, =wi
Note: n=23.14

Heat energy lostor gained Q=m ATCp

b EURYPTERID
New York State Fossil

[Ty
e :r_:%:n—-
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Proportions

Kepier's harmonic law

of planetary motion (period of revolution)? « {mean radius of orbit)®

, o mass, x mass, m, m, :
Universal law of gravitation  force - ) ;

{distance between their centers)?

Physical Constants _

Properties of Water Radioactive Decay Data
i RADIOACTIVE HALF-LI{FE
Latent heat of fusion (Hp..oovrerrvccoreeec.. 80 calig ISOTOPE DISINTEGRATION (voars)
Latent heat of vaporization (H,).......... 540 cal/g
. Carbon-14 ¢ N 5.7 x10°
Density (D) at 3.98°C ......................1.00 g/mL arbon -
40— A 13x10°

Potassium-40 K™ <, Ca®®

ifi i 9
Specific Heats of Common Materials Uranium-238 | UZ®_, pp2® | 4.5x10

SPECIFIC HEAT (C,)
MATERIAL )
lig-C® T
: e Rubidium-87 | RL¥ s’ 49x10
solid 0.5
Water { liquid 1.0
gas 0.5 Astronomy Measurements
Dry air 0.24
Basalt 0.20 MEASUREMENT EARTH SUN MOON
Granite 0.19
Iron | 0.11 Mass (m) 598 x10°*kg | 1.99x10%kg | 7.35x 10%kg .
Copper 0.09 Radius (r) 6.37 x10°km | 6.96x 10°km | 1.74 x 10%km
Lead 0.03 Average density (D) 5.52 g/cm3 1.42 g/crn3 3.34 g;rcm:i

"~ DET 516 (7-97-300,000)
"+ 7059928




