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CH;:;;HIC/lL '!: LEl1SNTS 

List ed in dp. cT.casinc order of ab..l "danCe)'( in Earth's Crust. (ppm) 
Symbo J A tom'. ~!t. I.bund ance* NamQ S ymbo 1 Atom. Wt. Abundance::" 

Oxygen 
Silicon 
Aluminum 
Iron 
Calcium 
S.)dium 
P0t as sium 
i1agnesiuln 
Titanium 
Hydrogen 
F!losphorus 
Manganese 
Sulfur 
CC'.r0on 
Chlorine 
Rubidium 
Fl uorine 
Strontium 
Barium 
Zirconium 
ChrOtaiurn 
Vanadium 
Zinc 
Nickel 
Copper 
Tunssten 
Lithium 
Nitrocen 
Ce rium 
Tin 
Yttrium 
Neodymium 
Co 11.1mb ium 
Cobalt 
La~th3num 

Lead 
Ga 11 iun 
Molybdenum 
Thorium 
Cesium 

o 
Si 
Al 

. Fe 

Ca 
Na 
K 
Mg 
Ti 
H 
P 
Hn 
S 
C 

Cl 
Rb 
F 
Sr 
Ba 
Zr 
Cr 
V 
Zn 
Ni 
Cu 
H 
Li 
N 
C2 
Sn 
y 
Nd 
Cb 
Co 
La 
Pb 
Ga . 
110 
Th 
Cs 

16.00 
28.06 
26.91 . 
55.8tf 
/+0.00 
22.99 
39.09 
24.32 
L}7.9 

1.0078 
31.02 
54.<j3 
32.06 
12.00 
35.5 
85.44 
l ·Y .OO 
C7.63 

137.36 
<; 1.22 
52 .01 
50. ::5 
65.313 
58.6 9 
63.57 

1(34.0 
6. ; t.f 

It~· .00,] 
140.13 
110.7 

Ji3 • ~:2 
14tf.27 

C; 2. n 
50. '~: 4 

130. :)2 
207.22 

69.72 
96.0 

232.12 
132.n 

466,000 
277 ,200 
81,300 
50,000 
36,300 
20 ,300 
25,~OO 
20,000 

4,400 
I,LfOO 
1,800 
1,000 

520 
320 
314 
310 
300 
300 
250 
220 
200 
150 
132 
80 
70 
6~ 

65 
46 
46 
40 
23 
2Lt 
20, 
23 
18 
16 
15 
15 
12 

7 

Genn&niur:l 
Bery1liulu 
Samat' ium 
Gado 1inittrll 
I)ra::;eodYl,liura 
Scandium 
Arsenic 
Hafnium 
Dyop!:'osium 
Uraniurtl 
Boron 
Ytterbium 
2rbiup.l 
Tantalum 
Bromine 
Holmium 
Eur.0piu tn 
Ant i r.lony 
TerbiUl:l 
Lut;ec iUln 
Thalliuril 
Hercury 
Iodin e 
Bismuth 
Thuliulil 
Cadr~ium 

Silve:: 
Indium 
Sc l<:mium 
Argon 
Palladiur!l 
Platinum 
Gold 
Helium 
Tellurium 
Rhedium 
Rhenium 
Iridium 
Osmium 
Rutheniulcl 

Gd 
Pr 
Sc 
An 
Hf 
Dy 
U 
B 
Yb 
Er 
Ta 
Br 
Ho 

Sb 
Tb 
Lu 
Tl 
Hg 
I 
Bi 
Tm 
Cd 
Ag 
In 
Se 
A 
Pd 
Pt 
Au 
He 
Te 
Rh 
Re 
It' 
Os 
Ru 

72 .6 
).02 

150.43 
157.3 
140. )2 

45.10 
74.91 

178.6 
162.46 
238.14 

10.82 
173.04 
167.64 
1130.133 

79. ) 2 
163.5 
152.0 
121. 76 
15 :; .2 
175.0 
204.39 
200.61 
126. 'J2 
20~) .00 
169 .4 
ll2.41 
107.8J 
ll4.76 
73. )6 

39.% 
106.7 
195.23 
197.2 

4.002 
127.61 
102.91 
186.31 
193.1 
191.5 
101.7 

*Abundance indicated in grains per metric ton, or part:s per million 

7.0 
6.0 
6.5 
6.4 
5.5 
5.0 
5.0 
4,5 
if .50 
4.0 
3.0 
2.7 
2.5 
2.1 
1.6 
1.2 
1.1 
1. ? 
0.9 
0.8 
0.6 
0.5 

·0.3 
0.2 
0.2 
0.15 
0.1 
0.1 
0.0 ) 
0.04 
0.01 
0.005 
0.005 
0.003 
0.002 ? 
0.001 
0.001 
0.001 
0.001 ? 
0.001 ? 

Element Wt. % At on % Ionic Radiun (hngstron Units) Volume 

Oxygen 
Si licon 
Alurllinum 
Iron 
Calcium 
Sodium 
Potassium 
Hagnesium 

46.60 
27.72 
8.13 
5.00 
3.63 
2.33 
2.59 
2.09 

62.55 
21.22 

6.47 
1. S'2 
1.94 
2.64 
1. t~2 
1.84 
, 

1.40 (0--) 
a .Lf 1 (S i -H-H,) 
0.50 (AI +-:+) 
0.75 (Fc+"{) 0.64 (Fe+++) 
0.99 (Ca+r) 

.95 (l'Ta":") 
1.33 (1(':") 
o .65 (11g ':+) 

91. 97 
0.80 
0.77 
0.68 
1.l;·8 
1.60 
2.14 
0.56 

Note: Isotopes of elel!lE'!nts ar. e y)ritten with weight as subscript. (e. g. C14 is 
. Carbon with an atomic weight of fourteen.) 
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I - METALLIC LUSTER: 

or 

Black 

L 

II - NON-HETALLIC LUSTER: 

Faint 
Colors 

'. 



DETERiVlINATIVE MINERAL '.l',lBLE --- ---------

II - NON- METALLIC LUSTER (Continued ); 

STREAK. __ ~ 

Pale 

or 

Faintly 

Colored 

, , 

I 
I 

I 
I 
! 

Light 
Gray 

Brown, 

Orango 

.J ____ ~ --- ------



DETERMINATIVE HINJ~RAL .1ADLE 

I - METALLIC LUSTER: 

_ ST~~~_J COLOR .. Uu.UIDNE~S J S~C.: ... ~~~~~~ ..... l'.f~i~ __ . '. ; .RE~I\s _' 

ROd~fT ~~~~n ; l:;:r~~~~~~f~i :~t~~~~-~~h~~~:i ~C-~ I ~~~~~i--l~~~~~~~i~~i~~~~ --..: 
rown L. __ .. ___ .:l 5.'~6.? ... 1 Ihgh Hcmntito Fibrous Bri.aht or Earthy 

Dark 3-4.5 !'vo'r y rUeh . _.- Tc trnhodr1.te - .. ,- - . . - .~ .. - ., .-.--_._ .. ... - .- ..... . 

Gray- .. _ ... __ .. _ _ _ .. ' " .. '''_ T 'J l"Jlant.it~ _ .. ~B.ri~~.~9.l ?~mp~cx .. 9..ll orc:~. __ .. ... _ 
Black 3.~-~ . f Above: .Av9'£.· .. Sphalerite . :R osinous. }ustcr. 6. c:rs ... _._. ___ . 

-Ycllo"--"''' - '- .. _. .? •. 5~.§~ 5 ... )1ig~. .. ,, _ __ _ ?CJ!llattto _----1§.£1.~~_ .!'lE-t.Y~ Scaly . . _ ... _ . _ _ . 
w ~~)~~O-'~ 2 .. 5-3 . E~~r. Hig~ Go.~<? _. _ . . p1allo~blo I So_ctil? _ .. ... . _ .. _ . __ 

.. _!3ro~n . ;r-!?~aCK .5-4 J ~ovo Aver. , SphaTerite I Resinous luster 6 Cleavs. 
Greon- l?1:~c.~-:_. i:-i! 5 .. ': (very ' High : . . · t Holybd~mi~9 Bl1:!iSh~..1~~y·,-1Joat59·.rq, .. XOl)._oy ·. 

__ B~.~~~. _ ~n2:.sh .. , .6:-:-6.5 ' .9:!:gh . .. . '" .!1(lre~l.3ite. ... Cocks c?mb pyrites ... _ .. __ .. .... _ .... . _ 

v~~~k-·· t~~~R ._ .. , 'r; ~·:t4 · ~~~6~t~V~i~h ·~ .·2;~;~~ritC? .. ! ~~bi~o(j) ~t};;~;g~~~po~i~~~'~- ~" ." 
Gray Gray ?.!5~.3 .. . Extr. Hir,h . Silver . tS~lver .colc:r, wO:1.thars D.~~~k ._ 

or ~~.5.=-1-_ 'yq!'y H~gh. _ ... _ 9ha :J-cocito. .f ~ilvory ... 01~ c ,=mchC?i~a~ )~r:tl9_t.! .. _. 
or 

Black 

Black 3-4 •. ~_ . i · Vary :!ieh . ; .fctrl111ccl;t":t:~.OfDr~ttle .• -Q.O..Ppor-or9 .. _ . . __ . _ .. __ 
.. ______ #-2...L_-. + .Ex.c_QI>t .• aigh .. r Arg,eI}:ti!;e_ _ S.cctilo • . _S}?:~Y. s1?roal.c .. _ . __ __ . . ' 
Lt. Gray ; l-l~ 5 . v.ery Htgl]. 1, Molybdenit9. BluiG.h ovcrt()nOG ,_ .P1~~.Y _ _ ... ___ .. 

to : ~.,5 . . . ~xccpt. )-ligh Galena Perfect Qub~c .. Clc lwu,ge. . . . .. . 

Met. Whi i '2'~ 5:5.- ~~ . . ~~;~i._fi]gh·.·: .~ 1 ~~~~~~~~ tq .. j' ~;~~~~i~:. r~-;~!;tJo·~·l~{~;~i -_ . _ 
_____ ... __ . .. 1.5-5.5 . . _ .. Y91:Y High ..... t.~.S';Lfr'\miteJ,Perfcc1? Q.1o_~~.gf?~ ... 'J.:~gston_ .. 
Bras3Y . 6.:-:6.5._.. High .. _. , _._.- .! RY;r'j.~o __ ... . II OOqd 9:rysta;:Ls. qr. mg~. :l1.V9 .. _. __ .. 
¥9l10V! ... _ . .l.,5-4. Abovo AYor . .. .. -l Chalcopyrite J Tarniahes . 9 a::.>JJ.y. . Greo. !).i~h. 13.t... 
BrQ~z9 . 3 i ye;ry.)Iigh . Bornite " _j .~lllj,:?b-Pw;PlQ Tarl}.:i:~h. •. C9L?I!Q;r . 
}3;1.1;.9 .. .. . 1.5-2 .. :. High ... yoyel1ito B~uiDh, flaty. Copp~r. oro .... 
B!,.ow~._ _ 5-? • .5 . . . . 13QrY: High __ .. _tH9lfrQii}ite. ). I'o~f.ec'Ji C;Leav • . _.:I'UIlE9.t9J!. P;r'Q _. 
Black Q _. _ ..... i Very Hi..gh __ '. Mc,'"J.RDoi,iito . j Strongly MagnQ.tic. J,ron oro __ 

___ . __ .' 5.5 r Extr. High I Uraninite ,Radio-nctivo. Grainy - -.-.-... .. .... _ .. . .. --.--.. -- .. - .-...... --. --l-. ------.---.- ... -...... _. - .. - .. - -- .. - - .- ... . _ .... __ ... - ... __ . - . - .- . -~ .. --.--- ....... .. ---.--.----.---.. --.~-. . . _--_._._ .. - ..... _-_ ... ---_.-... _ ............ -. - .. - - .... ----~--- -
II - NON-METALLIC LUSTER: 

Light 

or 

Faint 
Colors 

vlhito 

-' 



II - NON-METALLIC LUSTER (Continued): 

Light 
Gray 

Blue 

"' 



STUDENT REFERENCE MINERAL COLLEC'rION 
(M.I.T. Mineral Collection) 

lj·5 W 0120 ,( 

Arranged According to Dana ~ 13 System o:f lI'lirwralogy 
Seventh Edition 

. NATIVE ELEfl1EWj~S 

1.. Sulfur 
2. Gl"'aph1tu 

SULFIDES . 

3.. Chalcoc::. te 
4~ Bornite 
5. Galena 
6. Spha1er:i. te 
7 t1 ChalcoPYl"i te 
8.. Nicce,l! to~ 
9 .. Pyrrhot:~_ te 

10.. Covellit e 
11 <II Cinna.ba1" 
1.2.. Realgru" 
13 • . Orpimeni; 
14.. Stibnite 
15. __ ' Pyri te _ 
16.. r-1arcaDlt e 
1.7. ArsenoPJ 'l"1 te 
18. f.101yt.d.erd te 
19.. Sma'ltit,,; 

SULFOSALTS 

20 0 Tetrahec1rtte with Siderite 
21.. Enargi te 

OXIDES 

22.. Cuprite with Chrysocolla 
23. Zinclte. etc. 
240 Corundum 

25.. Hema"l:;it~~ 
26. Ilmenite 
27. Hausmannite 
28. tile 
290 assiterite 
30. olusite 
31. auxite 
32. silomelane 

SUl.ful'" f Nevada 
Colombo, IsIC?ndof Cey:to:n. 

: Butte , Montana . 
Superiol'"~ Arlzona 
Galena~ · Kansas , 
Otta\i'd COU1'fCY, Oklahoma 
RouYi1. Dlst:i:~ict1 Quebec ~' Canada 
Cobalt , Ontario . 
Falcm1bl"idg e t Olltario 
Butte" r'Iontana 
\'Tinnemucca, Nevada 
Ma.nhattan~ Nevada ' 
Manhattan, Nevada 
San Benito, California 
SOl1.ora ~ r~[eJCil~o ~ 
Pough's Quarry, !-1exico 
Gol d Hill\) Utah 
Ss.l t Lal\e Ci ty ~ . Utah 
Cobal~t , O~.tario 

CoeUr d'Alene District, Idaho 
Butte) Montana 

Butte, }lonta.1'la 
Franklin~ New Jersey 
Zoutpansberg District, 

Ironton, Minnesota 
st. Urbain, Quebec 

Transvaal 

Huehue Tanango~ Guatemala 
Clay County, North Carolina 
r1exico 
Dona Ana County" Ne\IT IVlexico 
Little Rock, Al~kansas . 
Amapa, Brazil 



OXIDES 

33. 
34. 
35. ' 
36. 

c()ntinued 

Limonite 
Nagneti te, 
Franklinita 
Chromite 

HALIDES 

37.. Halite 
38.. Fluori"i;e 
39 a Cryoli 'ce 

CARBONATES 

40. 
41. 
42. 
4311 
L~4~ 
4-5. 
l~6 • 
47. 
l}8 .. 
49 • . 
50. 

Calc1tl9 
I"lagneslte 
Siderite 
Rhodochrosite 
Smithsonlte 
AragoP.ite 
Strol1tian:l te 
Cerussite 
Dolomite 
r-1alach:L te 
Az~ite 

NITRATE 

51. , Soda-l\T:i. ter 

BORATE 

52., Colemanite 

Sl,JLFATES 

53. Barite 
5l~. Celestite 
55.. Anglesite 
56. , Anh.vdrl te 
57. Gypsum 
58. Alu..1.1-ce 

, . PHOSPHATES 

59. 
, 60. 
6i. 

Apatite 
Colluphani te 
Vanadillite 

TUNGSTATES 

62.. Ferberite .. 
63. Scheel1.te 
64.. Wulfenite 

. - 2 -

Tuscaloos a, COlxnty, Ala'nama 
Iron CountYt Utah ' 
Franlt:lin, New IT eI':.1ey 
Selukwe t Southern Rhod:<:.sia 

Detrol t, ~Uchigan , 
Rosiclru'e p Illi nois 
Ivigtut, Greenland . 

Cherokee County, Kl:1.1J.sa::{. 
stevens , County, '\V'aahington 
Nova Sco·t.ia 
Argentina 
KOlly, N" j w Mexico 

' England 
Hamra p Germany 
Coeur d , Alene D:Lstrict) Id.:::J w 
SelesV'aan., NOl"\'iay 

Congo 
Bisbee, Arizona 

'Tarapaca ~ Chile 

b1YC Cov~~ty, Cal ifornia 

ICu'lgs Creek, Sout h Carolb1a 
Torreon, Coahuila ,Nel~i co 
Dividend, Utah 
Ba\'lcroi't, Ontario " 
Grand Rap ids, ~fJ::.tchigan 

Ma.:.-'y·svale ~ Utah, 

Perth; On-c;a't'io 
Conda, Idaho 

) . 

Gila Count.y, Arizo;a.a 

Boulder County It 'Colorado 
Porcupine 0 Ontm"io 
Gailt~ro r<1ountaillS, Arizona 

, \ 



--' 

SILICATES 

Nesosilicates ,;,;,;0.; _____ ,. u-. .... 

65. Willemite with Frru1klinite~ 
66. · Olivine 
67. . Garnet (.Almandine) 
68. Zircon ' 
69.. Andalusi"ce 
70" Sillimanite 
710 ·Kyanite 

. - 720 Topaz 
73. Staurolite 
74. Titanite (Sphene) 

Soro.sili~~ 

,'S" Hemimorphi te 
'16 0 Epidote 
?7 • Alleni te 
78. Idocrase (Vesuvianite) 

Cy.closil:!..c~~§. 

79. Beryl 
, . 80. Cordierite 

81.. Tourmaline 

3 -

etc .. 

- · 82 ·.~ Chrysocolla - "f - ---. . - _ .... 

83. 
84. 
85. 
86 0 

87. 
88 •. 

. 89. 
90. 

'I.noBili.cate~ 

Enstntite 
D10paide 

. SpOdllmena 
Augite 
Rhodonite 
Tremoli te " . 
Actinolite 
Hornblende 

Phyl1osil1cates . 

910 Kaolin 
92. Serpentine 
93. Garnleri"te 
94. Talc 
95. Muscovite 
96. Phlogopite 
97.. .Blotlte 
98. Lepidolite 
990 Chlorite (Prochlorite) 

Franklin~ New Jersey ' 
Jackson Co .. , North ' C,$I'(Jlina 
1/jarren County t; Ne;:; York ' 
Brazil . 
r.Un~ral County, l\Teyada 
AU8trali~l 
l\1illas Geraisf/ Brazil 
Stoneham, IVlaine . 
Abl1m'le? Vil"'g1.r.l.ia 
vies-cport ~ .On"cario 

Ne't.n;on . Comrty, 11isB01n.:i 
Calume·t, Color ado 
Essex Cotm:ty. Naifl Yor.k · 
Cresjcmor(~, CalLfornia 

Argentina 
Kragero I) NOM-lay 
Brazil . 
IVliami . .Ar izonu 

Bamble, NO:t"'lay 
l\Unas GeT'ais ,BI'Z.z].l 
near KeYt..~"to:ne? South' Dakota 
Otter Lake; Quebec 
SilvertQil, C.olorado 
Balmat~ New York 
Chester 11 Vel'mont 
O-tter Lake, Quebec 

Dry B:l'anch~ Georgia 
ThlJrman~ Ne\1T Yo!'k 
near Riddle, Oregon 
St. Lawr'ance Co .. ~ New Yorlt: 
Eau Claire, Ontario 
Burgess, CI.atario 
Bancroft, Ontario 
Keystone) South Dalto·t;a 
Chester, Vermont 



T:ectosl1i,c}ates 

.100. . Milky Quartz 
101. Chalcedony 

4 -

102. . Opal . '. 
103 CI • Orthoclase ' .(rJlicroclj.ne) 
104. ~lagloclase (Labradorite) 
105. Leucite 
106 0 Nephel:lne 
107. Sodali'ce 
lOB • . Scapolite 
109.. Natrol:l te 
110. Stl1bi-ce 

Prepared by: . 

Pru"k County, Colorado 
Ri versldc, · \lTaahi.ngt~n 
Virgin Valley, Nevada 
Parry SOl.md Distl"'ic~t, Ontaric­
Lalte St.. J 01111 Co., Que bee 
Civi ta ,Castel.larm, lt9l1y 
Dwlgal.'1l101'1 Township 1 Ontar:i.() 
Bal1cro:f.t f Ontario 
Bolton. 11assacllusetts 
Oregon 
Nova ·Scotia 

, . 

, . 

~--.. ---~ 

. WARD'S NATURAL SCIENCE ESTABLISHNENT. INC. 
P.O .. Box 17i2 

Rochestel", New York!) 1460; . 


