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ABSTRACT 

Arsenic is an element known since ancient times. It is the 5:t'd element in order of 

chemical abundance in the Earth's crust with 1.IJ ppm (grams per metric ton). 

Arsenic combines relatively easy with chlorine sulfur, oxygen and many metals. This 

article describes some of the uses and properties of arsenic and arsenic compounds 

and presents a synopsis of the two hundred and seventy eight (278) arsenate minerals 

known at the present time. 
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RESUMO 

0 arsi!nio e um elemento conhecido desde a antiguidade. Esta na quinquagesima 

segunda (52' colocar;iio em ordem de abundlincia quimica na crosta terrestre com 

1.8 ppm (gramas por tonelada). 0 arsl!nio combinafacilmente com cloro, enxofre, 

oxigi!nio e muitos metais. Este trabalho descreve algumas das propriedades e usos do 

arsl!nio e seus compostos e apresenta uma sinopse das duzentos e oitenta (280) 

especies mineralogicas de arseniatos conhecidas ate a presente data. 
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INTRODUCTION 

This article represents a conti1matio11 of mu work dealing with the mineralogy 

of the elements of the Periodic Table. We have already published a series of papers 

dealing with mineralogical aspects of silver, copper, gold, lead, platinum, iitbinm, 

hydrogen, uranium and the rare earths. 1"
8 

Arsenic is am element known since ancient times. It occurs in nature in many 

minerals, mainly in combination with sulfur and a large number of metals. In 

general, the arsenic minerals are subdivided into two large groups, those that 

posses arsenic in a metallic form and the arsenates. In particular, this work 

describes mainly the arsenate minerals. 

The main minerals containing arsenic, other than the arsenates are native 

arsenic (As), arsenopyrite (iron arsenide sulfide), cobaltite (cobalt iron arsenic 

sulfide), enargite {copper arsenic sulfide), erythrite (hydrated cobalt arsenate), 

orpimeut (arsenic sulfide), pronstite (silver arsenic sulfide), realgar (arsenic 

sulfide) and te1111antite (copper arsenic sulfide).9
"
17 

One ofthe most common minerals is mispickel arsenopyrite, FeSAs, from 

which upon heating, arsenic sublimes leaving ferrous sulfide. Arsenic is relatively 

common in volcanic ash and ground waters, due to weathering of mineral ores. 

It also occurs in various organic compounds found in nature in bacteria, molds, 

fish, algae and other plants, the most common ones being trimethyl arsine and 

arsenobetaine. ls.zo 

Arsenic is also present in nature in the elemental state and it occurs in two solid 

modifications, yellow and grey or metallic with specific gravities of 1.97 and 5.73, 

respectively. The more common allotropic form is the steel-grey variety that has a 
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bright metallic luster. Under normal pressure it sublimes before melting, but 

under pressure it melts at 817 °C. It bnr11s with a blne flame at 180 •c forming 

As203, arsenic trioxide. 

Arsenic combines relatively easy with chlorine, snlf11r and certain metals. Tiie 

most common compound is arsenic trioxide, As20 3, sometimes called white 

arsenic or simply arsenic. Tile valence of arsenic ranges from -3 to +5. Both As203 

and Asz05 are hygroscopic, readily soluble in water and form acidic solutions. 

Tile corresponding acids HJAs03 , arsenions acid for As (Ill) and H3As04, arsenic 

acid for As(V) are weak acids and tile corresponding salts are called arsenites and 

arsenates, respectively. Some of the more common ones are Paris Green -

copper(U) 11cetoarsenite, calcium arsenate and lead hydrogen arsenate and have 

been widely used as dyes, agricultural insecticides and poisons.1°-17 

At the present time China is the top producer of arsenic, followed by Chile, 

Peru and Morocco. Arsenic is mainly recovered as a side product from copper, 

gold and lead smelters. Most of the operations in Europe and tile United States 

have been discontinued for environmental reasons.15
-
17 Some properties of arsenic 

are given in Table I. 

Tile word arsenic probably derives from the Persian Zamik or Zarnikh that 

means yellow orpiment. Arsenic sulfides, orpiment (As2S3); realgar (As4S4) and 

arsenic oxides have been known and used as stimulants, poisons and dyes since 

ancient times. 

Zosimos described abont 31JOAD the roasting of sandarach (realgar) to obtain a 

cloud of arsenic (arsenious oxide) which was then rednced to metallic arsenic.9 
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Table I. Some Properties of Arsenic 

Atomic weight 

Electronic configuration 

Density at room temperature 

Density ofliquid at m.p. 

Sublimation point 

Critical Point 

Triple point 

Heat of fusion (grey As) 

Oxidation states 

Ionization energy 

Atomic radius 

Van de Waals radius 

Covalent radius 

Young modulus 

74.92180 g/mol 

(Ar) 4s2 Jd16 4p3 

5.727 g/cm3 

5.22 g/em3 

615 "K 

1673°K,? MPa 

817°C, 3628 kPa 

24.44 kJ/mol 

+5, + 3,2, + 1,-3 

1'' 947 .0 kJ/mol 
2•• 1798 kJ/mol 
3n1 2735 kJ/mol 

119pm 

185pm 

119pm 

8GPa 
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The word orpiment comes from the Latin aurumpigmentum (aurum and 

pigmentum - pigment of gold) and describes the lemon-yellow color the mineral. 

The Persian word Zarnik eventually lead to the Greek arsenikon and the Latin 

arsenicum. Zerni-zar is the Persian word for gold. 

During the Bronze Age, arsenic was added to the Cu-Sn alloy in order make 

the bronze harder. It is generally accepted that the first to isolate the metal was 

Albert the Great (Afbertus Magnus, 1193-1280) who obtained it by heating 

orpiment (As2S3) with soap. 

The Chinese Encyclopedia on Materia Medica (Pen Ts'ao Kan-Mu or Kang-

mu) of about 1600 described properties and uses of arsenic. 

In 1760, Louis Claude Cadet de Gassiconrt prepared what is sometimes 

considered the first synthetic organometallic compound (Cadet's fuming liquid, 

impure cacodyl) by reacting potassium acetate with arsenic trioxide. 

In ancient times, arsenic and arsenic compounds in small doses were used as 

stimulants and in large doses as poisons. The addition of arsenic to bronze (Cu-Sn 

alloy) in order to make it harder was well known. The use of arsenic compounds as 

pigments and dyes was also widespread. 

As we mentioned earlier, arsenic compounds were nsed as medicines during the 

middle ages in Europe and also in the Orient! Their use incosmetics was also 
common. 

A large number of arsenic compounds were synthesized during the ll~th and 19•h 

centuries. For Example, Paris Green, also known as Emerald Green, used in 

wallpaper, printing ink and also employed widely by Cezanne and Van Gogh in 

their paintings, was :first prepared in 1814 by reacting copper(II) acetate with 
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arsenic trioxide. It was originally used in large scale to kill rats in the Parisian 

sewers. During the 1950's, Paris Green was used in the United States and Europe 

as an insecticide in apple orchards and in 1945 it was spread by airplanes in 

Sardinia and Corsica to control malaria. 

At the present time the toxicity of arsenic to insects, bacteria, fungi, plants and 

higher organisms is well documented. In spite of this, wood is still treated with 

chromated copper arsenate (CCA or Tanalith) and a large number of agricultural 

insecticides contain arsenic. Their use is still common in rice and rubber 

plantations. 

Arspbenamine and neosalvarsan were introduced in the beginning of the 

twentieth century by Paul Ehrlich fo:r the treatment of syphilis and 

trypanosomiasis and Thomas Fowler used arsenic trioxide for the treatment of 

psoriasis. As recently as the year 2000, the United States Food and Drug 

Administration approved As203 for the treatment of patients with acute 

promyelocytic leukemia. 

Until very recently, arsenic was added to animal food to prevent disease and 

stimulate growth. One compound used widely as nutritional supplement for 

chickens is Roxarso11e. The use of arsenic as a stimulant by athletes aud mountain 

climbers is still in practice. 

One of the main uses of arsenic is for the improvement of nonferrous metal 

alloys, especially those containing copper and lead. Lead parts in automotive 

batteries are significantly strengthened by tile addition of small quantities of 

metallic arsenic. Lead alloys used for lead shots and bullets contain up to 2 % of 

arsenic. It is also used in bronzing and pyrotechnics. Small quantities of arsenic 
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are added to alpha-brass to make it resistant to dezincification. This type of brass 

is used to manufacture plumbing fittings and other parts that are in constant 

contact with water. 

Galinm arsenide is a very important semiconductor material employed in 

integrated circuits. It is prepared by chemical vapor deposition. Circuits made 

from gallium arsenide (GaAs) are much faster and more expensive than those 

made from silicon. Unlike silicon, it has a direct band gap and can be used in laser 

diodes and light emitting diodes (LEDs) to convert directly electricity into light. 

Arsenic is also used for taxonomic sample preservation and for the manufacture 

of optical glass. 

Military uses of arsenic include stockpiles of chemical weapons. Trimethyl 

arsine, As(CH3)3 , was used as a nerve gas in World War I and iewisite, 

(CICH=CHASzCl2), that is a vesicant (blister agent) and lung irritant was 

employed in World War U and other recent conflicts. 

The high affinity of As (Ill) for tbiols is one of the causes of its high toxicity. The 

-SH group is part of the amino acid cysteine that is located at the active site of 

many enzymes. 

Several tissue culture studies have shown that As(Ill) blocks the IKr and IKs 

channels and activates the IK-ATP channels. 
Arsenic also disrupts ATP production by several mechanisms. At the level of 

the citric acid cycle, arsenic inhibits pyruvate dehydrogenase. By competing with 

phosphate it uncouples oxidative phosphorylation and inhibits energy linked 

reduction ofNAD+, mitochondrial respiration and ATP synthesis. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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Arsenate can replace phosphate in the glycolysis step that produces 1,3-

dipllosphoglycerate, forming 1-arseno-3-plmsplloglycerate. This molecule is 

unstable and hydrolyzes quickly forming 3-phosphopglycerate, tile next 

intermediate in the pathway. Glycolysis prnceeds, but tile ATP molecule that 

Would be generated from 1,3-diphosphoglycerate is not formed and is lost. 

Arsenate thus is an uncoupler of glycolysis and this explains its toxicity. 

Various species of bacteria obtain their energy by oxidizing fuel compounds 

while reducing arsenate too arsenite. Under oxidative environmental conditions, 

some bacteria can use arsenite and oxidize it to arsenate as a fuel for their 

metabolism. The enzymes involved in this process are known as Arsenate 

Reductases (Arr). In 2008, R. S. Orelmand and his collaborators discovered a 

strain of bacteria (PHS-1 related to the gamma-Proteobacterium 

echtothiorodospira Shaposhnilwvil) that employs a version of photosynthesis in the 

absence of oxygen was discovered. For the case of this bacterium, arsenites act as 

electron donors, producing arsenates, just like ordinary photosynthesis uses water 

as an electron donor, producing molecular oxygen. 

Upon entering the food chain, inorganic arsenic and its compounds are 

metabolized thorough methylation reactions. The mold Scopulariopsis produces 

trimethyl arsine. Marine species such as algae, fish, clams, oisters and some 

species of mushrooms contain large amounts of the organic compound 

arsenobetaine. 

In 2010 a group form the NASA Astrobiology Institute led by Felisa Wolfe 

Simon in collaboration with Ronald S. Oremland of the U.S. Geological Survey 

published au article in Science in which they claimed that the microbe strain 
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GFAJJ-1 of the Gammaproteobacteria (Halomonadaceae) from arsenic rich Mono 

Lake in California incorporates arsenic into its DNA backbone and in ATP.26
•
21 

The bacterium was cultured in an environment high in arsenic and low in 

phosphorus. The group performed a battery of tests including x-ray absorption 

studies and mass spectrometry and concluded that tile organism used arsenic and 

introduced it in the backbone of the DNA in tile place of phosphorus. The arsenate 

esters supposedly form in the DNA back bone in place of the phosphate esters and 

As replaces Pas one ofthe six elements of which living things are made (C,N, H, 

0. S and P). This claim, if true would alter the basic and fundamental 

understanding of carbon based life and wonld provide more perspectives to the 

possibility of extraterrestrial life based on elements different from those on 

Earth. 20.22 

At the present time there is considerable debate about this claim and many 

scientists that study the origin of life, arsenic metabolism and synthetic biology 

echo a chorus of skepticism. 

ARSENATE MINERALS 

The formula of the arsenate ion is AS04 •
3

, Any compound that contains this ion 

is called an arsenate. The arsenic atom in arsenate has a valence of +5 and is 

commonly known as pentavalent arsenic As(V). 

Arsenate is similar to phosphate in many respects, since As and P occur in the 

same group in the Periodic Table. The arsenate ion has tetrahedral symmetry 

and its structural represented in Figure 1. In strongly acidic solutions it exists 

as arsenic acid, H3AsO.; in weakly acidic solutions as the dihydrogen arsenate 

ion,H2As04·; in weakly basic solutions as the hydrogen arsenate ion, HAsO/ 

and in strongly basic conditions as the arsenate ion, As043
· 
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IUPACname 

arsorate 

Identifiers 

CAS 12523-21-6 

•number 

fPubChem 27401 

Jmol-3D Image 1 

1images (http://chemapps.stolaf.edu/jmol/jmol.php?. 

model=%5B0-%5D%5BAs%5D%28% 

·3D0%29%28%5B0-%5D%29%5BO-% 

50) 

SMILES 

[O-][As](~0)([0-])[0-] 

Figure 1. Structure of Arsenate 

By the end of 2008, the International Mineralogical Associataion - IMA, had 

validated officially 2811 (two hundred and eighty} species of arsenate. They are 

listed in Table Il that follows along with their chemical formula and the crystal 

system. 



Table II. The Arsenate Species Validated by the International Mineralogical Association -IMA. 
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arsenovanmeersscheite UIU02h1As04)210Hl6.4H20 Orthorhombic ~ 

arsentsumebite Pb2Cu(As04)(S04)10Hl Monoclinic 
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asselbornite (Pb,Bal<U02)6ffii0)4/As04)JIOH)12·3H20 Cubic 
atelestite Bi20(0H)IAs04) Monoclinic 
attikaite Ca,Cu2Al2(As04 l4{0ffi4.2H20 Orthorhombic 

00 
0 
E1 
~ 

auriacusite Fe3+Cu'+IAs04lO Orthorhombic ?= 
austinite CaZn(As04llOH) Orthorhombic 
barahonite-(All < Ca,Cu,Na,Fe'+ ,Al)12Al)12Al2(As041.10H,cn,.nH20 Monoclinic 
barahonite-(Fe) (Ca,Cu,Na,Fe~ ,AH12Fe"' 2Ann(AsO.ls(OH,Cn •• nH20 Monoclinic 
bariopharmacosiderite Ba..5Fe'+ 4(As04h{OH\4.6H20 Cubic 
bayldonite PbCu31As04)i(0ffi2 Monoclinic 
bearsite Be2(As0,)10H).4H20 Monoclinic 
be,.,,,.lae:ite CaBelAs04)(0ffi Monoclinic 
berzeliite ICa,Nah(M2,Mn'12(As04)3 Cubic 
betpakdalite Hs[K(H20)6J.!CalH20)6JsfMo.,.,. 32Fe'+ 12As5+ s014s].8H20 Monoclinic 
beudantite PbFe3!1As,S)04]z(OH,H20)6 Tri2onal 
bouazzerite BidMi!,Col11Fe141As04lrnOulOffi/R20)s6 Monoclinic 

1:1:1 

~ 
~ ~ 
<:! 
S1 !"" 
I> (j 
!:;; = ~ t".1 

J~ a 
!:;' < 0 -;... 

~ 
bradaczekite NaCu4(As04)3 Monoclinic z 
braithwaiteite NaCu5(Ti,Sb ho2<As04)1As0,(0ID12.8H20 Triclinic ? 
brandtite Ca21'Mn2+,M.,."As04)i.2H20 Monoclinic 
brassite Me:(As030Hl.4H20 Orthorhombic 

..... 
~ 
N 

bukovskvite Fe'+ 2(As04}(S04}~0H). 7H20 Triclinic e .... 
bulachite Al2(As04)(QID3.3H20 Orthorhombic ... 
cabalzarite Ca(Me:,Al,Fe)2lAs04)21H20,0ID2 Monoclinic 
cafarsite Ca8ITi,Fe'+ ,Fe'+ ,Mn k 7' As'+ 03 )12.4H20 Cubic 
cahnite Ca2B(As04)(QH), Tetrae:onal 



calcioandyrobertsite KCaCu5(As04) 4[As(OH),02J.2H20 

cameasite CaM2fAs04)(0ID.5H20 
carminite PbFej+2(As04)z(OH)2 
carvinite NaCaCa<Mn'+ ,Me:)2 )I As04) 3 

ceruleite Cn2Al1(As04)4(0H)u. l 1.5H20 
chalconhvllite Cn9AUIOH)12fSO.h.slAs04)21.18H20 
chenevexite Cu'+ 2Fe'\{AsO.)i(OH)4.H20 
chernovite-(Y) YAs04 

chistyakovaite Al<U02hlAs04)zF.6.5H20 
chlorophoenicite (Mn,Mll)3Zn2[As03(0Hil(0H)8 

chudobaite IM2,Zn)slAs03(0H)b(AsO,)z.lOH20 
cimrsinite H!!)(As04) 
clinoclase Cu'\(As04)10H)J 
clinomimetite Pbs(AsO;hCI 
cobaltarthurite Co'+Fe ,+2<As04)i{OH)2.4H20 
cobaltaustinite CaC0As04(0H) 
cobaltkorituigite (Co,Znll As'+03 llOID.H20 
cobaltlotbarmeverite Ca(Co,Fe'+,Nih(As04}z(OH,H20h 
cobaltneustiidtelite Bi2Fe'+Co2+010Hh(As04)z 
cobalttsumcorite Pb(Co,Fe3')(As04)2'H20,0H)2 

conichalcite CaCuL+{As04)(0H.) 
covarsite Cu40 21(As,V 0 4 Cl 
cornubite Cu'+51As04)2 01 n. 
cornwallite cu•+ s(As04)z OJ ll4 
dixenite Cu•+ Mn'+ 14Fe'+ (As'+03)5(Si04)2(As~ 04)(0H)6 
duftite PbCu(As04)(0ID 
du~2anite Pb3Zn3 Te"+06)(As04)2 
durangite NaAl(As04)F 
dussertite BaFe'+3 Fe" ( As04),(0H,H20)6 

Orthorhombic/Monoclinic 
Monoclinic 
Orthorhombic 
Monoclinic 
Triclinic 
Trieonal 
Monoclinic 
Tetraeonal 
Monoclinic 
Monoclinic 
Triclinic 
Monoclinic 
Monoclinic 
Monoclinic 
Monoclinic 
Orthorhombic 
Triclinic 
Monoclinic 
Triclinic 

I Monoclinic 
Orthorhombic 
Orthorhombic 
Tricliuic 
Monoclinic 
Trigonal 
Orthorhombic 
Trigonal 
Monoclinic 
Trii;:onal 

r 
~ 
~ ;: 
~ 
" ;.: 
~ 
~ 
~ 

~ 
"' ~ 
" ;: 
~ 

~ 
~ 

~ 
"' l:i: a 

"' " 

Cl1 
0 
el 

~ 
~ 
~ 
:--< 
("'.) = ~ 

~ 
~ 

~ 
l'"' ..... y; 
'.2: 
? ,._. 
::fJ 
N 
<:::) ..... -



erythrite Co3(As04)i.8H20 
esperanzaite NaCa2A'2(AsO.hF4(0H).H20 
enchroite Cn'+ 2(As04)(0H).3H20 
scorodite Fe'+ As04.2H20 
eveite Mn'+ 2(As04)(0H) 
fein2losite - Pb2Zn(As04l(S04l(OHl 
fermorite (Ca,Sr)s(As04,P04) 3(0Hl 
ferrarisite CasH2(As04)4.9ffi20) 
ferrilotharmeverite CaZn(Fe3+)(As030Hl2fOHIJ 
ferrisymplesite Fe'+J(As04)2(0H)3.5H20 
fllatovite K(Al,Zn ),(As,Si)20s 
flinkite Mn'+ 2Mn3+(As04)(0m. 
flnckite CaMn"+ii2(As04b2H20 
2abrielsonite PbFe'+ As04'0H) 
2aitite Ca2Zn(As04)z.2H20 
2allobeudantite PbGa3[(As04),(S04)h(Offi6 
gartrellite PbCuFe'+(As04)zl(H20)(0H)] 
2asparite-( Ce) (Ce,La,Nd)As04 

2ei2erlte Mn,. s(As"04)2(As'+030H)i.lOH20 
gerdtremmelite ZnAbfAs04ltOID5 

gilmarite Cu3(As04)(0Hl, 
e:oudevite (Al,Y)Cn"+ 6(As04h(0H)6.3H20 
e:raulichite-( Ce) CaFe" 3(As04) 2(0ffi• 
2rischuuite NaCa2Mn'+ 4(Mu'+Fe')(As04) 6.2H20 
guanacoite Cu2M22™"• ,Cuo sl(OH)4ffi20MAs04}, 
2uerinite CasH2(As0;);.9H20 
haidine:erite Ca(As030H).H20 
hedvnbane Pb3Ca2(As04)3CI 
heinrichite BatU02)(As04h.10-12H20 

Monoclinic 
Monoclinic 
Orthorhombic 
Orthorhombic 
Orthorhombic 
Monoclinic 
Monoclinic 
Triclinic 
Monoclinic 
Monoclinic 
Monoclinic 
Orthorhombic 
Triclinic 
Orthorhombic 
Triclinic 
Tri2onal 
Triclinic 
Monoclinic 
Triclinic 
Triclinic 
Triclinic 
Hexa1wual 
Tri!mual 
Orthorhombic 
Monoclinic 
Monoclinic 
Orthorhombic 
Hexal!onal 
Tetra2onal 

'O 
00 

:.. 
;;i 
~ a 
"' 
~ ;:," 

~ 
I::;-

r:;:, 
0 
~ 

~ 
= 
~ 
~ 
!--< 
("') 

= t'i 

~ 
~ 

~ 
I'"' ..... 
~ 
z 
? ,.... 
~"' 
!-.) 
e .... .... 



helm utwincklerite PbZn2(As04)z.2H20 
hematolite <Mn2+,M2,AD1slAs03)(As04)z(OID2 
holdenite (Mn",Mg}6Zn3(As04)z(Si04)(0H)s 
hornesite M<>°JIAS04)z.8H20 
hll2elite Pb2(U02)J(As04)z(Ofil4.3H20 
irhtemite Ca.iN.,.H2(As0,)4.4H20 
iamesite Pb2Zn2Fe" s(As04\s04 
.iarosewichite Mn'+3Mn"'(As04ll0Hl6 

iohillerite Na{M2,Zn)JCn,.(As04h 
iohnbaumite CasAs04h(OHl 
.iuanitaite (Cu,Ca,Fel10Bi(As04)4(0H)i,.H20 
kaatialaite Fe(H2As04)3.SH20 
kahlerite Fe,.lll021-.lAs04)z.10-12H20 

kankite Fe'+ ( AsO 4 ).3.5H20 
karibibite FeJ+2As'+ 4(0,0ID9 

kemmlitzite SrAh[(As,S)04lz(OH,H20)6 
kevite Cu,. 3(Zn,Cu'}4Cd2(As04)6<H20)2 
kolfanite Ca2Fe'+ 302(As04 )J.2H20 
kolicite Mn" ,zn.{As04}3.2H20 
koritni2ite Zn(As03)(0Hl.H20 
kllttil!ite Zn3(As04)2.8H20 
kraisslite Mn24Zn4f As04)(Si04)s{OH)12 
krantite Mn,.(As03)(0H).H20 
kuznetsovite H21 +2He:" Cl( As04} 
Jammerite Cu3(As04)2 
lavendulan NaCaCu'+51As04)4Cl.5H20 
lazarenkoite (Ca,Fe'+)Fe'+ As'+301.3H20 
le2randite Zn2(As04){0ID.H20 
leiteite ZnAs'+204 

Triclinic 
Tri110nal 
Orthorhombic 
Monoclinic 
Monoclinic 
Monoclinic 
Triclinic 
Orthorhombic 
Monoclinic 
Hexa2onal 
Tetragonal 
Monoclinic 
Tetra!!Onal 
Monoclinic 
Orthorrhombic 
Trigonal 
Monoclinic 
Monoclinic 
Orthorrhombic 
Triclinic 
Monoclinic 
Hexagonal 
Monoclinic 
Cnbic 
Monoclinic 
Ortborrllombic 
Orthorrhombic 
Monoclinic 
Monoclinic 

r 
::'I 
~ 
;,, 
~ 
" J= 

" ri 

" ~ .., 
~ 
;:, 
;,, ... 
\;;:, 
~ 

".ol 
~ 

i 

\0 
\0 

1JJ 
0 c:: 
~ 
;:c: 
= 
~ 
!-" 
("'J 

= l'rJ 

~ 
<e! 
<:> 
!"" .... 
IQ 
~ 

:;;;i: 
e • .... 
IQ 
~ 

N 
<::::> .... .... 



-
lemanskiite NaCaCns(As04) 4Cl.5H20 Tetrrumnal 

g 
' leo2an2ite Cu10(As04)(S04)(0H)6.8H20 Monoclinic 

lindackerite Cu5(As030ffi2!As04)2.10H20 Monoclinic 
liroconite Cu'+2Al(As04)(0H)4.4H20 Monoclinic 
liskeardite (Al,Fe")3(As04)(0H)6.5H20 Monoclinic/Orthorrhombic 
lotharmeverite Ca(Zn,MnJ+)z(As04)z(OH,H20)i Monoclinic 
lnetheite Cu" 2Al2(As04)z(OH)4.H20 Monoclinic 
lukhranite CaCuFe'+(As04) 2[lH20){0H)l Triciinic 
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mairnesiochloronhoenicite (M2,MnhZn2!As04)(0H,0)• Monoclinic 
mahnertite (Na,Ca)fCu'+ 1(As04)2Cl.5H20 Tetra2onal 
man2anberzeliite (Ca,Na)J(Mn.+,M!!)2(As04)J Cubic 
manganohllrnesite <Mn,M!!)3(As04)2.8(H20) Monoclinic 
man2anolotharmeverite Ca<Mn'+,zn)z(As04)2(0H,H20h Monoclinic 
manganostibite (Mn2

\ Fe'+)7(Sb04)(As04,Si0,04) Orthorrhombic 
mansfieldite AIAs04.2H20 Orthorrhombic 
manimite Zn2Fe'+3(As04h(Offi4.10H20 Monoclinic 
mawbyite Pb(FeJ+,Zn)z(As04)i(OH,H20)2 Monoclinic 
maxwellite NaFe'+(As04)F Monoclinic 
mc2overnite Zn3t'Mnz+,M'1l42(As~ 03)z(As~o.).(Si04)3(0H)40 Tri!!onal 
mcnearite NaCa;H4(As04)s.4H20 Triclinic 
medenbachite BiiFe3+(Cn,Fe"+)(0,0Hh(Offi2(AS04)2 Triclinic 
metaheinrichite Bam02h(As04)2.8H20 Tetra2omd 
metakhalerite-- Fe'+(U02h(As04).8H20 Tetragonal 
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metakirchheimerite Co(U02h(As04)z.8H20 Tetra2onal 
metaklltti!!ite (Zn,Fe')<Zn,Fe'+,Fe'+)z(As04)z.8(H20,0H) Triclinic 
metalodevite Zn(U02h.10H20 Tetra2onal 
metanovaci!kite M"<U02)2(As04)z.4-8H20 Tetra!!onal 
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metanranosninite Ca<U02)i(As04)z.8H20 Tetragonal 
metazeunerite Cu'+IU02h(As04)i.8H20 Tetragonal 



mimetite Pb5(As04hCI Hexaiwnal 
mixite BiCu'+ 6( As04 ) 3(0ffi6.3H20 Hexagonal 
natrobetkdalite (Na,Ca),Fe •+ 2(As204l(Mo04) 6.15H20 Monoclinic 
natropharmacosiderite (Na,K)2Fe'+ 4(As04h(OH)5• 7H20 Cubic 
natrouranospinite (Na2,Ca)<U02)2(As04)i.5H20 Tetragonal 
neustiidteiite Bi2Fe3+Fe'+02(0H)i(As04)2 Triclinic 
nickelaustinite CaNiAs04(0ID Orthorrhombic 
nickellotharmeverite Ca£Ni,Fe'+MAs04hlH20,0ffi2 Monoclinic 
nickelschneebergite BiNhlAs04)zflH20)(0Hll Monoclinic 
nicknichite Na0 8Cao.4Cno 4i'M!!,Fe"'h(As04)3 Monoclinic 
novac!lkite I M"lU02hlAs04)i.12H20 Cubic 
novacekite II M!!(lJ02 ),,(As04)2.lOH20 Monoclinic 
nvholmite Cd3Zn2(As04)2(HAS04)z.4H20 Monoclinic 
o' danielite Na(Zn,M!!hH2(As04)3 Monoclinic 
011densbun!tite Ca2Fe'+4'Zn,Mnl'+(As04),f0Hl6.6H20 Ortborrhombic 
o_juelaite ZnFe'+z(As04) 2(0H)z.4H20 Monoclinic 
olivenite Cu"+2(As04ll0H) Monoclinic 
orthowalpurgite £U02)Bi40.(As04)z.2H20 Orthorrbombic 
oa!!anoite NiBiJ As~Os Triclinic 
parabrandtite Ca2Mn"+(As04)z.2H20 Triclinic 
paradamite Zn2(As04)£0ID Triclinic 
oaranaiite-IY) Ca2YIAs04)(W04)2 Tetra1mnal 
varascorodite Fe'+ As04.2H20 Hexa2onal 
parasymplesite Fe 2+3(As04)2.8H20 Monoclinic 
parwelite (Mn,M!!l5Sb" As'+SiOu Monoclinic 
naulmooreite Pb2As'+20s Monoclinic 
oetewilliamsite <Ni,Coho<Asz01l15 Monoclinic 
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ohiliosbornite PbAh(As04) 2(0H,H20)6 Tri1wnal 
ohiliosbur!!ite (Cu,Zn)3(As04)z(0H)•.H20 Monoclinic 
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pitticite (Fe,Aso.,so.,H20) Amorphous 
plumboa2ardite (Pb,REE,Ca)Cu.(As04)J{Om •• 3H20 Hexmwnal 
pradetite CoC1Li(As030ID2(As04)z.9H20 Triclinic 
preisin11:erite BiJO(OHlfAs04)2 Triclinic 
prosperite CaZn2H(As04)iOH Monoclinic 
pushcharovskite Cu(As030H).H20 Triclinic 
radovanite Cu2Fe3+ ( As04)(As>+020ID2.H20 Orthorrhombic 
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rannoldite Pb(Co,Ni)z(As04)z.2H20 Triclinic 
rauenthalite Ca3(As04)z.lOH20 Triclinic 
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reinerite Zn3(As'+03)z Orthorrhombic 
retzian-( Ce) Mn2+2Ce(As04)(0H)4 I Orthorrhombic 
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retzian-(La) (Mn'+ ,M!!)21La,Ce,Nd)(As04)f0ID4 Orthorrhombic 
richelsdorfite Ca2CnH 3Sb'+( As04)4Cl(Om •• 6H20 Monoclinic 
rollandite Cu3(As04)2.4H20 Orthorhombic 
rooseveltite BiAs04 Monoclinic 
rose lite Ca2Co(As04)z.2H20 Monoclinic 
roselite-beta Ca2(Co2+,Mu)£As04)z.2H20 Triclinic 
rosslerite MgHAsO,. 7H20 Monoclinic 
rouseite Pb,Mn'+(As'+03)z.2H20 Tri clinic 
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Sahlinite Pb14(AsO.ho.ci. Monoclinic ~It:; 

sailaufite (Ca,Na,J)Mn'+ 3(As0,}i(C03)02.3H20 Monoclinic 
sainfeldite Cas(As0,)2<As030H)2.4H20 Monoclinic 
sarkinite Mn'+ 2(As04}(0H) Monoclinic 
sarmientite Fe:i+2(As0;)(S04}(0H}.5H20 Monoclinic 
schlee:elite Bi,O.CMo04)..£As04) Orthorrbombic 
schneeber!!'ite BiCoz(As04 ).,f IR20)(0H) I Monoclinic 
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schneiderhonite Fe'+Fe" 3As'+ 5013 Triclini.c 



schultenite PbHAs04 Monoclinic 
seelite M11:fU02MAs.>+0,)1.4(As'+O• lo.6· 7H20 Monoclinic 
se11:nitite PbFe >+3H(As04)2{0H) Trieonal 
sewardite CaFe"2(AsO.l2(0ID2 Ortborrbombic 
sbubnikovite Ca2Cn'+ s(As04)6CI( 0 H l. 7H20 Ortborrbombic (?) 

smolvaninovite Co3<Fe~·12(As04)4.11H20 Ortborrbombic 
sterlin11:hillite Mn2+3!As04)2.4H20 Monoclinic 
dstranskiite Zn2Cu'+(As04)2 Tricliuic 
dtransbimirite Cu,. 8(As04) 4(0ID,.5H20 Monoclinic 
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svabite Cas<As04hF Hexa11:onal 
svenekite Cali,(As04)2 Triclinic 
svmplesite Fe'\(As04)i.8H20 Triclinic 
synadelphite (Mn'+,M11:,Ca,Pbh(As3+03)(As'+04)i(OH)9.2H20 Orthorrbombic 
talmessite Ca2M1>£As04)i.2H20 Monoclinictrriclinic 
tetrarooseveltite Bi, As04 Tetragonal 
theisite CusZns[(As,Sb)04h(OID14 Tri11:onal 
theoparacelsite Cu3(0ID2As20, Orthorrbombic 
thometzekite PbCu2(As04) 2.2H20 Triclinic 
tilasite CaM1><As04)F Monoclinic 
trinnkeite Cu,.As3+204 Tetragonal 
tro.,<>erite IH3011lU02)(As04)l(H20h Tetraiwnal 
tsumcorite PbfZn,Fe,+)2(As04)zlH20,0H)2 Monoclinic 
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uramarsite NH,nl02)As0 •. 3H20 Tetra1mnal 
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uranospinite CatlJ02)i(As04h.10H20 Tetragonal 
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nrusovite CulAIAsOsl Monoclinic 
vaidakite (Mo02 )z{H20),As'+20s.H20 Monoclinic 
villyaellenite <Mn'+,ca,Zn)s(AsO.)i!As03(0H)Jz.4H20 Monoclinic 

-
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-vladimirite CasH2<AsO,),.SH20 Monoclinic ~ 
wallkilldellite Ca4Mn"+6(As04l4(0Hls.18H20 Hexae:onal 
wallkilldellite-Fe (Ca,Cu).,Fe6!(As,Si)041,(0H)8.18H20 Hexa1wnal 
walpure:ite <Bi0)4fU02)(As04)2.2H20 Triclinic 
warikhanite Zn3(As04)i.2H20 Triclinic 
weilite Ca(As030ffi Triclinic 
wendwilsonite Ca2IM",Co\{As04b2H20 Monoclinic 
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wilbelmkleinite ZnFe'+ 2(As04h(OHh Monoclinic 
xanthiosite Ni3(As04)2 Monoclinic 
yanomamite InAs0 •• 2H20 Orthorrbombic 
vaze:anite NaM<'<Fe >+h(AsO.h.H20 Monoclinic 
yukonite Ca2Fe'+ 2iAs04 h(OH),.4H20 Ortborrbombic 
:vvonite Cu(As030H}.2H20 Triclinic 
zalesiite CaCu61(As04)2(As030ffilOm6J.3H20 Hexa11:011al 
zdnekite NaPbCus(As04)4Cl.5H20 Tetrarwnal 
zeunerite Cu"+(U02)2(As04) 2.10-16H20 Tetrae;onal 
zince:artrellite Pb(Zn,Fe,Cu)i(As04)zlH20,0H)2 Triclinic 
ziucolivenite CuZnAs04(0ffi Ortborrbombic 
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