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Hydrated salts on Mars: e.g., bassanite

1.00

| Laboratory
| bassanite

0.95
| (CaS0,%H,0)

" Wray et al. (2010)

1'05W
" MRO/CRISM \"‘\

1.0

1.5

Wavelength {umy}

2.0

N
()



Spectroscopy-guided roving

» >
-

DR ne C‘h‘annels

—

Fresh
Craters

Cemented

Fractures \




> s Moy n?

- -k s ,“ - . \“ 2 -2 -'-\c)'k‘ ,f‘)a..s'..’,'.&&

hydrated minerals



Unfilled d orbitals: the transition metals

Periodic Table of the Elements

1 New
1A Original
1 1
1 H 2
Hydrogen
1.00794 A
3 2 4
2 Li Be
Lithium Beryllium
6.941 9.012182
11 8 12
1
3 Na Mg
Sodium Magnesium
22989770 24,3050
19 & 20
8
4 K i Ca
Potassium Calcium
39.0983 40,078
37 : 38
18
5 Rb 5 Sr
Rubidium Strontium
85.4678 87.62
55 : 56
18
6 Cs = Ba
Cesium 1 Barium
132.90545 137.327
87 : 88
18
7Fr # Ra
Francium 8 Radium
(223) 1 (226)

Note: The subgroup numbers 1-
18 were adopted in 1984 by the
International Union of Pure and
Applied Chemistry. The names
of elements 112-118 are the
Latin equivalents of those
numbers

Iron is the most geologically abundant transition metal

57to 71

89to 103

Alkali metals

Alkaline earth metals

Transition metals

Lanthanide series

Ti
Titanium
47.867

40
Zr

Zirconium
91.224

72
Hf

Hafnium
178.49

104

Rutherfordiurm
(261)

Vanadium
509415

41
Nb

Niohium
92.90638

73
Ta

Tantalum
180.9479

105

Dubniurn

Chromiurm
51.9961

42
Mo

Molybdenum
95.94

74

W
Tungsten
183.84
106

Seaborgium
(2686)

1
3
3
1

2
8
g
2
2
2
2

Actinide series

Poor metals

Nonmetals

Noble gases

Mn

Manganese
54.938049

43
Technetium
(98)

75
Re

Rhenium
186.207

107

Bohrium
(264)

2
8
8
2
3
2

1
3
3
1

Iron
55.8457

44
Ru

Ruthenium
101.07

76
Os

Osrium
190.23

108

Hassium
(269)

VIIB

Co

Cobalt
58.933200

45
Rh

Rhodium
102.90550

77
Ir

Iridiiurn
192.217

109

Ni
Nickel
58.6934

46
Pd

Palladium
106.42

78
Pt

Platinum
195.078

110

Solid

Liquid

107.8682

79
Au

Gold
196.96655

111

(268)

&
(271)

Atomic masses in parentheses are those of the most stable or common isotope.

Cadmiurm
12411

Ununbiurn
(285)

1
Al
Aluminum
26.981538

18
VIIIA

57
La

Lanthanum
138.9055

89
Ac

Actinium
(227)

noBDEN
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poBRBoN

58
Ce

Cerium
140.116

90
Th

Tharium
232.0381

2
8
18
32
18
10
2

59
Pr

Praseodymium
140.90765

91
Pa

Protactinium
231.03588

M=

2
8
8
1
8
2

2
8
g
2
0
9
2

60
Nd

Neodymium
144.24

Uranium
238.02891

61

e

2
8
8
2|
8
2

Promethium
(145)

93

T

Neptunium

2
8
8
2
2
9
(237) 2
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62 2 63 2 64 2

18 18 18

Sm z Eu z Gd 3z

Samarium 2 Europium 2 Gadolinium 2
150.36 151.964

2 2 2

94 7 95 2 9 H

18 18 18

32 32 32

24 25 25

Plutonium 8  Americium 8  Curium 9

(244) 2 (243) 2 (247) 2

vah.com). http:/Awww.dayah.com/periodic/
65 2 66 2
18 18
27 28
Tb %Dy
Terbium 2 Dysprosium 2
158.92534 162.500
97 7 98 H
18 18
32 32
27 28
Berkelium 8  Californium 8
(247) 2 (251) 2
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Molecular vibrations
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Vibrational Processes

The bonds in a molecule or crystal lattice are like springs with
attached weights: the whole system can vibrate. The
frequency of vibration depends on the strength of each spring
(the bond in a molecule) and their masses (the mass of each
element in a molecule). For a molecule with N atoms, there
are 3N-6 normal modes of vibrations called fundamentals.*
Each vibration can also occur at multiples of the original
fundamental frequency (overtones) or involve different modes
of vibrations (combinations).

* In general, a molecule with N atoms has 3N-6 normal modes
of vibration but linear molecules have only 3N-5 normal

modes of vibration as rotation about its molecular axis
cannot be observed.




Peroxide, CO, and more on Europa

(and Ganymede, Callisto)
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REFLECTANCE
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Sulfate vibrational absorptions

Gypsum HS333.3B (Selenite) W9R4Naaa RREF
Clark and others 2007, USGS, DS231
Digital Spectral Library

splib06a 8808 w= 42

SO,%* overtones,
combinations

WAVELENGTH
http

(Lm)

://speclab.cr.usgs.gov/spectral.lib06/




Fundamental modes of

free CO;% ion (will vary in

minerals):
v, =9.407 pm
v, =11.4 um
v;=7.067 um
v, =14.7 um

REFLECTANCE

Combination /
overtone bands
are weaker

0.

Carbonate vibrational absorptions

- Calcite WS272 WI9R4Naaa RREF
Clark and others 2007, USGS, DS231
Digital Spectral Library

6 splib06a 4172 w= 42

http://speclab.cr.usgs.gov/spectral.lib06/
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Band position in carbonate minerals shifts with composition
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Organic molecules

|dentified on several moons of Jupiter and Saturn
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Amides: Spectral biomarkers?

b cl

= Link amino acids in _ | sutrtobus
proteins, with distinct IR
signature > biomarker

H2S504 - 8H20
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Bloedite

= NIR bands ambiguous;
stronger fundamental
bands at ~6 pm

Hexahydrite

Continuum-corrected reflectance
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Spectra of common Earth-surface materials
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Spectra of common Earth-surface materials
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Spectra of common Earth-surface materials
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Leaf structure and its relation to spectra

PLASTIDS Leaf surtacas are coated with a
The colors in leaves are contained in , WAXY CUTICLE to prevent
tiny structures within the cells called r,/ water loss.

plastds. Plastids with green chiorophyll

ere called chioroplas, those with _The EPIDERMIS is a layer of
—— d AL —— / spacialized fiattenad osils which
yellow and orangs colors ars,_ - ! : o o

& o0 i . ./ /' appear on all plant surfaces.
called thromoplasts. -~ 2 ; B P AN p?e ) Pt
o £ e - 0 gy 3 -7,

PALISADE PARENCHYMA cells are rich in
chicroplasts and are a primary site of
photesynihesis in the leal

The SPONGY MESOPHYLL cells are also
photosynthetic, and the large spaces
between the cells allow diffusion of

carbon diode d §
.
ik
sToma — o XYLEM and PHLOEM |
Openings in the l=af called stomata : N { ’j_ “ :(ylam Ums:qlm wlmet and mlne':els
are controlled by doors called guard — & | o) rom roots while phiosm moves the
oalls. Stomata permit the exchangs of N, b products of photosynthesis throughoy
moisture and carbon dioxide batwesn ) the tres.

the leaf and atmosphers.

Absorption band in red: chlorophyll pigment
Reflective NIR: scattering in the prismatic leaf cells
SWIR absorption: absorption by leaf water




